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The second edition of Basic Immemology has been
revised 1o reflect new advances in our undersianding
of the immune system and to improve on the presen-
tation of information in wayvs most useful o students
and reachers. We have been extremely gravifed by
how well the frsr edition of Basic Immumology has
been received by studenes in the courses thar we
weach, and the puiding principles on which the book
is based have not changed from the firse edition, As
teachers of immunology, we are becoming increas-
ingly aware that assimilating deiled information and
experimental approaches is difficult in many medical
school and undergraduate courses. The problem of
how much detail s appropriate has become a pressing
one because of the continuous and mpid increase in
the amount of information in all the biomedical
sciences. This problem s compounded by the de-
velopment of integrated curriculn in many medical
schools, with reduced time for didactic reaching and
an increasing |:!11ph:|s|5 on social and behavioral sci-
ences and primary health care. For all these reasons,
we have realized the value for many medical students
of presenting the principles of immunology in a
concise and clear manner.

It is our view that several developments have come
together to make the goal of a concise and modem
consideration of immunology a realistic one. Most
important, immuonology has matured as a discipline,
so that it has now reached the stage when the essen-
tial components of the immuene system, and how they
interact in immune responses, are understood quite
well. There are, of course, many derails o be flled in,
and the longstanding challenge of applying basic
principles to human diseases remains a difficulr task,

Pretace

Mevertheless, we can now teach our students, with
rensonable  confidence, how the immune system
works, The second important development hos been
an increasing cmphasis on the roors of immunaology,
which lie i its role in defense agoinst infections, As
a result, we are better able to relare experimeneal
resules, using simple models, o the more complex, bur
physiologically relevant, issue of host defense against
infectious pathogens.

This book has been written o address che per-
ceived needs of both medical school and under-
graduate curricula and to ke advanrage of the new
understanding of immunology. We have tried o
achieve several poals. First, we hove presented the
most imporant principles governing the funcrion of
the mmumune sysbem. Our fundamental nl'lil.'ﬂi'.'l.' has
been 1o synthesize the key conceprs from the vast
amount of experimental data that emerge in the
rapidly advancing field of immunology. The choice of
what is most important is based largely on what is
most clearly established by experimencation, whar our
stuclents fnd puzzling, and what explains the won-
derful efficiency and economy of the immune system.
Inevitably, however, such a choice will have an
clement of bias, and our bias iz wowand emphasizing
the cellular interactions in immune responses and
limiting the descriprion of many of the undeelying
binchemical and molecular mechanisms to the essen-
tial facts. Second, we have focused on inumune
responses against infectious microbes, and all our
discussions of the immune system are in this con-
rext. Thied, we have emphasized imnwme responses in
humans {racher than experimental animals), drawing
on parallels with experimental situations whenever

Wil



wiil Preface

pecessary. Fourth, we hove made liberal wse of illus-
trations o highlight impomane principles Bue have
reduced Gl details thar mov be found e meore
comprehensive estbooks, Fitth, we have discussed
ases also drom the perspective of
sing their melation o normal

immunologic Jise
principles.  empha
mmune responses amd avording derails of clinical
svndromes and trearments. We have added zelected
climical cases im the Appendix, w illusirate how the
COnNCePs af 1111|11L||'m|ut_.r1_.' may I '.|;|'*p'|i.¢«| Lo CORBEMLT
human diseases, Finally, we have realiced thar in any
concize  discussion of complex  phenomena, it s
inevitable thar exceprions and cavears will fall by the
wavside. We have avoided exceptions and ¢avears
without hesitarion, but with a willingness o modify
our conclusions as pew information continues o
emerge.

It is vur hope thar studenes will And this book clear,
cogent. and manapeable. Mot important, we hope
the Book will convey vur sense of wonder about the
mimune svstem and excitement about how the held
mas evelved and how it continues o be relevant o

human health ad disense. Finally, although we were
spurred 1o mckle this project because of our associa-
tions with medical school courses, we hope the book
will ke varlieed more widely by stsdents of allied healch
ool Bioloey as well. We will have suceeeded i the
baok can answer many of the questions these students
have abour the imnume system and, at the same time,
encouraze them o delve even more deeply inte
immminelogy.

Several individuals plaved key roles in the weiting
of this book, Our editor, Jason Malley, has been a
skilled and helpiul colleague throughour, We have
been fortmmore o agmn work  with David oo
Alesandra Baker of DNA Hlustrations, who have
reanslared ideas into pictures thar are informative amnd
sesthetically pleasing. Our project monager, Linda
Grigg. kepr the projecr orgamized and on teack despire
pressures of time and logistics, To all of them we owe
our many thanks.

Abul K. Abbas
Andrew H. Lichiman
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Introduction to
the Immune System

B The Nomenclature, General
X, O . Properties, and Components
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Innate and Adaptive Immunity
Types of Adaptive Immunity

Properties of Adaptive Immune Responses
« Specificity

Imnmni:y is defined as resistance o disease, specifically | ¢ Moy

infectious disease. The collection of cells, tisswes, and . Phases of Immune Responses
molecules thar mediate resistanee o infections is called the | Cells of the Immuna System
immune system, and the coordinared reaction of these cellsamd |, Lymphocytes

molecules to infectious microbes is the immune vesponse. 1, pnoen-Presenting Gells
Immunology is the study of the immuone system and s .= EHector Calls

responses to invading pathogens. The physiologic function of | Tissues of the Immune Sysiem

the immune system is to prevent infections and to eradicate |
cstablished infections, and this is the principal context in
which immune responses are discussed throughout this book,

The importance of the immune system for healeh is dra-
matically illustrared by the frequent observation that individ-
wals with defective immune responses are susceptible to serious,
often life-threatening infections (Fig. 1-1), Conversely, stimulating ummune responses
agninst microbes by the process of vaccination is the most effective method for protece-
ing individuals against infections and is, for example, the approach that has led to the
worldwide eradication of smallpox (Fig. 1-2). The emergence of the acquired immunic-
deficiency syndrome (AIDS) since the 1980 has tagically emphasized the importance
of the immune system for defending individuals against infections. Bur the impact of
immunology goes beyond infectious disease (see Fig. 1-1). The immune response is the
major barrier to successful orpan transplantation, an increasingly used therapy for onzan

+ Peripheral Lymphoid Organs
+ Lymphocyte Recirculation
Summary
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Role of the immune system Implications
[ Deficient immunity results in increased
: : : susceplibility to infections; exemplified by AIDS
Defense against infections Vaccination boosts immune defenses
and protects against infections

The immune system recognizes
- and responds to tissue grafts
| and newly introduced proteins

Immune responses are important barriers lo
transplantation and gene therapy

| Defense against tumors Potential for immunotherapy of cancer

_i Antibodies are highly specific Immunologic approaches for laboratory
| reagents for detecting any class | testing are widely used in clinical medicine
of molecules | and research

Figura 1=1 The importance of the immune system. Scme of ke lunclions and lepures of e Immung system, and thae
impariance i heain and diseass, are summarized

Disease Max. number Mumbar of Parcant
of cases cases in 2003 change
_"D-pd-'llhar-a 206,930 (1921) I 55,95
Measles 894,134 (1941) 42 55,90
:F rz:m;:s 152.208 {1588) 194 =39.90
:er'.uss-s 265,265 (1834) 8,483 =96.80
. -F'-: :_:n--.-pa'.&:rlrﬂ 21.289 (1952) o o -100.0
: H-_::,_eil-s | 57.688 (1969) B -99.97
-'.rel-;rlu.su - I 1,560 (1923) 14 =88.10
i Haemnp._h.-l'us -20,000 {1984) 20 =55.90
| flugnzae type B I
| Hegatits B | 26,611 (1985) B.711 ~75.03

i-#  The effectiveness of vaccination for some common infectious diseases, Thare is a sinking decrease in he
noe of seetted AlEllous O seases s which efleclive vaccines have been developed, In some cases, such as with
#i1E B, @ vacene has ecome available ana the incidence of ihe disease s conlinuing 1o decrease [Adapied from Cren-
50 Wa AR Minman £ Ban ano BC Hadien Immunization. fn GL Mandell, JE Benngt, and A Dolin [eds). Principlas and
Practices of infectous Diseases. 41 ed. Cherchill Livingsione, Mew Yok, 1985, and Maorbidily and fornahty Weekly Reports,

Centers Ige Diseass Control 52 1291- 1299, 2004.)




failure. Atemprs o treat concers by stimulating
fnmune responses against cancer eells are being reied
for many human malignancies. Furthermore, abnors
mal immune responses are the causes of many diseases
with serious morbidicy and mortality. For all these
reasons, the field of immunology has captured the
attention of clinicians, scientises, and the lay public.
In this opening chaprer of the book, the ropies
intraduced are the nomenclature of immunology,
some of the importnt general properties of all
pmanune responses, and the eells and tissues thae are
the principal components of the immune sysiem. In
particular, the following questions are addressed:

What rypes of immune responses protect individ-
wals from infections!

What are the important chamactenistics of im-
munity, and what mechanisims are responsible for
these charcreristics?

How are the cells and tissues of the immuine system
organized sothey are able ro find microbes and repond
ror chem im ways that lead o cheir climinacion?

1 = Introduction to the Immune System 3

Basic principles are introduced in chis chaprer
that ser the stage for much more detailed diseus-
gions of wmune responses in the remmnder of this
ook

Innate and
Adaptive Immunity

Host defense mechanizms consist of innate immu-
nity, which mediates the initial protection against
infections, and adaptive immunity, which develops
more slowly and mediates the later, even more effec-
tive, defense against infections (Fig. 1-3). The term
mmneete imrnumity (also called notoral or narive immo-
niry) refers o the face thar this type of host defense
is always present in healthy individuals, prepared o
block the entry of micrabes and o mpidly eliminae
microbes thar do succeed in entering host cissues.
Adaptive mmumity {also ealled specific or acquired
immunney) is the rype of host defense that s stimu-
lated by microbes that invade tisswes, thar is, it adapas
[ud T!'I.I.;" pr'b'L‘I'II:I: ol II'I'IEIt'IhII.'Il. 'in\'adl:rﬁ-.

Microhe
|Inn ate immunitﬂ | Adaptive immunity |
. ]
¥ Epithelial B lymphocytes Antibodies
barriers
8 =
Phagocytes Eftector T cells
gocyt T lymphocytes 4
: * 108
ﬁ{? =g =i - :
MK
Complement cells
| Hours Fid ) Days |
1] [+ 12 3 5

3
Time after infection =il

Figure i-3 The principal mechanisms of innate and adaptive immunity. The mechamsms of innate immunity provede
the imkal delense against miactions. Some of the mechanisms prevent inlgclions (e.g., epithelial barmiers) and olhers etimi-
rale microbes (e.g.. phagocytes, MK celis, and the complement system). Adaplive immune responses davalop later and are
mediated by lymphocytes and their products. Antibodies block infections and eliminate mecrobes, and T lymphocytes erade-
cate intracelhidar microbes, The kinetics of the innate and adaplive immune responses ane approximatons and may vary o

differam infections.
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The frst line of defense in mnote mmonire is
provided by epithelial barriers and by specialized cell:
and narueal angibiotics present in epithelia, all of
which function o bBlock the entry of microbes. If
microbes do breach epithelia and enter the tissoes or
circulation, they are artacked by phagocyvees, special-
ized lvmphoevies called matoral killer (NKDY cells, amld
severil plasma proteins, including the proteing of the
complement svsrenm. All these mechanisms of innate
immunity speciically recopnize and react against
microbes bur donot react agminst nonmfections foreign
substances. Different mechanizms of innate immunicy
mav be specine tor molecules produced by differenr
classes of micrebes, In addition o providing carly
Jetense apainst infecrions, innare immuane responses
enhance :hhpln'c RN PeSpORSes AENnsE the infec-
tious agents. The components and mechanisms of
innate immuniny are discussed in deail in Chaprer 2.

:’k|thnu_s:|'| Innate ImMmuniky can \.'l-i.t'{'li'l'l.'l'!.' conbat
many infections, microbes thar are pathopenic for
humans (e, capable of causing disease) have evolved
to resist innare immunity. Defense against these infiec-
thowss agents s the sk of the adaptive immune
response, and this s why defects in the adaprive
immune svstem result in increased suscepribiliy ro
infections The adaptive immune system consists of
[vmphocvres and their products, such as antibodies.
Whereas the mechanisms of innate immunity recog-
nize structures shared by classes of microbes, the cells
wf adaprive immunity, namely, lymphocytes, express
receptors that specifcally recognize different sub-
stnces produced by microbes as well as noninfectious
molecules. These substances are ealled anligens.
Adaprive immune responses are only origeered il
microbes o their antigens pass through epithelial bar-
rives and are delivered oo lymphoid organs where they
can be recoemized by Ilymphocyres, Adaptive immuone
FesPonses penerale mechanisms thar are specialized o
combat Jifferent tvpes of infections, For example,
antibodies function to eliminare microbes in ex
cellular fluids, and activated T lvmphocytes eliminate
micrubes living inside cells. These specialized mech-
anisms of :pJ.lpt:n: LUty e described through-
out the hook. Adaprive immune responses ofien use
the cells and maobecules of the mnae immone system
o eliminate microbes, and adaptive immunity func-
rissns tov ereatly enlance these antimicrobial mecha-

nisms of innate immunity, For instance, antibodics (o
component of adaptive immunity) bind o microbes,
arud these coated microbes avidly bind to and activare
phagocytes (a component of innate simmunity), which
mngest and destroy the microbes. There are many
sinalar cxnmpb:s of the COOPEriRb o between innare
and adaptive immuniry thar are referred woin larer
chaprers. By convention the rerms immime system ang
immime response refer to adaptive immunity, unless
seared otherwise,

Types of Adaptive Immunity

There are two types of adaptive immunity, called
huemoral teonumity and cell-mediated immunity, that
are mediated by different cells and molecules and are
desipned to provide defense against extracellular
microbes and intracellular microbes, respectively
{Fig. 1-4). Humoral immuiniy is inediared by proveins
called antibodies, which are produced by cells called B
Iymphocytes. Antibodies are secrercd into the circuli-
tien and mucosal fuids, and they reotralize and elimi-
nate microbes and microbial roxins that are present in
the blood and in the lumens of mucosal organs, such as
the gastrointestinal and respiratory rracts. One of the
most impartant funetions of antibodies i o swop
microbes that are present ar mucosal surfaces and in
the blood from gaining access to and colonizing host
cells and connective cissues. In this way, antibadics
prevent infections from ever getting established.
Anribodies do not have access 1o microbes that live
and divide inside infected cells. Defense againse
such intracellular microbes is ealled cell-medinted
immunity becavse ir is mediated by cells called T
lymphoeytes. Some T lymphocyres activare phago-
cytes o destroy microbes thar have been ingested
by the phagocyres into phagocytic vesicles. Ocher
T Iymphocyres kill any type of host cells that are
harboring infections microbes in the cytoplasm, As is
diseussed m Chaprer 3 amul larer chaprers, the anri-
bodies produced by B lymphocytes are designed o spe-
cihcally recognize extracellulor microbial antigens,
whereas T ]",'mrlhuq'h:s n:cngnize nn{i;;n.:ns prm]ucm;l
by intracellular microbes. Another important differ- -
ence between Band T lymphocyees is thar most T cells
recognize only microbial protein antigens, whereas
amtibodics are able to recognize many different types of
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Humoral
immunity
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Cell-mediated
immunity

T

Extracellular
microbes
Responding
lymphocytes
B lymphocyte
Secreled
anlibody
Effector T
mechanism & e

&

s Intracellular

Phagocytosed : Mmicrobes
i i {e.q., viruses)
m:’::!?;:;:;gg Efﬂﬂ?lﬂﬂtingwilhln
tinfected cell
]
Helper | Cytalytic
T lymphocyte : T lymphocyte

Block
infections and
eliminate
extracellular
microbes

Functions

Aciivate : | Kill infected
macrophages |: cells and
to kill : eliminate

phagoeyiosed | | reservoirs of
microbes  |; infection

Figure 1—¢ Types of adaplive Immunity. In humoral immunity, B lymphocyles secrale anlibodies thal eleminate gxiras
callular microbes. In cell-mediated immundy, T nphocytes eilher activale macrophages lo desiroy phagoecylosed microbes

of kil infecied celis

mecrobal molecules, including proteins, carbohy-
crages, and lipids.

Immunity may be induced in an individual
by infection or vaccination (active immunity) or
conferred on an individual by transfer of antibodics
or lymphocytes from an actively immunized indi-
vidual (passive immunity). An individual who is
exposed to the antigens of a microbe mounts an active
response o eradicare the infection and  develops
resistance to later infection by thar microbe. Such an
individual is said to be “immune” to that microbe, in
contrast o a “naive” individual who has not previ-
ously encountered thar microbe's antigens, We will be
concermed mainly with the mechanisms of active

immunirty. In passive immunity, a naive individual
receives cells {e.g., lymphocytes) or molecules (e.g.,
antibodies) from another individual who s immune
o an infection; for the lmited lifetime of the
transferred antibodies or cells, the recipient is able o
combar the infecrion. Passive immuniry is therefore
useful for rapidly conferring immunity even before the
irdivicual s able to mount an active response, but i
does nar induce long-lived resistance to the infection,
An excellent example of passive immunity is seen in
newborns, whose immune systems are nor mauee
enough to responad to many pathogens bur who are
protected against infecrions by wcyuiring antibodies
from their morthers through the placenm and milk.
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Properties of Adaptive
Immune Responses

The most important properties of adaptive immu-
nity, and the ones that distinguish it from innate
immunity, are a fine specificity for structurally
distiner antigens and memory of prior exposure tw
antigen (Fig. 1231,

Bagic Immunology: Functions and Disosders of the Immune System

Specificity

The specificity of immmune responses is illustrared by
the observation that prior exposure o an antigen
results in heightened responses o subsequent clial-
lempe with thar antigen but not o challenge with
other, even quite similar anrigens (Fig. 1-6). The
immune system has the potential for distinguishing

Property Significance for immunity to microbes
| iing Ability to recognize and respond to
[ Specificity many different microbes
I _—— 1
| Enhanced responses lo recurrent or
Memory | persistent infections
| Clonal | Ability 1o keep pace with rapidly proliferating
| expansion microbes
T | Responses to distinct microbes are r}plimiz-erj
Specialization | for defense against these microbes |
Nonreactivity | Prevents injurious immune responses

i1-% Properties of adap-
tive Immune responses. The impos-
tant propertes of adapiive smmune
fESponses, and how cach leafure
conlributes 1o hosl delense agains
microbes, ane summanzed

Flgure

'to self antigens | against host cells and tissues

= Antigen X +
Antigen X Antigen Y

n

o+ Anti-X B cell

|| ] Anli-Y B cell

I

N J
vy

|_. .|I \

¥ Activated # &
B celli, o

Memory
B cells paive

B cell

Maive

Primary
anti-X
response

Serum antibody titer

Activated
B cells

Figure 1-8 Specificity and
memory in adaptive immunity,
illustrated by primary and
secondary immune responses.
ﬁ-migenrs X and Y induce ihe
production o diletent  anti-
bodies {specificidy). The sec-
ondary response 1o antigen X s
mone rapid and larger than he
primary response (memory) and
i dilevent from Ihe prmary

/ \
anti-¥Y ¥
,»/ response

i
T T

9 10

response 10 antigen Y {agan
reflecting spacicily), Antibody
levels deckne with time alter
each immunization.



amang at lenst a billion different antigens or portions
of antigens. Specificity for many different antigens
implies thar the toeal collection of lymphocyte speci-
hcities, sometimes called the lymphocyre reperioire,
is extremely diverse. The basis of this remarkable
specificity and diversity 15 that lymphocyres express
clonally distributed receprors for antigens, meaning
that the total population of lymphocytes consists of
many different clones {each of which = made up of
ome cell and its progeny), and each clone expresses an
antigen receptor that is different from the receptors of
all ather clones. The clonal selection hypothesis, for-
mulated i the 19505, correctly predicred thar elones
of lymphocyres specihe for different antigens arise
before  encounter with these antipens, and  each
antigen clicits an immune response by selecring and
activating the lymphocytes of a specific clone (Fig.
[-Th W now know how the specificity and diversity
of lymphocyres are generated (see Chaprer 4),

1 = Introduclion to the Immine System 7
Memory

The immune sysrem mounes larger aned moee effective
regponses to repented exposures o the some antigen.
The response to the first exposure toantigen, called the
primary immune response, is mediored by bompho-
cytes, called maive lymphoeytes, that are seeing
antigen for the first time. The term naive ymphocyie
refers to the facr thar these cells are immunologically
inexperienced, not having previowsly recognized and
responded to antigens. Subsequent encounters with the
some antigen lexd o responses, called  secondary
immune responses, that are usually more rpid, larger,
aml berrer able o climinare the antigen than are the
primury responses (see Fip. 1.6). Secondary responses
are the result of the activation of memory lympho-
evtes, which are long-lived cells thar were induced
during the primory immune response, Tmmuonolosic
memory oprimizes the ability of the immune sysrem o

Lymphocyte

Figure =7 Clonal selection.
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antigen (e g . the adamples X and Y)
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combar persistent and recurrent infections, because
each encounter with a microbe penerares more memory
cells and activates previously penerated memory cells.
Memory is also one of the reasons why vaccines confer
lonyg-lasting protection against infections.

Adaptive immune responses have other charcrer-
istics that are important for their functions (see Fig. |-
31 When lymphocyies are activared by antigens, they
undergo proliferation, generating many thousands of
clonal progeny cells, all with the same antigen speci-
ficity. This i= called clomal expansion, and ensures thae
adaptive immunity keeps up with rapidly proliferating
microbes. Immune responses are specinlized, and dif-
ferent responses are designed 1o best defernd against

different classes of microbes. The immune system is
able to rescr against an enormous number and vanety
of microbes and other foreipn antigens, bur i normally
dues not react against the host’s own potentially ant-
genic substances, so-called self antigens, All immune
responses are sell-limited and decline as the infection
is eliminated, allowing the system to return toa resting
stane, prepared o respond o another infection.

Phases of
Immune Responses

Immune responses consist of sequential phases:
antigen  recopnition, activation of lymphocytes,

Antigen Lymph Effector Decline
| recognition L ctvation phase (homeostasis)|| Memery
i L
Antibod
‘ pmduc-:%-%:c Effector T Elimination
. lymphocyte of antigens |
| 4 II,'. 5 |
: | |
| Humoral
immunity
* i
anti ¥l Cell-mediated sk
| Antigen- immunit
| presenting Clanal o i
cell expansion 1 D

t'_ —
?E ‘I' b

|
I ]
! 'in.‘aiue T EIS_":;?:%
| X — lymphocyte
' %’K Naive B
| lymphocyte
Time after antigen exposure

Figuro 1-L  Phases of adaptive immune responses. Adaplive immune responses consist of sequential phases recogni-
ticn of antigen by specdic ymphocyies. actvalion of lymphocyles (consisting of thesr prolideraton and dilleremiaton into eélfec-
tor celis] and the elfechor phase (elmaskon of antigen). The response declines 83 anbigen is eliminated and most of the
anbgen-sbmulated ymphocies 0@ Oy apopiosis. The antigen-specilic cells thal sunvive ara responsible lor mamary, The dura-
Lon of each phase may vary in ddlerant fmmune responses. The y-axis represents an arbitrary measwuie of the magniluce of
e sEs o 5.1_- Thise principles apply 1o humoral mmmenity (mediaed by 8 ymphesyles) and cell-medialed immumily {medi-
ated by T lymphocyies)



elimination of antipen, decline, and memory (Fig.
1-8). Each phase corresponds to particular renctions
of lymphocyres and other components of the immune
system. During the recopnition phase, naive ancigen-
specific lymphocyres locate and recognize the anti-
gens of microbes. The subsequent activation of the
Iymphocytes requires at least two rypes of sipnals (Fig.
[-9). Antigen binding to the antigen receprors of lym-
phocyres (known as signal 1) 15 required to initiate
all immuone responges. In addition, other signals
(collectively termed signal 2), which are provided
by microbes and by innare immune responses o
microbes, are needed for the actvarion of I','mplwr
cyres in primary immune responses. T his requirement
for mucrobe-induced second signals ensures thar adap-

—

i Lymphocyte

Antigen Microbial
receptor ,_{'f antigen

: Y
> \Qﬁa-.f’i'-

Molecule produced
i or induced by
j: microbe

Lymphocyte
proliferation
and differentiation

Figure 1-2  The two-signal requirement for lymphocyte
activation. Antigen recognibon by hymphocyles provides
signal 1 lor the aclivaton ol the lymphocyles, and compo-
nints ol microbes of subslances produced during nnate
immune responses o microbes provede signal 2. In this
ilagtratson, e pmphosyles could De T colls or B colls, By
convention, the major second signals for T cells are called
“costimudators” Decause they funclion fogether with antigens
1o shimulale the calls. The natwre of second sigmals for T and
B iymphocyles iz described in laler chaplers
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tive immune responses are clicited by microbes and
not by harmless noninfectious antigens. The “two-
signal” concept of lymphocyte activation is discussed
again in Chaprer 2 and in loter chaprers. Clonal
expansion occurs during the activation phase. Some
of the lymphocyres differentinee from naive cells into
cells, often called effector lemphocytes, thar produce
subarances whose function s to eliminate antigens,
For instance, B lymphocytes differentiare into effec-
vor cells thar secrere antibidies, and some T lymplio-
cytes differentiote into effector cells char kil infecred
host cells. The effector cells and their producrs clim-
inate the microbe, often with the help of components
of inmate immunity; this phase of antigen elimination
iz called the effector phase of the immune response.
Onece the infection iz cleared, the stimulus for lyme-
phocyre activation is eliminated. As a result, most of
the cells thar were acrivared by the anrigens die by o
repulated process of cell death, called apoptosis, and
the dead cells are rapidly cleared by phagocyres
withour  eliciting n harmiul reaction.  After the
mmune response subsides, the cells char remain are
MOy |','||1|"lw-cy1'r.'.~. which Y SUFVIVE IR a state uf
rest for months or vears, able o respond mpidly to o
repaat encounter with the microbe,

Celis of the Immune System

The cells of the timmune system consist of lympho-
cytes, specialized cells that caprure and display macro-
bial antigens, and effector cells thar  eliminare
microbes (Fig. 1-100. In the following section the
important functional properties of the major cell pop-
wlations are discussed; the derails of the momphology
of these cells may Be found in histology rextbooks.

Lymphocytes

Lymphoeytes are the only cells with specific recep-
tors for antigens and are thus the key mediators of
adaptive immunity. Although all lwophocyres are
morphologically similar and mther unremarkable in
appearance, they are extremely hererogeneoss in
lineage, function, and phenotype and are capable of
complex biologie responses and activicies (Fig. 1-11).
[ modern times these cells are often distinguished by
surface proteins that may be identibed by panels of
monoclonal ancibodies. The stundand nomenclature
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Cell type

Principal function(s)

; L¥maﬁbcytes: B lymphocytes;
lymphocytes; natural

killer cells
E

' Specitic recognilion of antigens

B lymphocytes: mediators of humoral
immunity

T lymphocyles: mediators of cell-mediated
immunity

Matural killer cells: cells of innate immunity

===

hntigg-l-presenting cells:
dendritic cells; macrophages;

!
Lymoocpe |
i
follicular dendritic cells |

Dandrdic call

__Bloogmenocyte |

| Capture of antigens for display

to lymphocytes:
Dendritic cells; initiation of T cell responses
Macrophages: initiation and effector phase
of cell-mediated immunity

Fallicular dendritic cells: display of antigens
ta B lymphocytes in humoral immune
responses

! Effector cells: T lymphocytes;
macrophages; granulocytes
F

Newlromhil

Elimination of antigens:

T lymphoeoytes: helper T cells and cytolylic
T lymphocytes

Macrophages and monocytes: cells of the
mononuclear phagocyte system

Granulocyles: nautrophils, eosinophils

The principal cells of the immune system. The major cefll types involved in immung responsas. and thaer

tor these proteins is the "CD™ (cluster of differentia-
tron ) numerical desipnation, which is used o delin-
wate surfave proeins thar define a particular cell type
or stage of cell differentiation and are recognized by o
¢lusser or group of antibodies. {A fist of CD molecules
i= prowided in Appendix 1)

As alluded w earlier, B lvmphocyres are the only
cells capable of producine antibodies; therefore, they
are the cells thar mediate humoral immunay. B cells
express membrane forms of antibodies that serve as
the receptors that recopgnize antizens and initiare the
process of activation of the cells, Soluble antigens and

“e snoan Wicrographs in the left panels ilesirale e morphoiogy of some of the cells of each type

antigens on the surface of microbes and other cells
may bind to these B lymphocyte antigen receptors and
elicit humoral immuone responses. T lvmphocyres are
the cells of cell-mediated immunicy. The antigen
receptors of T lymphocyres only recognize pepride
fragrnents of protein antigens that are bound o
specialized pepride display molecules called major
histocompatibility complex (MHC) molecules, on the
surface of specialized cells called antigen-presenting
cells (APCS) (see Chaprer 3). Among T lymphocyres,
04" T cells are called helper T cells because they
help B lymphocyres to produce antibodies and help
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| Antigen recognition | | Effector functions |
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B of microbe,
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Figure 1-11 Clagses of lymphocyles. Diffarent classes of lymphocyles recognize distinct types of antigens and differen-

fiale iMo effector cells whose lunclion &5 1© eminatle (he antigens. B lymphocyles recognize soubde or cell surface antigens
ang gilterentiate into antibody-secreting cells. Hetper T lymphocyles recognize antigens on the surfaces of antigen-presant-
ing cells and secrale cylokings, which stimulate diflerent mechanisms of immunity and inflarmmation, Cytalytic T lymphocyles
recognize antigens on iected cells and kill ihese cells. (Mote that T lymphacyles recognize peplides thal are desplayed by
MHG molecules. this process is discussed in much more detail in Chapter 3.) Matural killer celts recognize changes on the

surlace ol infecied cells and kil these cells.

phagocyres 1o destroy ingested microbes. CDS™ T
Iymphocyres are called eytolytic, or eytotoxic, T lym-
phocytes (CTLs) because they kill cells harboring
intracellular microbes, tha is, they yse other cells. A
third elass of lymphocytes is ealled navueal killer (NK)
cells; these cells are mediators of innate immunity and

do not express the kinds of clonally disteibured
antigen receptors that B cells and T eells d.

Al lymphocyees arise from stem cells in the bone
marrow (Fig. 1-12). B lymphocytes mature in the
bone marrow, and T lympheocytes mature in an ongan
called the thymus; these sites in which marure
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Figure 1-12 Maturation of lymphocyles. Lymphocyles develop from precirsoes in the generative lymphosd organs (ihe
bone mannde and iyl Malee hrnphocytes ented the peripheral hymphoid crgans., winerg (hey respond 10 loneign anligens

and from wihend thiy recircudale m the bldad and lymgph

Iymphocytes are produced are called the generative
lvmphoid organs. Mature lvmphoeytes leave the gen-
erative lvmphoid organs and enter the circulation and
the peripheral lymphoid organs, where they may
encounter antigen for which they express specific
TeCeprons.

When naive lymphocytes recopnize microbial
antigens and also receive additional (“second™)
signals induced by microbes, the antigen-specific
Ivmphoeyvies proliferate and differentiate into effec-
tor cells and memory cells (Fig. 1-13) Naive lym-
rhocvtes express receptor: for antigens but do not
perform the functions thar are required w eliminate
annigens. These cells resude in or circulate between
reripheral lemphoid organs and survive for several
Javs or months waiting ro find and respond o antigen.
Their differentiation into effeceor cells and memory
cells 1= meated by intigen recognition, thus ensuring
that the immune response that develops is speeifie for
the antigen, The effector cells in the B lymphocyte
hineage are cells than secrete antibodies, called plasma
cells. Eifector CO4° T cells produce proteins called
eytokines thar activate B cells and macrophages, thus
mediating the helper function of this lineage, and
effector CDE3° CTLs have the machinery o kill
infecred host cells. The development and funcrions of

these effector cells are discussed in later chaprers.
Mosr effector lymphoeytes are shore-lived and die s
the antigen is eliminated, but some may migrae
special anatomic sites and live for long periods. Thi-
pradonged survival of effecror cells is best documented
for antibody-producing plasma cells, which develop
in response 1o microbes in the peripheral lymphaoid
organs but may then migrate to the bone marrow and
continue to produce small amounts of antibody long
after the infection is eradicated. Memory cells,

Figure 1-13 Stages in the life history of lymphocytes.
A, Mawve ymphocyles recogmize fomegn antigens 1o imbiate
adaplive mmune responses. Some of the progeny of these
Iymphocytes diferantiale inlo effecior cells, whose lunclion
i5 1o alminate antigens The efector cells ol the B lymphao-
cyte hneage are anibody-secreling plasma cells. The allec-
tor celis of e CD4° T lymphocyle lincage produce
cylokings, (The afleclor cells of the CDA" ineage are CTLS,
Ihgse are nod shown.) Ciher progeny of the antigens
strrudlated lymphocytes differemiaie into long-fived memory
cells. B The imponant characlenistics ol naive, eflector,
and memory cells in the B and T iymphocyle inkages ang
summanzed. The processes of alfinity maturation and class
swilching in B cells are described in Chapter 7
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which are alwo generared from the proseny of antigen-
stimulated lymphocytes, do survive for long periods
of time in the absence of anrigen. Memory cells are
tunctionally silene: they do nor perform effector fune-
tions unless stimulated by antigen. When memory
cells encounter the same antigen that induced their
development, the cells rapidly respomd o give rise w
secondary immune responses. Very lietle is known
abvur the signals thar penerate memory cells, the
tactors that  determine whether the progeny  of
antigen-stimulated  lvmphocytes will develop into
eftector or memony cells, or the mechainisms that keep
memory cells alive in the absence of antigen or inoane
Emmeiniry.

Antigen-Presenting Cells

The common portals of entry for microbes, namely,
the skin, gasrrointestinal teact, and respiratory
tract, contain specialized cells located in the epithe-
lium that capture antigens and transport them o
peripheral lvmphoid tissues. This function of antigen
capture is best understood for a cell type called
dendritic cells because of their long dendrive-like
processes. Dendritic cells caprure protem amigens of
microbes that enter through the epithelia and trans-
port the antigens to regional lymph nodes, Here the
antigen-bearing dendritic cells display porions of
the antigens for recognition by T lymphocyres. If a
micribe has invaded through the epithelivm, it may
b phapocvtosed by mocrophages that live in tissues
and in various ongans. Macrophages are also capable
of displaving protein antigens to T cells. The process
of antigen presentation to T cells is described in
Charter 3.

Ceells thar are specialized o display antigens o T
[vmphocytes have another important feature  that
gives them the ability w irigerer T ocell mesponses.
These specialized cells respond o microbes by pro-
ducing surfuce and secreted proteins that activare
naive T lymphocytes, thus providing the "second
stgmals” fur T ocell proliferation and differentiarion
(e Fige 1-9), Specialized cells thar display antigens
e T oeells and provide second signals are called
“professional” APCs. The prototypic  professional
APCs are dendrivic cells, bur macrophages and a few
other cell types may serve the e function. The

importanee of second signals ad APCs is discussed
further i later chaprters.

Much less is known about cells thar may caprure
antigens for display o B lymphocyres, or even if such
specinlized cells exist, B lymphocyres may directly
recopnize antigens of microbes, or cells in lymphoid
ergans may caprure antigens and deliver them o B
cells. A rype of dendritic cell called che follicular den-
dritic cell (FIXC) resides in the serminal centers of
lymiphoid follicles in the peripheral lymphoid organs
and displays amigens that stimulare the differentia-
tiom of B cells in the follicles, The role of FOCs s
described in more dewil in Chapeer 7. FDXCs do naor
present antigens o T cells and are quire different from
the dendritic cells just deseribed that function as pro-
fessional APCs for T lymphocyres.

Effector Celis

The cells that climinate microbes are called effector
cells and consist of lymphocytes and other leuko-
cytes. We have earlier referred to the effector cells of
the B and T lymphocyre lineages. The eliminarion
of microbes often requires the participation of other,
nonlymphoid levkocyres, such as pranulocyres and
macrophages, These levkocytes may  function as
effector cells in borh innate immunity and adaprive
immunity. In innate  immunity, macrophages and
some pranulocytes directly recognize microbes and
eliminare them {see Chaprer 2). In adaptive immu-
nity, the products of B and T lymphocyres call in
other leukocyies and activine the leukocyres o kill
microbes,

Tissues of
the Immune System

The tissues of the immune system consist of the
penerative (also called primary, or central) lymphoid
organs, in which T and B lymphocytes mature
and become competent to respond to antigens, and
the peripheral (or secondary) lymphoid organs, in
which adaptive immune responses to microbes are
initiated (see Fig. 1-12). The gencrative lymphoid
orgns are described in Chaprer 4, when we discuss
the process of lymphocyte maturation. In the follow-
g s=ection, we highlizht some of the features of



peripheral lymphoud organs that are important for the
development of mdaprive immunity,

Peripheral Lymphoid Organs

The peripheral lymphoid organs, which consist of
the lymph nodes, the spleen, and the mucosal and
cutaneous immune systems, are organized to con-
centrate antigen, APCs, and lymphocytes in a way
that optimizes interactions among these cells and
the development of adaptive immunity. The immune
system has o locare microbes thar enter ar any site in
the body and then respond o these nucrobes and
eliminate them. In addition, as we have mentioned
earlier, in the normal immune system very few T and
B lymphucyies are specific for any one antigen,
r!-crh:lpx HES fuw as | in |m.m:| w0l in [ lllllllul'l Cu:“\
The anatomic orgamization of peripheral lvmphoid
vrgans enables lymphoovies in these organs w locare
and respond o microbes. This organization is com-
plemented by o remarkable abiliy of lymphocytes to
circulate throughour the body o such a way th
maive lymphocyres preferennally go to the specialized
organs in which antigen is concentrated and ctfector
cells go 1o sites of infection, from where microbes
Iawe vo b eliminared. Furthermaore, differenn types off
lymphocytes often need o communicare to generate
effective immune responses, For instance, helper T
cells specific for an antigen interact with and
help B lymphocyres specific for the same antigen,
resulting in antibody production. An imporaane func-
tion of lymphoid organs s to bring these rare cells
toggether inoa way thar will enalle them o interact
praductively.

Lymph nodes are nodular aggregates of lymphoid
tissues located along lymphatic channels throughout
the body (Fieo 1-14) Fluid from all epithelia and
connmecrive tissues and mosg Imf¢l\¢h'g'l"ﬂl ARCEAnS is
drained by Iymphatics, which trunsport this fluid,
called Iymply, from the tssues o the lymph nodes.
Therefore, the lymph contains a mixture of substances
that are absorbed from epithelin and ssues. As the
lymph passes through lymph nodes, APCs in the
nodes are able to sample the ancigens of microbes thar
may enter through epithelia into rissues. In addition.
dendritic cells pi.cl: up antigens of microbes from
epithelia and eransport these antigens to the lymph
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nodes. The net result of these processes of antigen
capture and transport is that the antigens of microbes
that enter through epithelin or colonize tissues
become concentrated in draining lymph nodes.

The spleen (Fig. 1-13) is an abdominal organ that
serves the same role in immune responses oo blood-
bome antigen as that of lymph nodes i responses
te lymph-bome antigens. Blood entering the spleen
flows through a merwerk of channels (sinusoids).
Blood-bome antipens are trapped and concenteared
by dendritic cells and macrophages in the spleen. The
spleen conins abundant phagocyees, which ingest
and destroy micrabes i the blood.

The curancous and mucosal lvmpluid systems ane
located under the epithelia of the skin and che gas-
trointestimal and respiratory traces, respectively. Pha-
ryngreal tonsils and Pever's patches of the intestine
are two mucosal lymphoid  tissues, Curaneous and
mucosal  lymphoid  cissues are sites of  immune
responses to antigens that breach epithelia, much as
the lymph nodes amd spleen are the sites of response
o antigens that enter the lympl and bloed.

Within the peripheral lymphoid organs, T lym-
phocvies and B lymphoeyies are segregated into dif-
ferent anatomic compartments (Fig. 1-16). In lvinph
nosles, the B cells are concentrated in discrere strug-
tures, called follicles, located around the periphery, or
cortex, of each node. IF the B cells in o follicle have
recently responded o an antigen, this follicle may
contain a centeal region called a germinal center. The
role of germinal centers in the production of anti
bodies is deseeibed in Chapter 7. The T lymphocyres
are concentratcd ourside, bur adjacent to, the folli-
cles. in the paracortex. The follicles conain the FDCs
thar are involved in the activation of B cells, and the
paracortex containg the dendritic cells thor present
antigens 1 T lymphocytes. In the spleen, T lympho-
cyres are concentrated in periarteriolar lymphoid
sheaths surrounding small arrerioles, and B cells reside
in the follicles.

The anatomic organization of peripherl lymphoid
organs is tightly regulaved ro allow immune responses
to develop, B lymphocytes are located in the follicles
because FDNCs secrete a protein that belongs to a class
of cywokines called chemokines (“chemoartracrant
cytokines™), for which naive B cells express a recep-
tor. (Chenokines and other evtokines are discussed in
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Figure 1-14 The morphology ol lymph nodes.
A This schematic diagram Shonws the Sieuclucal orga-
nization and biood Pow in a lymph node. B. This by
mecrograph shows a cross-seclion of a lymph node wih
numercus loliicles in the cortex, some of which conlain
lighithy slamed cenlial areas (germinal centers). and he
cantral madulla
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Figure 1=15 The morphology of the spleen.
A This schematic diagram shows a splemc arteriole
surrownded by the penartericlar lymphoid sheath
{PALS) and atlachad lollicle containing a promingn
germinal centar. The PALS and hymphoid lolhicles
ogether conslitute the white pulp. B This ight mecrgs
graph ol a seclion of a spleen shows an anefichs wilk
the PALS ardl a secondary follicle. Thase are sur-
rounded by the sed pulp, which s nch in vasculas
singsoids.
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more derail in bater chapters.) This chemokine is pro-
duced all the time, and it aceracts B cells from the
blood into the follicles of lymphoid organs. Similarly,
T cells are segregated in the paracortes of lymph
nodes and the periarteriolar lymphoid sheaths of the
spleen, because T lymphocyres express receprors for a
chemokine thar is produced by cells that are present
in these regions of the lymph nodes and spleen. As
a result, T lymphoeyres are recruited from the blood
into the parafollicular cortex region of the lymph
node and the periarteriolar lymphoid sheaths of the
spleer. When the lymphoeytes are acrivated by
microbial antigens, they gradually reduce their
expression of the chemokine receptors and are no
longer constrained anatomically. As a result, the B
cells andd T cells migrate toward each other and meet
at the edge of follicles, where helper T cells interact
with and help B eells to differentiate inte antibody-
producing cells (see Chaprer 7). The acrivared
lymphocytes ultimately exit the node via efferent

- shealh {PALS) - "

]';mplmtic vessels and leave the spleen through veins.
These activated lymphocytes end up in the circula-
tion and can go 1o distant sites of infection.

Lympheocyte Recirculation

Lymphocytes constantly recirculate between tissues
in such a way that naive lymphocytes traverse
the peripheral lymphoid organs, where immune
responses are initiated, and effector lymphocytes
migrate to sites of infection, where infectious
microbes are eliminaved (Fig. 1-17). Thus, lympho-
cytes at distinet stages of their Life histories migrate to
the different sites where they are needed for their
functicns. This process of lymphocyre recirculation
is best described for T lymphocyres. It is also most
relevant for T eells, because effecror T cells have o
locate and eliminate microbes at any site of infection.
By contrast, effector B lymphocytes remain in lyme-
phoid orgm need o migrate tw sites of
gl BRNRS = o (f L~

e

LT
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Figure 1-1G Segregalion of T and B Iym-
b phocytes in diflerent reglons of peripheral
lymphold organs. A The schematic duagram
illastrales the paln by which nane T and B lym-
phocyles megrxle w ddlerent arcas of a lymph
node. Tha lymphocyles énler thwough a high
| endalhelial venda (HEV). shown in cross-
secticn, and are drawmn 1o different areas of lhe
mode by chemolsngs thal ane produced in These
argas and tand selecivaly 1o either call ype
Alsa shown is the migration of dendnilic cells,
which pick up antigens from epilhelia, enter
through afterant lymphatic vessels, and migrate
o thie T cell-rich areas of the node. B In this
seclion ol a ymph node, the B lymphocyles,
kocated in (e lolicles. are stained greon, and
the T cells, = the parafoliicular conex, are rea
The melhod used to siain these ceils 5 calied
mmunofluorescence  In this techiique. a

@)

T cell zone
(Paracorex)

B cell zone
{Lymphoid
follicla)

mfection, Instead, B cells secrete antibodies, and the
antibodies enter the Blood and hnd microbes and
miacrobil toxins in the circulation or distane tissues.
Theretore, we will largely hmie our discussion of
ymphoeyte recirculation to T lvmphocvres.

MNaive T Iymphocytes thar have matured in the
thymus and entered the circulation migrme 1w lymph
nodes where they can find antigens that enter through
lymphatic vessels that drain epithelia and parenchy-
mal vrgans. These naive T cells enter lymph nodes
through specialized postcapillary venules, called high

sechon ol (he Hsswe & stained wilh antbogues
spacdic for T or B calls that are coupled 10 To-
orochromes that emil diflerent colors wnen
exciled al the appropriate wavelengins. The
anawmic segregation ol T and B cells 5 alse
SN im the Spleen (nol shown)  (Courtesy
ol Drs, Kathryn Pape and Jenndar ‘Walles
University of Minnesota Schood of Medicine,
Minneapolis.)

endothelial venules (HEWVs), thar are present
lymph neeles, Maive T cells express a surface recepror
called Leselectm thar binds wo corbobydeate ligands
that are cxpressed only on the endochelial cells of
HEV:, (Selectins are a family of proteins invalved in
cell-cell adhesion thar conrain conserved structural
features, mcluding a lectin, or carbuh}’dml.c-him]in,g.
domain, More informartion abour these proteins is in
Chapter 6.) Because of the interaction of L-selectin
with its hgand, naive T cells bind loosely to HEVSs. In
response 1o chemokines produced 1n the paracortical
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Recirculation of T lymphocytes. Mane T lymphocyles migrale lrom (he blosd through high endothalial

vanules (HEVs) imo the T cell zones ol lymph nodes, where the cells are aclivated by antigens. Activated T cells exil the
nades, enter [ne bloodsineam, and migrate preferentially 1o pevipheral lisswes al sites of inlection and inflammation. The adhe-
sion molecutes invelved in the attachment of T cells o endothelial cells are described in Chapler 6.

regions of the lymph node, the naive T cells bind
more frmly o and migrate through the HEVS into
this region of the lymph nodes, where antigens are
displayed by professional APCs,

If a naive T cell encovnrers the antigen thar i
specifically recognizes, thar T cell s activated. Such
an encounter between an antigen and a specific lym-
phocyre is likely ro be a random event, but most T
cells in the body cwculate through some lymph nodes
ar least once a day. As o result, some of the cells in
the total population of T lymphocyres hoave an excel-
lent chance of encountering antigens that these cells
recognize. As we mentioned earlier and will describe
in more detail in Chaprer 3, rhe likelihood of the
correct T cell finding its antigen & increased in
peripheral lymphoid organs, particularly lymph nodes,
because microbial antigens are concentrated in the
same regions of these organs through which nuve T
cells circulare. In response o the microbial antigen,
the naive T cells are activated to proliferare and dif-
ferentiate. During this process, the expression of
adhesion molecules and chemokine receprors on the
T cells changes such thar differentiated effector T
cells tend to leave the lymph nodes and enter the
circulation. These effecror  cells  preferentially
migrate into the rissues thar are colonized by infec-

tious microbes, where the T lymphocyres  perdonm
their function of coadicating the infection. This
process is described inomore detail in Chaprer 6, where
cell-mediored immune reactions are discussed.

Memory T cell populations appear to consist of
some cells thar recirculare through Iymph nodes.
“’11‘."['!." Ihl."!.' Lo TR TRl §1s a'cun.r.hlr',' u‘slmnsu:s {E] ':ilp"’
tured antigens, and orher cells thar migrate o sices of
infection, where chey can respond rapidly oo eliminare
the infection,

We do not know much about lymphocyte cincula-
tion through the spleen or other lymphoid rissues or
about the circulation pathway of naive and activated
B lymphocytes. B lymphocyies appear also o enter
lymph nodes l;hr-::ugh HEWs, bur after they respond
to antigen, their differentiated progeny either remain
in the lymph nodes or migrate mainly o the bone
marrow. The spleen does not contain HEVS, bur the
general pattern of lymphocyre migration through this
organ is probably similar to migration through lymph
nodes,

SUMMARY

B The physiologic function of the immune system is
to procect individuals against infections.
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= Innate immunity is the early line of defense, medi-
ated by cells and molecules that are always presenr
and ready 1o eliminate infectious microbes, Adaptive
immunity is the form of immuniy thar is stimulaved
by microbes, has a Ane specincity for forcign sub-
stances, and responds more effectively against cach
SUCCESSIVE cxXposure to a microbe,

= Lymphoeytes are the cells of adaptive immuniry,
anud the only cells with clonally distributed receprors
for antigens,
P Adaptive immunity consists of humoral immurnity,
in which antibodies neurralize and eradicare extra-
cellular microbes and toxing, and cell-mediared
immunity, in which T lymphocyres cradicate intra-
cellular microbes,
B Adaptive immune responses consist of sequential
phases: antigen recognition by lemphoeytes, activa-
tion of the lymphocvies 1o proliferate and so Jiffer-
entiate into effector and memory cells, elimination of
the microbes, decline of the immune response, and
long-lived memory.

Theee are differemt populations of lymphocytes
thar serve distinet functions and may be distinguished
by the expression of panticular membrane molecules,

B Ivmphocyies are the only cells that produce anti-
bodies. B lymphocyres express membrane antibodies
that recognize antigens, and effector B cells secrete
the antibodies thar neutralize and eliminare the
ITTICEE.

T lvmpt recopnize  peptide  fragments
of protein antigens displaved on other cells. Helper
T bmphocvies activate phagoeytes to destroy
inpested microbes and activate B lvmphocyres o
produce antibodies. Cytolyvtic {(eytotoxic) T lympho-

UL TS

cyvies kill infected cells harboring microbes in the
cytoplasm,

= Anrigen-presenting  cells  caprure  antigens of
microbes that enter through epithelia, concenrrare
these antigens in bymphoid organs, and display the
amtigens for recognition by T cells.

= Lymphocytes and antigen-presenting cells are

organized  in peripheral lymphoid organs, where
immune responses are inttiated and develop.

= Maive lymphocyres circulare through the periph-
eral lymphoid organs searching for foreign antigens.
Effector T lymphocytes migrare to peripheral sives of
infection, where they function to eliminare infectious
microbes. Effector B lymphocytes remain in lymphoid
organs and the bone marrow, from where they secrete
antibodies that enter the circulation and find and
eliminate microbes,

B Review Questions

1 What are the rwo types of adaptive immunity, and
what types of microbes do these adaptive immunc
responses combat!

2 Whar are the principal classes of lymphoeytes, how
do they differ in function, and how may they be
identified and distinguished?

3 What are the important differences among nave,
effector, and memory T and B lymphocyres!

4 Where are T and B lymphocyres located in lymph

nodes, and how is their anatomic separtion main-
tained!

How do naive and effector T lymphocyres differ in
their patLcrns of migration?!

AN



Innate Immunity

The Early Defense
Against Infections

Il multcellular organisms, inchuding plangs, nverte-

brates, and vertehrares, possess intrinsic mechanizms for
defending themselves against microbial infections. Because
these defense mechanisms are always present, ready o recogp-
nize and eliminare microbes, they are said to constitte innate
immunity {also called nanieal, or native, immuanity). The com-
ponents of innate immunity make wp the innate immone
system. The shared characteristic of the mechanisms of innare

o L1t

™y 35 -
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— F Recognition of Microbes by the Innate
(@ (O | Immune System
'\L“fl l\\';; | Compongnts of Innate Immunity

* Epithelial Barriers

* Phagocytes: Neutrophils and

Monocyles/Macrophages

Matural Killer Cells

* The Complement System

+ Cylokines of Innate Immunity

+ (ther Plasma Proteins of Innate
Immunity

Evasion of Innate Immunity by Microbes

Role of Innate Immunity in Stimulating
Adaptive Immune Responses

immunity is that they recognize and respond 1w microbes but

. E : : Summary
do not react against nonmicrobial substances. Innate immuonity

may also be triggered by host cells thar are damaged by
microbes. Innate immunity conteasts 1o adaptive immunary,
which must be stimulared by and adapts to encounter with microbes before it can be effec-
tive. Furthermore, adaptive immune responses may be directed against microbial as well
as nonmicrobial antigens.

For many years it was believed that innate immunity is nonspecific and weak and is
not effective in combating most infections. We now know thart, in facr, innate immunity
specifically targets microbes and is a powerful carly defense mechanism capable of con-
trolling and even eradicating infections before adaptive immunity becomes acrive. Innate
immunity not only provides the early defense against infections but also instruces the
adaptive immune system to respond to different microbes in ways that are effective
at combating these microbes. Conversely, the adaptive immune response often uses
mechanisms of innate immunity to eradicate infections. Thus, there i3 a constant bidh-
rectional eross-ralk berween innate immunity and adaprive immunity. For these reasons,

2
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there is grear interest in dehning the mechani=sms of
innate immunity and leaming how 1o hamness these
mechanisms for optiizing Jdefense aginst infections.

Mowr of this book s devored wo o description of the
adaptive immune sv2rem amd how lemphocyres, the
cells of adaptive immunity, recognize and respond 1o
imfection: microbes, Betore starting o Jdiscussion of
adaptive immuonity, the carly defense reactions of
inmate immunity are Jiscussed in this chapter. The
discussion focuses on theee main WS Tiomns:

How does the innate immune system recognize

mucrobes!

How Jdo the different components of innate imma-

nity  function o combar  Jifferent kinds of

microbes!

How do innate immune reactions stimulate adap-

Erve immune response’

Recognition of Microbes by
the Innate Immune System

The speciticity of innate immunity idifferent in several
fuspudts trom the specificiry of lvmphocyres, the recop-
mition svstemsof adaptive immunine (Fig. 2-1),

The components of innate immunity recopnize
structures that are shared by various classes of
microbes and are not present on host cells. Each
Component ol innate IMmMunky may feCognize many
b tetia, of viruses, or fungi. For instance, phagocytes
express peceplors for bacteriol  lipopelysaccharide
(LP=, als called endotoxin), which is present in
o bacterml species Put is net produced by mam-
mialtan cell: Dhher receprors of phagocytes recopnize
terminsl mannose residues on plveoproteing: many
Pacterial  glveoproteins have  terminal  mannose,
unlitke mammalian glvcoproteing, which end with
stalie aced or Neacervlpalaciosamine. Phagocyres rec-
vemize and respond to doublestranded RNAL which
1+ fowaned o panwy vireses Fur mot in mammalian cells,
and to wnmethylared CpG o nucleotides, which are
comiman m bactenal DN A but are not found in mams
mulian DNAL The microbial molecules thar are the
targets of innate immunity are sometimes  called
melecular patterns, 1o indicate thar they are shared by
mictobes uf the same Ty, The TeduPiurs of innate
ity thar recosnize these shared stroctures are

called partern recognition receptors. Some compo:
nents of innate immunity are capable of hinding to
bt cells bur are prevented from being activared by
these cells. For instance, if the plasma proteins of the
complement system are deposited on host cells, the
activation of these complement proreins is blocked by
regulatory molecules that are present on the host cells
bur are not present on microbes, These and other
examples of innate immune recognition are discussed
later i this chapter. In contrast g innate immuniry,
the adaptive immune system is speafic for structures,
called antigens, thar may be microbial or nonmicro-
bial, and are not necessarily shared by classes of
microbes bur may differ among microbes of the same
Ty

Another characreristic of innate immunity that
makes it a highly effective defense mechanism is thar
il components of innate immunity have evolved
recognize structures of microbes that are often essen-
tial for the survival and il'lFL'Cl'i\iItT of these nmicrobes.
Therefore, o microbe cannor evade innace immunity
simply by mutating or not expressing the targets of
innate immune recognition: microbes thar do nor
express functional forms of these structures lose their
ability o infect and colonize the host. In conerast,
microbes frequently evade adaptive immuanicy by
mutating the antigens thar are recopnized by lym-
phocvtes, because these antigens are wsually not
rexuired for the life of the microbes.

The receptors of the innate immune system are
encoded in the germline and are not produced by
somatic recombination of genes. These permline:
enconded pattern recopnition receprors have evalved
as a protective adaptation to potentially harmiul
microbes, In contrase, the antigen receptors of lym-
phocyres, namely, antibodies and T eell receprors, arc
produced by random recombination of receptor genes
during the maruration of these cells {see Chaprer 4).
Cene recombinution can generate many more stric-
rurally different receprors than can be produced from
inherited germling genes, bur these differcne receprors
cannot have a '[‘rL‘t.‘tﬂ.'I:{:rll'lil:'lL‘il. s-]‘u:ciﬁcit}’ for microbes.
Therefore, the specificity of adaptive immunity is
much more diverse than that of innate immunity, and
the adaprive immune system is capable of recognizing
many more chemically distinet structures. It is esri-
mated that the waal population of lymphoeyees can
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Figure 2-1 The specilicity of innate immunity and adaptive immunily. The important leatures o the specificity and
receplors of innate and adaplive immunity are summanzed, vwih selected examples, some of which are illustrated in the boxed

panais

recognize over a billion different antigens; in conerast,
all the receprors of innate immunity probably recop-
mize less than a thousand microbial patrerns. Further-
more, the receprors of the adaptive immune system
are clonally distributed, meaning that cach clone of
Iymphocyres (B cells and T cells) has a different
receptor specific for a particular antigen. In conrase,

i lh¢ il'll'l'ﬂlﬂ (A THELRER TS S}'Sl'ﬂ“"l Thﬂ FL‘I:&."!T[L'I-Ti e no-
clonally diseributed; thar is, identical receptors are
expressed on all the cells of o particular tvpe, such as
macrophages. Therefore, many cells of innate immu-
nity may recognize the same microbe,

The innate immune system responds in the same
way o repeat encounters with a microbe, whereas
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the arjapq.ix'g immune svsiem n::-'[mmls more cffi-
ciently to cach successive encounter with a microbe.
Tn other words, the adaprive immune svstem remem-
bers, and adapts 1o, encoanters with o microde. This
i the phenomenon of mmunologie memons I
encures thar host Jetense reactions are highly effee-
tive azainst repeated or pensisent infections. Memory
is 2 Jenning charcteristic of adaptive immunity and
is Mot 2een N Innate Imamuniey.

The innate immune system does not react against
the host. This inabalice of the innare immune system
o react against an individuals own. or self, cells and
mislecules is partly Pecawse of the inherent specihcity
of ke immenity for microbial stroctures and partly
because marmmalian cells express regulatory molcoules
that prevent innate immune reactions. The adaprive
immnune svstem aleo discrimmnates between self and
ronsels inthe adaprive immune sestem, lvmphocyies
capable of recognizing el antigens are produced but
thev are killed or inactivared on encounter with sell
RIS T

With this introduction o some of the characteris-
tics oof innate imunity, the discpssion procesds to
a sleseription of the individual components of the
innate mmmune system and Bow these components
funerion in bost Jefense navinst infecrions.

Components of
Innate Immunity

The innate immune svstem consists of epithelia,
which provide barriers o infection, cells in the cir-
culation and tissues, and several plasma proteins.
The=e compaonent= play difterent bur complementary
roles i Blocking the entry of microbes and in elimi-
nating microbes than enter the tissues of the host.

Epithelial Barriers

The common portals of entry of microbes, namely,
the skin, gastrointestinal tract, and respiratory
tract, are protected by continuous epithelia that
provide physical and chemical barriers against infec-
tion (Fig. 2-2). The three major interfaces between
the h'h-:l'}' and the exrermual eovirenment are the skin,
the gostrointestinal tract, and the respiratory teact.

&% |
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to infection m
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-7 Functions of epithelia in innate immunity.
Eunhelua paEsEnl & ihg porlals o ertry of microbes proviog
physical barriers. produce antimicrobial subslances, and
harbar lymphocytes thal are bakeved 1o kil mecrobes and
nlected cells

Microbes maw enter hosts from the external environ-
ment through these interdfaces by physical conracr,
ingestion, and breathing, All three poreals of enery ane
lined by conrinuous epithelia thar physically interfere
with the entry of microbes. Epathelinl cells also
produce pepride ancibionics tha kill bacversa. In addi-
tion, epithelia contain a type of lvmphocyee, called
inrracpithelial lymphocyres, which belong to the T
cell lineage but express antigen receprors of limied
diversiry. Some of these T cells express receptors com-
posed of two chains, called ¥ and & chains, thar are
similar, but not identical, to the highly diverse aff T
cell receptors expressed on the majoriry of T lym-
phocvres {see Chapters aned ), Introepathelial
lymphocytes, including ¥ T cells, often recopnize
microbial lipids and other structures that are shared
by microbes of the same wpe. lntraepithelial lym-
phocyies presumably serve as sentinels agninst infec-
tiows agents thar arrempr o breach the epithelia, but
the specihcity and functions of these cells remain
pourly understood. A population of B lymphocyes,
called Be1 cells, resembles meraepithelinl T cells in



the limired diversity of their antigen receprors. B-1
cells are found not in epithelia but mostly in the peri-
toneal cavity, where they may respond to microbes
and microbial toxins that pass through the walls of
the intesting. Most of the circulating lghd antibodies
found in the blood of normal individuals, called
natural antibodies, are the products of B-1 cells, and
many of these antibodies are specific for carbohyd rares
that are present in the cell walls of many bacteria.

Phagocytes: Neutrophils and
Monocytes/iMacrophages

The two types of circulating phagocytes, neu-
trophilzs and monocytes, are blood cells that are
recruited to sites of infection, where they recognize
and ingest microbes for intracellular killing. Meu-
traphils (also called polymorphonuclear leakocytes
or PMMNz)Y are the most abandang leukocyees in the
bloed, numbering 4.000 to 10,000 per mm” (Fig. 2-3).
In response ro infections, the production of neu-
traphils from the bone marrow increases rapidly, and
their number may rise 1o 20,000 per mm’ of blood.
The production of neurrophils i stmulared by
cyrokines, known as colony-stimulating factors, thar
are produced by many cell types in response to infec-
rions and acr on bone marrow stem cells o stimulace
proliferation and matumation of neutrophil precursors.
Meurrophils are the first cell type 1o respond o most
infections, particularly bacterial and fungal infections.
They ingest microbes in the circulation, and they
rapidly enter extravascular tissues at sites of imfection,

Figure 2-3 Morphology of neutrophils. The hghl micro-
graph of a blood neutrophil shows the multilocbed nucleus,
because of which these cells are also called polymorphoni-
clear leukocytas, and the faint Cytoplasmec granules (mostly
IyS0SCMEs).
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where they also ingest microbes and die after a few
hours.

Monocytes are less abundant than neutrophils,
numbering 500 to 1000 per mm" of blood (Fig. 2-4).
They, too, ingest microbes in the blood anmd in tissues.
Linlike neutrophils, monocytes that enter extravascu-
lar tissues survive in these sites for long periods; in the
tissues, these monocytes differentiate into cells called
macrophages (sce Fig. 2-4). Blood monocyres and
rissue macrophages are two stages of the same cell
[II'I."..":'I!..“Q. 1-"-"“';.'1\ 1% Ul’tl“'l.'l L'il“'l.'i] tl'l.'l.' 'I'I'I.Hl'IUI'HIIL':H' phﬂ“t‘-
cyie system. Resident macrophages are found in con-
neciive rissues and in every organ in the body, where
tl."l‘."".' BEIVE thﬂ saIme 'I‘l.lncti.ﬂn HiY nmm}nuc!mr I"I'L."IFI.\-
eytes newly recruited from the eirculation.

Meutrophils and monocytes migrate to exteavas-
cular sites of infection by binding to endothelial
adhesion molecules and in response to chemoat-
tractants that are produced on cncounter with
microbes (Fig. 2-3), If an infecrious microbe breaches
an epithelivm and enters the subepithelial tissue, res-
iclent macrophages recoenize the micrabe and respomd
by producing soluble  proteins  called  cytokines
{described v more Jdetad] lager). Two of these
eyrokines, called tumor necrosis factor (THNF) and
interlenkin.1 (IL-1), act on the endothelium of small
vessels ot the siee of infection. These cytokines
stimulate the endothelial cells o mpidly express two
adhesion molecules called E-selectin and P-selectin
(the name “selectin® referring o the carbuhydrate-
binding, or lectin, property of these molecules). Cir-
culating neurrophils and monocyres express suriace
carbohydrates that hind weakly o the selectins, The
neutrophils become tethered o the endothelium,
Alowing blood disrupts this binding, the bonds re-form
downstream, and so on, resulting in the rolling of the
leukacytes om the endothelial surface. Leukocyres
express another ser of adhesion molecules that are
called incegrins because they “integrate™ extrinsic
sipnals into cytoskeleral alterations. Integring are
present in a low-affinity stare on unactivared leuko-
cyies. As these cells are wlling on the endothe-
livm, tissue macrophages that  encountered  the
microbe, and the endothelinl cells responding to
the macrophage-derived THNF and IL-1, produce
cytokines  called chemokines  (chemoartracrane
cytokines). Chemokines bind o the luminal surface
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Dol cells and are thus dsplayed ava high cons
o the deukocyies thar are rolling on the
. These chemokines stimulare a rapid
n the amnity of the leukocyte inweprins for
1l on the endothelivm, Concurrently, THF

sct on the endothelium o stimulare expres-
s of liganads fur integrins, The fiem binding of inte-
pries ey therr ligands arrests the rolling leukocyres on
the eridotheliom. The eytoskeleron of the leukocyres
t= reorganized. and the cells spread our on the
enduthelial surface. Chemokines also stimulate the
mastility of leukocytes. As a result, the leukooytes
begin o migrate through the vessel wall and along
the chemokine concentration gradient to the site of
intection. The sequence of selectin-mediated ralling,
imtegrin-medioted  frm adhesion, and chemokine-
medinted motility leads o the migration of hlood

mMONGCYTE; @ Hghl mi r:roqr."-ph and an eleciron micrograph of a blood mono-
g tne pRagosyls vatueles and lysssomes In v Ssues, these cells become macrophages. they
ard they may diferentiate into specialized lorms that are ressdent in dillarent lissues. The
1ed macrophege shows numerous phagocylic vacuoles and cytoplasmic
ascen Texoeok of Histology. 121h ed. WEB Saunders, Philadelphia. 1994 )

leukoeyres o an extravascular site of infection within
minutes after the infection. (As we shall see in
Chapter 6, the same sequence of evenrs is responsible
for the migration of activated T lymphocytes into
infected tissues.) The accumulation of leukocyres at
sites of infection, with attendant vascular dilararion
and increased vascular permenbility, is called inflam-
mation. _ Inherited  deficiencies in integrins  and
:-cluct'rq lip,':l.nda lead o dl_'fu:ctivc h::lhm:'ytc reCrusg-
ment o sites of infection and inereased susceptibility
to infections. These disorders are called leukocyre
adhesion deficiencics.

Meutrophils and macrophages recognize microbes
in the blood and extravascular tissues by surface
receplors that are specific for microbial products
(Fig. 2-6). There are several different types of recep-
rors, specific for different structures or patterns thae
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‘igure 2-5 The sequence of events in the migration of blood leukocytes to sites of infection. A sites of inlection,
macrophages hal have ancountered mcrobes produce cylokines (eg.. TNF and IL-1) thal aclivale the endothedial celis of
naarty wenulas o produce selacting, ligands lor inteégnng, and chemokines Selecting mediale weak tedhering and roltmg of
kiood neulraphils on the endoibelivm; inlegrins medate livm adhesion of newiroghins, and chemokngs ACHabe he reutrophils
angd stimulale ther migration tnrowgh the endalthebum to the sie of infeclion Blood monocybes and activated T hmphoctyles

uSE the Same MEchanisms 1o migrale 1o sies of inlection

are frequently found on microbial molecules. Toll-like
receptors (TLEs) are homologous wo a Drosophila
protein called Toll, which is essential for protecting
the flies against infections. TLRs are specific for dif-
ferent components of microbes. For instance, TLR-2
is essential for macrophage responses to several bae-
terial lipoglycans, TLR-4 for bacterial lipopolysac-
charide (LPS, or endotoxin), TLR-53 for 5 component
of bacterial flagella called flagellin, and TLR-9 for
unmethylated CpG nucleotides also found in bacre-
ria. Signals generated by engagement of TLRs activate
a rranseription factor called NF-xB (nuclear factor
kB), which stimulates production of cyrokines,
enzymes, and other proteins involved in the ani-
microbial funcrions of activated phagocytes (discussed
Later). Mewtrophils and macrophages express receprors

that recognize other microbial structures and that
promote phagoeyrosis and killing of the microbes,
These receprors include one that recognizes N-
formylmethionine-containing peprides (produced by
microbes but not host cells), mannose receprors
(mentioned earlier), integring (mainly one called
Mac-1), and scavenger receprors (specific for several
pathogen and host molecules). Macrophoges also
express receptors for eytokines, such as inrerferon-y
(IFN-v), which are produced during innare and adap-
tive immune responses. [FN-y is a powerful activator
of the microbicidal functions of phagocyres. In addi-
tion, phagocyres express receptors for products of
complement acrivation and for antibodies, and these
receptors avidly bind microbes thar are coated with
complement proteins or antibodies (the lamer onldy in



8 Basic Immuntogy: Functions and Disarders of the Immune System

Microbe $
Chemokines Lipid iz %
N-formylmethionyl i =
peplides Y cOi4 F
A~
t |[Ton-tike
Seven o-helical receptor
Recognition transmembrane Mannose
of microbes, receptors receptor
mediators |
| i
Cellular Increased integrin Production of cytokines; Fhagocytosis
response avidity; cytoskeletal reactive oxygen of microbe into
po changes imermediate (ROIs) hagus-nme
Functional Migration Killing of Killing of
outcomes inla tissues microbes microbes
L —

- H‘mph:lls and responses of phngunm:.. Meutrophils and mnrnﬂhnges use diverse membeane recepiors

LFS. isopalysacchande

adwpnive immumaty ) The proces: of coating microbes
venition by phagocyres s called

T et

Opsonization

The recognition of microbes by neutrophils and
macrophages leads to phagocytosis of the microbes
and activition of the phagocyies to kill the ingested
microbes (Fig. 2-7), Phagocytosis is a process in which
the phapocyte extends its plasma membrane arcund
the recognized microbe, the membrane closes up and
pinches off, and the particle is internalized in a mem-
Frane-bound vesicle, called a phagosome, The phago-
somes fuse with lysosomes 1o fonm phagolysosomes.
At the same time a5 the micnobe is being bound by
the phagoeyte'’s receptor and ingested, the receprors
deliver signals that acrivare several enzymes in the
phagolysosomes. One of these enzymes, called phago-
Cwile oxidase, converts mwalecular ATy T SUpers
nxhlli: anion sind |.lL'1.‘ Ti-ldi.l.'-.ll'h Thn'w' uul'l;l;m._'q:l. e

Lois. and substancas produced by the host in inlections, These receplors achvale cal-
o 51 maate nfammaton and eradicale microbes. Mobe thal only selecled examples ol receplors

called reactive oxypen intermediates (ROs), ad
they are toxic 10 the ingested microbes. A sécond
enzyme, called  inducible nitric oxide  synthase,
catalyzes the conversion of argmine o nirric oxide
(MO, also a microbicidal substance. The thind ser of
enzymes are lysosomal proteases, which break down
microbial proteins. All these microbicidal substances
are preduced mainly within lysosomes and phagolyso-
somes, where they act on the ingested microbes but
do not damage the phagoeyres. In strong reactions,
the same enzvmes may be liberated into the extracels
lular space and may injure host rissues. This is the
reason why inflammarion, normally a profective hast
response bo infections, may cause tissue injury as well,
[nherired deficiency of the phagocyie oxidase enzyme
is the cause of an immunodeficiency disease called
chronic  granulomatous  disease. In chis  disorder,
phogocytes are unable 1o eradicate  intracellular



Figurg 2-7 Phagocytosis and
intracellular killing of microbes.
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Mic r.'ﬂ*x':—, and the host TS oy CoMILaIn the infection
by calling in more mecrophages and lemphocvres,
resulting in collections of cells around the microbes
thar are called granulomas.

In addition w killing phagocyrosed  microbes,
mucraphages  pedorm several functions  that play
important roles in defense against intecrions  (Fig,
1.8). Macrophages produce cvtokines thar are impor-
rant medintors of host defense (see Liter discussion ).,
Macrophapes secrere growth factors and enzvimes thar
serve 1o remodel injured tizssue and replace it with

conmective tssue, Macrophages also stimulare T lym-
phocvies and respomad o products of T cells: these
resctions are important in cellamediated immuonity
and are deseribed in Chaprer &,

Natural Killer Cellis

Maturl killer {NK) cells are a class of lymphocytes
thot respond to intracellular microbes by killing
imfected cells and by producing the macrophage-
activating ¢vtokine, IFN-y (Fig. 2.9, Mawral killer

IFM-y
receptor

; I'Fha_gucyle iNOS| | Cytokines Fibroblast Increased MHC
||| _oxidase (TNF, IL-12)|]  growth factors, malecules,
Muolecules angiogenic factors, | | costimulators
produced metalloproteinases
in activhated Reaclive Mitric
macropnages | | oxygen I
Phag intarmadiatas ©57°
| (ROs)
I B
Effector -
functions | @i nal Tissue Enhanced
of activated | ? .-;.;.Jntl:::'-.‘et.u remadeling manhgtei'g
Gaphy presentation
macrophages { immunity
|

Figure 2-8  Functlons of aclivated macrophages. Macrophages may De aclivated by signals from many surlace recep-
s TRe Wwh exampies shonn are ine receptor for pacienal endotoxin (LPS), which ransduces signals via an atlached Toll-
Ik raCpeor, and 10 seCeptor [or the most impcdiant macropnage-achivatng cyioking, IFN-y. Signals from acivaling recepions
stimulale the producton of ssveral prolesns, whuch mediale the imponant funclions of macrophages. Ditlerenl macrophage
surlace recopions may simulste disting] o overapging responses. The biechemical signaling paltweays used by these recep-
oS afe CoMplex: e commae feature s thal ey stanulate 1Re produclion of ranscriplicn faciors, which resull in (e pro-

cucton ol vansus proweing
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Figure 2-9 Functions of natural Killer (NK) cells. & MK
celis kil hogl cells infecled by mlraceliular microbes, thus
eliminaling reseroirs of inlection, B, MK cells respond 1o IL-
12 produced by macrophages and secrele IFM-y. wieth acti-
vales lhe macrophages o kil phagocytosed mecrobes.

cells comprise aboutr [0% of the lymphocyres in the
blood and peripheral lymphoid organs. These cells
contain abundant cytoplasmic granules and express
characteristic surface markers, but they do not express
immunoglobulins or T cell receprors, rhe antigen
receptors of B and T lymphocytes, respeetively. NK
cells recopnize host cells that have been aliered by
microbial infection. Although the mechanizms of NE
FECORMItIon ane 'incnmplctclf understood, ie is known
thar MNE cells express various receprors for molecules
on host cells, and some of these receptors activate the
MK cells and some inhibit the NE cells. Among the
activating receprors are those that recognize cell
surface molecules that are commonly expressed on
stressed host cells, including those infecred with
viruses and intracellular bacreria. Other activating
MK eell receptorns recogenize normal host eell surface
molecules, which could theorerically activare NEK
cells to kill normal cells. This does not usually occur
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because NE cells alse express inhibitory receprors
thar recognize normal host cells and inhibir the acri-
vation of the MK cells. These inhibitory receptons are
specific for various alleles of self class | major his-
weompatibility complex (MHC) molecules, which
are proteins expressed on all nucleated cells in every
individual, (In Chaprer 3 the important funcrion
of MHC molecules in displaying pepride antigens
o T Iymphocytes is described.) Two major families
of NK eell inhibitory receprors are the killer cell
immunoglobulin-like receprors (KIRs), so called
Because they shore structural homology o immuono-
globulin molecules (described in Chaprer 4), and
receprors consisting of a protein called CD% and a
lectin  subunit called NEG2. Both  families of
inhibitory receprors contain in their eyteplasmic
domains  structural  motifs  called IMMUNOTECEPIoT
yrosine-based  inhibitory  movifs  (ITIMs), which
become phosphorylared on tyrosine residues when the
receprons bind chuss | MHC molecules. The phospho-
rvlated [ TIMs bind and promote the activation of
cyroplasmic protein  wvrosine  phosphaases.  These
phosphatases remove phosphate groups from the ryro-
sime residues of various sipnaling molecules and s
block the activation of MK cells through activating
receprors. Therefore, when the inhibitory receprors of
MNE cells encounter self MHC molecules, the NE cells
are shur off (Fig. 2-10). Many viruses have mecha-
nisms 10 block expression of class | molecules in
infecred cells, which allows them o evade killing by
virus-specific CD8* cytalytic T lymphocytes (CTLs)
(see Chapter 6), When this happens, the NEK cell
inhibitory  receprors are not engaged, and they
become activated to ehminate cells infected by such
viruses. The ability of NK cells ro protecr against
infections is cnhanced by cytokines secreted by
macrophages that have encountered microbes. One of
these NK-activating cyrokines produced by macro.
phages is called interleukin-12 ([L-12). Natural killer
cells also express receprors for the Fo portions of some
IgG antibodies and use these receptors to bind 1o cells
coated with antibodies. The role of this reaction in
antibody-mediared humoral immunicy is described in
Chaprer 8.

When NE cells are activated, II'I".!T I".!EP\JI'HJ i two
ways (see Fip, 2-9). First, acrivation trigeers the Jis-
charge of proteins conmined in the MK cells’ cyro-
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plasmic granules toward the intected cells. These MK
cell wranule proteins mclude molecules thar alwer
the permeabilite of membranes of the infecred cells
ard other molecules thar enter the infected cells
and scrivate ensvmes thar induce apoptotic death,
The cvolviic mechanizms of KK cells are the same
us the moechonisms wsed be CTLs o kill infecred
cells fave Chaprer 6). The net resule of these reactions
1= thar SK ocells kill intecied host cells. By killing
infectied huet cells, MK eells, hike CTLs, function
o clminate ccllular reservairs of infection and
thuis eradicare infections By obligate intracellular
microbes, ach as vineses. Secomd, acovated MK cells
svnthesize amal secrete the ovtokine, IFN-p IFMN-y
activates macraophames o beoime more effective ot
killing phagocvtosed microbes. Thues, NK cells and
rl'l..II:I'U]"'h.I",:L"\- funcrion |.|u|p1;n11|'\.'q_-|'!; tor eliminage
tracellulae microbes: macrophages ingest microbes
and prowduce IL-12, 1112 activates NK cells to secrete
IEM-3 and IFN-7 motum activares the macrophases
to kil the inpested microbes. As s discussed in
I'.J'lﬂphcl' 6, essentially the same MU of Fenctions
involving macrophapes and T lymphocyres is contral
v the cell-muedinred amm of adaptive immunity,

Thus, hozts and microbes are ecnmaped moa constant
evolutionary strugebe: the host uses CTLs o recoenize
MHC-displayed viral antigens, virwses shuar off MHC
expression, and NK cells have evolved o respond o
the absence of MHC molecules. Whether the host or
the microbe wins this kind of evolutionary steugple,
of cotirse, determines the outcome of the infections.

The Complement System

The complement system is a collection of circulating
and membrane-issociated protems thar are importane
in defense against microbes, Many complement pro-
teins are proteclyiic enzymes, and complement acoi-
vativn involves the sequental acrivation of these
cnzymes, sometimes called an enzymatie cascade, The
complement cascade may be acrivared by one of three
pathways (Fig. 2-11). The alternative pathway is trig-
gered when some complement proteins are activated
on microbial surfaces and connot be  controlled
becawse complement  regulatory  proteins ore not
present on microbes (bue are present on hose cells).
This pathway is a component of innate mmunicy.
The classical pathway is trigeered after antibodies
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Figure 2-11 Palhways of complement aclivation. The activation of the compliiment system may be indiated by thiee
cistnect pathways, all of which lgad 1o the producton of C3b (1he early steps). C3b indiales the lale steps ol complement
aclvation, culmirating in the production of numerous peplides and polymernized C9 (which forms the “membrane allack
compex,” 50 called because it creates hotes i plasma membranes), The principal lunclions of proleins produced at differ-
anl sleps ane shown. The activalion, lunchons, and regulation of the complement system ane discussed in much more detail
in Chapter 8.
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bind 1o microbes or other antigens and is thus a come-
ponent of the humoral arm of adaprive immunioe. The
lecrin pathway is activared when o plisma protein,
mannese-Finding lecrin, Mods o rerminal monnose
residues on the qurface glvcoprotens of microbes. This
lectin activates proteins of the classical pathway, but
Pecause i is nitioted in the absence of antibody it is
a component of innate mmunare. Acrivated comple-
ment proteins function as proteolytic ensymes 1o
cleave other complement proteins. The central com-
panent of cmnrﬂcn'lm'll LE | I"Ii!i-ﬂ"lﬂ: prrarcin called C3,
which is cleaved by enzvmes genemted in the carly
steps. The major preteolviic fragment of C3, called
b, becomes covalently artached o microbes and
i+ able o activare downstream complement proteins
on the microbial surface. The three pathways of com-
plement scrivation Jdiffer in how they are iniriared,
Fut they share the ke steps and perform the same
elfector RNcEivns,

The complement system serves three functions in
host defense. First, C3b eocinz microbes and promores
the kinding of these microbes 10 phagocyies, by
virrue ol receptors lor b than ore expressed on the
phagocvtes. Sveond, some breakdown products of
complement proteime are chemoanractants for nea-
trophils and monocvres and promore inflanmation
i the site W ¢ ement setivation: Thied, com-
plement activition culminates in the formation of
2 polvmernic prowein comples: that insers into the
mucrobinl cell aembrine. disturbing the permeability
Farper and cousing cither cemotie lysis or apoprotic
death of the mucrobe. A more detailed discussion of
the actvarwon and funcnons of complement s in
Chapter 5, where the effector mechanisms of humoral
smunity are considerad.

Cytokines of Innate Immunity

In response to microbes, macrophages and other
cells secrete proteins called cyiokines thar mediate
many of the cellular reactions of innate immuniny
(Fig. 2-12). Cywokines are soluble proteins that
mediate mmune and inflammatory reactions amd are
responsible for communications berween leukocytes
and between leukocytes and other cells. Muost of the
molecularly defined cvtokines are called interfeubine,
by convention, i“ll"i‘rll'll: thar these maslecules are s

duced by leukocyres amd act on leukocytes, (In reality,
this is tow limited o definioon,  because  many
eytokines are produced by or ace on eells other than
]culmc'pn:s. sl nmany 1;'5'[L1|-lil'b|.‘.'i that l'ulﬁll Il\m
eriteria are given other names for historical reasons. )
In innate immunity, the primeipal sources of cymo-
kines are macrophoges activated by recopnition of
microbes, For ingtance, binding of LPS o s recepror
on macrophages is a powerful stimulus for eyrokine
secretion by the macrophages. Bacteria elicie much
the same response vin other macrophage receprors,
many of which are members of the Toll-like receptor
family. Cyrokines are also produced in cell-mediared
iy, i this type of ud:lptlﬂ: Ty, the
major sources of cytokines ane helper T lymphocytes
(see Chaprer 3).

Al cyokines are produced in small amoants in
responze tooan external stimulus, such as o0 microbe.
Cyrokines bind o high-affinity receprors on oangee
cells. Most eyrokines act on the cells thar produce
them (called autocrine actions) or on adjacent cells
(poracrine actions). In innate  immuone  feactions
against infections, enough macrophages may be acti-
vated that farge amounts of cyrokines are prodeced,
andd they may be aciive distant from their site of
SECTEton.

The cyrokines of innate immunity serve varous
functions in host defense. Az discussed earlier in this
chapter, THE IL-1, and chemuokines are the principal

1 Cytokines ol innate immunity. A Macro-
phages responding o micropes produce cylokings ihal
stemulate inflammalion [levkocyie racruitment) and aclvale
MK cells o produce the macrophage-actvalmg cybokine
IFid-y, B, Some important charactensics of the major
cylokines of innate smmunity are lisled. Nole that IFN-y15 a
cyloking of both innate and adaptive immumily and is referred
1S den iny Chapter 5 The name “tumor necrosis lacir”
(THF) arose lrom an experment shiwing thal a cytoline
nduced by LPS killed Wwmors in mice, Wi now know thal this
aHect is the result of THNF-induced tlhrombosis of lumar Blood
vessels, which 15 an exaggerated form of a reaclion seen
in inllammation. The name “interferon” arese Trenn e abilkdly
of these cyloknes 10 nledene weh wiral infection. IFM-yis a
wiak anlnrdl Sylckine compared with the lype | IFMs.

Flowme 2=12
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evtokines  invalved in sl
rhils and monoeyies o sites of infection. Ar high
concemrations, THNEF promotes thrombosis of Blood
and reduce: Blosd pressure by o combinmion of
reduced myvecandinl contracrility and vascular Jilwa-
tion. Severe, diseminated grameneotive bacterin
infections sometimes lead rooa porentially lethal clin-
wal syndrome called septic shock, which i charc-
terized by Jow blowd prossure (shock), disseminated
intravascular  coasulation, and  memabolic  Jistur-
kances. All the clinical and pathologic manifestations
o septic shock are caused by very high levels of THE
which i+ produced be macrophoges responding to the
Facrerinl LPS. Macrophages also produce IL-12
responise o LIPS and many phagocvmosed  microbes.
The noele of 1212 m activating Nk cells, altinmaely
leading to macrophage activation, has been men-
tiomed previeusv, Matural kilber cells produce [FN-1.
whise funcrien s o macrophage-actvating cytokine
|'||- .||=|- |\ il .1L--..-r||*=.-.| earlier. ﬁ-l.'»..‘:“u-u EFN-‘i' is
produced Py T cells aewelll it is considered a evtokine
vt Both innate mmenity and adaprive immunicy.

TUCTE i nenin-

In viral intections, II1.'I1.F-"|‘1I.1:\."- amd other infected
cells prochece cvtokines called 1ype 1 interferons,
which amhibie viral rephicativn and prevent spread
of e infection s unmiected collse A oovpe T IFN
Calbed IEse = weed climcally o trear chronic viel
P aninis.

Other Plasma FProteins of
Innate Immunity

severdl circulating proteins in addition woo comple-
ment proteins are involved in defense against infec-
thone Plisma mannose-binding  lectin (MBLY i o
rroteiny that recopnizes microhial carbobydrares and
can cout microbes for phagocytosis or activare the
-|.'-'III-|"|-|.'11Ix'I1r ciscide by the bectin 1‘-|I!|n'-'.13'. MBL
Pelongs o the collectin fimily of proreins, which
share homoloey o collagen and contain o carbao-
hydrste-binding {lectind domain. Sucfactnt proteins
m the lung also belomg o the collecrin Banily and
protect the airways from intecion, Cereactive protein
(CRPY binads 1o phssphorylchasling cn micrbes and
Cots thie micrabes fuor ]1l'|.;ll_'1\|_'\.,'|1 wnis b l11iILI"H]"'I'I-il:.:L"--
which express a recepror fur CRI The circuluning
|.1.."||'l.'l:'i il mainy ut- IhL‘\L‘ |‘|:.:~.|||.| '|"n.|l|_-i1'|-. PN T s

rapidly ofter infection. This prorective response is
called the acute phase response to infection.

Innate imwune  responses o different types of
mvicroles oy vary and are designed 1o best ehiminate
these microbes. Extracellular bacreria and fungi are
combared by phagecyres and the complement system
and by acure phase proteins. Defense against intra-
cellular Bacterin and vievses i3 medited by phagoeyres
and NE cells, with evtokines providing the commu-
nications bevween the phagocyres and NE cells.

Evasion of Innate Iimmunity
by Microbes

Pathosseric microbes hive evolved o resist the mech-
anisms of innate oty and are thus able o enrer
amnd colomize their hosts (Fig, 2-13), Some intracellu-
Lar bacteria resist destruction inside phogocyres. Liste-
rig Monocvioganes produces a protein that enables it o
escape from phogeeytic vesicles and enter the cytoe
plhasin of infected cells, where i is no longer suscepn-
ble res renctive oxygen intermedintes and niteic oxide
{which are procduced mainly in phagolvsosomes). The
cell walls of mveobacterin contain a lipid that mbhibits
fusion ol vesicles conpainmng ingested bacteria with
]-,'Hm.m'wh. Oither microbes have cell walls thar are
resistant o the actions of complement proteins. As
Jiscissed i Chaprers 6 and & the same mechanisms
enable microbes o resist the effecoor mechanisms of
cell-medimed wnd humaoral immunioe the two anns of
awkaprive immaniry.

Role of Innate Immunity
in Stimulating Adaptive
Immune Responses

Son far we have focused on how the innate immune
syshem redoemses microbes and functions to combat
infectivns. We mentioned ar the beginning of this
chapter that, in addition o its defense funcrions, the
Innate Inmune response te microbes serves an impor-
el warning  function by alerting the adaprive
immune system thar an effective immune response
i= nevded. In thas fimal section of the chapter, some
of the mechonisms by which  ionare  immune
mesponses stimulate adaptive immuone responses arc
smirerized.
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intermediates in phagocytes

Resistance to complement
activation (alternative pathway)

Streplococcus M protein blocks C3 hinding to
arganism and C3b binding to
| ! complament receplors
| Resistance to antimicrobial | Pseudomonas Synthesis of modified LPS

| peptide antibiotics
L

Mechanism of immune evasion | Organism (example) | Mechanism

Resistance to phagocylosis Preumococcus Capsular polysaccharide
inhibits phagoeylosis

Resistance to reactive oxygen | Staphylococc Production of catalase, which

MNeisseria meningitides

breaks down reactive oxygen
intermediates

Sialic acid expression inhibits
C3 and C5 converlases

that resists action of
| peptide antibictics

Figure 2-13 Evasion of innate iImmunity by microbes. Selected examples by which microbes may evade or resist innale

mumiunedy ang shown

Innate immune responses generate molecules
that function as “second signals,” together with
antigens, to activate T and B lymphocyies. In
Chaprer 1 we introduced the concept that full acti-
vation of antigen-speciiic lvmphocyies requires two
signals: antigen isell is “signal 1" and microbes,
mnate immune responses oo microbes, and hoso cells
damaged by microbes may all provide “signal 2 (sce
Fig. 1-9, Chapter 1), This requirement for microbe-
dependent second signals ensures thar lymphocytes
respond to infectious agents and not to harmless, non-
infectious substances, [n experimental sinations or
for vaccimation, adaprive immune responsces may be
induced by antipens without microbes. In all these
cases, the antigens have o be administered wirh sub-
stanges, called adjuvants, thar elicit the same nnate
immune reactions as microbes do. In facr, many
potent adjuvants are the products of microbes. The
nature and mechanisms of action of second signals are
deseribed in detail in the discussion of the activation
of T and B lymphocytes (see Chapters 5 and 7). At
this time, it i5 useful to deseribe two illustrative exam-
ples of second signals ehae are generated during innare
immune reactions (Fig. 2-14).

Microbes, or IFM-y produced by NE cells in
response to microbes, stimulate dendritie cells and

macrophages to produce two types of second signals
that can activate T lymphocyres. Fiest, the dendritic
cells and |11;u_'r-:1|1|1.i|p:1:5 URIdss surface  molecules
called costimulators, which bind 1w receprors on
pmaive T cells and function together with antigen
recognition 1o activare the T cells. Second, the den-
drivic cells and macrophages secrete the eyrokine (L.
12, which stimulates the differentiation of naive T
cells into the effector cells of cell-mediated adaprive
imauanity.

Blood-bome microbes activate the complement
system by the alternative pathway, One of the pro-
teins produced during complement acrivation, called
C3d, becomes covalently attached o the microbe.
When B lymphocytes recognize microbial antigens by
their antigen receprors, at the same time the B cells
recognize the C3d bound to the microbe by a recep-
por for C3d, The combination of antigen secognition
and C3d recognition iniriates the process of B eell
differentiation mto antibody-secreting cells. Thus, a
complement product serves a5 the second signal for
humoral immune responses.

Tl.'IC'St L':"ﬂll'll‘h."E Illuilr“tl: an il'l'lI‘i,'!‘l'{i'l.l.]l' rlh“ll.m i,lr
second signals, namely, that these sipnals not only
stimulace adaptive immunity but also guide the name
of the adaprive mmune response. Intracellular and
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(® Macrophage, - Phagocytosed @ Microbes

dendritic cell  microbe ;
| Ak Figura =2-14 The role ol
5 o innate immunity in stimulating
‘\E{.{" adaptive immune responses.
¥ \ Q. ﬁ-ﬂl A, Maceophages  respond 1o
1™ | - ';:" phagocylosed microbes by ex-
Innate | Costimulator Cytokine o pressing costimulators (eg., BY
immunity| (B7) expression production | «,* Complement prolgins, which are recognized
. % ,:i'* activation by the CD28 receptor of T celig)
1 \\ re 3 and by secreling cytoknes (e.g.
| T 4 { IL-12), Cestimulators and IL-12
| o funclion, logether wilh antigen
[ $ b recognition. 1o activate e T cells
| \ -E, B. Tne complement system 15
! = aclvailed by microbes and gen-
' B7 _1“‘{-;. " Cytokine h 4 = erates peoteins, such as C3d.
'*”LE receptor ;& Ca2 which bocome atlached 1o (he
' lepos— 5 /( B EV microbes. B nphotyles reeog-
Hdaptiue i A — - nize microbial antigens by heir
immunity | | ) ANtiGEN rECepiors and recognize
Maive T % o pii__,)x‘ C3d by a recepior called the lype
Iyrnphn:y?e * - B lymphocyte 2 compement iecoptor (CRE)
g Signats from e antigen racapior
y. . and CR2 funclion cooperatively
a ey . 1o activate the B cells. Mobe that,
P n both exampies. the second
- signais act an lymphocyles that

also specidically recognize anli-
gens of micrpbes, Thes recognition
provicling “sigral 1.7

£ cell preliferaiion
and differentiation
{numoral immunity)

rhagocytosed microbes need (o be eliminated by cell-
rediated IAAETLEY, the ih]ill"ll"-'l.! eSO meediared
kv T Ivmphocytes. Microbes that are ingested by or
live in macrophages induce the secomd sipnals,
namely, costimulators and IL-12, thae stimulae T cell
responses, In contrast, bBlood-bome microbes need
be combated by antibodics, which are produced by
B lymphocytes during humoral immune responses.
Blocd-borne microbes aevivate the plasma comple-
ment system, which im tum stimulates B cell activa-
tion and antibody production, Thue, Jifferent types of
micrabes induce different innme immune responees,
which then sumulate the types of adaptive immunity

- ——

thot are best able o combar different infecrious
pathopens.

SUMMARY

AR multicellular organisms  contain intrinsic
mechanisms of defense against infections, which con-
sUItWle Imate mmnunity.

b= The mechanisms of innate immunity respond o
microbes and ot o nonmicrobial substances, are
specific for strucrures present on various classes of
microhes, are mediored by receprors encoded in the



germline, and are not enhanced by repeat CHPOSUICS
o microbes.

B The principal components of innate immunity are
epithelia, phagoeyres and natural killer (ME) cells,
eytokines, and plasma proteins, including the proteins
of the complement system.

B Epithelia provide physical barriers against mi-
crahes, produce antibiorics, and conin lymphocytes
thar may prevent infections.

= The principal phagocyres, neutrophils and mono-
eytesfimacrophages, are blood cells that are recruited
tor sites of infection, where they recopnize microbes
by several receprors. Meutrophils and macrophages
ingest microbes for imeracellular destruction, secrere
cytokines, and respond in other ways that contribute
to elimination of microbes and repair of infected
[EasLie .

b= Marural killer cells kil host eells infecoed by inora-
cellular microbes and produce the cytokine [FN-y,
which acrivares macrophapes o kill phagocyrosed
microbis,

= The complement system is a family of proteins that
are pctivated sequentially on encounter with some
microbes and by antibodies (in the humoral arm of
adaprive  immuonity).  Complement  proteins  coat
(vpsonize) mictobes  for  phagocytosis, stimulate
willammation, and lyse micrabes.

= Cyrokines of innate immunity function to stimu-
lare inflammation (TME IL-1, chemokines), acrivare
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MK cells (IL-12), activare macrophages (PN, and
prevent viral infections (eype 1 IFR),

= o addition o providing the carly Jdefense agans
infections, innate immune responses provide "secondd
signals” for the activaton of B oand T lymphocyres,
The requirement for these second signals ensures tha
adaptive immunity is elicited by microbes (the natural
inducers of innate immune reactions) and not by no
microbial substances,

B Review Questions

1 How does the specificity of innate immumty Jdiffer
from thar of adaprive immuniey !

2 Give three examples of the ability of inooee
immune mechamsms 1o recogmze microbes bur
not mammalian cells,

3 What are the mechanisms by which the epithelium
of the skin prevenes the entry of microbes!

4 How do phagocytes ingest and kill microbes!

5 Whar is che role of MHC molecules in the recog-
nition of infecred cells by MK cells, and whar is the
physiologic significance of this recognition?

6 Whar are the roles of the following cymokines in
defense against infections: (a) THE (b) 1L-12, and
{c) type | interferon!

7 How do innate immune responses enhance adap-
give immanity?
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' Antigens Recognized by T Lymphacytes

Gapture of Protein Antigens by
Antigen-Presenting Cells

The Structure and Function of MHC
Muolecules

Processing of Protein Anligens
* Processing of Internalized Antigens for

&dﬂp[it'ﬂ' immune responses are  inifiared when  the
antipen receptors of lymphocyoes recognize antigens. B

and T lymphocytes differ in the types of antigens they recog- Display by Class || MHC Molecules
nize. The antigen receptors of B lymphocyres, namely, mems- + Processing of Cytosolic Antigens for
brane-bound antibodies, can recognize a wide variery of Displary by Class | MHC Molecules
macromolecules (proteins, polysaccharides, lipids, and nucleic * The P!mmlﬂglF Significance _'” MHG-
acids) as well as small chemicals in soluble or cell surface- Associated Anligen Presentation
associared form. Therefore, B cell-mediated humoral immune Functions of Antigen-Fresenting Cells in
responses may be generated against many types of microbial Addition to Antigen Display

cell wall and soluble antigens. Most T lymphocytes, on the Antigens Recognized by B Lymphocytes
arher hand, can only sec peptide fragments of protein angens, Summary

andd only when these peprides are presented by specialized

peptide  display  molecules on host cells. Therefore, T

cell-mediared immune responses may be generated only

agminst the protein antigens of microbes thar are associared with host cells. This chaprer
focuses on the nawre of the antigens thar are recognized by lymphocytes. Chapter 4
describes the receptors thar lymphocytes use 1o detecr these antigens.

The induction of immune responses by antigens is a remarkable process that has w
overcome many seemingly insurmountable barriers. The first of these barriers is the low
frequency of naive lymphocyees in the body specific for any one antigen, which may be
less than about 1 in every 10%. This small fracrion of the bodys lymphocyres has vo locate
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and react tapidly o the antigen, wherever it is intro-
Jueed. Second. different kinds of microbes nead o be
combared by Jifferent types of adaprive immune
TS Ir fact, the immune systemn has 1o e in
ditterent wavs even o the same microbe ar Jdifferent
stages of its lite, For instanee. i o microbe, =uch oz a
virus. has entered the circulation and = free in the
Blood, the immune svstem needs o produce anti-
bondies thae kind the microbe, prevent i from infecr-
ing host cells, and help to eliminate it. But after the
microbe has infecred hose cells, antibodies are no
fomger effective, and it may be necessane ro acrivare
cvtolvtic T lemphocvres (CTLs) to kill the infected
cell: and eliminate the reservoir of infection. Thus,
we are faced with rwo important guestions.
How do the rare lvmphocyies specific for any
microbial antigen fand thae microbe, expecially
considening thar microbes mav enter anvwhere in
the body!
How dises the immune system produce the efiector
cells amd meldecules best able o eradicare o parric-
ular tvpe of infection, such a< anuibodies auain=t
exrrrcellular microbes and CTEL
cells harboring nucrobes in ther cvtoplasm?

o kil indecred

The amswer 10 both guestions 1= that the immuone

system las developed a haghly specialized system for

wd displaving antigens o lvmphoevees: A
EMVi &30 o 1;'-\_'.|r\!.| f"\. |||'.|:|l:..:||'|.:-|..-5_'|=l~. (\r“ i'lhl]-
brochemests his led to a sophisticated
[ o protein antigens ste caprured,
i displaved tor recozmitwon by T lym-
v « 1= the major topie of discussion i ths
chapter. "."- v know much less about how antigens are
caprured tor recosnition by B lomphocyoes, and ar the
end of the chapter our limited understanding of how
protein amd nonprotein antigens are seen by Boells i
summarized.

wiists, ATkl
undersmanding

Antigens Recognized
by T Lymphocytes

The majority of T lymphocyies recognize peptide
antigens that are bound to and displayed by the
major histocompatibility complex (MHC) molecules
of antigen-presenting cells (APCsh The MHC s a
wenetic locus whase prineipal prosducts function s the
peptide display molecules of the immupe system. In

every pdivadual, Jifferent clones of T cells can see
peptides only when these peprides are displayed by
that inadividuals MHC maolecules. This property of T
cells is called MHC restriction. Thus, each T cell has
a dual specificity: the T cell recepror (TCR) recop-
mizes some residues of pepride antigen and  also
reconnbzes residues of the MEC molecule thar s
displaymne thar pepride (Fig 3210 The properties of
MHC mwlecules and che signihcance of MEIC restric-
viom are deseribed later i this chaprer. How T cells
leam to recognize peptides presented only by selfl
MHC molecules is described in Chaprer 4. Ir should
be noted that there are relatively small subpopula-
tions of T cells thar may recogmize hipid and other
nonpeptide antigens displaved by nonpalymorphic
class | MHC-like molecules, bur the funcrions of
these T cells are i~ u'-1'|',' understond.

The specialized cells thar caprure microbial anti-
geens and display them for recognition by T lympho-
evtes are called antigen-presenting cells. MNaive T
Ivmphocyres need 1o see antigens presented by “pro-
fessiomal™ APCs to initiate immune responses against
provein antigens. (As mentionad in Chaprer 1. the

T cell contact
residue of
peptide

| T cell receptor|

Folymorphic
residue
of MHC
molecule

Anchor
residue
of peptide

Flgure 3-1 A model of how a T cell receptor (TCR) rec-
ognizes a complex of a peplide antigen displayed by a
major histocompatibllity (MHC) molecule. MHC malecules
are expressed an anligen-presenting cells and functian to
display peplides derved from protein antigens. Peplides
Bind 10 1he MHC molecules by anchor residues, which atlach
the pepides o pockels in the MHC molecules, The TCR of
every T cell recognizes some residues of the peptide and
some (polymarphic) residuees of the MHC molecula



term professional refers o the ability of these cells w
both display antigens for T cells and provide the adds-
tional signals needed to activate naive T cells.} Dif-
ferentiated effecror T cells agnin need o see antigens
presented by various APCs, 1o activate the effector
funcrions of the T cells m humoral and cell-mediated
immune responses. The way in which APCs present
ANCIgEns [o Crigmer immune responscs is deseribed firse,
and then the role of MHC molecules in these
processes is diseussed.

Capture of Protein Antigens
by Antigen-Presenting Cells

Protein antigens of microbes that enter the body are
captured by professional APCs and concentrated in
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the peripheral lymphoid orpans where immune
responses are initiated (Fig. 3-2). Microbes enter the
body mainly through the skin (by contact), the s
rroineestinal tract (by inpestion), and the respiratory
tract (by mbalation). (Some insect-borne microbes
may be injected into the blood stream as o resuly of
insect bires.} All the interfaces between the body and
the external envirenment are lined by continuous
epithelia, whose principal function is o provide a
phiysical barrier to infection. The epithelia contain a
populition of professional APMCs that belong o the
lincage of dendritic cells; the same cells are present in
the T cell-rich areas of peripheral lvmphoid orpans and,
in smaller aumbers, i most other organs (Fig. 3:3).
In the skin, the epidermal dendritic cells are called
Langerhans cells. These epithelial dendritic cells are

[gure 2-2 The capture and
display of microbial antigens.
KMicrabes enler theough an epithe-
lium and are caplured by anligen-

tizsue

Mlcrﬂba f;;

Epithelium
tﬂb-ﬁ

Free Dendritic cell- Antigan that
antlgen ﬂsﬁmatﬂd ! en:egt': baggd
in lissue antigen & stream

Connective

presening cefls resident n e
epilhwlivmn, o they enber lym-
phatic vessels or blood vessels
The mecrobes and their antigens
are ranspodied o peripheral lym-
phoud organs, the lymph Nodes,
and the spleen, where protain
antigens are displayed for recog-
miticn by T ymphocyles

To circulation
and spleen

§

Blood-borne antigens are

Lymph node captures
antigen from epithelium
and connective tissue

captured by anti EI'I-
presenting cell
in the splaen
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%@% 3%
:l Dendritic cell (Langerhans

 celly in epidenmis:
| phenotypically immature
L LY

sated to e Simmature,” Pecause they are inefficient an
stimulating T lympheovies. These immotune dendrinic

s fecePluts for erminal monnose residues on
plecopreins. a tvpical feature of microbial bur ot

el SPT M- Dendrivic cells wse these

ture ard endoeytose microbial anti-
eens, Seme soluble mocrobial antigens may enter den-
dritic colls by pinocvtosis, At the same thime, microbes
stimulote innate immune reactions by binding 1w
Toll-like teceptirs {TLRs) on the dendritic cells, as
well as epithelial cells and resident macrophages inthe
tesete. This results in production of imflammaeony
cvtubines such as tumor necrosis factor (TNF) and
interleukin-1  (IL-1}. The combination of the
cyiokines and direct TLR signaling activates the dein-
dritie eell, resulting in several changes in phenotype
andd funetion.

Activated dendritic eells lose their adbesivencess
fuoer -,:p:thi:hu and begin to express surface FECUPOrs
that are speciic for  chemoatrmcting  evtokines

ToCe o= T &4

Dendritic cell
Faollicle n lymph node:
phenotypically mature

Figure 3-3 Dendritie cells
A, Immature gendntic cells reside
in epilbelia, such as the skin,
and form a network of cells with
interdigilaling processes, Soen a3
blue cells on the sechon of skin
immunchigiochemically  slaingd
wilh an anidbody thal recogmzes
cendntic cells. (The micrograph of
e shin is cowtesy of Dr ¥-J Liu,
DMAK, Pale Alle, Calf ) B Mature
dendritic cells raside n the T
cell-nch areas of lymph nodes
{and splean, nod shown) and are
seen in the seclkion ol a lymph
node slained wath leorachrome-
conjugated  anlibodes  againg
dendiie cells (reg) and B cells in
Ieicles (green) (Courtesy of Dvs
Ka:n:':.ln Pape and Jarmiler Walter,
UWnivarsily of Mmnesola Madscal
School, Menneapolis )

{chemuokines) produced in the T cell zones of lymph
nedes. These  chemokines  direct  the  dendritic
cells thar have exited the epitheliom to migrate via
[ymphatic vesels o the lymph nodes  draining
that epithelium (Fig. 3-4). During the proces of
migration. the dendritic cells matwre from cells
Jesigned o caprure antigens into APCs capable of
stimulating T lymphocyres. This  maturation s
reflected in increased symthesis and stable expres-
sion of MHC molecules, which display antigen
T cells, amd of orher molecules, called costimula-
tors, that are required for full T cell responses
(discussed later in the chaprer). The maturation of
dendritic cells is presumably a response to the
prosducts of the microbes thar these cells encountered.
If o microbe breaches the epitheliom and enters
connective tssues or parenchymal organs, it may be
captured by immarure dendriric cells that live in these
eussues aned again transported w lymph nodes, Soluble
antigenis i the lymph are picked wp by dendritie
cells thar reside i the lymph nodes, amd blood-bame
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Antigen capture
by dendritic

Loss of DC
adhesiveness

cells (DC)

Antigen
capture

Antigen
presentation

*  Inflammatory

cylokines
Migration
DC in epidermis: of DC
phenotypically
immature E Afferent
| lymphatic
,'J vassel
Maturation

of migrating
DC

Mature

dendritic cell
presenting
antigen to

naive T cell

Figure 34 The capture and presentalion of protein antigens by dendritic cells. Immature dendnic cells in the epdhe-
T (skin, i hie example shown, where the dendritic cells are called Langerhang calis) capluie mecrobial antigens and leave
the epihelivm The dendritic cefls migrate to drainng lymph nodes, being altracted there by chemoknes produced n 1he
nodes During their megraticn, and probably in respanse 1o the microbe, the dendntic cells mature; and in the lymph nodes,
ihe dendnbc cells present ankgens o naive T lymphocyles. Dendritic cells at different siages al hesr Malurdlion may express
different mambrane proleins. Immature dendrntic cells express surlace receplors that capture microbial antigens, whareas
malure dendntic celis express high levets of MHC molecules and costimulalons, whech funclion o stimulate T cells.

antigens are handled in essenoially the same way by

d.l.‘.'ﬂl'jr!lt ic EL‘"E m Fi'l.'l: ﬁr.llk‘:fl'l.-

The ner result of this sequence of events is that the
protein antigens of microbes that enter the body are
transported to and concentrated in the regions of
lymph noedes where the antigens are most likely to

encounter T lymphocytes. Recall thar naive T lym-
phocyres continuously  recirculate through lymph
nodes, and it is estimared thar every naive T cell
in the budy may cycle through some lymph nodes
ar least once a day. Therefore, professional APCs
bearing caprured antigen and naive T cells poised o
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recopnize antigens come together in bmph nodes,
This process is very efficient: it is estimated thar
it microbial antigens are introduced ar any site in
the badv, a T cell Tesporss oy these antigens bc:uins
in the lvmph nodes draining that site within 12 1o 18
howrs.

Different types of APCs serve distinet functions
in T cell-dependent immune responses. Dendenic
cells are the principal fnducers of =uch responses,
because dendritic cells are the most porent APCs for
activating naive T lymphocyres. Dendritic cells not
only initiote T cell responses but mav al=o influence
the mature of the response. For instance, there ane
subsers of dendriric cell: thar con direcr the differ-
entiation of naive CD4° T cells into distinet popu-
lagions thar function in Jefense against different
npes of microbes (see Chapter 31, Another important
wpe of APC i the macrophage, which i abundam
in all tissues. In cell-medinted immune reactions,
macrophages phagosyvivse miceobes and display the
antigens of these mickobes wooeitector T cells, which
actvate the macrophages o kill the microbés (see
Chaprer 60 B lymphocyies inge=t protein: antisens
ind dsplay them to helper T ocellsr this process s
important for the Jevelopment of lum

mespaises (see Chapter ¥ s i dscussed baver in this

1
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chapter, all nucleated cells can present antigens
derived from microbes in the cytoplasm to CTLs.
Professional APCs may also be involved in initi-
ating the responses of CDS* T lymphocytes to the
antigens of intracellular microbes. The sequence of
antigen eapture sl trnspare e lymphoid organs i
best understood for the presentation of antigens of
extrmacellular microbes to CD4° T lymphocytes. But
some micnebes, such as viruses, rapidly infecr host
cells and can only be eradicated by CTLs destroying
the infected cells, The immune sysienm, and CEpPEC i,u]h'
CDE T lymphocyres, must be able o recopnize
arul respond e the antigens of these intracellular
microbes. However, viruses may infect any type of
hosr cells, nor only professional APCs, and these
mfecied cells may not produce all the signals that are
needed 1o initiare T cell activation, How then are
pative CDE* T lymphoeytes able w respond to the
intracellular antigens of infected cells! A likely mech-
antsm is that profesional APCs ingest infecred cells
and display the antigens present in the mfecred cells
fur recogiition by CDE* T lymphocyres (Fig. 3-5)
This process i= called cross-presentation (or cross-
primingh o indicate that one cell type. the profes-
stomal ANCs, cin present the antigens of other cells,
the infected cells, and prime (or activare) naive T

Antigen Cross- T cell
capture presentation response
! Professional
Infected cells APC  Phagocytosed
and viral % | infected cell
antigens picked (i S50 S
: up by host APCs R, / :
¥y T me——— il - @ ——
| - . & - F =
| :;.f-' ) : = Virus-
Virus-infected cell viral Costimulator Englf'gﬂ_
l antigen

Figure 3-5  Cross-preséntation of microbial antigens from infecied cells by professional APCs. Cets infocied with
niracelular MICIOLES, Suth &8 vruses: aro ingesied (Caplured) by peolessional APGs. and the antigens of the infeclious

mMictoDes are Droken goan an:

ChEsenied i ESs0caton with tne MHE molecules of the APCs, T cells recognize the macro-

bual annugens and Ethmuaines eagressea on the APCS, ano the T caids ane actvated. In this axample, we show COB* T cells
(CTL) recognezang Class | MHC - Astociaton antigens 1no same cross-presenting APC may display class 1| MHC-associated
anhgens Hom the micrece lor recogninon oy CD4" helpar T cells
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lymphocyres specific for these antigens. The profes-
siomal APCs thar ingest infected cells may also
present the microbial antigens to CD4° helper T lym-
phocyres. Thus, both classes of T lymphocytes, CD4°
andd CD8" cells, specific for the same microbe are acri-
vated close to one another. As we shall see in Chapter
6, this process may be important for the antigen-
stimulated differentiation of naive CD8" T cells 1o
effector CTLs, which often requires help from CD4
cells. Onee the CD8" T cells have differentinted into
CTLs, they kill infected host cells without any need
for professional APCs or signals other than recogni-
tion of antigen (see Chaprer 6).

Mow that we know how protemn antigens are cap-
turedd, eransporeed o, and concentrated in peripheral
Iyinphold organs, the next guestion is how are these
antigens displayed to T lymphocyvies? To answer this
question, we frst need o understand whar MHC
molecules are anad how they function in immune
respOnses.

The Structure and Function
of MHC Maolecules

The MHC molecules are membrane proteins on
APCs that display peptide antigens for recognition

Human:HLA
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by T lymphocytes, The MHC was discovered as the
generic bocus thar is the principal determinant of
acceprance of rejection of tissue grafts exchanged
between individuals, In other words, individuals chat
are identical ar their MHC locus (inbred animals and
identical twins) will accepr grafts from one another,
and individuals that differ ac their MHC loci will
reject such grafrs. Grafr rejecuion is, of course, not a
natural biologic phenomenon, and therefore MHC
penes, and the molecules they encade, could nor have
evolved only o medinte graft rejection. We now
know that the physiologic funcoon of MHC mole-
cules is to display peptides derived from protein angi-
pens to antigen-specific T lymphoeyres. Thas function
of MHC molecules is the explanation for the phe-
nemenen of MHC restriciion of T cells, which was
mentioned carlier.

The MHC locus is a collection of genes found in
all mammals (Fig. 3-6), Human MHC proteins are
called human leukoeyte antigens (HLA), becawse
these proteins were discovered as antigens of leuko-
cyres that could be wentified with specifiic antibodies,
The genes encoding these molecules make up the
HLA locus. In all species. the MHC locus contans
rwo sets of highly polymorphic genes, called the class
[ and class 11 MHC genes. These genes encode the
class 1 and class 11 MHC molecules thar display
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peptides e T cells. In addigion w0 the polymorphic
genes, the MHC locus contains many nonpolvmoerphic
enes. Some of these nonpolymerphic genes code for
prateins involved in antigen presentation, and others
conde tor proteins whese funetion is not known,

Clazs 1 and class 11 MHC molecules are mem-
brane proteins that each contains a peptide-hinding
clefr at its amino-terminal end. Althowgh the subuni
composition of ¢lass [ and class H molecules i differ-
ent. their overall structure is verv similar (Fig. 3-7).
Each class 1 molecule consists of on o chain noncova-
lentbv attached o 2 protein called B-microglobulin
thar i encoded by o pene owtside the MHC. The
amme-terminal @l and o domains of the class 1
MHC molecule torm o pepride-binding  ¢left, or
groove, thar i laroe enoceh o accommodate peptides
of 3 to [} amine acids. The thsor of the pepride-
Pinding cleft > the remon that binds peptides $or
disploy tir T bemphocvress and the sides and tops of the
chetr are the reeions thar are contaeted by the T ecll
receptor (which. of esurse, conticts pant of the Jis-
rl.l'n'.i :‘EP:P.EL‘ A= welld L=ce :".:-._'. LN T!'1L' |'-'!1.|1|\.|Tl
rhic resrdues of clise | mudecubes. that . the amine
Jdigerent mdividuals® MHC
the cl and ol donuuns oithe

& chimn Somne of these polimorphic residues cone

aceds thae Jdifter among

medecules, are locared in

tribute b varfatione it the floos of the pepride-binding
erent MMHC mule-

cutes to bmd peptides. Other polyvmarphic redd

hibann
AR &

chett anad thus in th
BT
&
thues influenes recoemation I T cells. The 3 Jomiin
1= ipvaerkannt v o omains thie bindine sae dor the T el
coreceptor D Av we shall see in Chaprer 5, T
of MHCawogianed
repttde antigen by the TCR and simulanecus regop-

mrritate o vartations n the tops of the cles and

(9% L% T TR Tusjuinrers (SR L R B TR ]

miion o the MHC molecule by othe SRR
Thaeretore, CDS° T cells cam only responad to poptides
displaved by ¢l | MHC modecules, the MUC mul-
ceules to which the CL3 corceepor b,
Eochchiass 1 MHC muolecule consiats ol B chinns,
called @ and B. The aminoeterminal reeions of Both
chains, called the ol and ﬁ] Jimaies, contain [\HE'.'-
muphic residues and form o cloir char is L wneaigh
1o accomnusdate peprides of 10 #0030 residiies, The
nuonpolymorphie B2 domain connains the binding sie
for the T cell corcceptor UL Bocawse CD4 binds
to class 1 SMHC moleeules, CI4° T cells can vnly

responid 1o peprides presented by class 1 MHC mole-
cules,

There are several featres of MHC genes and mol-
ecttles that are important for the normal function of
these molecules (Fig, 3-8),

MHC  genes  are  codominantly  expressed,
meaning that the alleles inherited from both parents
are expressed equally. Because rhere are three poly-
morphic class 1 genes. called HLA-A, HLA-B, and
HLA-C in humans, and cach person inherits one set
of these genes from cach parent, any cell can express
six alifferent class | molecules, There are also three
sets of palymorphic class 11 genes, called HLA-DR,
HLA-DC, mnd HLA-D But in rhis case both the
& chain and the B chain are polymorphic, and the
o chain from one allele may associote wath the [
chain fronn the other allele. This kind of mixing may
sive rise toosome “hybrid” cliss 1 molecules, so that
up 1o 18 e 20 different class 11 molecules may be
expressed.

MHC genes are highly polymorphic, meaning
thar there are momy differennt alleles Present amog
thi difterent individuols in the ]mpnlnti.t'rn. The puﬁ'y—-
mwphism s 50 great thar no owo individuals in the
vl vutbred populnion have exactly the same set of
MHC penes and molecules. Becowse the polymorphic
residues Jetermine which peptides are presented by
which MHC molecules, the existence of multiple
alleles emsures thae there are always some members
o the popularion thar will be able 1o present any
particulisr microbial protein antigen. The evolution of
MEC polvaorphism ensures thar a population will be
able 1o deal with the diversity of microbes and will
not succumb 1o g newly encountered or mutared
microbe, Because at beast some individuals will be able
1o mount effective immune responses o the peptide
anmigens of these microbes. MHC molecules are
encoded by inherited DN A sequences, and variations
(accounting for the polymosphism) are not induced
by gene recombination (as they are in anngen recep-
TS g [:h;lp[l.fr 43,

Class | molecules are expressed on all nucleated
cells, bur class 11 molecules are expressed mainly on
professional APCs, such as dendritie cells, and on
macrophages and B lymphocytes. The physiologic
significance of this serikingly different CNPIEssIoN
pasttern is deseribed later in the chapter.




Figure 3-7 The struclure ol
¢lagss | MHC and class || MHC
molecules, The schematic da-
grams and modals of the crystal
struciwres of class | MHC and
class || MHC molecules illustrate
Ine domains of e molecules
and the fundamenial Simalarnies
potween them. Bolh types of
MHC molecules contain peplide-
ninding clefis and invariant por-
nons el bind CDE (he o3
dormain of class 1) or CD4 (the i2
domain of class W) pam. [
mecroglobubin. (Crystal strecluniés
courlesy of Dr B Bjoskman, Cali-
lormia Instilute of Technology,
FPasadena.)
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The peptide-binding clefrs of MHC molecules
bind peptides derived from protein antipens and
display these peptides for recognition by T cells (Fig.
39). There are pockets in the floors of the pepride-
binding clefts of most MHC molecules. The side
chaing of amino acids in the pepride antigens fir into
these MHC pockets and anchor the peptides in the
cleft of the MHC molecule. Peprides thar are
anchored in the cleft by these side chains (also called
anchor residues) contain some  residues that bow
upward and are recognized by the antigen receprors of
T cells.

Several features of the inreraction of pepride anri-
eens with MHC molecules are important for under-
standing  the pepride  display  funcrion of MHC
molecules (Fig 3-10).

Each MHC molecule can present only one
peptide at a time, because there is only one clefr,
but cach MHC molecule is capable of presenting
many different peptides. As long as the pockers of
the MHC molecule can accommaodate the anchor
resiclues of the peptide, that peptide con be digplayed
bw the MHC molecule. Therefore, only one or rwo
residues in a peptide have o fit into an MHC mole-
cule’s clefr. Thus, MHC molecules are said to have a
“hroad™ specihcity for pcprld:: binding: cach molecule
can bind many but not all possible peprides. This, of
course, is an essential feature, because cach individ-
witl has only a few different MHC molecules thar must
be able o present a vast number and variety of anri-
LTS, Excupt for rare excephions, MHC molecules
hind only peprides and not other ypes of antigens.
This is why MHC-restricted CD4° T cells and CDS"
T cells can only recognize and respond 1o prorein
antigens, the natural source of peprides. Once pep-
tides bind to MHC moleculers and are displayed on
the cell surface, they stay bound for a long time, even
up to days. Since there are few structural constraines
on this binding, many different peprides can bind o
the same type of MHC molecule. The slow off-rate
ensures that once an MHC molecule has acquired a
pepride, it will display the peptide long enough o
maximize the chance thar a particular T cell will
find the peptide it can recognize and initiate a
P NS,

MHC molecules acquire their peptide cargo
during their biosynthesis and assembly inside cells.
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Class Il
MHC
moleculs

Anchor
residue
of peptide

Pockets in floor of peptide
binding cleft of class 1l
MHC molecule

Figure 3-9 Binding of peplides lo MHC molecules,
A These lop wews of the crystal struclures of MHC mcla-
cules show how peplides (in yeliow) lie on the lloors ol the
paptide-inding clefts and are wailable for recognition by T
cells (Countesy of Dr. P. Bjorkman, Callornia Insfute of
Technology, Pasadena ) B. The side view ol a cul-cul ol a
pephde bound [0 a class 1| MHC molecule shows how anchor
residues of the peplide hold i in the pockels in the clafl of
the MHC molecule. (From Scott CA, PA Peterson, L Tayton.
and 1A Wikson. Crystal structues of two L-A%peplide com-
plexes reveal that high alfinity can be achieved wilhout Large
anchor residues, immundy 8.319:329, 1998 © Cell Press;
willh permission ) These sirectures are the basis for the
schematic view of peplide recognition by T cells shown in
Figure 3-1
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Therefore, MHC molecules display peprides derived
from microbes thar are inside host cells, and this is
why MHC-restricted T cells recopnize cell-associated
microbes and are the mediators of immunity to intea-
cellular microbes, Also, class 1 MHC molecules
acquire peptides from eytosolic proteins and class 11
molecules from proreins in intracellular vesicles. The
mechanisms and  significance  of these processes
are discussed later in the chaprer. Only peptide-
loaded MHC molecules are stably expressed on cell
surfaces. The reason for this is that MHC molecules
must  assemble  both  their  chains and  bound
peptides oo achieve a stable structure and “empty”
mwlecules are degraded inside cells. This requirement
for peptide binding ensures thar only “useful™ MHC
molecules, thar s, those that are displayving peprides,
are expressed on ocell surfaces for recognition by T
viells.

In cach individual, the MHC molecules can
display peptides derived from foreign, that is, micro-
bhial, proteins as well as peptides from that individ-
ual’s own proteins. This mability of MHC molecules
w discriminare between forcign antigens and  self
dntigens raises twio gquestions. Fiest, ot any time the
guantiry of self proreins is certain w be much greater
than that of any microbial antizens. Why then are the
available MHC molecules not constantly occupied by
selll peprides and unable w present foreign antigens?
Mhe hikely answer iz that new MHC molecules are
constantly being synthesized, ready to accept peptides,
armul they are adept at capturing any peptides thae are
present in cells. Also, o single T cell may only need
tor see o pepride displayed by as few as 0.1% to 1% of
the approximately 10° MHC moleeules on an APC,
s thar even rare MHC molecules displaying a peptide
are enough o inioate an immone response, 1 he
secomd problem is, if MHC molecules are constandy
displaying self peprides, why do we not develop
immune responses o self antigens, so-called auto-
immune responses! The answer o this question is
that T cells specific for self antigens are either killed
or inactivated; this process i3 discussed in Chaprer 9.
Although it seems puzzling thar MHC molecules
present self pepuides, this is actually the key o che
normal surveillanee function of T cells. Thus, T cells
are constantly pareolling the body looking ar MEFIC-
assaciated peprides, not reacting to peprides derived

3 = Anligen Caplure and Presemation to Lymphocyies 33

from self proteins but able o respond 1o rare micro-
bial peprides.

MHC muolecules are capable of displaying peprides
but not intact microbial protein antigens, It follows
thar there muwst be mechanisms for  converting
naturally occurring proteins into peprides able o
bind ro MHC molecules. Thes conversion is called
antigen processing, amd it is described in the next
SCCTLON.

Processing of
Protein Antigens

Extracellular proteins that are internalized by pro-
fessional APCs into vesicles are processed and dis-
played by class 1T MHC molecules, whereas proteins
in the cytosol of nucleated cells are processed and
displayed by class 1 MHC molecules (Fig. 3-11).
Thiese two pathways of antigen processing involve dit-
ferent cellular organelles and proteins (Fig. 3-12).
They are desipned o smnple all the proteins present
in the exrmcellular and intracellular environments.
The seemepation af antigen processing pil.rhwa'!.'s also
ensures that different classes of T lymphocyres recog-
mize antigens from different compartments, as is dis-
cussed lager.

Processing of Internalized
Antigens for Display by Class Il
MHC Molecules

APCs may internalize extracellular microbes or
microbial proteins by several mechanizms (Fig. 3-13).
Microbes may bind to surface receprors specifc for
microbial products or to receprors thar recogmize anti-
bodies or producrs of complement activarion that are
attached to the microbes. B lymphoeytes intermnalize
proteing thar specifically bind o the cells’ antigen
receprods (see Chaprer 7). Some APCs may phagocy-
tose microbes or pinocytose |'|n1r{:ins witheut any
specific recopnition event. After internalization into
APCs by any of these parthways, the microbial pro-
reins enter intmcellular vesicles called endosomes or
rhogosomes, which may fuse with lysosomes. In these
vesicles the proteins are broken down by protealytic
enzymes, generating many peptides of varying lengths
ansd sequences,



34 Bassc immunclogy. Funchions and Disorders of the Immune System
Antigen Antigen MHC Peptide-MHC
uptake processing | |biosynthesis|| association

v,

\“l\-
o ’ Endocytic

- il .
. i Fesitle ' f!l 3 e
o5 - W & 3/
. " CD4+
Endocytosis of  Invarian A T cell
exiracellular chain “'}“‘--.,__J \
microbe = Class Il
ER = e | [Class Il MHC pathway |
e 9 Cytosalic
microbe -
i Peplides R
Mioroiia N C¥iOSCl ) Sl
.. hicropial p—— g e !
: & la !f i Nl ' E
il & MHC
iy

& Unfclded

protzin ER.

Class | MHC pathway |

D pED

APCs constamtly svnthesize class [ MHC mole-
cules mothe endoplasmie reticulum (ER ) Each nowly
synthesized  closs 11 molecule corries with it an
atached prowein called the invariant chinn, which
contaims 3 segquence (called the class 1 invoriam
'l.'ll-iliH [‘l.']""[hIL'. aar '.:L“:':l Ilull: I'\r::dw. |g-_:|1|h Lok [I“;-
peptide-binding clefr of the chiss 11 molecule, Thus,
the eleft of the newly synthesized class 1 molecule is
occupied. This “inaccessible” class 11 molecule begins
i reansport to the cell surfiee inoan exocyiic vesicle,
which then fuses with the endosomal vesicle con-
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Figure 3-12 Features of the pathways of antigen processing.

Therefore, only these peprides from the intact antigen
stimulace immune responses in thar individual; such
peptides are said 1o be the immunodominant epitopes
of the angigen.

Processing of Cytosolic
Antigens for Display by Class |
MHC Molecules

Antigenic proreins may be produced in the cytoplasm
frawm virmses thae are living inside infecred cells, from

some phagocyrosed microbes that may break through
vesicles and escape into the eytoplasm, anmd from
mugated or aleered host genes, a5 in wmors, All chese
prateing, as well as the cell’s own cvtoplasmic pro-
reins that have outlived their usefulness, are targered
for destruction by proteolysis. These proteins ane
unfolded, covalemtly ragped with a small pepride
called ubiguiting and “threaded” through a proteolyric
organelle called the proteasome, where the unfolded
proveins are deprded by enzymes (Fig, 3-14). Some
classes of proteasomes efficiently cleave  cyrosolic
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gure 3=-14 The class | MHC
palhway of processing of cylosolic
antigens. Proleins enter the cytoplasm

| cells eilher from phagocytosed
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proteins into peptides with the stze and sequence
properties rypical of class | MHC-binding peprides.
But the eell faces another challenge: the peprides
are in the cytoplasm while the MHC molecules are
being symrhesized in the ER, and the two have w
come together. This problem s overcome by a spe-
cialized mansport molecule, called the trmspornter
associated with antigen processing (TAP) which
picks up peptides from the evtoplazm amd acrively
pumps the peprides across the ER membrane nto the
intetior of the ER. {This, of course, is the reverse of
the normal Jirection af rroféem traffic, which is
tromy thie site of svnthesis in the ER out inreo the oyo-
el o toothe plasma membrone. ) Mewly synnhesize
class 1 MHC molecules are leasely attached oo the
(IS e B !-.|,'-,' .-:. r]:.. T.-‘LF' (4717 -I;_-..-.:L. rE'HI'-. i [ |"\'|'-l|-.|1."-
enter the ER, thev cun be caprured by the clossd
pmidecules. (Recall that ir the ER. the ¢lass |1 mole-

able o Find peptides becouse of the
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« b miokecule fnds a pepide

il s
v stabiliced
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aded by
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umstably
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[t

The comstant strugele berween nncrobes amd their
B t= 1wl liastrated by the noomercs stratesies tha
virses have LI!."I.'I."]L"]""-J. e Bock the class | MBI
rathway of wnbigen presentatiion. These streyivs
ibchude removing newly supthesized MHEC molecules
trom the ER, inhohiting the rmnscriprion of MHC
penes. and blocking pepude trmspont v the TAR
iransporter. By inhibitng the el T MG parhway,
viruses feduce presemation of their vwn antizens no
CDS T cells and are thus able woevade the adapive
immune system. These vl evision strtesies are
partly counterbalanced by the abiline of natural killer
cells of the innme immune system o recoznize and
kil virally infecied cells that have Limt eliss 1 MHC
expressom {see Chaprer 20, Further discussion of
these mechanisms of LITLLELTE TS R e T TR |“|' VIFHsEs 1%
fownad in Claiprer 6.

The Physiologic Significance
of MHC-Associated
Antigen Presentation

It 15 expected that sueh a precisely regulated system
for protein antigen processing and preseniation plays
an imporsit role i stimulating mmune responses,
In fct, many fundamental featores of T cell-medianed
immunity are closely linked o the pepride display
function of MHC molecules,

The advantage of the restriction of T cell recog-
nition to MHC-associted peptides is that T cells
will see and reapond only to cell-associated antigens.
This is parly becanse MHC molecules are cell mem-
brane proteins mnd partly becaese peptide loading and
aibscquent expresion of MHC molecules are depenid-
wnt on infracellular bivsynthetic and assembly steps.
In wrher wonds, MHC molecules can be loaded with
pepnde: only inside cells, where the antigens of
phaseocyvrosed and intracellulae parhogens are present.
Thercfore. T lymphocytes con only recosnize the
antigens of phagocyrosed amd inrrcellular microbes,
which are the types of microbes that have to be com-
bared by T cell-mediared immunity.

By segresating the class 1 and class 11 pathways
of antigen processing, the immune system is able to
respond o extracellular and intracellular microbes
in wavs hest able 1o combat these microbes (Fig 3-
15). Extracellular microbes are caprured by APCs,
inchading B lymphocyres and macrophages, and are
presented by class 1 molecules, which, of course, are
vapressed nuinly on these APCs {and on dendrivic
wells), Becouse of the specificity of CD4 for class 11,
clives He=pszocmted peptides are recognized by CD4™ T
Iyanphocyies, which funcrion as helper cells. These
helper T cells help B lymphocyres wo produce anti-
Fodies, and they help phagocyres o ingest and destroy
micrubes, thus activating the mwo effector mecha-
riismis Beat able o eliminare exreacellular and ingested
micrubes. Meither of these mechanisms is effective
aginst virmses that live in the eytoplasm of host cells,
Cyrosalic antigens are processed and displayed by
cliss 1 MHC molecules, which are expressed on all
nuclemed  cells—agin, as expected, because all
mucleated cells o be infecred with some viruses.
Class I=pssociated peptides are recognized by CD8* T
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ure 3=15 The role of MHC-associated antigen presentation in the recognition of microbes by CD4" and CDE" T

cells, A Prodein anbigens of microbes thal are endocytosed

[ram the exiraceliular envitonmenl by macrophages and B lym-

phocytes enfer the class || MHC pathway of antigen processing. As a resull, (hese proleing are récogrized by CD4° helper T
lymphacyles, whose funchions ane to aclivale macrophages 1o destroy phagocyicsed microbes and activale B celis 10 produce
anlibodies against extracellular microbes and toxins. B. Prolein antigens of microbes that live in the cyloplasm of infected cells
enter the class | MHC pathway of antigen ocessing As a resull, these protens are recognized by CDB" CTLs, whose func.

tian iE 1o kill inbecied cells,

Iymphocytes, which differentiate inte CTlLs. The
CTLs kill the infected cells and eradicare the infec-
tion, this being the most effective mechanism for
eliminating cytoplasmic microbes, Thus, the nature of
the protective immune response to different microbes
is optimized by linking several features of antigen
presentation and T cell recognition: the pathways of
processing of vesicular and eyrosolic antigens, the cel-
lular expression of class 11 and class | MHC molecules,
the specificity of CIM and CD8 coreceprors for class

11 and class | molecules, and the funcrions of CDY°
cells as helper cells and of CD8* cells as CTLs.

This chaprer Began with two questions: how do mane
antigen-specific lvmphocytes find antigens, and how are
the appropriste immune responses generated against
exermeellular and inermeellular microbes! Understanding
the biology of APCs ad the role of MHC molecules in
displaying the peprides of prorein antigens has provided
satisfying answers o both questions, specibically for T
cell-medinred e responses,



HiD Basag Immunpiogy: Functions and Desgrders of the Imnune Syslem

Functions of Antigen-
Presenting Cells in Addition
to Antigen Display

APCs not only display peptides for recopnition by
T cells but, in response to microbes, also express
“second signals” for T cell activation. The “two.
sigral” concept of Ilvmphocyte activanon was inrro-
Juced in Chaprer | and will be retomed to when the
pesponses of T and Boells are discussed (see Chaprers
3 and Tk Reaall thar anngen 13 the necessary signal
1. and signal 2 i provided by microbes or ADCs reaci-
ing o microbes: The feguirement for Ssignal 27
ersures that adaptive mmune responses are genetated
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Antigens Recognized by
B Lymphocytes

B Ivmphocytes wse membrane-bound amibodies o
recognize @ wide voriety of antipens, ncluding prie-
teins, polysacchandes, lipids, wnd small chemicals.
These antigens may ke expressed on microbial sur-
faces {e.g., c:lp:-ul.llr or envel e s igens ) or they may
be in soluble form (e, seorered woxins). Boeells dif-
ferentiate in response 1o antigen and other signals
into cells that secrete antibodies (see Chaprer 7). The
secreted antibodics emter the circulation and mucosal

Muncds s Bivwd to thee annigens, leading o their neu-
tralization and elimination. The antigen receptors of
B cells and rthe antibadics thar are secrered usually
recounize  antizens i the native  conformation,
without any regquirement for antigen processing or
display by o specialized syseeme. There is also no appar-
CNE TequITeIme i for a a|1r.'ciq|||:ud |'Iur1uli-'|l!it'rr'l of APCs
e present antigens w naive B cells. Therefore,
antigen recoenition by B cells appears w be much less
repulated than thar by T lymphocytes. Because B cell
perivarion veurs m the peripheral lymphoid organs,
such as the splecn and lymph nodes, there may well
b mechamisms for caproring microbes and even non-
microbial foreign antigens of diverse chemical com-
pusition in these oreans. Clearly, i there are such
mechanisms, they must keep the antigens in their
native conformation and make these anngens avail-
able tor B lpmephoeytes. Bur lietle is known abour how
B bvmplwcytes specifie for a particular antigen (which
e s more a5 1 cells specific tor o pepride) find tha
imtizen in the lvaphoid organs.

The B cell-rich lymphoid follicles of the lymph
nirdes and spleen contam a population of cells called
tollicular dendrtic cells (FDCs), whose funcrion is to
display antigens o activated B cells. FDCs use their
Fe receprors o bind antigens thar are coared with
arribeadies, and rheir receprors for the Cld com-
plement protein, to bind antigens with  arcached
complement. These antigens are seen by specifc B
lvanphoevies during humoral immune responses, and
they function mainly to selecr B cells that bind the
antigens with high affinity. This process is discussed
inn Choprer 7.

SUMMARY

= The induction of smmune responses to the protein
antigens of microbes is dependent on a specialized
system for caprurmg and displaying these ancigens for
recopnition by the rre naive T cells specific for any
antigen. Microbes and microbial antigens thar enter
the bauly through epithelia are caprured by profes-
stonal antigen-presenting cells (ADPCs), mainly den-
dritie cells, locared in the epirhelia and transported to
regrional lymph nusdes, or are caprured by APCs resi-
dent in lymph nodes and spleen. The protein antigens
of the microbes are displayed by the APCs wo naive T



Iyimphocytes that recirculate through the lymphoid
orpans.

= The function of displaying peptides derived from
protein anrigens is performed by molecules encoxded
in the major histocompatibility complex (MHC).

Proreins that are ingested by APCs from the extra-
cellular environment are  proteolytically  degraded
within the vesicles of the APCs, and the peptides that
are penerated bind o the clefts of newly synthesized
class [ MHC molecules. Class 11 MHC molecules are
recopnized by CD4, because of which CD4° helper T
cells are specific for class [1 MHC-associated peptides
thint are derived mainly from extracellular proreins.

Proteins thar are produced by microbes living in
the eytoplasm of infected cells, or enter the eytoplasm
irom phagocyrosed microbes, are degraded by cyroso-
lie proteases and bind 1o the clefis of newly synthe-
sized elass | MHC molecules. Class | MHC molecules
are recopnized by CD8, because of which CDE"
cytolytic T lymphocyres are specific for class |
MHC=associated  peptides  derived  from  eytosolic
Preteins.

The role of MHC molecules in antigen display
crisures that T eells only see cellsassocinted protein
mntigens, anil the correctr type of T cell (helper or
cytolytic cell) responds to the type of microbe that T
cull is best able 1o combar.

Microbes activare APCs 1o express membrane pro-
teins (called costimularors) and o secrere cvtokines
that provide signals thar function in concert with
antigens to stimulate specific T cells. The requirement
for these second sipnals ensures that T cells respond

3 + Anbgen Caplure and Presentation to Lymphocyles (3]

to microbial anrigens and not to harmless, nonmicna-
bial subsrances.

B B lymphocyres recogmze proteins as well a5 non.
prowein antigens, even in their native conformations.
It is not known if a specialized system of antigen
display is essential for the induction of B cell
responses. Follicular dendnitic ecells (FDCs) display
antigens o germinal cemter B ocells and select the
high-afinity B cells  during  humaoral
FESPHMASCE.

LLLTH T

B Review Questions

I When antigens enter through the skin, in what
organs are they concentrated? Whae cell typels)
play important roles in this process of antigen
capture’

2 What are MHC molecules! Whar are humon
MHC molecules called? How were they discov-
ered, and whar s their funcrion!

3 What are the differences between the antigens thar
are displayed by elass | and class 11 MHC mole-
cules!

4 Describe the sequence of evenrs by which class [
andd class 1 MHC molecules acquire antigens for
display.

5 Which funcrional subsers of T cells recognize anoi-
gens presented by class [ and elazs 11 MHC mole-
cules! Whar molecules on T cells contribure 1o
their specificity for ecither class 1 or class 1l
MHC=nssociated pepride antigens?
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Antigen Receptors of Lymphocytes
* Antibodies

daptive immune responses are specific for the antigens

that initiate these responses, because the activation of
lymphocyres is rrigpered by recognition of amig{-ns.%
antigen recognition is the sk of two structurally similar
types of cell sus eins of lymphocytes: membrane- 3
bound anrib:ﬂifa on B cells and T cell receptors (TCRs) on

= T Cell Receptors for Antigens
Development of Immune Repertoires

« Maturation of Lymphocytes
« Production of Diverse Antigen Receplors
« Maturation and Selection of B

Lymphocytes
T lymphocytes. + Maturation and Selection of T
Cellular receprors in the immune system, as in other bio- Lymphocytes
logic systems, serve two functions: they detect external stimuli

Summary

(antigens, for the adaptive immune system), and they rigger | ‘

responses of the cells on which the receprors are expressed. To

recognize a large number and variety of antigens, the antigen

receptors of lymphoeytes must be able to bind to and distinguish berween many, often
closely relared, chemical structures. Antigen receprors are clonally distributed, meaning
that each clone of lymphocytes having a particular specificity has a unique recepror,
different from the receptors of all ather elones. (Recall that a clone consists of a parent
cell and its progeny.) The total number, or repertoire, of lymphoeyte specificities is very
large, because the immune system consists of many clones with distinet specihcities.
Although each clone of B lymphocytes or T lymphocytes recognizes a different
antigen, all B or T cells respond in essentinlly the same way o recognition of antigens.

63
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Tir link antigen recosmition o lmphocyre acrivinion,
the antigen receptors transmit biochemienl signals
that are fundamentally the same m all lymphocyres
and are wnrelated o specibicity. These features of
Ivmphogyre recognition and antigen receptors raize
EW IINPROTTANE ueeskions:
How do the antigen teceprors of lvmphocyies rec-
vinize extremely Jiverse antigens and transmi
quite conserved activating signals to the cells!
How s the vast diversity of receplor stractunes
generated in lvmphocvres? The Jiversioy of unrigen
recognition mmphes the existence of many stroc.
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Antigen Receptors
of Lymphocytes

The antbzen recepior of B and T lymphocvres have
situres that are importam for the funciions
of these receptors moadaptive immunity (Fie, 4-10
The antigen receptors of B and T lvmphocvtes
recopnize chemically different structures. B lyng-

fhcevies e akle 1o recopnize the ah;l]*w. SR
native  macromobecules,  inciuding
proteins. hipids, carbolivdrates, amd nuckene acids, as
well o= simple small chemical proups and pores ol
macromolecules, I striking contrast, mer Toeells see
enly peptides. and only when theswe peprides are
displayved on antigen-presenting cells (ADPC:) Tound
tor membrane proteins encoded inothe major histo-
compatibility complex (MHC) senctic hixus. The
properties and functions of MHC moleeules were
Jdescribed in Chaprer 3,

Antigen receptor molecules consist of regions, or
domains, that are involved in antigen recognition
and, therefore, vary between clones of lymphaocytes

DASEIR G ol

and other regions that are required for structural
inteprity and for effector functions and are rela-
tively conserved among all clones. The antigen-
recognizing portions of the receprors are called the
variable (V) regions, and the conserved portions are
the constant (C) regions. Even within the WV regions,
much of the sequence variability is concentrated
within short stretches, which are called hypervariable
regions, or  complementanty  deternuining  regions
(CDRsY, because they fonm the parts of the recepror
thar bind antigens (e, they are complementary oo
the shapes of intigens). By concentrating sequence
variation in small regions of the recepror, ic is possi-
Ble o moximize the varmbiliey while retaining the
lasse structures of the receprors. Furthermare, as will
e sy laver in this chapter, there are special peneric
mechanisms for introducing varianions in the antigen-
recopnizing regions of these receptors while using o
limired set of senes o code for most of the receptor
polypeprides.

Antigen receptors are noncovalently attached to
other invariant molecules whose function is
deliver to the inside of the cell the activation signals
that are tripgered by antigen recognition (sce Fig.
- 1) Thus, the two funcoions of lvmphocyte receprors
for antigen—specihc ancizen recopnition and sipral
eransducrion—are medioted by differem polypeprides.
This again allows variability ro be sepregared in one
ser ol medecoles (the receprors themselves) while
lemving the conserved function of signal rransduction
in other,  invariant, pProteins, The collection of
antigens receprors and  signaling molecules in B
Ivinphocytes is called the B cell receptor {BCR)

Clowre -1 Properties of antibodies and T cell antigen
receplors (TCRS ). Anbbodses (also called immunoglobuling,
o g} may be earessed as membrane recepions or secretad
protens. TCRs onky lunctioh as membrang recepions,
Whien Ig o TOR moltcules recagnize antigans, signals ang
celwered 10 the ymphotyles by prolesns associaled with
the anligen receplors. The antigen receplors and altached
signaling proteing form the B call receplor (BCR) and TCR
compleses Mate thal $ingle anligen recepiods ae shown
TECOLANGg anlgens, itul signating requaes (e crass-dinking
of bwo of mne recoplors Dy hnding 1o adjacent antigan
mgecubes. The imparlant characienstics of (hese aNLgEn-
reCOgRing molecules are Surnmarnggd
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Feature : :
o furietion Antibody (Immunoglobulin) | T cell receptor (TCR)
Membrane lg Antigen-presenting cell
\\ D Antigen
’_._,_.-r'""'._'_.-.-_ _‘—-—‘____‘_‘1
Igee Igp
Signal Signal
transduction transduction
@ Effector
e functions:
complement
Secreted fixation,
i phagocyte
antibody g =V binding
Macromolecules (proteins, Peptides displ by MHC
thr;'n snnl polysaccharides, lipids, malecules on APCs
aa m:?en'g ad nucleic acids), small chemicals
reona Conformational and Lingar epitopes
lincarepliopes |
Diversity Each clone has a unique Each clone has a unigue
specificity; potential for 109 specificity; potential for =101
distinct specificities distinct specificites
Antigen Variable (V) regions of heavy Variable (V) regions of « and
racognjﬁgn is | and light chains of membrane Ig | B chains
mediated by: | |
Signaling Proteins (g and |.,,-,|13EJ Proteins (CD3 and Er}
functions are | associated with membrane lg associated with TC
mediated by:
Effector Constant (C) regions of TCR does not perfarm

functions are
mediated by:

secreted Ig

effector functions
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complex, and in T Ivmphocves it is called the T cell
receptor {TCR) complex. When adjocent antigen
receprons of lvmphocyres Bind o two o more antigen
malecules, the receptors are pulled wgether into an
ageremate. This process 15 called cross-linking, and
it brng: the mssociated signaling proteins of the
receptor complexes into close proximity. When this
happen-, ensyme: amached o the cyroplasmic por-
tions of the signaling proteins catalvze the phospha-
nlamwon of other proteins. Phosphorvlation rigeers
comples signaling cascades that culmanate in the
rroduction of numerows molecules thar medioee
the pespomiaes of the lvmphocvees, We will retum o
the processes of T and B lmiphocvie activation in
Chaprers 3 and 7. respecrively

Antibedies mav be membrane-bound  antizen
receptors of B cells or secreted proteins, but TCRs
exist only as membrane receptors of T cells,
seorcied annibodies are present in the blosd amd
mucomal secretiors, where they function to neutralize
nd toxins (e, they are the

i climunare microhes

eitvetor molecules o hipnoral mmuoninck Ancibodics

v eabled immunoglobulins (lz). refermine w

I Clnsrac lensLic

balins. Secreted

-0l o | P sz foxins by

ot varirhle doamnins just by the membrane-Found
bemphocviess The constant
P osorme wefeTd anmibeahies lve the .||.'-|]|t1f'
el ashectiivs that pamicipare in the
these mdecules  include
poecste<and proteins of the comple-
fius, antibaodies serve two functions in
ey Bocell membrone-boand  anti-
i redesiine antizens e anitiate bumonl immune
respoes, and secreted antibodies eliminate antigens
i the ettector pluse of such responses. In cell-
tediared immunay, the effector function of microbe
chownatin s performed by T lymphoeyies them-
aclves. The antisen receprors of T cells sre involved
casly i antigen recopnition and T cell activation, and
these proteins o o medianre effector funcrions and

MHten fodeiors ol I

EER PLr GRS

Rt V=il

AT Tl secreted.

With this introduction, we proceed 1w a descrip-
tion of the antigen feceptors of lymphocyies, fiest
antibodies and then TCRs.

Antibodies

An antibody molecule is composed of four polypep-
tide chains, including two identical heavy (H)
chains and two identical lizht (L) chains, with each
chain  contining  one  variable region and one
constant region (Fig. 4-2% The four chains arc
assembled o form o Yeshaped molecule. Each lighe
chain is amached o one heavy chain, and the two
hieavy choins are ottnched o each other, all by Jdisul-
fde Punds. A lighe chain s made up of one V and one
C domain. ond o heavy chain bas one Vo and three or
forir  domziins. Each domin folds inte a characier-
istic three-dimensional shape, which is called the
immuneglobulin (lg) domain. b domains are present
i mang other proteis in the mmune system as well
a= outside the immune system, and most of these
proteins are involved n sensmg sipnals from the envi-
ronment and froom other cells. All these proteins are
sl 1o b members of the lg superfamily, and they may
have evolved from a common ancestral gene.

Each variable region of the heavy chain (ealled
Vi or of the light chain {called Vi) contains three
Iypervariable regions, or CDRs, OF these three, the
vreantest variabiliny isin CDOR3, which is located at the
puncrion of the V and C regions. As expected, COR 3
iz also the portion of the lg molecule that contribures
most o antigen binding. Regions of antibody maole-
cules are often named based on the properties of pro-
tealytic fragments of immunoglobulins. The fragment
of an antibody that conains a whale light chain (with
its single ¥ and C domaims) arached o the V amd
first  domains of a heavy chain contains the portion
of the antibody required for antigen recognirion and
is therefore called Fab {fragment antigen binding).
The remaining heavy chain C domains make up the
Fe region, with Fo referring to fragment erystalline (so
named beciuse this fragmenrt tends 1o erystallize in
solution). 1In cach lg molecule, there are two identi-
cal Fab regions that bind antigen and one Fe region
thar is responsible for most of the biologic activity and
effecror funcrions of the antibodies, (As will be seen

later, somne antibodies consist of two or five I mole-
cules attuched w one anothen) Between the Fab and
Fe repions of most antibody moleeules s o flexible
portienn called the hinge region. The hinge allows the
two antigen-binding Fab regons of each anrils wly
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Figure 4-2 The structure of antlbodies. Schematic
diagrams of a secreled 1gG (A) and a membrang hoom of
Igh (B) are shown, Busirating the domasns of the heavy
and light chang and ke regions ol the proleins that par-
licipale in antigen recognition and aeflecior funclions M and
G reder 10 1he amino-termingl and carboxy-terminal ends of
tha polypeplide chans, respaclively. Th crystal siructurs
of a secreled IgG molecule (C) Busirales the domains and
Ihizir spahial onentation. In the crysial sirucilune, the heawy
chains are colored bive and red, and the light chaing arg
colored greern, carbohydrates are shown in gray. (Courtesy
of Dr. Alex McPherson, Universily of Californs, Irang )
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molecule to move, enabling them o simultancously
kind antigen epitopes thar are sepamted from one
another by varving distances. The Corerminal end of
the heavy chain may ke anchored in the plasma mem-
brane. a: zeen in B cell receptors, or it may terminate
in a tail piece tha lacks the membrane anchor so thar
the antibody is produeced a2 o secreted protein. Light
chains are not attached o cell membrnes.

There are two ryvpes of lighe chains. called & and &,
that Jitfer in their C regions but do not differ in func-
tion. There are five types of heave chains, called v,
&, 7 €. and o, that alwe ditter in their © regions. Each
tepe of hight chain may complex with any type of
heavy chain in an ancibody molecule. Anribodies thar
contain different heavy chains are said to belong o
diterent isotvpes, or elasses, and are named accord-
g fo ehvear Beavy chains (he, leh L el 10, 1eE, and
leAd rewardless of the highn chain class, Difterenr iso-
wepes Jitter i their physicel and bologe properties
and in their effecror tuncrions (Fre. 4-3Y. The amti-

20N fecephors of nonve L] |'.|||J'i1.'-_'.'lu,-n. which are
mature Bcells thut have ot enceuntered antigen. are
el Adrer stumulation by

the antigen-

and helper T hmphicvres:

calone of B olvenphocy i mnay expand and Jif-

Jivs, S

BTt e LTl i

N P
i th serpressig 3 ool may

voette o the same B ooells
1 uthier Beavy climinchisses,
This chanee in Te soctpe prodicrion = cilled heavy
chain class Lorizotype) switching, anad its mechunism
srad mportance are discussed further in Chapter 7.
Althoueh heavy cham O regnons may switch Juring
humoral immune responses, each chme of B ocells
aintmns its specificity, becouse the V' regions do no
change. The light chain class {ie., ¥ or &) also
renuins hxed throoghout the life of each Beell elone.

Amibodies are capable of binding a wide varicty
of antigens, including macromolecules and small
chemicals. The reason for this is thar the antigen-
binding region of antibody molecules forms o i
surface capable of accommodating many  differcnt
shapes (Fig. 4.4). Antibodies bind 1o antigens by
reversible, noncovalent interactions, including hy-
Jropen bonds and  charge interactions. The pans
of antigens that are recopnized by annibodies are
called epitopes, o determinants. Different antigenic

determinant: moy be recognized based on sequence
(lirveser determinants) ar shape (conformational deter-
minanes). Some of these epitopes are hidden within
antigen mulecules and are exposed a5 a result of a
phvsicochemical change (neodeterminants).

The serength with which one antipen-binding
surface of an antibody binds 1o one epitope of an
antigen i= called the affinity of the interaction, Affin-
wy i often expressed as the dissociation constank
(K, which = the malar concentration of an antigen
required 1o occupy hall the available anribody mole-
cules i a soluton; the lower the Kj, the higher the
afhniry.  Most anobodies produced in a primary
e response have a Ky in the range of 107 w
107°M, bur with repeated stimulagion {c.g., in a sec-
waudary immmune regponse) the affinity increnses o a
Foyof 107 b0 10" M, This increase in antigen-binding
streneth is called affinity maturation; its mechanismms
arud importance are diseussed in Chapter 7. Each 1gG,
el mod 1gE anvibody molecule hos two anrigen-
Finding sives. Secreted IgA is a dimer and therefore
has four antiven-bimding sites, and secreted Iedd is a
pentamer, with 10 anrigen-binding sites. Therefore,
each vikody molecule can bind 2 o 10 epitopes of
an antigen, as long as identical epitopes are present
sufhciently close tosether, ep., on a cell surface, in
an aggregared antigen or in some lipids, polysaccha-
rides, nnd nucleic acids thar contain multiple repeated
epitopes. The rotal swength of binding is much
preater than the affinity of a single antigen-mitibady
Pond and s called the avidity of the interacuon.
Antibodies produced against one antigen may bind
weher, structurally similar, antigens, Such binding ro
similar epitopes is called a cross-reaction.

In mature B lymphocyres, membrane-associated 1g
molecules recognize antigens, bue this FECOgNItion is
not encugh o acrivate the B eells. The g molecules
are noncovalently attached w two other proreing,
called lgee and IgB, thi make up the B cell recepror
complex, When the lg recepror recognizes antigen,
the associated proteins transmit the signals o the
intericr of the B cell that initiate the process of B cell
activation.  These and other sipnals in humoral
e Tesminses e Jigcusﬁmi FI.I-I'{I'I.I.!I m Ch:lp[r.'r ?.

The realization that one clone of B eells mokes an
antibusly of sne specificny has been exploited 1w
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Isotype Serum | Serum
of Subtypes |H chain | concentr.| half-life | Secreted form Funclio
antibody (mg/mL) | (days) ki
IgAl,2 1or2 3.5 6 Monomer,dimer, .
oy S i timer ey e
immunity
| IgA (dimer)
i
igD None & Trace 3 None ;‘;ilggmpw
IgE MNone £ 0.05 2 Monomer mtﬁmlmthn
%;!9 ypersensitivity}
Ige g)
igG IgG1-4 | y(1.23 | 185 23 | Monomer o inhecsnisiy
or 4) activation, anhibady-
reciaiea cytoloxisty
m oxicaly,
. 1gG1 bl
feedback inhibition
| of B cells
lgM | None u 15 s |Pentamer Naie B ol sntgen
igMm % activabon

Figure 4-3 Features of the major isotypes (classes) of antibodies. The table summarizes some important features of
the major antibody solypes of humans. Isotypes are classified on the basis of their heavy chains. each sotype may conain
@iler & ar & light chain. The schermalic diagrams illustrate the disinc shapes of the secrated lorms of these antibadies. Mote
hat IgA consists of two subclasses, called 1gA1 and IgA2. and IgG consists of fow subclasses, called 1gG1, 1gG2, IgG3, and
IaG4, (IgG subclasses are given diferan names in other species, [or histoncal reasons, in mice, ey are called IgG1, 1gG2a,
IgG2t, and 1gG3.) The serum concenirations are average vahses i normal individuals,
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into humans, becouse humons e the mose Jgooe
foreipn and make an immune response o the injected
antibodies. This problem has been overcome by
retaining the antigen-hinding V resions of the e
monuoclonal antibody and replacing the rest of the le
with human b such “humanized” amibeodics are suit-
able for admimistronon w humans,
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Binding of an anligen

I:y- an anlibody. This model of a protein
anligen bHo und 1o an antibody miolecula
shows howr the :5|1I:£|{‘:n-h-||'|ding site can
accommodate sofuble macromalacules
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lsght chaens e yellow, and the antigan
% oodored biue (Couwresy of Or Dan
Waughn, Cold Spring Harbor Laboralory,
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monoclonal antibodics lowve been synthesized by
|.|-iL1:.: h_'i,:-|||.|'-i|1:||'|.[ I'}l\‘ A 1|.'\_||.|:1u1|:|;_|r||' L {%] clum: 'I!I“.‘
A complementary o messenger RNA encoding
ad by selecting antibodies of
Another recent approach s o

human antilodies
desiead specibicity.
express buon antibaly penes i mice whose own Ig
penes e been deleted and then immunize these

matice witloan antigen. Monoclonal antibodies ane now
i widespremd use as therapoutic and  diagnostic

fErent=m imany I-]I:\L"J-:-ﬂ.":‘.

T Cell Receptors for Antigens

The TCR for peptide antigen displayed by MHC
molecules is a heterodimer composed of an o chain
and a B chain, each chain containing one variable
(V) region and one constant (C) region (Fig. 4-5).
The % and C regions are homaologous ro immunoglaob-
ulin W oand C regions, In the V oregion of each TCR
chain there are three bypervanable, or complemen-
varity-detenmining, regions. As inantibodies, CDR3 s
the mosn variahle among different TCRs. Unlike an-
bewdics, bl TCR chains are anchored in the plasma
membrine, ad TORs are not prosluced in a secrered
formm. Also, TOURs doonot undergo cliss switching or
affmity maturation during the life of o T cell clone,
Both the o chain and the { chain of the TCR
participate in specific recognition of MHC maolecules
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12 4-5 The structure of the T cell antigen réceplor (TCR). The schematic diagram of the aiTCR (feft) shows tha
wmaing ol a ypical TOR specilic for a peptide-MHC complex The antigen-tending portion of the TCR is formed by the Va
ned W[ domains. M and C reler 1o the aming-terminal and carboxy-lerminal ends of the polypeplices The ribbon diagram
fiqhi) shows the struciure of the exracellular portion of 28 TCR as revealed by x-ray crysiafiography (From Bjorkman PJ
IHC restnction in hree dimensions. a view of T coll receplonligand mleractions. Cell 88167-170, 1967 & Cell Prass: wilh

[ETmESSIOn. )

and bound peptides (Fig. 4-6). One of the remarkable
features of T cell antigen recognition that has
cmerged from x-ray ervstallographic analyses of TCRs
bound ro MHC-pepride complexes is that each TCR
rm:ngnim.s as ﬁ:w as one to three residues of rhe
MHC-associared pepride. We also know that only a
few peprides of even complex microbes, called the
immunodominant epitopes, are actually recognized by
the immune system. This means that T cells can cell
the difference berween complex microbes based on
very few amino acid differences berween the immu-
nodominant epitopes of the microbes. [t is surpnsing
that the exquisite specificity of T cells is maintained
on the basis of such small differences in antigenic
peptides.

Five to 10 percent of T cells in the body express
receptors composed of ¥ and & chains, which are struc-
turally similur to the aff TCR but have very different
specificities. The ¥§ TCR may recognize a variety
of protein and nonprotein  antgens, usually not

displayed by elassical MHC molecules. T cells express-
ing 8 TCRs are abundant in epithelia. This observa-
tion suggests that ¥8 T cells recognize microbes that
are (:;'.crmm:unI'!.I encountered at cpithchai surfaces, but
neither the specificity nor the funcrion of these T cells
is well established, Another subpopulation of T cells,
making up less than 5% of all T cells, express markers
of natural killer (MEK) cells and are called NE-T cells.
NEK-T cells express i TCRs, but they recognize gly-
colipid and other nonpeptide antigens Jdisplayed by
nenpolymorphic MHC-like molecules. The funcrions
of NE-T cells are also not well undersoood.

The TCR recognizes antigen, but it, like mem-
brane lg on B eells, is incapable of rransmitting signals
to the T cell. Associated with the TCR is o complex
of proteins, called the CD3 molecules and the
chain, that make up the TCR complex (see Fig. 4-1).
The CD3 and £ chans transmit some of the signals
that are initiared when the TCR recognizes antigen.
I addivion, T cell activation requires engagement of
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thes process 1= called positive selection. After they
mature. these T cells need w recosnize the same
MHC molecules w be acvivired, The basis for posi-
tive selection is that antizgen receprors on Jdeveloping
]'_n'lhphtk.",‘lu\ recopnize MHC molecules in the thymus
and deliver signals for the survival ind proliferition
of the cells, ensuring that cells with the correcr (self
MHC-restricred) ANTIECR feceors L'lﬂl'l|‘ik"|l' the
muaturation process. fmmaure Boamd T hmphos pres
are also selected against high-atiinny recopnition of
self antigens present in the bone marrow and thymus,

may ba B or T cells

respecrively. Thas process, called negative selection,
climinates potentially dangerous lymphoeyres thac
may be capable of reacting against sell antigens that
are present throughout the body, meluding in the gen-
erative lmphoid organs.

The processes of lymphocyte maturation and selec-
rrom are best understood separately for Band T cells.
W stare, however, with the conimal event thar iz
commaon to both lneages, namely, the recombination
aned expression of anligen receproT genes.



Froduction of Diverse
Antigen Receptors

The expression of B and T lymphoeyte antigen
receptors is initiated by somatic recombination of
pene segments that code for the variable regions of
the receptors, and diversity is generated during this
process.  Hematopoietic stem cells in the bone
marrewy, and early lymphoid progenitors, coneain Ig
and TOR genes m their inherited, or germline, con-
fguration. In this configuration, g heavy chain and
light chain loci and the TCR o chain and P chain
liwcs each contain multiple variable region (V) genes,
numbering LITRR L0 ] few hundred, and one or a few con-
~tant region (C) genes (Fig. 4-9). Between the Y and
L0 genes are several small sererches of nucleotides,
which are called joining (]} and diversity (D) gene
sepments. (All antigen recepror gene loci contain W,
I, and C penes, but only the g heavy chain and TCR
[§ logt also contain [ gene segments.) The commit-
mient of a ll,'mp]'l:n:l_.'n: progenitor o become a B
lvmphoeyre is associated with recombination of one
lz Wy gene segment with one D and one | segment,
the segments being selected randomly (Fig. 4-10).
Thus, the commitred bur immature B cell now has
a recombined VeD:] gene in the heavy chain locus.
This gene is teanscribed; and in the primary RNA,
the Vo) complex is spliced onto the first C region
RMA, which happens to encode the p chain, o
form the complete p mRNA. This p mBRNA s
rranslated 1o produce the p heavy chain, which is
the first Ig protein synthesized during B cell matura-
ton, A similar sequence of DNA - recombinarion
amd RNA splicing leads o production of a lighe
chain in B cells and of the TCR o and [ chains in T
lymphocytes,

The somaric recombination of W and J, or V, [,
and ], pene sepments is mediated by a collection of
enzymes called the V(D)) recombinase. The lym-
rhoid-specific component of the V(D)) recombinase,
which is composed of the recombinase-activaring
gene (RAG)-1 and RAG-2 proteins, recognizes DINA
sequences thar Aank all ancigen recepror ¥, D, and )
sene sepments. As a resule of this recognition, the
recombinase brings the V, [, and | scpments close
together. Exonucleases then cut the DMNA an the ends
of the sepments, and the DNA breaks are repaired by
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ligases, producing a full-length recombined V-] or V-
D-] pene (see Fig. 4-10). The lymphoid-specific com-
ponent of the V(D) recombinase is expressed only in
immature B and T lymphocytes. Although the same
enzymes can mediate recombination of all g and
TCR genes, intacr lg H and L chain genes are
expressed only in B eells, and TCR @ and [ genes are
expressed only in T cells. The mechanizms responsi-
ble for this lineage specificity of receptor expression
are not known.

Diversity of antigen receptors is produced by the
use of different combinations of ¥, D, and ] gene
segments in different clones of lymphocyres (called
combinatorial diversity) and even more by changes
in nucleotide sequences introduced at the junctions
of V, (D), and ] gene sepments (called junctional
diversity) (Fig. 4-11). Combinatorial diversicy is
limited by the number of available V, D, and ] pene
segmenes, but juncoional diversicy is almost unlimired.
This juncrional diversity s produced by two types
of sequence changes, both of which generate more
sequences than are present in the permline penes.
First, exonucleases may remove nucleotides from W,
[, and | gene segments at the time of recombination,
and if the resulting recombined sequences do not
contain stop or nensense codons, many different and
new sequences may be produced. Second, an enzyme
called  terminal  deoxyribonucleotidyl  transfernse
(TdT) takes nucleorides thar are not pares of germline
genes and adds these nueleotides mndomly 1o the sites
of V(D)) recombination forming the so-called N
regions. In addition, during an intermediate stage of
the process of V(D)) recombination, overhanging
DMNA sequences may be generated that are then filled
in by “Ponucleotides,” introducing even more vari-
abality ar the sites of recombination. As a result of
juncrional diversity, every antibody and TCR differs
from every other antibody and TCR in the nucleoride
sequence at the site of V(D)) recombination. This
junction encodes the amine acids of COR3, which
was mentioned as the most variable of the CDR= and
the one most important for antigen recognition.
Thus, junetiomal diversity maximizes the variability in
the antigen-binding regions of antibodies and TCRs,
In the process of creating juncrional diversity, many
genes may be produced that cannot code for proteins
aned are, therefore, useless, This is a price the mmmune
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SVSLEIN Pays for generationg tremendous diversity, The Maturation and Selection of
risk of producing nonfuncoonal penes is ulso the B Lymphacytes

reason why the process of lvmphocyte matusation
contains several clwck[mim.-. at which cells wuh

: The maturation of B lymphocytes occurs mainly in
wseful receprors are selected 1o survive,

the bone marrow (Fig. 4-12). Progenitors commiteed
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Figure 4-10 Recombination and expression of Ig genes. The axprassicn of an 1g heavy chain ivohves tw Gene recom-
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e 4-12  Steps in the maturation and selection of B lymphoeyles. The materation of B lymphocytas proceeds through

ueniial steps, each of whsch is charactenzed by particular changes i g gene expression and in the patlerns of Ig protein

cepression Al the pro-B cell and pre-B cell stages, failure to express functional antigen receptors (Ig heavy chain and 1g light
an. respectively) results in death of the cells by a delauli paihway of apoplosis,

1o the Beelllineage proliferare under chetinflisence'of -

LT giving rise to a large number of precursors of B
cells, called pro-B cells. In the next stage of matura-
tion, called pre-B cells, lg genes in the heavy chain
locus of one chromosome recombine and give rise to
the B heavy chain protein, Most of this protein
remaing in the eyroplasm, and cyroplasmic p is che
hallmark of pre-B cells. Some of the p protein is
expressed on the cell surface in association with two
other, invariant, proteins that resemble light chains,
1 form the pre-B cell recepror (pre-BCR) complex.
Iv is nor elear whar, if anything, the pre-BCR recop-
nizes, and simply the assembly of the compenents
of this complex may deliver signals that promore the
survival and proliferation of the cells on which the
pre-B cell recepror is expressed. This is the first
checkpoint in B cell development, and it selecrs and
expands all the pre-B cells that express a functional
u heavy chain. If the j chain protein is not produced,
perhaps because of fGulty recombination of the
gene, the cell cannot be selected, and it dies by pro-
grammed cell death {apoptosis).

The p protein and the pre-BCR complex signal
two other processes. One process shuts off recombi-

mation of lg heavy chain genes on the second chro-
mosome, because of which each B cell con express g
from only one of the two inherited parental alleles,
This process is called allelic exclusion, and it ensures
that each cell can express receptons of a single speci-
ficiry. A second signal triggers recombinartion ar the
I light chain locus, hrst ¥ and then A Whichever
funcrional lighe chain iz produced associates with the
i chain o form the complete membrane-associared
lgdd antigen receptor. This recepror again Jdelivers
signals thar promore survival and proliferation, thus
preserving and expanding cells that express complete
antigen receptors (the second checkpoing during mar-
uration ). Signals from the antigen receptor shut off
pmcluct'm-n of the recombinnse enzyme and furcher
recombination ot unrecombined light chain loci. As
a result, cach B cell produces cither one & or & light
chain from one of the inherited parental alleles. The
presence of wo sets of light chain genes simply
increases the chance of completing successful pene
recombination and recepror expression, Thetl
Vexpressing Belymiphoeyte is the immatire B cell. 1s
further maturation may occur in the bone marrow or
after it leaves the bone marrow and enters peripheral
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Maturation and Selection
of T Lymphocytes

The PHuCEss ol T |-'_.'III|‘i'|w."|.IL; mnturtnon las e
unigue fearures, which are Linsely relned o the speci-
ficity of different subsers of T cells for peprides dis-
played by different clisses of MHC molecules. T eell
progenitors migrate from the bone marrow o the
tlwmus. where the CITITR PRCess o IATURITEON GoCurs

(Fige. 42130 The most immature progenitors aee called
fro-T cells or donble-negarive T cells because they do
mon express CIM oor C08 These cells expand in
number mamby under the mfluence of 1L-7 produced
in the thymus, Some of the progeny of double-
negative cells undergo TCR B gene recombination,
medinted by the VDY recombinase. (The ¥8 T cells
unlergo similar recombination involving the TCR y
aned & loei, bur they appear w be o distinet lineage,
amd they will not be discussed further) I the B chain
provein is synthesized, iv s expressed on the surface in
assacintion with an invariont protein called pre-Ter,
o form the pre-TCR complex of pre-T cells. If the
complete [§ chain is got produced oo pro-T eell, ehat
cell divs. The pre-TCR complex delivers intracellular
stenals in response o assembly alone or the recogni-
ton of =oane unknown ligand. These signals promaote
surveval, proliferation, allelic exclusion at the TCR §
chiin locws, and TOR @ chain gene recombinanon,
much fike the signals from the pre-BCR complex
i developing B cells. Failure 1o express the o chain
andd the complere TCR again results in death of
the cell. The surviving cells express both the €4
ancl CDE coreceprors, and these cells are ealled
donbleaposiiive T cells (or double-positive thymocytes).
Phitferent clones of double-poesitive T cells express dif-
ferent ofd TCRs. [f the TCR of a T cell recognizes an
M molecube in the thymus, which has to be a self
MHC molecule displaying a self pepride, thar T cell
ix seleetad o survive, T cells that do not recognize an
MHC molecule in the thymus die by apoptosis; these
T cells would not be useful because they would be
incapable of seemg MHC-displayed cell-associated
antizens in that individual. This preservacion of selfl
MHC-resericted (e, useful) T cells is the process of
posive selecrion. During vhs process, T cells whose
TCR: recognize class 1| MHC-pepride complexes
preserve the expression of CD8, the coreceptor thac
binads to glnss | MHC, and lose expression of CD4,
the corceeptor specifiic for class 11 MHC molecules.
Conversely, if a T cell recognizes class 11 MHC-
peptide complexes, thar cell mameains expression
of CD and boses expression of CDB. Thues, what
emerges ane smgle-positive T cells, which are either
18 class | MHC restricred or C04° class 11 MHC
restricted. During this process, the T cells also become
funcrionally sepregmed: the CDS* T cells are capable
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Weak recognition of Mature
class Il MHC + peptide CDa+
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vz =13 Steps in the maturation and selection of MHC-restricted T lymphocoytes. The maturation of T lymphocyles

1 the thymus proceeds ihrowgh sequential sleps that ang of

ten delined by Ihe expression of the CD4 and CDB corgoeplons

fhe TOR 3 chain is fiest expressed al the double-negative pre-T cell stage, and the complete TCR s expressed in double-
posive cells, Malwation culminatles i 1he development of CO4" and CDA" single-posilvve T celts As in B celis, failure to
Baprets anbgen recepions at any slage leads 1o dealh of the cells by apoplosis

uof becoming CTLs on activation, and the CD4° cells
are helper cells. How the funcrional segregation
ACCOMPAnies coreceptor expression is not known.
Immature, double-positive T cells whose receptors
strongly recognize MHC-peptide complexes in the
thymus undergo apoprosis. This is the process of
negative selection, and it serves to eliminate T lym-
phocyes that could react in a harmful way againse self
proteins that are present in the chymus, and presum-
ably throughour the body. It may seem surprising
that both positive selection and negative selecrion
are mediared by recognition of the same ser of self
MHC-self pepride complexes in the thymus, (Note
that the thymus can only contain self MHC molecules

and self peprides; micrabial peptides are concentrated
in peripheral lymphoid tissues and rend not to enter
the thymus.) The likely explanacion for these distinct
outcomes is thar if the antigen recepror of a T cell
recognizes a self MHC-self pepride complex with low
avidity, the resulr is positive selection, but high-
avidity recognition leads to negative selection. High-
avidity recognition happens if the sell pepricde is
abundant in the thymus (and theretore everywhere in
the body) and if the T cell expresses a TCR thae has
a high afhnity for thar self peptide. These are the
situations in which antigen recognition could lead
baermdul immune responses against the self antigen,
andd 5o the T cell has to be eliminated. Low-avidiey
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recopnition of =self is unlikely to ke harmiul, As inthe
e of B ocells, the akiliy o recopnize foreign
ankigrens seems to rely on chance: T eells that weakly
recopmize self anogens in the thymus oy strongly
recopnize and respornd 1o forcien microbial antisens
in the periphery.

= In the adaprive immune svstem, the molecules
responsible Lor specic recosmition of antigens are
antibodics and T coell antigen receprors.

Antibodics (also called ammumaglobaling, or Ig)
mury be produced as membrane receproes of B lvin-
rhoavtes and g proteins  seereted by antigen-
- lated B thar have Jduferencined into
Jveswereting cells. Secrered antibodics are the

eottle of hunmworal immonny, capable of

wells

CTivdl T

meptralezme mucnckes and microbial  toxins and
clizin »othem by ocovaning various  cHector
shhes | i
I' = T redeptars L TURsY are membrane
et s aiie et secrcied
1 SalEeTts f dros comieisgs o Twin
B R A L | v ---_i_‘ .' 4 .-:-|:r1_-..‘i:~|||||,|.--
I E b cham comeisfsad o variable (W)
v . (R O 1 T s B e g e 1 41T

tbes srugtural

ne the elieetor
vl a0 chain amd o i
of ne W rewivn and one ©
annd Both chaine participare inothe recognirion
weni=, whoch tor most T cells are peptides das-
rlaved ke MHC molecules.

hocunbatlee

The % regions of le and TCR molecules contain
hvpervariable scgments, also called complementarioy-
determining regions, which are the regions of contact
with antigens,

P The genes that encode antigen receptons consist of
mwltiple scpmems thar are separte mothe germbine
and ore browghe wpether during the matunaon of
Templscytes. b Beells, the L pene segments anderso
recombinution as the cells matore i the bone
marrew, and in T ocells the TOR pene sepmments

undergo recombination during mooration in the
thy s,

Ruceptors of different specificities are genernted in
port by ditterent combinations of W, D, and | gene
sepmients. The process of recombination introduces
variability i the nucleotide sequences at the sires of
recombination by adding or removing nucleotides
trom the juncrions. The resule of this introduced var-
ahility s the development of o diverse repertoire of
lymphocyres, m which clones of cells with different
angigen speciicitics express receptors thar differ in
sequence and recopnition, ol most of the dif-
ferences are concentrated o the regions of pene
recomnbinat i,

Puring their mataration, lemphocyies underise
alrernating cveles of proliferation and anigen recep:
tor expresshon ol enverse several checkpoints ar
which they are selecred such thar only cells wich come
plete functivnal antigen receprors are preserved and
expandal Inaddition, T lymphocytes are positively
selected to recosnine peptide antigens displayed by
self MHC molecules.

lmmaiure lymphocytes thar strongly recognize self
anriens are pemitively selected and prevented from
complering their matration, thus eliminaving cells
with the potential of reacting in harmiful ways against
sell rissiees.

¥ Review Questions

1 Whar are the functiopally distiner  domains
(regions) of antibody and T cell recepror mole-
cules? What features of the amino acid sequences
in these regions are importane for their functions?

2 Whart are the differences in the rypes of antigens
recognized by anubodies and T cell receprors!

3 Whar mechanisms contribure 1o the divessity of
antibisly and TCR molecules? Which of these

mechanisms contributes the most 1o the diversitg?

4 Wht are some of the checkpoints dunng lymplio-
evte matartion thar ensure survival of the useful
cells!

5 Whar is the phenomenon of negative selection,
and what is its imporeance?



Cell-Mediated
Immune Responses

Activation of T Lymphocytes
by Cell-Associated Microbes

P 7 05

,’_ﬂqllrmuduumd immunity is the arm of the adaptive immune
S response whose role is to combar infections by intracellu-
lar microbes. This type of immunity is mediated by T lympho-
cyees. Two rypes of infections may lead to microbes hnding a
hoven inside cells, from where they have 1o be eliminated by
cell-mediated immune responses (Fig. 5-1). First, microbes are
ingested by phagocytes as part of the early defense mechanisms
of innate immunity, but some of these microbes have evolved
ter resist the microbicidal activities of phagoeyres, Many patho-
eenic intracellular bacreria and provazoa are able to survive, and
even replicate, in the vesicles of phagocytes. Some of these
phagocytosed microbes may enter the cyroplasm of infecred
cells and multiply in this compartment, using the nutrients of
the infected cells. Cytoplasmic microbes are protecred from
mucrobicidal mechanisms, beeause these mechanisms are con-

Phases ol T Cell Responses

Antigen Recognition and Costimulation

» Recognition of MHC-Associated Paplides

= Role of Adhesion Molecules in T Cell
Activation

+ Role of Costimulation in T Cell Activation

Responses of T Lymphocytes to Antigens

and Costimulation

= Secretion of Cylokines and Expression of
Cylokine Receptors

= Clonal Expansion

= Ditfereniiation of Naive T Cells into
EHector Cells

= Development of Memory T Lymphocytes

+ Decting of the Immune Response

Biochemical Pathways of T Call

Activation

Summary

ined ro vesicular compartments {where they cannot damage the host cells), Second,
viruses may bind to receprors on a wide variety of cells and are able to infect and replicate
in the cytoplasm of these cells, These cells often do not possess intrinsic mechanisms for
destroying the viruses. Some viruses cause latent infections, in which the viml DINA, is
integrated in the host genome and viral proteins, bur not infectious viml particles, are pro-
duced in the infected cells, The elimination of microbes that are able to live in phagoeytic
vesicles or in the cyroplasm of infected cells is the main function of T lymphocyres in




b ] Baga: Immuntiogy. Functions and Disorders of the Immune Sysiem

[Intracellular microbes Examples |
(A) Phagocyte Phagocylosed | Intracellular bacteria:
? — microbes that E.grml:a:leria
R survive within eria monocylogenes
' < %] . phagolysosomes | Legionelia pneumaphila
o ~. Fungi:
| efly =) Cryptococcus neoformans
b o L f
[ \ | (g Protozoa:
. S Leishmania
| L Trypanosoma cruzi
Microbes that escape
from phagolysosomes
into ¢yloplazm
‘B’ Nonphagoeytic cell Viruses:
® (e.0. epiihellal cell) aat hi- B
Cellular e | Ricketlsias:
bl e S - | A
raceptor |
lor virds Protozoa:
| Flasmcdivm falciparum
Cryvptosporidivm panum
icrobes that infest |
noaphagocytic calls |

Types of intracelivlar microbes cambated By T edlb-mediated immunity. & Microbes may be ingested by

SaTern W 5 CT50 ST a) 6

5 0 R Coolasm whers they are nol susceptible lo the
G0 1o receptors on many cell types, including nonphagocytic

Ceie. Serme vitusas establish latent nleclions, i which viral proteins are

adaptive immuanin. C14° helper T lemiphocytes
s Belp B cells 1o produce annibodies. A commuon
teature of all thes reactions bs that to perform their

tunctions T lomphocvres Bave 1o interact with other
cells. which may ke phagocvies, infected hose cells,
or B lvmphocytes, Revall that the specificity of T cells
tar peprides displived By major Bise seosmpatibility
complex (MHC) molecules ensures that the T eclls
cart only see and respond 1o antigens avocinted with
other cells (see Chaprers 3 and 43, This chaprer dis-
cusses the way in which T lyniphocytes are activaned
Py recognition of cell-associaned antigens sl othwer
stimuli. The folliwing questaons are aldressed:
* Whar signalbs are peeded o activate T lymphao-
cvtes, and whr collular Teceptons are weed o sense
and respond o rhese signalst

How are the few naive T cells specific for any
micrube converted into the large number of effec-
tor T cells endowed with the ability o eliminare
the microhe!
Whar molecules are produced by T lymphocytes
that mediave their communications with other
cells, such as macrophages and B lymphocytes?
Afer the description of how T cells recognize and
respond o the antigens of eell-assoeiated microbes, in
Chapter 6 a discussion is presented of how these T
cells function ro eliminare the microbes.

Phases of T Cell Responses

The responses of T lymphocytes to cell-associated
microbial antigens consist of a series of sequential
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Cytokines
(e.q., IL-2)

Lymphoid organs

reﬁggﬁﬁi%n Activation ex%?#sﬁ-lan Differentiation I‘Er?;?;ﬁ;
; Activation of
™y =5 macrophages,
D B cells, other
Effector CD4+ cells
T cell
& "“Gytohmes MEﬂ'lrﬂl'}l'
(e.g., IL-2) ?lggl“l‘
_IL-2R

Kilrling of
rad \ infected
Ee @ * "target celis”;
macrophage
Eftactor CO8* activation
T cell {!_':TL}
Mamory
CDg+
T cell

Peripheral tissues

ure 5=Z Steps in the activation of T lymphocytes,

Mamg T cells recognize MHC-associated peple antigens dig-

vlayed on APCs and olher signals (nol shown). The T cells respond by producing cylokmes, such as IL-2, and exprassing
racepios lor (hese cylokines, leading to an aulocring pathway of cell proliferation. The resuil is clonal expansion of the T cells

Some of Ihe progeny diferentiate imo elfeclor cells, which
calis, which sunveve for long pericds. (The eflector functions

steps that result in an increase in the number of
antigen-specific T cells and the conversion of naive
T cells to effector cells (Fig. 5-2). As we have dis-
cussed in previous chapters, naive T lymphoeytes
constantly recirculate through peripheral lymphoid
organs searching for foreign protein antigens, Naive
T cells express antigen reeeprors and other molecules
thar make up the machinery of antigen recognirtion,
but naive lymphocytes are incapable of performing
the effector functions required for eliminating
microbes, To perform these funcrions, the naive T
cells have o be stimulated o differentinre into

serve vanous funclions in cell-medialed mmunity, and memary
of T ymphocyles are described in Chapier 6.)

effector cells, and this process is imatiated by antigen
recognition. The protein antigens of microbes are
tmns]:xlrl.‘cf] from the puri:lis of entry of the microbes
o the same peripheral lymphoid organs whene naive
T cells reside. In these organs, the antigens are
processed and  displayed by MHC molecules on
professional  antigen-presenting cells {APCs) (see
Chaprer 3). Thus, naive T lymphocytes frst encounter
protein antigens in the peripheral lymphoid ongans.
Ar the same time as the T cells are seeing antigen,
they receive additional signals from microbes or from
inmate immune reactions to the microbes,
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In response to thes combinatbon of stimuli, the
omtigen-specific T ocells begin o secrete proteins
called evtokines, whose muiltiple functions in cell-
mediared immunity are described Lier imthis claprer
Soime eytokines function rogether with antigen and
microbesderived second signals 1o stimulare the pro-
literation of the antigensspecine T cellz. The result of
this proliferation &5 a rapid increase in the number of
antigensspecine lvmphosvies, a process called clonal
expansion. A imaction of these activated lomphocyies
underco the process of differentiation, which results
in the conversiom of maive T cells, whose funceion is
to recounize micrelial anrigens, into a population
of etfector T cells. whose function s 1o climinare
= effector T cells oy remain in the
temph nede and uncnen o eradicate intected cells

Y

ferph meade or teoprovide cenals w B eells thn

e asptkody respones auainst the microbes

selle Beve the lvmphod ongans

Jimerenrnired ropmunve T cells, enrer the

Lo A A3t ol insee b, wliere

sitetion {sev Chapter 6.
ceils that Bave prodifenited i
nee memory T eells,
raaky imaetlve. aml cir

1
M1 Ted

TRl Tedd P ichiy

to- thie smme nicrcke, A ettedtor T

it the infecrions asent. the <timiali thar

soread 1 oweli eXpmsion o BT ST O | B

s g pesult, the ereath exranded elone

renaspecine lvmphoovtes dies thes retumms

thae syt Tor it Puvsal restiny st This wq LTTE TelE] ol
cients = common w O T lempbsovees and OIS

T :'-'-]"Il.-n.l.lw.'u althougeh, ool sy later. there
are imporiant Jdifferences mothe poopermivs and cifecs

tor functions of CE4" and C15 cells

Witk rhis backarumd we proceed o description
of thie individual stepein T cell respomnses, The process
of acvvation of T lvmphoceres alo fnvdves bio-
chemical sigrals that are penerated by antigen recope-
niton and are translared into the biologic responses
of the lvmphoeyies. This chapter ends with a bricl
discussion of the Fochemisry of T lymphucyte
agrivation.

Antigen Recognition
and Costimulation

The initiation of T cell responses requires multiple
receptors on the T cells recopnizing ligands on
APCs: the TCR recognizes MHC -associated peptide
antigens, CD4 or CD8 coreceptors recopgnize the
MHC molecules, adhesion molecules strengthen the
binding of T cells o APCs, and receptors for
costimulators recognize second signals provided by
the APCs {(Fie. 5:3), The molecules other than
antipen receprors tharare involved in T cell responscs
o antigens are often called accessory molecules of T
lymphocytes.  Accessory muolecules are  invariant
ameng all T eells, Their functions Gll into three cat-
eumorics: recognition, s'ignaling., and adhesion. Differ-
ent accessory molecules bind 1o different ligands, and
cach of these interactions plays a distinet amd com-
plementary role in the process of T cell activation.

Recagnition of
MHC-Associated Peplides

The T cell receptor for antigen (the TCR) and the
ClM or CDS corecepror together recopnize the
complex of peptide antigens and MHC molecules on

Ligand-receptor pairs involved in T el
activation. & The map surlace molecubes of CD4" T cells
IeyGond i ihe activation of thess cesls (Ihe recepiors), and
thz molecuies on APCs (ihe Rgands) recognized by ihe
recoplong are snown CD8" T cells uge most of the same mal
aculos cxcep thal the TCR recognizes peptide-class | MHC
comgiexes, and the coreceplor s CO8, which recognizes
class 1 Immunoreceptor hyrosine-based aclivalicn motils
[ITAkS) are the regons ol signaling proleins hal are phos-
phorylated on lyrasae residues and become docking siles
for oiher gignakng molecules (see Fig. 5-14) CDJ 15 com-
posed of three polypeptide chains: B The impoarant propear-
nes are summarnized of ihe major “accessory” molecules of
T celis. so called bacause thay parbicipate in responses [0
antigens bul are nol the receptors for aniigen CTLA-
(CD152) 15 & T cell receptor hor BY molgcules that delivers
nmshulory Ssnals. as le in sholting ol T cell responges &
described in Chapter 3, VLA mobecules arg infegnng involved
in kpukooyle binding (o endothabum (3ee Fig, 6-2, Chaplar
&)
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Receptors of CD4+ Ligands of class ||
helper T lymphocyte MHC expressing APC
Adhesion, cD4
signal ""_[_
transduction —
Antigen H— L
recognltlon M coa ﬁ
Signal ITAM
transduction (= =
| CDz8
Adhesion [LF.I“H
@T cell accessory molecule | Function Ligand
Name Expressed on
-C'I':;a Signal transduction | None
*ﬁ' DETCH mmprex
o gw Srgna! transduction | None
by TCH complex
CD4 Adhesion and Class Il . Anligen-
A signal transduction | MHC ,:E pr?rsenling
cells
coa Adhesion and Class | .ﬂ;ntige—n-.
signal fransduction | MHC presenting
,,=_m:, % cells, CTL
target cells
cDza - Signal transduction E? 1;3? a .ﬁmligen-
costimulation) presenting
:@ ( 4 cells
CTLA-4 Signal transduction | B7-1/B7-2 © Antigen-
_c (negative _’ presenting
reguialunn} - cells
LFA-1 Adhesion ICAM-1 Antigen-
—"> presenting
q CEHE.
endothelium
VLA4 [ : | Adhesion VCAM-1 Endothelium
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APCs, and this recopnition provides the firzn, or
initiating, signal for T cell activation (Fig 3-4), As
we disgussed in Chaprer 3, when proein angigens are
mgested by APCs from the extracellular milicu o
vesiches these antigens are progessed into peprides
that are displived by clies 1D AMHC molecules. In con-
trisE, protein antigens that are present in the cytos
pliasm are progessed inne peptiles thar ane displaged
P class [ imeolecoles, The TCR convists of an o chain
amd @ [ chay, both of which participate in ontigen
recogmitivon {see Claprer 4). The TCR of a pepike
antigensspecific T oeell recounizes the displiyed
peptide and simultaneously recogmizes sesidues of the
MHC molecule thar are located around the pepride-
binding <lefr. Every matore MEC-resticred T el
expresses cither G or CUS, which are colled wore-
coprors Pecise they functon with the TOR o bind
MHC molecules, Ar the sine time as the TCR i

eecopnizitg the peptide-MHC complex, D4 or CDE
recosnizes the class 11 or class 1| MHC molecule,
respectively, ar o site separme from the pepiile-
bivding cleft. Thos, CI4° T cells, which funcrion as
cvtokineproaducing helper cells, recognize microbial
antigens thar are ingested from the exrracellular
miliew and are displayed by class 1 MHC molecules,
and CDE T eells, which funcrion as cyrolyric T lym-
phocvres (CTLs), recopnize peptades derived from
evtoplasmic microbes displaved by cliss 1 MHC mal-
ccutles. The specificity of CD4 and CDE for differemnt
¢livssaes of MHC molecules and the distinen parhways
ol processing of vesicular awd cyrosolic antigens
ensure thar the “correet™ T cells responad o ditterent
microbes (see Figo 3215, Chaprer 33 Two or more
TCRs anad comeceptors need to be enpgaged sinuelrane-
oushy 1o initiare the T cell response, because only i
il'ltlllir'!u TCRs and Cufeceors are |'||'uu,\;l'll roperher
can approprate bischenucal signaling  cascades e
perivimed (discussed later in the chaprer). Therefore,
any ene T cell can respond only if it encounters an
array of peptide-MMHC complexes on o AMC. Also,
cich T cell needs to engage antigen (e, MHC
associnted peprides) for o long period, ar least for
several minutes, or mulriple times o generate enough
Fecliemical sipnals o initiate o response. Once
these conditions are achivved, the T cell begins s
SCERPCEIIR P,

The biochemical sipnals that lead to T cell
activation are triggered by a set of proteins that are
linked to the TCR to form the TCR complex and
by the CD4 or CD3 coreceptor (see Fig. 5-4). Dif-
feremt T cells must possess antigen receptors thar are

arable coough worecoenize diverse anptipens and
vther molecules thae serve the conserved signaling
roles and do st meed o be variable, In lymphaocyres,
these pwo types of functions, antigen recognition amd
suanling, are sepregated into differene ses of mole-
cules, The TOR recosmizes antigens, but it is noc ahle
ton transait biochemical sipnals to the interior of the
eell. The TCR is nencovalently associated with a
comples of three proteins thar nake up CD3 and with
i Boaneslier of another signaling proein called the
C chain. The TCR, C13, nd £ chain make up che
TCR womples. by the TCR complex, the function of
sntigen recogmition is performed by the v le TCR
e and [ chains whereas the conserved signaling func-




tion s performed by the atached CD3 and § proteins,
The mechanisms of signal transduction by these
proteins of the TCR complex are discussed larer in
the chaprer.

A small subser of T cells expresses TCRs made up
o Fard & chains, which are structurally similar to the
ot nd [ chains of the TCRs thar are present in most
T cells, 38 T cells are often founcd ar epithelial sur-
fces and are believed o defend the hose against
porhwgens that are commaonly encountered at epithe-
T, Most 36 T cells do not recognize MHC-associared
peprides; instead, they recopnize lipids and other mol-
vonles that may be common to many microbes,

T cells can also be acrivared by molecules thar bind
v the TCRs of manw or all elones of T cells, regand-
lvss o the pepride-MHC specificity of the TCR.
Thuse polyclonal activators of T cells include anci-
linlivs specific for the TCR or associated CD3 pro-
e, polymenic carbohydrte-binding proreins such
s phytohemagglurinin, and certain microbial pro-
teins called SUPCTAntigens. pﬂlj"."l“l'lil.i ACEIVATORS AFg
ofren used as experimental rools o study T cell acri-
vation responses amd inclinical setvings to test for T
cell funcrion or o prepare metaphase spreads for chro-
sl analyses, Microbial superintigens nay conse
serions Jisease by cousing activation and excessive
cytokine release from many T cells.

Role of Adhesion Molecules
in T Cell Activation

Adhesion molecules on T cells recognize their
ligands on APCs and stabilize the binding of the T
cells to the APCs. Most TCRs bind the peptide-
MHC complexes for which they are specific with low
athmiry. A possible reason for this weak recopnition is
that T cells are positively selecred during their matu-
ration by weak recognition of self antigens, and their
ability 1o recognize foreign microbial peprides 15
fortuitous angd nor predl:n:rminﬂ] (see Chaprer 4).
(Recall that this type of selection is inevitable con-
sidering that the thymus, where T cells mature,
cannot possibly contain the entire universe of micro-
binl peprides, and the antigens that mamriog T cells
can encounter in the thymus are self antigens.) It is,
therefore, not surprising that T cells recognize foreign
antigens weakly. To induce a productive response, the
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Finding of T cells to APCs must be stabilized for a
sulfciently long period that the necessary signaling
threshold s achieved. This stabilizarion funcron is
performed by addbesion molecules on the T cells whose
ligands are expressed on APCs. The most importaint
of these mdhesion molecules belong to the Gumily of
heterodimeric (two-chinn) proteins called integring.
The major T cell meegrin involved in binding o
APCs i leukocyre funcrion=associnted  anrigen- |
(LFA-11, whose ligand on APCs is called intercel lu-
lar adhesion molecule-1 (ICAM-1).

Integrins play an important role in enhancing
T cell responses to microbial antigens in two ways
(Fig. 3-5). On resting naive T cells, which are cells
thar have nor previously recopnized amd been acti-
viated By antizen, the LEA-1 integnin is inoa low-
althmity stace. If a0 T cell is exposed o chemokines
provduced as pare of the innate mmune response to
infecrion, that T cell’s LFA-1 molecules are converned
to a high-affinity state and cluster together within
minutes. As a result, T cells bind strongly o APCs ar
sites of infection. Antigen recoenition by a T cell also
increnses the ;lflininl,r of thar cell's LFA-1. Therefore,
omce a T cell sees antigen, it increases the strength of
its binding w the APC presenring thar ancigen,
prn.wii.ling a positive feedback loop, Thus, mregrin-
mediared adhesion is critical for the abilicy of T cells
o hind ro APCs displayimg microbial antigens.

Integring also play an imporeane role in dirccring
the migration of effecror T cells from the circulation
to sives of infection. This process s discussed in
Chapter 6.

Role of Costimulation
in T Cell Activation

The full activation of T cells is dependent on the
recognition of costimulators on APCs (Fig. 5-6). We
have previowsly referred o costimulators as “secomd
signals” for T cell acrivavion (see Chaprers 2wl 3).
The mame “costinmlarer”™ derives trom the faer
these molecules provide stimali o T cells thar fune-
ron together with stmulaion by antigen. The best
detmed costimubarors for T cells are two related pro-
reins called B7-1 (CDE0) and BT-2 (CDE6), oty of
which are expresed on professional ADPCs and whose
expression s greatly  incrensed  when the APCs
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Hbgulallnn 01' integrin avidity. Integrins are present in a low-aflinity stace in reging T cells Chemaokines poo-

1 rizuced oy e TCR when i recognizes ar1ugeu both ac1 onintegring and lead 1o thew clusler-
craase e allnity of the integring foe their ligands. As a resull, the mlegring band
aAFCs, and thus piomole T cell activalion

Thee BT

chcoupter milctobes Froleins are recoenized
Py o mecepiue called CI05, which s CN|“'I"5."~‘1.'\E
o vaetually Wl T celbe Sianale from CD25 on T eells
hindinge w B

v AP work toeether with signals
senerated By bindme of the TCR and corecepror o
pernde MHC complexes on the same APCs. CD2S.
medioted sanaling = cssential for initianng the
respromises o mave T ocellss and in the absence of
CL25BT interactions, engagement of the TCR alone
1= ursable rooactivare the T cells and may even lead w
[ome-lived T cell unresponsivencss. (The importance
ol this type of uneesponsivencss for  preventing
smmune reactions o sell antigens will be discussed in
Chuprer 9. The  requirement  for  costimulation
vrsures that naive T lymphocytes are activared fully
Iy microbial antigens, because, as stated previously,
microbes stimulate the expression of BT costimulatrs
an APCs The ADPCs express several other molecules
that are structurally similar to B7-1 and B7-2 and ey
;,,_1;‘_1 function as costimulanors or s RECERTRRNT IL',:LI:I.:I-
tors of T el responaes. These different B7-like mol-

ceules may be particularly important in acrivation or
regulation of effector T cells,

Another set of molecules than participan: in
increasing costimulatory sipnols for T cells are CDY0
ligand (CI154) on the T cells and CD40 on APCs,
These molecules do not directly enhance T cell acti-
vation. Instead, CDY0L expressed on an antigen-
stimulated T cell binds o CDE0 on APCs amd
activares the APCs w express more BT costimulators
amd 1o secrete evtokines, such as 1L-12, that enhance
T cell differentiation. Thus, the CO40L-CIM0 inter-
action prometes T cell activanon by making APCs
betrer APCs,

The role of costimulation i T eell activation
explains an old observarion that we have mentioned
in varlicr chapiers, Protein anmgens, such as those
el s vaecmes, faill o clicie T cell-dependent
U responses onless these antigens are asdminis-
tered with substances thar acovare macrophages
and ather APCs. Such substances  are  ealled
adjuvants, and they function mainly by mducing
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| T cell response |
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IMMUNe response
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exprassion of
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secretion of
cytokines

—

¥

R
Cytokines (e.g., IL-12)

T cell proliferation
and differentiation

o G- The role of costimulation in T cell activation, Resing APCs, which have not been exposed 10 rmecrobes of
a0 uvanis, may present peplice antigens bul they do nol express costimulaiors and are unable io activale naive T cells. Naive
I cells that have recognized antigen willoul costimulalion may becoma wWirasponsve 10 subsequent exposure 10 anligen,
even d costimulators are present, and this state of unrgsponsivensss is called anergy Microbes, and cylokines produced
during INNES IMMENe responses 1o microbes, induce (he expresson of cosiemulalons, such as BT molecules. on the APCs.
The BY costimulalors ane recognized by the CD28 recepior on naive T cells. providing “sagnal 2,7 and in conunclion with
anigan recognibon {“ssgnal 17), this recogriion wnitates T cell responses

the expression of costimulators on APCs and by
stmulating the APCs 1o secrete cytokines that
activate T cells. Mast adjuvanes are products of
microbes (eg., killed mycobacreria) or substances
that mimic microbes. Thus, adjuvants  convert
inert protein antigens into mimics of pathogenic
microbes,

Understanding the nature and biology of costimu-
luwors is an evolving story, and much remains 1o be
lcamed abour the structure and funcrions of s
foamily of proteins. These isswes ane of practical impor-
rance because enhancing the expression of costimu-
lavors may be useful for stimulating T cell responses
(e, against omors), and blocking eostimulators
may be a strategy for inhibiting unwanred responses,

Clinical trinls of agents thar  block B7:=CD28
anal CEE0:CR0L. inreractions are now ongoing in
transplant recipients to reduce or prevent graft rejec-
tion (see Chaprer 10).

The activation of CD& T cells is stimulated by
recognition of class 1 MHC-associated peprides
and requires costimulation andfor helper T cells
{Fig. 5-7). CD8 T cells recopnize peprides thar ny
be produced from cyroplasmic proteins, such as viral
proteins, in any nucleated eell. The development of
CDE CTLs in some viral infections requires the con-
comitant activation of T4 helper T cells. It is
believed thar in such infections, infected cells are
imgested by st APCs, mainly dendrivic cells, and che
viral sntigens are “cross-presented” by the APCs (see
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Faer, 55, Chupter 3% The same ATC moay present viral
antigens e the gynosol i compleses winh closs |
MHC molecules and trom vesicles i complox with
i i.|-~ |.| ."n.:E]{ : :i‘.-.-];_\_'ulr-. T.||||-. l*-\. -r||.1:_:|'.'.‘: [ L'L.'”"- ,||'|._1
C1W T cells specine for vimal anieens are activaned
near onwe anscther, The U4 T wells oy procduce
cyvtokines or membrane molecules than help roactivare
the D8 T cells thus, the chonal expansion of €105
ared therr Jditferemiation into efivctor ond mennory
CTLx iy b dependent on balp provided by Gl T
cells. This s a likely explmanion for the detective CTL
FusPe ises 10 ANy viruses i patents imfected with the
human immuonedeiciency vinos (HIVYL which kills
CI b g CDS" T cells, CTL pespaonses 1o some
viruses donot appear o reguire belp from O T cells
fior resons that ane ot known.

Mo thae the st I|.'!|:|1 A :r;-quqn_xl [TV e RS 1S
naive T l‘r'“"l"'-’fl'-"'-'!-"Il" luve been Jescrilad, the nex

ma nlfectans. AFCs may ingesi miecied cells and preseni microbeal anti-
1o CoS mtiper T e Pepat T oelis Imen produce cylokines that stimulale 1he axpans:on and

it tnat he'par cells may actvate APCs 1o make them compeiend al stimaalat-
cogniias class | MHC -asseciated pephdes and receives cosbimulalony signals

qustion o be addressed is how the T cells respond to
these stimuli.

Responses of
T Lymphocytes to Antigens
and Costimulation

The recogmition of antigen and costimulators by T
cells inivimes an orchestrated set of responses thar cul-
minate in the expansivon of the .|nti}:un-.=-p|:ciﬁq: clones
ol Iymmphuseyres amd the differentimion of the naive T
cells inmo effeeror cells and memory cells (see Fig,
320, Many of the responses of T cells are medinted
by cyrokines thar are seerered by the T cells amd act
o the T ocells themselves and on many other cells
el ved di e detenses, Do the following section
el compoment of the biologic responses of T cells
i discuiaund.



Secretion of Cytokines
and Expression of
Cytokine Receptors

In response o antigen and costimulators, T lym-
phocyres, especially CD4* T cells, rapidly scerete
several different cyvtokines that have diverse activi-
ties (Fis. 5-8). Cyrokines are a large group of proteins
that Tunction as medintors of immunity and inflam-
mation. In innare immune responses, cytokines are
procuced mainly by macrophages (see Chaprer 2);
awl i wdaprive immunity, cytokines are secreted
v T cells. These proteins share some important
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properties, although different cytokines have distiner
activities aod play different roles in iy IS FESpHSCs.

The first eyrokine to be produced by CD4° T cells,
within 1 te 2 houes after activation, is interleukin-2
{IL-2). (The term intevlenkin refers 1o the face that
many of these proteins are produced by leukocyres
act on leukoeytes.) Activation also mapidly enbunces
the ability of T cells to binad and respond o 1L-2, I
regulating the expression of the IL-2 receptor {Fig. 5-
9}, The high-affinity recepror for 1L-2 is a three-chain
molecule. Maive T cells expres two sipnaling chaing
of this receptor but do not express the chain dhat
enables the recepror to bind 1L-2 with high affiniy.

(® General properties of cytokines

Property

Mechanism

o antigen

: G0 Properties of the
major cytokines produced by
CD4* helper T Iymphocytes.
A The genesal propenties of all
cylokings and the mechanisma
responsible for these properlies
nre summarized B The bickogic bia

Redunda

ic activilies

Produced transiently in response | TCR signal and costimulation

Usually acis on same cell that : ;
produces the cytokine (autocrine)| expression of both cytokines and
or nearby cells [para.crine_rl

Pleiotropism: each cytokine has
multiple biclogic actions

: multiple cytokines
may share the same or similar

induce cytokine gene transcription.
T cell activation induces
high-affinity receptors for cylokines

Many ditferent cell types
may express recaplors fora
particular cytoking

"r'i.ﬂanyr cytokines use same
conserved signaling pathways

actions ol selected Ccylolings
mwvolved in T cell-mediated imimu-

Iy e miamrriagc. TEE v @ Biologic actions of selected T cell cytokines

tions mamly as an nhéwior of

mmune respongses; ks role s

discussed in Chapter 9 The | Cytokine Principal action Cellular source(s)
ok o i ials I

;ﬂnﬁ F.gﬂ?ﬂ i bl Interleukin-2 | T cell growth stimulation | CD4* and CD8* T cells
{IL-2)
IL-4 B cell switching to IgE | CD4+ T cells, mast cells
IL-5 Activation of eosinophils | CD4+* T cells, mast cells
Interferon-y Activation of CD4* and CD8* T cells,
(IFN-v) macrophages natural killer cells
TGF-B Inhibition of CD4+ T cells; many

T cell activation other cell types
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iﬂﬂ?ﬁ ?;BBJ " < H“ the [§ and . chaing e lorm the
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T (Ka = 10717 M) | tleraiion of the T caiis thal recog-
B mizeh the antigan.
IL-2-induced =
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proliferation Il i

Waitlan hewrs atter activation by anrigens and -
afmulators, the T ool produce the thied chiin of the
receptor and now il complere 1-2 recepror s able
B bind IL-2 seonedy. Thos IL-2 preduced baoan
antigon-stimuliared T cell preterennially binds vy ol
acts ot thie same T cell, The principal action of [L-2
1= tas snarneelare |"J'u||.t'|,'r.|l;lnl‘4 of T cells: for this reason
o2 bs alsos colled T eell growth facron 1L-2 stinbanes
T \-'1.'“"' bos efrileT rh-.- t‘lL'“ k"!|L'I.1.' .Ln-J I"k".:“'l LT 'l.FI".'I..II.'.
rosultiee i an increase in the number of the antieen-
specitic T cells. Dhifferentiated effcoroe CI4 T cells
prosduce many other eytokines. and the imerons of
sommie o the major ones are Jdescnibed Lirer

CDE T Iymphaocetes than recognize antizen and
comtimularors doomon appear o secrere binge smeounts
‘1I- IL.EL ?.'.I' LY "I‘-ltl bl & Ii.ll"r. I.‘I.L"‘-L' |'\,F||F"F!L\"IIL‘\
proliferare prodigios<dy during inmiene responses, N
is possible that antigen recommition is able o Jdrive the
poliferation of CDS' T cells witho a [ECS T PN IO

for much 1L-2. Alternanvely, as we mentioned earlier,
in some cnses, T8 T acovanion may require help
from CO4° T cells thar are activared nearby
prowide JL-2.

Clonal Expansion

Within [ or 2 days after activation, T lymphocytes
begin to proliferate, resulting in expansion  of
antigen-specific clomes. This expansion quickly pro-
wides o lange poal of antigensspeaic lymphocytes
fremm which eifecror cells can be penerred o combat
infection.  The |'n:1p.rnﬂl.|dc al clonal -:xp.ms.iun I
renarkable, expecially for COE T cells, For instnce,
e infection, the mumber of C18 T cells specine
faor sy ome micrshial proten antigen is abour 1 in 107
o 107 ymplwscytes i the by A the peak of some
vipal deetions, which oy be wirthin o week after
the infection, s memy s 0% (o0 2000 of all ghee



Iymphocytes in the lymphoid organs may be specific
fur that virus. This means that the antigen-specific
clones have increased by more than 10,000-fold, with
an cstimated doubling time of abour 6 hours. Several
femtures of this clonal expansion are surprising. First,
this enormous expansion of T cells specific for a
microhe is not accompanicd by a detectable increase
i “bystander” cells thar do not recognize that
micrebe, Second, even in infections with complex
mecrobes that contaln many protein antigens, the
majority of the expanded clones are specific for only
o Lew, and often less than five, immunodominant pep-
tickes of thar microbe, The expansion of CD4* T cells
appears to be much less, probably on the order of 100-
1old ros 1000-fold. This difference in the magnitude of
Lot expansion of CD8" T cells and CO4° T eells
ey refleet differences in their funcrions. CD8° CTLs
e effector cells thar themselves kill infecred cells,
ul many CTLs may be necded o kill large numbers
ol infected cells, In conrrast, CD4° effector cells
seerete cyrokines that activate other effecror cells, as
duscribed later, and a small number of cyrokine pro-
shicers may be all thar is needed.

Oifferentiation of Naive T Cells
into Effector Cells

The progeny of antigen-stimulated proliferating T
cells begin to differentiate into effector cells thar
luncnion to eradicate infections. This process of dif-
ferentiation is the resule of changes in gene expres-
siont {e.g., the activation of gencs encoding eyrokines
lin CD4* and CD8* T cells] or eytolytic proteins [in
CDE CTLs]). 1t begins in concert with clonal expan-
sion, and differentiated effector cells appear within 3
or 4 days after exposure to microbes, These cells leave
the peripheral lymphoid organs and migrate to the site
of infection. Here the effector cells again encounter
the microbial antigens that stimulated their develop-
ment. On recognition of antigen, the effector cells
respond inoways that serve to eradicate the infection.
Effector cells of the CD4" and CD8 populations
perform different funcrions, and their patterns of dif-
ferentiation are similarly distiner,

CD4* helper T cells differentiate into effector
cells that respond to antipen by producing sucface
molecules and cytokines that function mainly to
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activate mac rophages and B lymphocytes (Fig. 5-10).
The most important cell surface protein involved in
the effector function of CD4" T cells i CD40 ligand
(CD4OL). The CDHOL gene becomes transcription-
ally active in CD4" T cells in response 1o anrigen
recognition and costimulation, and the result is thar
CDA0L is expressed on helper T cells afeer activarion.
It binds o s recepror, CO40, which 1 expressed
mainly on macrophages, B lymphocyres, and dendriic
cells. Engagement of CD40 activates these cells, and
thus CDH0L is an importane participant in the acti-
vatien of macrophages and B lymphocyies by helper
T cells (see Chapters 6 and 7). As discussed earlier,
the interaction of CD40L on T eells with CDY0 on
dendritic cells stimulates the expression of costimula-
tors on these APCs and the production of T cell-agti-
vating cytokines, thus provading o positive feedback
(amplihcation) mechanism for AMCeinduced T cell
AcTivarion,

The analysis of cytokine production by helper
T cells has answered a long-standing question in
immunology. It has been known for many years that
the immune system responds very differently ro dif-
ferent microbes. For instance, ingracellular microbes
such as mycobacteria are ingested by phagocytes bur
resist intracellular killing. The adaptive immune
response to such microbes resules in the activation of
the phagoeytes o kill the ingested mierabes. In strik-
ing contrast, helminthic parasites are wo large w be
phagocytosed, and the immune response o helminths
is dominated by the production of IgE antibodies
and the activation of eosinophils. 1gE antibody coats
(opsonizes) the helminths, and the eosinophils use
their lgE-specific Fe receprors o bind to and destroy
the helminths. Both types of immune responses
are dependent on CI4" helper T eells, but for tmany
years it was not clear how the CD4" helper cells
are able o stimulate such distiner imnwne effecor
mechanisms. This 'ptu::lu: was answered by the discow-
ery that there are different types of T4 effector T
cells thar perform distinct functions, as described
below.

CD4* helper T cells may differentiate into
subsets of effector eells that produce distinet sets of
cytokines that perform different functions. The best
defined of these subsers ave called Tyl cells and T),2
cells (for type | helper T cells and type 2 helper T
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ceil=! (Fig. 3110 The mest imporiann cveelane pro-
by Tyl cells ix imerferony (FN7h s gallied
o a0 wis discovered sa oviokine thar inhibiged
tor antenered with ) vieal infection, [Fs-7 s oo potent
activator of imacrophages. e aba somulmes the pro-
Jusrivn of annilsoady ssotypes that promete the phago.
cutisis of microbes, beciese these antiboadics bind
dircenly to phogocyte Fo receprors, anad they activare
complement, generating products that bind o phago-
evte complement receptors. (These functions of anti-
bodies are described in Chaprer 8.) Therefore. Tyl
cells stimulute  phagocyte-mediated  mpestion and
killimg of microbes, the key component of cell-
mediated immunity. IFN-7 also stimulates the expres-
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sion of class 11 MHC molecules and BY costimulators
on APCs, especially macrophages, and this action of
IFM -y miay serve o amplify T cell responses. Ty,2 cells,
on the other hand, produce 1L-4, which stimulates
the production of IgE antibodies, and IL-3, which
activaies vosinophils. Therefore, Ty2 cells stimulaee
phagocyte-independent, cosmophil-mediated 1mmu-
nity, which is especially effective against helminthic
prarsies, Some of the c'_n'mlcim:s pl!‘Dl.[LI.C-L‘fJ bl,' Tuz
cells, such ws IL-4, IE-10, amd IL-13, inhibit
macrophage  activation and  suppress Tyl eell-
F||I.."'di'|ll:l.!L! .Ill'lll'l.ll'l'llt'ﬁ'.- Thl."\l.'ri'l'hf. 1!'"..' L"I’ﬁtﬂc'}' I.]r f".:1l"
medinted immune esponses against & microbe may
b derermined by o balance beoween the activarion of
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Sieure B=41  The functions of Tyl and T2 subsets of CD4* helper T lymphocytes. A& T,,1 celfls produce the cytoking
IFh-y. which aclivales phagocytes 1o kill ingested microbes and stimulales the producton of anbibodies thal promote (he inges-
tson of microes by the phagocytes. B. T2 cells specilic lor microbial or nonmicrotual protein antigens produce the cylokines
-4, which stmulates the production of IGE antibody, and IL-5, which activates egsinophuls, IgE participates in the aclivation

ol masl cells by prolein antigens and coals helminths lor destruction by eosinophils

Til and Ty2 cells in response to that microbe. We
will returm to this concepr and its importance in infec-
tious diseases in Chaprer 6. [t is likely that many dif-
ferentiated CD4' T cells [n‘udu.cc various mixtures of
cytokines, stimulate multiple effecror mechanisms,
and cannot be readily classifed inte Tyl and Ty2
subsets,

Continued

The development of T, 1 and T2 cells is not a
random process but is regulated by the stimuli that
naive CD4* T cells receive when they encounter
microbial antigens (Fig. 3-11). Macrophages and
dendritic cells respond o many bactena and virsses
by producing a evtokine called 1L-12, When naive T
cells recopnize the antigens of these microbes, whick
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@Pmperly TH1 subset | TH2 subset
| Cytokines produced
IFN-7, IL-2, TNF + .
IL-4, IL-5, IL-13 = +++
IL-10 +/- ++
IL-3, GM-CSF ++ ++
| Cytokine recepltor
| expression I
IL-12R B chain I ++ -
IL-18R L a -
Chemaokine recaptor
expression
CCR%, CCR4 +/- ++
- R5 ++ +f-
4 I +f-
isetvpes InG2a IgE: lgG1 {mouse)/
Pl (mouge) I IgG4 (humans)
Mhazrophage activasicrn e -
E T 2 nelper T oells ane summanzed MNote thal
5. The chemoking recoptors are called
FACRL nes based on whether key cyslenes ane
5 o ! 1 1he muggration of diflerent types of cells. These,
L F o diffaen) mHArMMAaey teachons il Yarous
i Beanng presenied by the sime AFCs the T eells o particular infections. Several subsets of dendritic
expoeed po IL-120 IL-12 prometes the cells have been identified thar differ in the classes of
Jiterertiatien of the T cells inio the Tl subser, microhes they respond o and the cyrokines they

wheeh then produce IFRN=Y o activate macrophages
te kil the mucrobes. This sequence llustrites an
impottant principle that has been mentioned in
carlier l.i'l.:il"T:.'h-. that the innate mmone respanse—
i this case, 1L-12 production by APCa—inlluences
the nature of the subsequent sdaptive immune
response, drving it toward Tyl cells, I the infectiouws
muctobe does non elieit 1L-12 producrion by APCs, as
may be the case with helonths, the T cells them-
schves prodduee IL-4, which induces the differentiation
of these cells wwards the Tid subser. The balance
between Tyl and T2 differentintion may be influ-
enced by types of dendrivic cells than inicially respond

secrele when activated by the microbes and, there-
fure, in the tvpes of effector T cells (Tl or Ty2) that
they induce.

The differentiation of CIM° helper T cells into
Tyl and T2 subsets is an excellent example of che
specializarion of adapive immuniry, illusceating how
NI Fesponses o ditferent types of mic robes are
designed 1o be most effective against these microbes.
Furthermore, once Tyl or Ty cells develop from
antigen-stimulined belper T cells, each subser pro-
duces cyrokines thae enhance the differentiation of
T cells toward ehat subser and inhibats development
of the reciprocal population. This “cross-repulation”
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Vigure 5-12 The ditferentiation of naive CD4° helper T
cells inte T,1 and T.2 eflector cells. After thair aclivanon
oy anligen and coslimulalors, naive helper T cells may
differentiale into T,1 and T.2 cells wvnder the influence
ol cylokings, IL-12 produced by  microbe-activated
macophages and dendritic cells stimulates diflerentiation of
CDa T cells ino Ty1 effeciors In the absence of IL-12, the
T celis themsalves (and perhaps other celis) produce IL-4,
which stimulates their diflerentiation into T,.2 elleciors.
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may lead to increasing polarization of the response in
one direction or the other.

CD8* T lymphocytes activated by antigen and
costimulators differentiate into CTLs that are able
to kill infecred cells expressing the antigen. Effecror
CTLs kall imfected cells by secreting proteins thae
create pores in the membranes of the infected cells
and induee DMA fragmentation and apoprotic death
of these cells. The differenciation of nauve CDE* T
cells into effector CTLs is accompanied by the syn-
thesis of the molecules that kil infecred cells. The
mechanisms of CTL-medinted killing are discussed in
more detail in Chapter 6.

Development of Memory
T Lymphocytes

A fraction of antigen-activated T lymphocytes dif-
ferentiates inte long-lived memory T cells. Memory
cells survive even after the infection is eradicated and
antigen as well as the innate immune reaction o the
infectious pathogen are no longer present. These
memory T cells can be found in lymphoid rissues, in
mucosal barriers, and in the circulation. We do not
know what keeps memory cells alive or whar facrors
determine whether the progeny of antigen-stimulated
lymphocyres will differentiate o effector cells or
memory cells. Memory T cells do not conninue to
produce cyrokines or kill infecred cells, bue they may
do so rapidly on encountering the antigen that they
recognize. Thus, memory cells are a pool of lymphao-
cytes waiting for the infection to return. A subser of
memory T cells, called central menaory cells, populate
lymiphoid tissues and are responsible for rapid clonal
expansion  after reexposure to antigen.  Another
subser, called effector memory cells, localize in
mucosal tissue and mediate rapid effector funcrions
upon reintroduction of antigen to these sites,

Decline of the Inmune Response

The entire process of T cell clonal expansion and dif-
ferentintion occurs in the peripheral lpmphoid organs.
Effector cells and memory cells leave these tissues and
enter the circulation, able w locate infection any-
where in the body (see Chaprer 6). As the infection
is cleared and the stimuli for lvmphocyee activarion
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dizappear. moany of the cellz thar had proliferared in
respaonse o antigen are Jeprived of survival factors,
As o resulr, these cells die by a progess of apoprosis
(proprmmed  cell death), The resgponse subsides
within 1 or 2 wecks after the infection s eradicated,
and the only sien that a T cell-medioted immune
response had occurred is the pool of surviving memory
lemphocytes.

Numerous mechanisms ensure the generation of a
wsetul T cell response, despite scveral obstacles. Firsr.
pave T cells have 1o find the anrigen. This problem i=
solved by APCs that capture the antigen and concen-
rrare it in the specialized lvmphoid organs through
which nnive T cells recirculate. Second. the correct
type of T lomphowvtes (e, CD4 helper T cells or
O3 CTLSY must pespornd 1o antizens from the extras
cellelar and intracellular comparrments. Thisselecriv-
ity isderermined by the specinciog of the CIH omd CDS
coreceptors for chass 1 and class | MHC nolecules, and
thie segreeation of exeracellular (vestcubar) and intr-

wellular (cvedplasmic) protein minigens tor dizplay by
classdland chvss D MHC nwcleonles, fspeTis wlv. Third,

PRTITE,
b 1o e smerivated,

ifteret with antisenebeanng APCs for

s .1..'...-.'11|]'||=|'...'.| Iy
" cell Finding o

Belon myodeculbe
s F
A ]
ikt
SV R &1 wid on AR by
M Fansi ki recosmaton by o smadl
nuinl " el e comverted oo o response

e wtiective, This conversion is
weveral wruplincation mechanisms thag
are thduced by anicrobe: and by activined T cells thems-
sclves and lead o enbianced T cell activarion.

Asowe hove wen in this chaprer, the biology of T
cuell acrivarion 15 quite well understomd. In the final
sectom of the chaprer the currens views of signal
rransduction by the TCR complex ane summarized,
tabame it account than this remains anoarea of inves-
tigation with many unanswered questions,
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Biochemical Pathways of
T Cell Activation

On  recognition of antigens and  costimulators,
T cells express proweins that are invelved in
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proliferation, differentiation, and effector functions
of the cells (Fig. 5130 Naive T cells thar have not
encotmtered antigen (so-called resting cells) have a
low level of protein synthesis. Wichin minutes of
IRTEZCN TCCOPIILION, New  Sene  TTAnSCription and
protein synthesis are seen inthe activared T cells. The
funcrivns of many of these newly expressed proteing
have been mentioned carlier.

CD40 L2
ligand receptor DMA
100 c-Fos | -2 ! synthesis

=i
L
i

| Maximurn laved (percent)
=]

12345612 3 4 F
T I—— T T—
Giene Product Time of expression
Transchption factors
c-Fos Minutes
| c-Myc Hours - |
|Membrane effector
molecules
CD40 ligand Hours
_ Fasligand | Hours S
Cytokines
IL-2 Hours
IFM-y Hours to days
IL-4 — _ _H-:urs to days
Cylokine receptors
IL-2 Hours

Figure 5-13  Proteins produced by antigen-stimulated
T eells. Anfigen recognition oy T cells resulis in the synthe-
SIS and esgpresson of a vanetly of proteins, examples of
afith aro shown. The kinetics ol producton of 1hese proteing
Aarc ARERoEnaions and may vary n dillerent T cells and with
diflmrent types ol stimus The possinhe ellectz of costimuka-
T gn e panerns o kinetics of gena expression are nol
SN



The biochemical pathways that link antigen
recopnition with T cell responses consist of the acti-
vation of enzymes, recruitment of adapter proteins,
and production of active transcription factors (Fig,
3.14). These hicchemical pathways are initiaced by
croms-linking of the TCR, and they occur at or near
the TCR complex. Multiple TCRs and coreceptors
are brought rogether when they bind MHC-pepride
complexes an APCs. In addition, there is an onderly
redistribution of other proreins in both the APC and
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T cell membranes at the point of cell:cell contact;
these proteins are involved in adhesion and signaling
and are important for optimal induction of Actvating
signals in the T cell. This region of contacr between
the APC and T cell, including the redistributed mem-
brane protemns, is called the immunologic spnapse,
The clustering of CD4 or CDS coreceptors activates
a tyrosinge protein kinase called Lek thar is aeeached
o the cytoplasmic wils of these coreceprors. As we
discussed i Chaprer 4 and caclier in this chaprer,

APC
CD4/CD8

T cell

Adapter
proteins

Lck
Initiation of T
TCR-mediated
signals ITAM
PLC1 GTR/GDP exchange
activation on Ras, Rac
Biochemical {9 \
intermediates
[increased cytosolic Ca2+|[ Diacylglycerol (DAG)| [Ras-GTP, Rac-GTP|

1 I

Active -
enzymes Calcineurin PKC J
T )

Flgure 5-14 Signal Iransduction pathways in T lymphocytes, Antigen recognition by T celis induces eaty signaling
EvENLS, which include lyrogine phosphorylation of molecules of the TCR complax and the recruitment of adapler protems 1o
the sile of T call antigen recognition. These early events lead to the aclvabon of soveral bicchemical imermaedaates, which in
turn aclvale ranscription factors that stimulale ranscriplion of genes whose products mediate the responses of the T calls.
The possible effects of costimulation on these signabng pathways arg nod shown PLCy1 relers 1o tha ¥1 isoform of phas.
phatidylinositol-specilic phospholipase C.
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several transmembrne sis:n:llinp Profcing are associ-
ated with the TCR. including the CD3 and £ chains.
I3 and C conrain rerosinesrich monts, called immuno-
receptor tyrosine-based activation motifs (ITAMz),
that are critical for signaling. Once i i activated.
Lek phosphorvlates pyrosine residues conrained with-
in the ITAMs of the £ and CD3 proteins, The phis-
rhorlined ITAM: of the £ chain become docking
sites for a tvrosine kinase called ZAP-T0 (L-nssociated
protein of 7OKDY, which is also phosphonylared by Lek
and thereby made encvmaricalle active. The active
ZAT0 then phosphorvlates various adaprer proteins
and enzvimes, which assemble near the TCR complex
and mediate additional signaling events. Two major
sigraling pathways linked to £ chain phosphonylation
aned ZADPTC are the ealeium-NEAT pathway and the
FasRac-MAF Linase pathwav

Nuclear Bacror of acrivated T ocellz (NFATY 2 a
transcrpton factor whase sctvation s Jependent on
Car ™ woms The caleium-MFaT = inaitinned by
ZAD T -medioned iariont dd activarion of
an ez dalled w2 L PLCK which eat-
v membrane  inositol
ot PLC-medinted
1.4.5-
i aimulaees release of Car™ dons
celluber srope- At the same e, signals

culled  mosivol

ren the T0R comples bead o the indlux of exormcel-
w0 A e cell. Cyoplsmic Ca® hinds a
procean Cotled colmoduling and the Car-caimodulin
wetrvng= o phosphatase called ealgineurin,
This enzyme removes phosphates from an inactive
cvtesalie temnscriprion facior called nuclear facoer of

activates the promoters of several genes, includinge the
cenes encoding the T eell prowth factor interleukin-
Jund Conponents of the IL-2 TeCe o, A -Jfluu r..llty.l
evelosporine Binds o and inbibits the sctivar o cal-
cincurin and thus inhibits the prodociion of cytabnes
by T cells. This agent is widely wsed as m imimuom -
sUppres=ive Jﬂ.u; T preverst prull Fejection: s advent
has been one of the major facrors in the suceess of
organ vansplantation in the past decade (we Chapter
10

The RasBac-MAP kinse pathways include the
guanosine triphosphate (GTP) binding Ras and Rac
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proteins, which ane biologically active when bound ro
GTE several adaprer proteins, amd o cascade of
enzymes that eventually activate one of a family of
mitogen-activated provemn (MAP) kinases. The path-
ways are initiated by ZAP-T0-dependent phosphory-
larion and accumulbation of adaprer proteins ar the
plozma membrane, leading o the recruitment of Ras
or Rae and their acrivation by exchange of GTP and
pmaosing Jiphosphare (GO, Both Bas-GTE and
Rac-GTP initiate different encvme cascades, leading
e the activation of distince MAP kinases. The
terminal MADP kinases in these pathways, called
cxrracellular signal regnlned kinase (ERK) and -
Jun amino{MNY-terminal kinase (JNK), promute the
cupression of o protein called c-Fos and the phosplo-
relation of another protein called c-Jun, C-Fos and
phasphundared e-Jun combine 1w form the active
transcription fctor AP (activating  protein-1),
which enhances the teanseription of several T cell
HeTIeE,

Other biochemical events involved in TCR sig-
nalmg include activation of the serine-threonine
kimase called prorein kmase C (PRC) and acrivation
of the trscription factor nuclear facoor-kB (NF-kB).
PRC s acoivared by diseylglyeerol, which, like 1Ps,
i+ wenerated by phospholipase C-mediared hydrolysis
of membrane ivositel lipids. A T cell-specifc PRC
tsrbirnn, PRC-8, 15 linked vo activation of WE-xB. HE-
KB exists i the cvtoplssm of resting T eells in an
imactive form, Bowmd oo inhibitor called [kB. TCR
stznals generated by anrigen recopnigion lead o phos-
rhervhinen and disocintion of the bound inhibitor
ul MF-xB. As g resulr, NF-xB is released and able o
miove to the nueless, where it activates the transcrip-
1on of several senes.

The varisus transcription factors we have men-
tioned, including MEAT, AP I, and MNF-kB, stimulate
ranssription aral subsequent production of eyrokines,
evtokine receptors, cell cvele inducers, and effector
masliecules such as COI0L (see Fig 3-13). All these
agritls are initisted by ancigen recopnition, because
linading of the TCR and COTCCEPIors to antigen
{peptide-MHC complexes) is necessary o assemble
the sinoling molecules aml initiare their enzymaric
CTIVEEY.

It was staned carlier thar recopnition of costimula-
tors, such s BT molecules, by their recepror (ioe.,




CDZ8) is essential for full T cell responses. The signals
trmnsduced by CD28 on binding to BT costimulators
are even less defined than are TCR-trigpered signals.
It 15 possible thar CD28 engagement amplifics TCR
signals or that CD28 initiates a distinet ser of signals
thar complement TCR signals. These possibilities, of
course, are not mutually exclusive.

‘WVMIMARY

T lymphocytes are the cells of cell-mediated
ity the arm of the adaprive immune system
thot combars intracellular microbes, which may be
microbes thar are ingested by phagocytes and live
within these cells or micrabes thar infecr nonphago-
cytic cells.

The responses of T lymphocytes consist of sequen-
vl phases: recognition of cell-associared microbes by
naive T cells, expansion of the antigen-specific clones
bw profiferation, and differentiation of some of the
prozeny into effecror cells and memory cells,

T cells use rheir antigen receprors to recognize
peptide antigens displayed by MHC molecules on
anngen-presenting cells {which accounts for the
pecificiey of the ensuing response) and polymorphic
residues of the MHC molecules (accounting for the
MHC restriction of T cell responses).

Antigen recognition by the TCR rriggers signals
that are delivered to the interior of the cells by male-
cules nssociated with the TCR (the CD3 and § chains)
and by the coreceprors, CD4 or CDS, which recopmze
class 11 or elass | MHC molecules, respectively.
= The binding of T cells to antigen-presenting cells
is enhanced by adhesion molecules, notably the inte-
erins, whose affinity for their ligands is increased by
chemokines produced in response to microbes and by
antigen recopnition by the TCR.

= APCs exposed to microbes or o cyrokines pro-
duced oz part of the innare immune reactions to
microbes express costimulators that are recopnized by
receptors on T cells and deliver necessary “second
sipnals” for T cell activarion.

B In response o antigen recognition and costimula-
rion, T cells secrete cyrokines, some of which induce
prolifermtion of the antipen-stimulated T cells and
wrhers medinte the effecror funcrions of T cells.
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B CD4 helper T cells may differentiate into subsers
of effector cells '[!'ml: prl;_'rduc;; restricoed sers of
eytokines and perform different funcrions, Tyl cells,
which produce IFM-y, activate phagocyies to elimi-
mare imgested microbes and stimulae the production
of opsonizing and complement-binding antibodies.
T2 cells, which produce [L-4 and IL-3, stimulate IzE
preduction and activate cosinophils, which funcnon
mainly in defense against helminths.

B CD8" T cells recognize peprides of intracellular
{cyroplasmic) protein antigens onl may require help
from CD4 T cells 1o differentiate intoe effecror CTLs.
The funcrion of CTLs is o kill cells producing cyio-
plasmic microbial antigens.

B The bischemical signals triggered in T cells by
antigen recognition mesult in the activation of various
rranscription factors that stimulate the expression of
eenes encoding cytokines, cyrokine receprors, and
orther molecules invalved in T cell responses,

B8 Review Questions

1 What are the components of the TCR complex!
Which of these components are responsible for
antigen  recognition  and  which  for  signal
transluction!

2 Whar are some of the accessory molecules thar T
cells use to initiate their responses to antigens, and
what are the functions of these molecules?

3 What is costimulation? What is the physiologic
significance of costimulation? Whart are some of
the ligand-receptor pairs thar are involved in
costimulanon!

4 WWhat is the principal growth factor for T cells?
Why do antigen-spec ihe T cells ¢.-;pﬂml maore than
other (“bystander™) T eells on exposure to an
antigen?

5 What are the major subsets of CD4" helper T cells,
and how do they differ?

6 Whar signals are required to induce the responses
of CDE™ T cells?

7 Summanze the links berween antigen recognition,
the major biochemical signaling pathways in T
cells, andl the production of transcription factors.



Effector Mechanisms
f. of Cell-Mediated

Immunity

S Eradication of
. h{'adi"} Intracellular Microbes
._{w = —ngu

r o
g o fu ]
1.3 ¥

g (@—(2
- : B Types of Cell-Mediated Immunity
Migration of Effecter T Lymphocytes to
Sites of Infection
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he specialized immune mechanisms that function to

eradicate intracellular microbes constiture cell-mediared
immunity. The effector phase of cell-mediated immunity is
carried our by T lymphocytes, and antibodies play no role in
eradicating infections by microbes that are living inside host
cells. The phases of cell-mediated immunity consist of the acti-
vation of naive T cells o proliferate and o differentiate into
cffecror cells and the elimination of cell-associated microbes
by the actions of these effector T cells. In Chapeer 3 the fune-
tion of major histocompatibility complex (MHC) molecules in
dJisplaying the antigens of intracellular microbes for recogni-
tion by T lymphocytes was described, and in Chapter 3 the way
in which naive T cells recognize these antigens in lymphaoid

= T Cell-Mediated Macrophage Activation

+ Elimination of Microbes by Activated
Macrophages

+ Role of T2 Cells in Gell-Mediated
Immumnity

Effector Functions of CDB* Cytolytic

T Lymphocytes

Resistance of Pathogenic Microbes to

Cell-Mediated Immunity

Summary

organs and develop into effector cells was discussed. In this chaprer, the following
questions are addressed:

How do effector T lymphocytes locate intracellular microbes at any site in the body?
How do effector T cells eradicare infoctions by these microbes!

Types of Cell-Mediated Immunity

There are two types of cell-mediated immune reactions designed to eliminate different
types of intracellular microbes: CD4* T cells activate phagocytes to destroy microbes
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T cell= kill anv cell containing microbes o microbial
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¢ ohalling inrected

peediated Bl of tmrected celle are fundamuent: ||| Jir-
I fen b teadtions and are Jde-gribed separatels
Microbial imtections muw occer anvwhere i the
Pordvo aimad somie infectn -'m]'.:th- ety ate able 1o intece
ard live within host cells.
ntect amd ~urvive inside host cell< mclude (1) moan
Pacrerta and some prowosea that are mpested by
weovtes but resisr the killinge mechanisms of thewe
proeytes aind live in vesicles or eytoplism and (2)
varuses that infeer phagocytic and nonphagecytie cells
anwd live in the eytoplasm of these colls (see Fae. 5-1,
Chaprer 30 Effector T eells whose funcowom is e enil-
wate these microbes are penerned froms naive T eells
thar were stimulated by microbial amigens in lymph
naades and spleen Gee Chaprer 30, The differentiated
cifector T cells then migrate 1o the site of infection,
Phagocytes at these sites thar hove inuested  the

Pathuareric smgrobes thae

microbes into macellular vesicles display pepride
trecments of microbial proteins atrached to elass 1
SHC molecules for recopnition by effector T cells of
the T Pepride antigens derived from
microbes living in the -..'}'tup-hl:m of infecred cells are
Jisplived by class | MHC molecules for recogmition
b 208" effector T cells. Antigen recognition by the
eficcror T cells then activares these cells wo perform
thieir task of climinating the infectious pathogens.
Thus e cell-mediated immunity, T cells recognize
protein antigens ar rwo stages: naive T cells recognize
anrigens m lymphoid tissues and respond by prolifer-
avingg amd by differentianing into effecror cells, and
etivctor T cells recogmize the same antigens anywhere
mo the body and respond by eliminating  these
miicrobes (Fig 6-2).

sibscL.

I the remainder of this chaprer, we will deseribe frst
hoaw differentinred effector T cells locate microbes in
rpsses and then how CDY° and CDE® cells eliminare

thiese microbwes.

Migration of Effector
T Lymphocytes to Sites
of Infection

Effector T cells migrate to sites of infection because
these lvmphocytes express high levels of adhesion

i W
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molecules that bind to ligands that are expressed on
endothelium on exposure 1o microbes and because
chemoattractant eviokines are produced ar the
infection site. The process of differentisrion of naive
T lymphocyres into effecror cells is accompanied by
changes in the profiles of adhesion molecules that are
expressed on rthese cells (Fig. 6-3). Afrer their activa-
tion, T Iymphocvtes are able o migrate our of
the lymph nodes. T cell activation also leads to an
increase in the expresion of adhesion molecules tha
bind to malecules expressed on microbes or cytokines
stimulated endothelium. in peripheral tissues. The
most important of these T cell adhesion molecules
are ghvcoprotein ligands for E- and P-cclecring and
the high-affimiry forms of the integrins LFA-1 (LFA,
levkocyte function-associated antigen} and WLA-4
(VLA referring 1o very late activation molecules,
becawse they appear later than LFA-1 during the
courze of T cell scrivarion). Meanwhile, at the sire
of mfection. one of the innate mMmne SESPUTISCS T

the miwcrion i the secrenion of cytokines by maceo.
Tos o these
ITIEEL B -|"J.'|.'.-._'..-.]u.':'. ad evrokined, tomor oo Betor
{TNFand interleuk: It acton h
lial cellz wf small b i the infec-
teast<ite. T Fand L1 '-[i'.u!l:llg-:“‘-
IRSreuse vxPfesLor ol B prid Pasclectins s well as
~AM-T Lintercellu-
bwe Tigand for LFA-1) and
(vasgular cofl wlhesion molecule-l. the
or the VEASS inteanin). Effector T cells thar
ire pas-ing through the Pluod vesels ar che infecrion
I weakly no the selecting and roll along the
erelothelval surtice. When the integrins of these effec-
tor T ocells encounter their ligands on the endothe-
Iium, the T gells bind firmly to the endothelium and
Feain the process of migrating out of the blood vessels
1o the site of infection. Esentially the same molecu-
lar tnteractions are responsible for the migrion of
other leukocytes, such as neutrophils and monoeytes,
o sives of infection (see Chaprer 2, Fie, 2-3), On acn-
vation, T cells not only increase the expression of
the adheston molecules that enable them o bind
o vessels at sives of infection bur also lose expression
of Leselectin, a molecule than mediores naive T cell
migration into lymph nodes. Therefore, activated T
cells tend 1o stay out of nermal 1','mph risdes, This, of
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course, makes sense, because naive T eells need to
eoter lymph nodes @ locate microbes and protein
antigens and initiate imumune responses, but the cells
do not need to da this after they have been activared.

Ar the same rime as effector T lymphocytes are

being arrested on the endothelivm, macrophages and
endothelial cells respondd to the infectious microbes
by producing  anorther  ser  of cyrokines, the
chemokines, The principal function of chemokines is
to avract and stimulare the matility of leukocytes.
Chemukmes are often displayed on endothelial cells
bound to cell surface protcoglycans, thus providing
2 high local concentration near the site of infee-
tion. Chemokines are produced at the extravascular
infection site by leukocytes thar are reacting o the
infectious microbe, and this creates a concentration
pradient of chemokines toward the infection. The
endothelial cell-associared chemokines act on loosely
mdherent T cells wo increase the affinicy of their inte-
prins for endothelial ligands (see Fig. 5-5, Chaprer 3).
The chemokines also act on firmly adherent T cells
and stimulate the morility of these cells, and the con-
centration gradient draws the T cells through the
vessel wall into the site of infecrion. Thus, circular-
ing effeceor T lymphocyees migeare, or *home,” to
sites of infection and become concencrated at these
sItEE,

The homing of effector T cells to a site of infec-
tion is independent of antigen recognition, but
lymphoeytes that recopnize microbial antipens are
preferentially retained at the site (Fig. 6-4). Because
the heming of effector T cells wo sites of infection is
dependent on adhesion molecules and chemokines,
and not on antigen recognition, all effecror T eells
present i the blood thar were generated in response
1o ditferent microbial infections can enter the site of
any infection. This nonselective migration presum-
ably maximizes the ability of effector lymphocytes o
search our the microbes they can specifically recog-
nize and climinate. However, the same lack of sclee-
tvity creates @ problem: how are lymphocyees specific
for a microbe focused on o that microbe for long
enouph 1o perform their function? A likely answer i
that an effecror T lymphocyte thar has left the
circulation and entered o tissue specifically recopmizes
microbial antigen, and the cell s apain activated.
Omne consequence of activation is an inerense in the
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Figure G-3 Migration of naive and effector T lymphocytes, A Nawe T ymphocyles home 10 lymph nodes as a result of
L-selectin Binding 1615 hgand on high endathelial venules (HEVS). which are present only in lymph nodes. Aclvaled T hm-
photyles, including effector celis, home 1o sites ol infaction m panpheral hssues, and this migration is medialed by E-seleciin
and P-gelectin and inlégring. In addition, different chemckinas thal are produced in hmph nodes and sites of nfectuon also

pariicipate in the recruitment of T cells 1o thase sites (noi shown). B. The funclions of the prmcipal T cell homing receplors
and lheir igands are showmn.
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expression and binding affinity of VLA integrins on
the T cells. Some of these integrins specifically bind
tor mrolecules present in the exrracel lular matrix, such
a4 hyalurenic acid and fbronecrin, Therefore, the
antigen-stimulared lvmphocyees adhere firmly o the
tissue near the antigen ansd the cells stay long enough
tor respond to the microbe and emdicare the infection.
Lymphoeyres thar enter the rissue but do ot recop-
mize an anogen are not activated o adhere. They
citer lymplintic vessels draining the tissee and reumn
1o the circulation, prepared o home to another site
o fection in search of the microbial antigen for
whivh they are specific.

The ver resule of this sequence of cell migranon
il retentioi is that effector T lymphocytes, which
were prowduced in the peripheral lymphoid organs in
reaps ot 2o infeenon, are able ro locare thar infec-
tiones microbe at any site in the bady, These effector
lemphuseytes aiee activared by the microbe and
pesponid in ways thar eliminate the microbe. In con-
teast to the activation of paive T cells, which requires
anfEen presentacion andd costinwlarion i"'!.' |'IJ'H:|"1.‘$'
dveatl antigen-presenting cells (APCs), differentiared
vlfecror cells are activated by anrigen recognition and
appear to be less dependent on costimulation than are
maive cells. Becnuse of this difference, the prolifera-
ton ol differentiation of naive T cells are confined
tor lymphoid organs where professional APCs display
antigens, but the funceions of effecror T cells may be
direered ar any hose cell displaying microbial antigens,
ot just professional APCs,

Although both CD4™ helper T lymphocyres and
CDS cytolytic T lymphocyres (CTLs)  produce
cvrokines thar participate i eliminating infections,
CTLs also employ a distinct mechanism o Jdirectly
kill infected cells. Therefore, we will discuss the
elfector mechanisms of these lymphocyte classes
mdividually and conclude by describing how the
o classes of lymphocytes may cooperate to get rid
of intracellular microbes.

Effector Functions of CD4*
T Lymphocytes

Cell-mesdiored imnunity was discovered as a form of
ity o an intmcellular bacrerial infection thar
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could be reansfereed from immune animals to naive
animals by cells (now known to be T lymphocyres)
bt not by serum aneibodies (Fig. 6-5). Ie was known
from the earliest stusdies thar the specificity of cell-
medinted  immunity against different microbes wis
a function of the lymphocyres, bur the elimination
of the microbes was a function  of  activared
macrophages. The roles of T lymphuocyres and
phagocyres in cell-medinted immuniry are now well
understood.

In cell-mediated immunity, CD4 T lyvmphocyres
of the T\l subser activate macrophages that have
phagocytosed microbes, r:suhing in
microbicidal activities of the phagoeytes and killing
of the ingested microbes. The ability of T cells w
activate macrophages is depemlent on antigen recope-
nirion, accounting for the specificity of the reaction.
Essentially, the same reaction may be elicitad by
injecting o microbial protemn into the skin of an
individual who has been immumnized against the
microbe by prior infection or vaccination. This rene-
tion is enlled delaved-type hypersensitivity (DTH),
because it occurs 24 to 48 hours after an immunized
individual is challenged with o microbial protein (1.,
the reaction 15 delayed) and because w0 reflects an
increased sensitivity to angigen challenge. The delay
oceurs becavse it takes 24 o 48 hours for circulining
effector T lymphocytes to home o the site of anngen
challenge, respond o the antigen at this site,
and induce a detectable reaction. DTH reactions
are manifested |'|1.' infiltrates of T cells and monocytes
it the rissues, cdema and fibrin deposition caused
by incrensed vascular permeability in response
cvtokines produced by CD4 T cells, and tissue
diamage induced by the produces of macrophages acn-
vated by T eells (Fig. 6-6). DTH reactions are often
used o determine if individuals have been previously
exposed o and have responded o an antigen. For
instance, o DTH reaction w a mycobacrerial antgen
(ealled PPD, for puribed protew derivarive) iz an
mndicator of a T cell response tw the mycobacteria,
This is the basis for the PPD skin test, which is
frequently vsed o dereer past or active myeobacterial
indection.

The following section deseribes lowe T lympho-
cyres activate macrophages and how the macrophages
climinare phagoeytosed microbes,
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Macrophage Activation

Effector T lvmphocytes of the T,1 subser that
recognize macrophage-associated antigens activate
the macrophages by CD40 ligand=-CD40 interac-
tions and by sccreting the macrophage-activating
cytokine interferon-y (IFN-y) (Fig. 6-7), As we
discussed i Chaprer 3, macrophapes inpest microbes
it intracellular vesicles, called phaposomes, thar
fuse with Iysosomes to form phagolysosomes, The
microbial proteins in these vesicles are processed, and
a few microbial peptides are displaved by cliss 1 MHC
mdecules on the surfiace of the macrophages. Effector
CDE" T cells speciie for these peptides recoenize the
class l=mscimted peprides. The T cells respond by

] -2 Cell-mediated immunity to an intraceliular
hsmrlum Listeria monocylogenes. In this expeaniminl, im-
phocyles of sedum (& source of antibodies) was taken lrom a
mcuse that had prevously bean axposed o a sublethal dose
ol Listeria bacteria (mamuneg mowssa) and ransiared 10 a
noimal fnaive) mowse, and he recipeent of ihe “adaptive rans:
ler” was challenged wilh Ihe paciena The numbers of Dacle-
ria wra measured in e spheen of b recipient mouse o
detarming if Ihe ransfer had coslewed immenity. Projeclion
against bacterial challenge (seen by reduced recovery of live
bactera) was induced by the ransier of immune lymphoid
cells, now known 10 be T cefts (&), bul nel By the transler ol
sarum (B} The bactéria were Willed m wiko by aclivated
macrophages but not by T celis (C] Therelore, probecinon is
dependent on anigen-specibe T lymphocytes, bul baclerial
killing 15 the luncion o aclvaled macrophages

expressing on their surface the effecror moleeule
CDE0 ligand (CMOL, or C54 ), which binds to the
C0 recepror thae is expressed on macrophapes. At
the same time, the effecror T cells, being of the Tyl
subser, seerete the macrophage-activating ¢yrokine
IFM-y, which Binds o its receptors on macrophages.
Binding of IFN-¥ to it recepror funcrions wogether
with engagement of CU40 1o tnggeer biochemical sig-
maling pathways that lead o the producrion of several
transcription Factors, These transeriprion factors wrn
o the tmmscription of penes thar encode lysosonal
proteases il enzymes tha stimulate the synchesis of
nic rlvicidal restive ox yuen intermedinees od nicrie
wticde, The requirement for the membeine-nssocinted
CIMOL-CIMO intermcton eosures that macrophiges
thar are i dircer contaer with T eells are the ones
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thar are aetvated best. The macrophages char contact
T cells are also the macrophages that are presenting
annigens of phageeytosed mierobes, and these are the
phagocyres thar need o be activated. The scerered
[FM-v enhances macrophage activation and amplihes
the response.

The intermcrion berween macrophages and T
[ymphocyres is an excellent example of bidirecrional
mreractions  berween  cells of the inmate  and
adaptive immune systems (e, macrophages aoad T
[ymplwseyres) (Fig. 6-8), Macrophages thar have
phagocyrosed microbes produce the cytokine IL-12.
1L-12 stimulares the differentiation of ve CH4" T
eells 1o the Tyl subser, which produces 1FN-y on
encounering macrophage-associated microbial anei-
pens; IL-12 also increases the amoune of 1FN-y pro-

he infilraie & seen 1o ~ ’. "i"f Tww ¥ -} L "'":'-
i1 of activated lymphocyles I:Ej'j,l " JFart s 3 44"" i '“""
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duced by these T cells. The 1FN-y then activates the
phagocytes to kill the mpested miceobes, thus com-
pleting the circle.

CI4° T lymphocytes perform functions inaddition
to macrophage activation in cell-mediared immune
reactions. Antigen-stimulared CD4™ T cells secrere
cytokines such as THE which uct on viscular
endothelium to merease the expression of adhesion
molecules and production of chemaokines. As o resule,
more T cells and other leukocyres, including Blowsd
neutrophils and monoeyees, are recruited into the sice
of infecrion, Thus, the T cell response is amplited, and
ackditional phagocyres are called in o assist in eradi-
cating the infection. This T cell-stinmilared cellular
infiltraraon, il oo accompanying vascular reaction,
are typical of inflameation. Influomation is o compo-
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pested microbes. Aclwaied macrophages also
ate T celis (IL-12). and iney express more MHC
Trag Hushialen shows a OO T cell recogring class

i ihe same reaction may e akciled by a CDB® T cell ihal

fraCronial antigens

nent of T cell-mediated reactions, such as DTH, and
is als scen in inmate imowme reactions o mcnoebes
(sew Chaprer 20 I addinion to their role in helping
macrophages eralicare phagocyrosed mucrobes, CD4”
T cells help €08 T cells po differentiate into acrive
CTLs and help B lymphocyres to differentiate mea
antibody-producing cells (see Chapters 5 and 7).
CDE T lymphocyres  that recognize class |
MHC -pssociated microbial peptides on macrophages
are also able w activate macrophages o kill inrra-
collular microbes. Recall thar class | MHC-associnted
peptides are produced  from eyroplasmic  proteins,
which may ke dJerived from phagocytosed microbes
I;:||1-'.|. of TS, frasti |n1'1:1;rmn of nnnphrq:ncvllc
cells). Some microles are ingested by macrophages
it vesicles, amd the microbes or their proteins
g throweh the membrones of the vesicles into the
cyvioplasm, where they are processed into class |
MHC -binding peptides. In such infections, CD&* T
colls al function to activane the macrophoges, by
wasentianlly the some mechanizm as thar naed by Cd"
cells, mmely, CD40L- and IFN-pomedinred activa-




tion. Macrophage activation is not uselul for defense
against microbes, such as viruses, thae live and repli-
cate only in the cytoplasm, because the microbicidal
mechanisms of macrophages are largely limired 1w
vesicles, Obwviously, macrophage activation is also of
little walue for climinating viral infecrions of cells
other than these phagocytes,

Elimination of Microbes by
Activated Macrophages

Macrophage activation leads to the expression of
enzymes that catalyze the production of microbici-
dal substances in phagosomes and phagolysosomes
(=ew Fip. 6-7). We described the microbicidal mecha-
s of activated |1|1i|f_';u{',ll':.\ in C...I'I.:Il'llt.'f 2, when we
discissed the role of phagocytes in innare immunicy
(sww Fig, 2-7, Chaprer 2). To reiterate the key points,
il inajor microbicidal substances produced o the
[ymmommes of macrophages are reactive oxygen inter-
medinres (ROIs), nitric oxide (MO, and proreelyric
erizymes. These mechanisms are acrivared in innate
imnunity when macrophages encounter microbes. As
described previously, cffector Tyl cells are porent
agtivators of the same microbicidal mechanizsms in
cellmediated  immnmity.  Cell-mediared  immunity
i~ critical for host defense in two  situarions:
whin macrophages are not actvared by the microbes
themselves (ie., when innate immunity is ineffective)
and when pathogenic microbes have evolved 1o resist
the Jefense mechanisms of mnare immunity, In these
sitwarions, the additional macrophape acovation by T
cells changes the balance berween microbes and host
Jdefense in favor of the macrophages, thus serving o
eradicare intracellular infections,

The substances thar are roxic w microbes may
injure normal tissues if they are released into the
extrmcellular milicw, because these substances do not
distinguish berween microbes and host cells, This is
the reason for gissue injury (a reflection of “hypersen-
sitivity") i DTH reactions, which often sccompany
protective cell-mediared immunity. Ir is also the
reason why prolonged macrophage activation in
chrome cell-mediated immune reactions is associated
with considerable injury to adjacent normal tissues.
For instance, in myeobacrerial infections, which are
difficule eo eradicare, much of the pathology is coused
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by a sustained T cell and macrophage response that
artempes 1o wall off the bacterin, Histologically, such
chronic cell-mediated immune responses often appear
as pranulomas, which are collections of acrivared
lymphocytes and macrophages with  Abrogis  and
tissue necrosis around the microbe.

Acrivared macrophages serve several roles, in addi-
tien to killing microbes, that are impertant in cell-
mediated immunity (see Fig. 6-8 and Fig. 2-8, Chaprer
1. Activared macrophages secrete eytokines, includ-
ing THE IL-1, arud chemokines, which stimulate the
recruitment of neurrophils, monocyres, and effecror
T lymphocytes to the site of infection, Macrophogpes
priwluce other cyrokines, such as plarcler-derived
groweh facror, thar stimulare the groweh and activie
ties of fbroblasts and endothelial cells, helping o
repair tissue after the infection is cleared. Macrophage
activation also leads w the increased expression of
class I MHC molecules and costmulators on these
cells, thus enhancing their antigen-presenting func-
tion, which promores T cell activation and amplifics
the cell-mediated immune reaction.

Role of T2 Cells in
Cell-Mediated Immunity

The T,2 subsct of CD4" T lymphocytes stimulates
cosinophil-rich inflammation and also functions to
limit the injurious consequences of macrophage
activation. When differentiated T2 cells recognize
antigens, the cells produce the cytokines IL-4 and
IL-5 {and also IL-10, which is produced by many
other cell populations). 1L-4 stimulates the produc-
rion of IgE anobady, and IL-5 activates eosinophils,
This reaction s imporant for  defense  against
helminthic infections, because eosinophils bimd o
IgE-coated helminths and the helminehs are killed by
the granule proteins of eosinophils.

Several cyrokines produced by T2 cells, including
IL-4, IL-10, and IL-13, also inhibic macrophage acri-
vation, Beeause of this action, T2 cells may serve o
rerminare Ty l-mediated DTH reactions and  thus
limit the tissue injury that often accompanies Tyl
cell=mediated protective immumty. The relative acri-
varion of Tyl and T2 cells in response to an infec-
rious microbe may determine the outcome of the
infecrion (Fig. 6-9). For instnce, the protozoan
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parasite  Lefshanania majer lves inside macrophage
and irs elimination requires the activation of the
macrophages by L. major=specine Tyl cells. Most
inbred strns of mice make an effective Tyl response
tor Ehie parasite and are thus able vo eradicate the infec-
tion. In some inbred mouse serains the responze to L
major is dominated by Tyd cells, ind these mice
succumb 1o the infection. Mycobacterinm leprae, the
bacterium that couses leprosy, 15 g pathosen for
humans that alsu lives inside macrophages and may
ke eliminated by cell-mediated immunity. Some indi-
viduols infecred wirth M. leprae are unable 1o eradicane
the infection and develop destmicrive lesions, called
lepromatows  leprosy. In contrast, other  patients
develop strong cell-mediared immunity with acri-
vated T cells and macrophages sround the inlectivn
and few surviving bacreria; this fonn of less destruc-
tive disease is called tuberculoid leprosy, Some studics

Some patienis: Tyl

Some patienis: Defective |
Tyt or dominant Tq2 == | Lepromalous leprosy
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Tne balance hmnn T..1 and T2 cnll :n:lwn!:m determines the oulgome of intracellular infections. Mane
ch actvate phagocyes to kil ingested mecrobes, and T,.2 celks, which
<& bwo subsels may inliuence the outcome of infections, as Busirated

=5 | Tuberculoid leprosy

(high bacterial count)

have shown thar the wberculowd form is associared
wirth the sctivation of M. leprae—specific Tyl cells,
whereas the destrucrive lepromatous form is associ-
ated with a defect in Tyl eell setivation and a dom-
inant Ty,2 response. The same principle, that the T
cell evtokine response tw an infections pathogen is an
important Jeterminant of the outcome of the infee-
tion, may be true for many other infectious discases.

As we mentoned earlier, activated macrophages are
best an killing microbes that are confined 1o vesicles,
bt wicrobes thar directly enter the eyroplasm (e,
viruses) or escape from phagosomes into the cyro-
plivm (e, sune phosoeyresed bacteria) are rela-
tively resistant 1o the microbicidal mechanisms of
phagieytes, Ermdicarion of such pathopens requires
the second negor effector mechanism of cell-mediared
imenunity, namely, cytolytic T lymphoeytes (CTLs).



Effector Functions of CD8*
Cytolytic T Lymphocytes

CD8” CTls recognize clas | MHC-associared
peptiches on mfected cells and kil these cells, thus
chminating the reservair of infection {(Fig. 6-10).
The sources of class l=associnted peprides are protein
antigens synthesized in the eytoplasm and protem
anrigens of phagocyiosed microbes thar escape from
phagocytic vesicles into the eytoplsm {see Chapeer
il Differentiored CD8 CTLs recopmize class |
MNC=peptidde complexes on the surface of infecred
cells by their T cell recepror (TCRY and by the CDS
corcceptar. (These infecred cells are also called
“rpets” of CTLs, becouse they are destined o be
killexd by the CTLs.) Cyrolyric T Iymphocyres adhere
righitly o cells, mainly by virtue of integrins on the
LT hinading 1o their ligands on rhe infected cells.
The antigen receprors and coreceprors of the CTL
chisrer at the site of congacr with the rarget cell. The
LTLs are activared by tigen recosnition and firm
illesion: ar chis seage in their lives, the CTLs do naot
reguire costimulation or T cell help for activation.
Therefore, differentioted CTLs are able to kill any
infected cell in any tissue.

Anrigen reoogrition by effector CTLs resuls in the
activation of signal transduction pathways thae lead to
the exocyrosis of the contents of the CTLs granules to
the region of contace with the targets, CTLs kil target
cells mainly a3 o result of delivery of granule proreins
mites the rarger cells. Two types of pranule proteins that
are entical for killing are proansymes and pedorin,
Ciranzymes are enzymes that cleave and thereby acri-
vite enzymes called caspases that are present in the
cytoplasm of rarger cells, and rthe acrive caspases
induce apoprosis. (Caspases are so named becanse
they are cysteine protenses that cleave proteins at
aspartic acid residues; their major function is w induce
apoptosis.)  Perforin is  necessary  for delivery of
pranzyimes into the eyroplasm of the marger cell. Per-
forin has the property of polymerizing and forming
pores i membranes, and in this way may facilicate
pranzyime delivery through the plasma membrane.
Alternatively, both perforin and granzymes may enter
the marger cells by recepror-mediated endocyrosis,
toh proreins bound o a sulfared glycoprorein called
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Figure =10 Mechanisms of killing of infected cells by
CD8* CTLs. CTLs recognize class | MHC-associated pep-
fides of cyloplasmic microbes in inlected cells and lomn ight
adhasions ("conjugales™) with these celis. Adhosion male-
cules, such as ntegrins, stabilize the banding of the CTLs o
nfected cells (not shown), The CTLs are actvated 1o release
("exocytose”) their granuke conbents oward tha infected cell
{raferred 10 as “targels” of CTL killing). The granule contenls
inchuce perfonin, wiich forms pomes m g 1arget cell mem-
brane, and granzymes, which enter the larget cefl thwough
these pores (or by receplor-medialed endocylosig) and
nduce apoplosis
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serelycine. Pedorin may then inserr into endosomal
membranes and Gcilione the movement of granzyimes
through thee membranes and mio the cyroplasm,
Acovated CTLs aba express a0 membrone protein
called Fas ligond, which binds o o death-inducing
pecepton, called Fas (C195), on earger cells (ee
Chaprer 9. Fig, 9-0). Engagement of Fas acrivates cas-
pases and induces areer cell apoptodiz this pathway of
CTL killing does not require granule exocyrosis and is
probably a minor pathway, The net result of these
eftector mechanioms of CTLs i« that the infected cells
are killed. Cells that have underpone apoprosis are
rapidly phugoeviosed and eliminated. The mecha-
misms that induce fragmencarion of targer cell DINA,
which is the hallmark of apoptosis, iy also break
down the PINA of microbes living inside rhe infecped
cells Each CTL can kil o varser cell, Jetach, and o
wity oo kil .l..f.lil!r.'-ﬁ.l' Farodis,

A we mentivned carlivr, T8 T lymphaocytes
the cyobine IFN-30 which activanes
rhoseeviesed microbes anid
i oof addinonal leukocynes.
" helper cells, contribune
ingested by phogocyies.

s scorene
macroploees to Jesteon
calunce the recrumeme
Thus, G CTL« hke Gl
o the climinatiom of mecaobes
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Although we have desenibed the effecror functions
of CP4° T eells and CDS° T cells separately, it is clear
from our discussivn thar these tppes of T lymphoeyres
function cooperatively to cradicate  ingracellular
microbes (Fig 6-11) If microbes are phagocyrosed
amd remam sequestered  in macrophage  vesicles,
CIH T eells may be enough to eradicate chese
infections by secreting IFN-y and  activaring the
microbicidal mechanisms of rhe macrophages. I,
however, the robes are able o escape from
vesicles o the cytoplism, they become insuscepti-
be ro T well-nwediated macrophage activarion, and
therr elimination reguires killing of the infecred cells

by CDS* CTLs.

Resistance of
Pathogenic Microbes to
Cell-Mediated Immunity

Differvnt microbes have evolved diverse mecha-
nisms 1o resist T lymphocyte-mediated host defense
(Fiz. 6-12% Many inteacellular Bocteria, such as
Mycobacrerinnm bevenbosis,  Legionelle pmesmaophila,
and  Liseevin monccyeegenes, inhibit the  fision of

%
& ‘:\’Q_F'hagqcylcsed microbes
in vesicies and cyloplasm

. _AIFN=y]
| i R o 5
[ : T ell

=11 Cooperation between
C04* and COE" T cells in the eradication
of intracelivlar infections. in & macio
phage mlected by anintracellular Daciimam
s of 1he baclera are sequestered in
vesicles (phagosomes) and olbers may

| cDge+ escape into the cyloplasm. CD4' T celis
| CTL necognize antigens derved rom the vasic-
| wilar mecrobes and activate the macrophage
| 1o Wil the microbes in the vesicles, CD8
] T I cells recognize antigens derved from

| ,f"f‘ S = Ine cyloplasmec bacteria and are nnﬂeﬁmig
| ",; kil tha infecied cell, thus eliminaling
| ] o E ’*. resarvoir of infeciion

Viable microbe

in cytoplasm

Killing of microbes Killing of

E in phagolysosomes inlected cell




6 = EMector Mechanisms of Cell-Mediated Immunity 119
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Figure 6-12 Evasion of cell-mediated Immunily by microbes. [dferent baciena and viruses resisl the effecior
mechanisms ol cell-mediated immonity by differenl mechanisms, sebecled examples of which ane shown in his
tfqure. TAP, iransporter assocsated walh anlgan pHoOcessing
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phageomes with Ivsosomes amd  creare pores in
phagesmme membranes, escaping into the cvroplaam.
Thus, these microbes are able to resist the microbicis
Jdal mechanisms of phagocvies and survive and cven
replicate inside phagocvees. Many vinees inhibin closs
| MHC=asswciated antigen processing. by inhibating
production or expression of chiss | molecules, by
Blocking transport of antigenic peprides from the
evtosal into the endoplasmic reticulum (ER), and by
removing newly sunthesized chass | molecules fron the
Eit. All these vieal mechanizmsz reduce the loading of
class T MO molecules by viral peprides. The resulc
of thes detecrive lueding s reduced suraee expression
of class | MHC molecules, becavse empty class ol
eoules are unstable and are not expresed on the eell
aurtace, It 15 interesting that natural killer (NK) cells
are acrivared by class [—dencient cells (see Chaprer 2).
Thus, host defenzes evolve o combat immune
cvasion ntechanisms of microbes: CTLs recopnize
chiss | MHC=asociated viral peptades, viruses inhibit
cliss | MHC expression, amd NK colls have evolved
o recoemize the absence of class | MHC molecules.
Utthier viruses prosduce imhibitory ovtokines, or soluble
Cubecov™) cvtokine receprors that Mod anad “sop up”
cvtokines such as IFN-v, thus reducing the amuoun of
cvtokines available 1o tripver cell-medinted immune
reactions, Yet other varuses directiv intecr and kill T
lvenphocytes: the best example of such a virs is
human mmmuncdenciency vines, which is able w
supvive i intected persons by killing CD4° T cells.
The outcome of intections is influenced by the
steenuth of Bost defenses and the ability of pathogens
ter resist these detenses. The same principle is eviden
when the effector mechanisms of humoral immunity
are comstdered.

e appreach tor tilting the balance berween the
bt anad mocrobes in Bvcor of protective immunity
by wvaccinate  individieils o enlonee  immine
resporises, [ he principles of vaccinaton strategics are
desenibed ar the erwd ot € jl:l]\l;q;r B, alrer the discussion
ot hsenogal FERL TV TR R4

SUMMARY

» Cellemediated ity s the arm oof :1;|‘.l|1I!i'l.'|_'
immunity thit erdicates infections by intracellular
microbes, Coll-medisved immuone reactions are of two

tvpes: T T ocells acrivate macrophages o kill
ingested microbes thae are able o survive in the vesi-
cles of the phagocyres, and CDE° CTLs kill cells har-
Poring microbes in their cytoplasm, thus eliminaring
reservoirs of infeetion.

P Effector T cells are generated in peripheral
Iymphosd  organg, mainly  lymph nodes  dmining
sites of microbe entry, by the acrivarion of naive T
Ivmphoeytes, The effector T cells are able o migrare
o any site of infecrion.

B The migmtion of effector T cells is contralled
by adhesion molecules, which are induced on these
cells after acovation amd bind to their Hgands,
which are induced on endothelial cells by microbes
and by eviokines produced during innate immune
responses to microbes. The migration of T cells is
independent of antigen, but cells thar recognize
microbial antigens in tissues are retained at these
E

B Effector cells of the Tyl subser of CD4* T cells
recosnize  the antimens of microbes  that  have
been ingested by macrophages. These T cells express
CIH0 ligand and secrete IFM-y, which  function
cooperatively w activare macrophages.

B Activated  macrophages  procluce  substances,
inclheding reactive oxveen intermediates, micric wade,
and Iysosomal enzymes, thar kill ingested microbes.
Macrophapes also produce cytokines that induce
inflammarion and uther eyrokines that promore fibro-
i aiwd tissue repair.,

B Effector CIM° T cells of the T2 subser stimulace
cosinophilic inflammartion and inhibit macrophage
activation. Evsinophils are important in host defense
agtinst helminthic parasites. The balance berween
activation of Tl and T2 cells determines the out-
comes of many infections, with T,,1 cells promoting
and T2 cells suppressing defense against intracellular
microbes,

B D8 T cells differentinre inte CTLs thar kil
infecred cells, mainly by inducing DMNA frapmena-
tion and apoprosis. CI° and CI8° T cells often
function  cooperatively o emdicare  intracellular
infecrions.

P Many pathopenic microbes have evolved mecha-
nisrs foresist cell-medinted Ty These mech-



anisms  include inhibiting  phagolysozome  fusion,
escaping from the vesicles of phagocytes, inhibiting
the assembly of class | MHC=pepride complexes, and
producing  inhibicory cytokines or decoy cyrokine
TeCePInrs.

F- Review Questions

1

What are the wpes of T lymphocyre-mediated
imnune reactions that eliminate microbes thar are
sequestered  in the vesicles of phagocytes and
microbes that live in the eytoplasm of infecred host
culls!

Why do differentiated effecror T cells {which have
Feen activared by antigen) migrate preferentially
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to rissucs that are sites of infection and noet o
lymph nodes!

What are the mechansms by which T cells acti-
vate macrophages, and what are the responses of
macrophages that result in the killing of ingested
microbes!

What are the roles of Tyl and Tyl cells in defense
apainst  intracellular microbes and  helminehic
parasites!

How do CDE' CTLs kill cells infected with
viruses?

What are some of the mechanisms by which intm-
cellular microbes resist the effector mechanisms of
cell-mediated immuniey?



_1 umoral immunity s mediared by antibodies and is the
arm of the adaptive immune response thar funcrions
1o neutralize and eliminare exeeacellular microbes and micro-
bial roxins. Humoral immuniry is more important than cellu-
bar mumunity in defending against microbes with capsules nich
in polvsaccharides and lipids, and against polysaccharide and
lipid toxins. The resson for this is thar B cells respond to, and
procduce antibodies specific for, many types of molecules, but T
cells, the mediators of cellular immunity, recognize and
respond only to protein antigens. Antibodies are produced by
B lymphocyres and their progeny. Naive B lympliocyees recog-
nize antigens but do not secrete antibodies, and activation
of these cells stimulares their differentiation into antibody-
secreting effector cells. In this chapter, the process and mech-
anisms of B cell activation and anribody production are
descnibed, with the focus on the following questions:

« How are receptor-expressing B lymphocyres activated and

converted to antibody-secreting cells!

 Activat
Lymphocytes and
Production of Antibodies

=

.......

Phases and Types of Humoral Immune

Responses

Stimulation of B Lymphocytes by Anligen

= Antigen-Induced Signaling in B Cells

» The Role of Gomplement Proteins in B
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Mediated B Call Activation
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How is the process of B eell acuvarion reglbane.d

s thar the most vseiul rypes of antibodics ane

produced in response to ditterent pvper wf

microbes!

Chaprer 8 Jdeseribes how the amtilodies thar are
pronduced during humoral immune respaonses funcrion
o deflenid individuals agains microbes and wxins,

Phases and Types of
Humoral Immune Responses

Maive B lvmphoovtes express two classes of membeane-
Pownd antibodies, TeM oand lel thar function as
the receptors for antigens. These naive B ocells are
activated by antigens and by other signals thar cire
discuseed bater in the chapter. The activiion of
B Iymphocyoes resultz n the  proliferarion o
antigenespecific cells, ala called clonnl expansion,

Antigen |
recognition

Activation of
B Iymphoﬁyres

e ———

Basic Immunology. Functions and Disarders o the Immune Sysiem

and their Jifferemtiation into effector cells tha
acrively secrete antibosdies (Fig. 7-1). The secreted
antibaodies have the same specificity as the naive B
cell membrane receptors thor recogmized antigen to
initiate the response. One activated B cell may gen-
erare up 1o 4,000 antibody-seorering cells, which can
produce up e 10 antibaedy malecules per day. In this
wary, humoral immunity can keep pace with rapidly
profiferaring microbes. During their differentiation,
some B oeells may begin w produce antibodies of
Jdifterent heavy chain clsses {(or isorypes), which
mediare different effector unctions and are special-
ized 1o combar different types of microbes. This
process is called heavy chain class (isotype) switch-
ing. Repeared exposare tooa protein antigen resules in
thie production of antibodies with increasing affinity
fir the antigen. This process s called affinity matu-
ration, and v leads 1w the production of antibeslies

| Effector cells:
antibody secreting
| Helper T cells, | Dﬁ"s

othar slimu!i__l Antibody
' Clans! secretion
| Naive e i o

g’*"' gD~ 5[ oG- igG
cell = | expressing Hok
2| Beel X
' -.p - = Class
! ’ g — switching
f Activated =
| i crobe S =2 Affinit
: n
{ — ﬁ maturation
' High-affinity
| Ig-expressing ‘ﬁw
B cell affinity 1gG
Kemory
B cell
Figure 7-1 Phases of humoral immune responses. Faws B iympnocytes recognize anligens, and under the inlluence

of helper T cells and other siamul (not shewn). e B cels s actvabod o proslerate, ghang nse 1o 'l.'-l'l_:H'I»al eupansion, and o
diflerentate into amibody-secreling efeclor cells. Some of the actvated B colls undergo keavy chain class switching and
atlenily malurabion, and some become ong-lned memody cells



with improved capacity to bind o and neutealize
microbes and their toxins.

Antibody  responses 1o different antigens are
classified as T-dependent or T-independent, based on
the requirement for T cell help. B lymphoeytes recog-
nize amd are setivared by a wide variery of antigens,
mehwling proreins, polysaccharides, lipids, amd small
chemicals, Protein antigens are processed in antigen-
presenting cells and recognized by helper T lympho-
cyies, which play an important role in B cell
activation and imduce heavy chain class swirching
and athmivy maturation. (The wen helper T lympho-
cvtes came froin the Jdiscovery that some T cells stimu-
Lt or beelp, B lymiphocytes wo produce anribodies.) In
the absence of T cell help, protem antigens clicic weak
of e amtibody responses, Therefore, protein antigens,
anl the anrihody responses to these antigens, are called
“Tadependent.” Polysaccharides, lipids, and ather non-
anrigens  stimulate  antibody  production
withour the mvolvement of helper T cells. Therefore,
these ponprotein antigens, amd the antbody responses
tor themn, are called "Tandependenc.” The antibodics
prochuced in response ro T-independent antigens show
relatively hintle heavy chain class switching and affiniey
maturation. Much of this chapter is devored w anei-
Toady responses to Tedependent protein antigens and
the role of T cells in this response. Responses o T-
independent antigens are discussed further ar the end
af the chaprer.

Antibody responses o the fisst and subsequent
exposures 1o an antigen, called primary and second.
ary responses, differ quantitatively and qualitarively
(Fig. 7-2). The amounts of antibody produced aftee
the fiest encounrer with an antipen {i.e.. primary
responses) are smaller than the amounts of antibody
produced on repeated immuenization (i.e., secondary
responses).  With  protein antigens,  secondary
responses also show  increased heavy chain class
switehing and affinity maturation, because repeated
stimulation by an antigen leads to increases in the
mumbers of helper T lymphocyres.

rlerin

Witk this introduction, the discussion proceeds o the
stimuli thae activare B lymphocytes, how naive B eells
differenriate inro antibody-secreting cells, and the
processes of heavy chain class swicching and affinicy
[T {TRNTS
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Stimulation of
B Lymphocytes by Antigen

Humoral immune responses are initiated when
antigen-specific B lymphocyres in the lymphoid
follicles of the spleen, lymph nodes, and mucosal
lymphoid tissues recognize antipens. Some of the
antigens of microbes that enter gissues or are present
in the blood are transported o and concentrated in
the B cell-rich follicles of the peripheral lymphoid
organs; the mechanisms responsible for this uprake of
antigen inte the B cell zones are not well deined.
B lymphocytes specific for an antigen wse  their
membrone-bound immunoglobalin (lg) receptors 1o
recopnize the antigen i its native confornution {i.c.,
without @ need for processing). The recognition of
antigen riggeers :~'i.|.'.n:11|.|11.: pcllh\\';q.'h thuat inatiate B eell
activation. As for T lymphocyres, B cell activation
also requires second sigmals, many of which are pro-
duced during inpate immune reactions w microbes,
In thie followenng section, the signals for B cell aetiva-
tiom are described, followed by discussion of the func-
rional consequences of these sipnals.

Antigen-Induced Signaling
in B Cells

Antigen-induced clustering of membrane lg recep-
tors triggers biochemical signals thar are rransduced
by receptor-associated signaling molecules (Fig. 7-3).
The process of B lymphocyte acrivation is, in prin-
ciple, similar to the activation of T cells (see Chaprer
5). In B cells, g recepror=mediaed signal trnsdoc-
tion requires the bringing rogether (cross-linking)
of two or more recepror molecules. Recepror cross-
Iilllcin;: occurs when two or more antigen molecules
in an aperegate, OF repeating epitopes of one antigen
molccule, bind o adjacent g molecules in the mem-
brane of a B cell. Polysaccharides, lipids, and other
nonprorein antigens often contain multiple identical
epttopes in cach molecule and are therefore able
to bind o numerous g receprors on a B cell ar the
s rime.

Signals initinted by antigen receptor eross-hoking
are eransduced by receptor-associated proteinsg. Mem-
bearee Tehd and 1l the antigen receprors of naive B
bymphocyres, are highly variable proteins with shon
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cure 7-3  Anfigen receptor-mediated signal transduction in B lymphocytes. Cross-linking of Ig receptors of B cells
oy antigen Inggers bicchemical signals that ane ransduced by e lg-assocated proleins Iga and Igb. These signals nduce
early tyrasing phosphorylation events, activation of various biochemical intermediates and enzymes, and aclivation of tran-
senplion factors. Similar signahing events are seen in T cells after antigen recognaion. MNote thal signaling requings cross-inking
of ai least two Ig receplors by antigans, bul only a single receplor is shown lor simplicity

cytoplasmic domains, These membrane receplors
recopnize antigens but do not themselves mansduce
signals. The receprors are noncovalently attached wo
two proteins, called Igee and lgf, to form the B cell
receptor (BCR) complex (analogous to the T cell
receptor [TCR| complex of T lymphoeytes). The
eytoplasmic domains of lge and 1pf contain con-
served  immunorecepror  tyrosine-based  acrivarion

motifs (ITAMs), which are found in signaling sub-
units of many other activating receptors in the
mmmune system (e.g., the CD3 and § proteins of the
TCR complex: see Chaprer 5). When two or more
antigen receptors of a B ocell are clustered, the
tyrosines in the ITAMs of lgo and 1 are phospho-
rylared by kinases associated with the BCR complex.
These phosphotyrosines become docking sites for



128 Basic Immunalogy: Fundtions and Disorders of the Immune Sysiam

adapter proteins thar themselves per phosphorylated
and then recruir & number of signaling molecules. The
components of receprormduced sipnaling cascades
are ot as well understood in B cells as they are in
T |'|-'m["h'l-"c'|'|¢}. Bur the -sign:l!il‘:;: CYCTHEE e ossen-
tially similar in the two lvmphocvie populations (see
Chapter 5. Fig. 5-14). The net resule of recepror-
induced stgnaling in B cells s the acrivarion
of transcription factors that e on genes whose
prowein products are invelved in B cell prolifera-
tion and Jdifferentiation. Some of the importan
proteins are described Tater in this section of the
chaprer.

The Role of Complement Proteins
in B Cell Activation

B lvmphocyies express a receptor for a protein of
the complement svstem rhat r\'rl.r'."idru:- siunals for the
activation of the cells (Fig. 7-41 TJ".L- cotnpleiment
svstem s a coblection of
acrivared by mienobes dind
milerabes and whose fund

y NS tHat are
1t I" attiched o

s wifector ::.-.-..'l.snisn'n-

of host defense is well known (see Chapter 8). When
the eomplement system is activated by a microbe, the
microbe becomes coared with breakdown products of
the most abundint complement protein, C3. One of
these breakdown produces is a fragment ealled C3d. B
lymphocytes express u recepror, called the type 2 com-
plement receptor (CR2, or CD21), thar binds Cd.
B ocells thur are specilic for a microbe's antigens
recognize the antigen by their lg receptors and
simultancously recognize the bound C3d by the CRE
meceptor. Engapement of CR2 greatly enhances
antigen-dependent activation responses of B cells.
Thus, complement proteins provide seeond signals for
B cell acrivation, lunctivning in concert with antigen
twhich s “signal 17) w0 initiate B cell proliferation
amd differentiathon. This role of cumplmm:nt in
humoral immune responses again illustrares an idea
we have mentioned  previowsly, that microbes or
innate immuane reponses to microbes provide signals
in addition o antizen that are necessary for lympho-
cvie activation. In bwmomal immuonity, complement
activation s the relevant innate immune response
amd Ol s the second signal for B lymphocytes,

L d

Complement || - —Bound
activation || - \ C3d
=9 CHE
@3
Recognition J\ /" * ieots
by B cells ge b | S

CD|Cieom

The rale of the complement protein
I'.‘-'-‘i-d in B cell activation. Activation of complement by
reCiches keacs 1o ne binding of a complement break-
doan predusi, C34d, to the microbes. The B cell sirmul-
1aneousiy recognizes a microbial antigen (by 1he g
fitepior) and bound C3d (by the CA2 recepior). CR2
is attached o a complex of profeins (CD19, CDB1)
thal &g moned in delnvering actvaling signals 1o the
B call

C |

)

Signals from 5 =
Ig and CR2 ¥
complax \ !
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analogous 1o the costimulators of antigen-presenting
cells for T lymphocytes.

Functional Conseguences
of Antigen-Mediated
B Cell Activation

The consequences of B cell activation by antigen
tand second signals) are to initiate B cell prolifera-
tion and differentiation and to prepare the B cells
to interact with helper T lymphocytes (if the
antigen fs a protein) (Fig. 7-5). The activated B
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lymphocyres enter the cell cyele and begin to prolif-
erate, resulting in expansion of the :mtig,n:naspcciﬁc
clones. The magnitude of B cell clonal expansion is
not well defined. The cells may also begin o synthe-
size more lgM and to produce some of this [gM in a
secreted form. Thus, antigen stimulation induces the
early phase of the humoral immune response. This
response is greatest when the antigen is mulrivalent,
cross-links many antigen receprors, and activates com-
plement strongly, all of which are typically seen with
polysaccharides and other Trindependent antigens
(which are discussed in detml later in the chapter),

ire 7-5 Funetlonal conse-
guences of Ig-mediated B cell activa-
lion, The actrvation of B cells by anligen
n lymphoid organs mitiales the process
of B coll prolferation and Igh secreton
and “prepares” the B cell to activale
nedper T cells and respond ko T cell help
by ivCreasang he expression ol co-
stimulalors and receptors for T cell
cylohines and by stimulating migralon
of the B cells ioward the T cell-rich
sones of the emphoid ongans.
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Mot soluble protein antigens Jo not conrain nulei-
ple identical epitopes: are not copable of crosslinking
many receptors on B cells, and will therefore :n
fare weak responses on their own. Antigen stimula-
tion induces at least three other chanpes in B
Iymphocyees that enhance the ability of these B cell:
to interact with helper T lymphocyvres. B cell activa-
rion leads to increased expression of BT costimulaners,
which provide second signals for T cell activation,
and the exXpression o Feceors for evtokines, which
are the secrered mediators of helper T cell luncrons.
Activated B cells also reduce their expression of
recepbors for chemokines that are pnarucmi m lym-
phoad tollicles and whose function is o keep the B
cells in these follicles, As o resulr, the activated Beells
migrate aut of the follicles and towand the anatomic
compariment where helper T cells ane concentrmed.

So far we have described how B lvmphocvtes rec-
opnize antigens and receive the sipmals that inicaee
humoral immune responses, As stated ar the ourser,
antibody responses o protein antigens requine the
participation of helper T cells. In the nexe weetion the
interacticons of helper T cell: with B lvmphaocytes are

deecnbed

The Function of Helper

T Lymphocytes in Humoral
Immune Responses o
Protein Antigens

B F
senfy

For a prowin antigen to stimulate an anuk
response, B lvmphocyre: and helper T lemphison.

AP for that antigen mwest come toaether in lyme
rhoid crgans and interace i a o way thar stimulares B
cell proliteranon and differentianion. We know this
process works very efficiently, because protem anti-
cens elicit excellent antibody responees within 3 o 7
s of antigen exposure. The etficiency of the progess
raises many Juestions. How do B eells and T cells spe-
cifig fiv eI of thie same antiven And one another,
considering that both types of lymphocyres specific
for any one antigen are rare, probably less thun 1 n
TO0000 of all the lymphocytes inthe body! Hoaw do
helper T cells specific for an antigen imteract wirh B
cells specific for the same anrigen and s with el
evant B cells? Whar signals are delivered by helper T
cells thar stimulate nor only the secretion of antibody

b also the special features of the antibody response
o proeing, namely, heavy chain class switching and
affininy matusition? As is apparent in the discussion
that follows, the answers o these questions are now
well unmmlerseoanl.

Activation and Migration of
Helper T Cells

Helper T cells that have been activated to differ-
entiate into effector cells interact with antipen-
stimulated B lymphoeytes at the edges of lymphoid
follicles in the peripheral lymphoid organs (Fig. 7-
&) Maive T4 helper T lymphocytes are stimulatesd
te prolitenite and  Jiffercntiate  into eyokine-
producing effector cells as i result of recopnizing anti-
gens on professtonal antien-presenting cells (APCs)
in the lymphoid organs, The process of T cell activa-
tion wis described in Chaprer 5. To reiterate the impor-
tart poants, the initinl activartion of T cells requires
antizen recognition and costimulation. Therefore, T
cell serivarion is induced best by microbial antigens
and Iw protein antivens thar are administered with
adpuvints, which stimuolae the expression of costimu-
Fors on profesional APCs. Also, dhe antigens
than stignukate CI4 helper T cells are derived from
extracellular microbes and proteins that ane processed
and displaved Bound to ¢lass 1] major histocompati-
bility comples {MHC) molecules of APCs inthe T
cell-rech zomes of periphesal lymphoid eissues. Here,
the CIH T cells that recognize the antipens may
differcaniare into effector cells capable of producing
varws cytokines: the Tyl and T2 subsets described
i Chapter 3 are examples of such differentiared
effector cells. Dhfterentiated effector T cells begin to
migrate oul of their normal sites of cesidence. As
dizcussed in Chaprer 6, some of these T lymphocytes
enmer the circulution, find microbial antigens at
distan siwes, aml eradicare the microbes by the reac-
tions of cell-mediared immunity, Ocher differentiared
helper T cells migrare towand the edpes of lymphoid
follicles at the sime time thar nn:i.g,cn-;i[imulan:tl B
Iinphiscytes wathin the follicles are beginning 1o
migrate outwand. This direcred migration of the B and
T wells vwomard one another depends on changes in
the expression of certin chemokine receprors on the
activated Tympluwyres and the prosducrion of the
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are ¥=6  The interactions of helper T cells and B cells in lymphoid tissues, CD4" holper T colls recognize processed
ciain anligens displayed by professional APCs and are activated 1o proliferale and diferentiate into allecior cells. These
ffector T cedis begin 1o migrate toward lymphoid follkcles. MNaive B lymphocyles, which reside in lhe folkcles, recognize ant-
jeevs W this site and are activaned 1o migrate oul of the lolicies. The two cell populalions come 1ogether al the edges of b

lelas and mlaract.

cliemokines thar bind o these receprors in the
follicles and T cell zones of the lymph node, The B
and T eells encounter one another ot the edges of
Iymphoid follicles, and the next step in their interac-
ton oceurs here,

FPresentation of Antigens by
8 Lymphocytes to Helper T Cells

B lymphocyres that bind protein antigens by their
specific antipen receptors endocytose these antigens,
process them in endosoemal vesicles, and display
class 11 MHC=associated peptides for recognition by
CD4* helper T cells (Fig. 7-7). The membrane g of
B cells is a high-affinity recepror thar enables a B cell
ter specifically bind a particular antigen even when the
extracellular concentration of the antigen is very
lowe. In addition, antigen bound by membrane g is
endocyrosed very efficiently and is delivered w the
intracellular endosomal vesicles where proveins are
processed into peprides thar bind w class 11 MHC
mulecules (see Chaprer 3} Therefore, B lymphocytes

are very efficient APCs for the antigens they specih-
cally recogmize. MNote that any one B cell may bind o
conformational epirope of a protein antigen, inter-
nalize and process the protein, ond display muoleiple
peprides of thar provein for T cell recognition. There-
fore, B cells and T cells recognize different epitopes of
the same protein antipen. Becouse B cells present the
antigen for which they have specific receprors, and
helper T cells specifeally recogmize peptides derived
from the same antigen, the ensuing interaction
remains antigen specific. As we mentioned earlier,
antigen-activated B lymphocytes also express costime
ulators, such ns BY? maolecules, thar stimulare the
helper T cells that recognize antigen Jisplaved by the
B eells.

Mechanisms of Helper
T Cell-Mediated Activation of
B Lymphocytes

Helper T lymphoeytes that recognize antigen pre-
sented by B cells activate the B cells by expressing
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CD40 ligand (CD4OL) and by secreting cviokines
(Fig. 7-8). The process of helper T cell-mediated B
hvmphocyte acrivation is analogous o the proces
vi T cell-mediated macrophage activation in cell-
mediated immunity {see Chaprer 6). CDS0L on acn-
vated helper T cells binds to CIMO expressed on B
lympheocyres. Engagement of CIMO delivers signals 1o
the B cells that stimulace prodiferation {clomal expan-
sion) and the synthesis and secretion of antibodies.
At the same time, cyrokines produced by the helper
T cells bind 1o eytokine receprors on B lymphocytes

and stimulate more B cell proliferation and 1g pro-
dueriom. The requirement for the CDY0L-CDE0
interaction ensures thar only T and B lymphocyres in
physical contact engage in productive interactions,
As we deseribed previowsly, the antigen-specific lym-
phoeyees are the ones that physieally interace, rhus
ensuring that the antigen-specitic B cells are also the
vnes that are sctivatad. Helper T cell signals also
stimulate heavy cham el switching and affinity
innumion, which are typicolly seen in antibody
S R CEN T-dependent Protein antigens.
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ure -8  Mechanisms of helper T cell-mediated activation of B lymphocytes, Helper T cells recognaze peplide anti-
jens presenled by B cells and costimulators (e.g.. BT molecules) on the B cells. The helper T cells are actvated 1o express
Ol and secrete cylokings, bolh of which bind 1o heir recepiors on the same B celis and activale the B celis,

Heavy Chain Class (Isotype)
Switching

Helper T cells stimulate the progeny of Igh + IgD
expressing B lymphocytes to produce antibodies of
different heavy chain classes (isotypes) (Fip 7-9).
The importance of class switching is thar it enables
humoral immune responses o different microbes o
sdope in order to optimally combar these microbes.
For instance, an important  defense  mechanism
peainst the extracellular stapes of most bacterin and
viruses is o coat (opsonize) these microbes with
antibodies and cause them to be phagoeytosed by
neatrophils and macrophages. This reaction i3 best
medinted by antibody classes, such as 1pG1 and 1gG3
{in humans), that bind to high-afhnity phagocyee Fe
receprors specific for the ¥ heavy chain (see Chaprer
8). In contrast, helminths are best eliminated by
cosinophils, and therefore defense against these par-
sites involves coating them with antibodies to which
eosinophils bind. The antibady class that is able w
do this is IgE, because eosinophils have high-affinicy
receprors for the Fe portion of the & heavy chain.
Thus, effective host defense requires that the immune
avstem should make different antibody isotypes in

response Do different microbes, even though all naive
B lymphuocytes specific for all these microbes express
the same antigen receptors, which are of the lgM and
gD isorypes. The process of heavy chain class switch-
ing provides this plasticity in humoral immune
PUSPHHISES.

Heavy chain class switching is initiated by
CD40L-mediated sipnals, and switching to different
classes is stimulated by different cytokines. The
signals delivered by CD40L and cyrokines ace on
activated B cells and induce switching in some of the
progeny of these cells. In the absence of CD40 or
CIMOL, B cells secrere only 1gM and fail 1o switch
o orher isotypes, indicating the essential role of chis
ligand-recepror pair in closs switching. A discase
called the X-linked hyper-lgM syndrome is coused by
inactivating mutations in the CD40L gene, which is
located in the X chromozome. In this disease, much
of the serum antibody is 1gM, because of defective
heavy chonn class switching. Patients also suffer from
defective cell-mediated immunity agninst intracellu-
lar microbes, becowse CU40L s impormant for T
cell-medinted immunity (sce Chapter 6). Cyrokines
influence which heavy chain ¢loss an individoual B cell
ancd s progeny will switch o,
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The molecular basis of heavy chiain cliss swirche
mg is understood quite precisely (Fig, 7-100 luhl-
produsing B eells, which have nor underone swirching,
contain in their lg heavy chain locus a rearmanged
VI gene adjacent to the first constane rewien clusier,
which is Cp. The heavy chain mRNA & produced by
sphemg of VDI RMA o O RNA, and this inRxA
ts rranslared o produce the g heave chain, which
combines with a lighe chain to give rise o ludd anei-
body. Thus, the first antibody produced by B cells =
IeM. Signals from CD40 and cvtokine receptiors
stimulate transeription through ome of the constane
regions that & downstream of Cu. In the intron 57
of each comstant region (except CU8) is o conserved
nucleatide sequence ealled the switch regivn, When
a Jdownstream constant region becomes Rnseription-
ally active, the switch region 3 of Oy recombines
with the switch region 5 of thar downstream constan
region, and all the intervening DNA s deleted, The

Ig heavy chain class {isotypa) swilching. ~rugan-simoaien B lynphocytes may differentiate inte bgh

cylokeds, some of the B cells may dilferentiate inla cefis

star lurctions of some ol these classes are lisled; all classes
L. iterlauin. TGF transtoming goowlh Macior

erizvine actvition-induced deaminase plays a key
role in these everns, This process is called switch
recombination. 1t brings the rearranged VD] adjacent
o downstresn O region. The resule is thar the B
cell begins to produce a new heavy chain class {which
is determined by the C region of the antibody) with
the <ame specificity as the original B cell (since
specifcity 1= determined by the rearranged VD))
Cytokines produced by helper T cells determine
which heavy chain class is produced by influcncing
which heavy chain constant region gene participates
in switch recombination (see Fig. 7-9). For instance,
the prosduction of opsonizing antibodies, which bind
1o phagecyte Fe receprors, is stimulated by interferon
(TFM -5 L o sipmaiture eyeokine of Tyl cells. These
opsonizing antibodies  promote  phagocyrosis, 2
prrelode o microbe killing by phagocyres, [FN-yis also
a phagocyic-activining cytokine, and it stimulates
the microbicidal scrivities of phagoeyees. Thus, rhe
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Figure 7=-10 Mechanism of Ig heavy chain class switching. In an Ighd-secreting B cell (ladl panet), the primary transsrip)

of 1he rearranged VDU heavy chain gene is spliced onto the g RMA [0 produece the p heavy chain and IgM antibody, becauss
the p gene is closest to the VDU gene, Signals from helper T celdls (CD40 ligation and cytokines) may mduce recombination
of switch (5) regions such that the rearranged VOJ gene is moved close 1o a C gene downsiream of Cu. (Switch recomibi-
nation is shown by dashed lines.) Subsequently, the VDJ primary ANA is sploed onta the BMNA from the downsiream C gene,
producing a heavy chain wilh a new constant region and, therefore, a new class of Iy, The two right panels dlustrate how e

piogany of an activaled B cell may seilch 1o produce two diflerent antibody classes, lgG and IgE (Exons encoding ¥ chain
sublype heavy chains and a chain heavy chams are not shawn 1o simplicily }
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actions of IFN-y on B cells complement the actions
of this evtokine on phagoeyres. Many bacreria amd
viruses stimubate Tyl responses, which acrivare the
effector mechanisms that are best at eliminating these
microbes. In conrmst, switching to the IgE class is
stimulated by interlenkin (ILY-4, the  sipnature
cvtokine of Ty cells. IeE functions te eliminate
helminths, acting in concert with easinophils, which
are activated by the second T2 eviokine, IL-5
Predicrably, helminchs induce strong Tid responses,
Thus. the nature of the helper T cell response wooa
microbe guides the subsequent antibody response,
making it oprimal for combaring thar microbe. These
are excellent examples of how different components
of the immune svstem are regulated coordinately and
funcrion together in defense against different ovpes of
micrabes, and how helper T cells maw function as the
“master” controllers of immune fesponses.

The nature of antibody classes produced i also
influenced by the site of mmune responscs. For
instance. leA antibody i3 the major sorvpee produced
in mucosal lvmphioid rissucs. Thes @5 probably bBecause
inuecosal tissues contain large numbers of B cells able
i switch ro loA and helper T cells whose eyrokines
gimulare switching o lgA. lea i the principal
sntibody class char can be activelv secreted through
mucusal epithelia (see Chaprer 8), and this & pre-
-unrzibly why mucosal lymphaid rissues are the magor

sited of lgA production.

Affinity Maturation

Affinity maruration is the process by which the
affinity of antibodies produced in response w a
protein antigen increases with prolonged or repeated
caposure (o that antigen. Because of affinity matura-
rion. the ability of antibodies to hind w a microbe
vr microbial antigen increases if the infection is per-
sistert or recurrent. The molecular mechanism of
afftty - maturation was  defined  when  individual
(moneclonal) antibodies were isolmed ar differen
stages of an IMmUne response [ a protein antgen and
analyzed for their affinities for the antigen. [t was
found that the affinity of the antibody increased with
prolonged or repeated antigen exposure. This increase
in affinity is due to point mutations in the V regions,
and particulacly i the antigen-hinding hypervari-

able regions, of the anribodies o sluced (Fig. 7-11).
Afhnity marurarion is seen only in responses o helper
T cell=dependent protein antigens, suggesting that
helper cells are critical in the process, These findings
Fatise twa mriguimg guestions: how do B cells undergo
Iir ey mauntantions, susd o are the high-affinicy (ie.,
mwst useiul) B cells selecred 1o become progressively
OFS ILEerous !

Affinity maturation occurs in the germinal
centers of Iymphoid follicles and is the result of
somatic  hypermutation of Iz genes in dividing
B cells followed by the selection of high-affinity B
cells by antigen displaved by follicular dendritic
cells (Fie, 72120, Some of the progeny of activared B
Ivmphocyres eneer lvmphoid follicles and form germi-
minl centers. Within these serminal centers, the B cells
proditerate rapadly, with o Joubling time of approxi-
mately 6 hours, so thar ope cell may produce about
D progeny within o weck, (The name “germinal
center” canwe from the morphologic observation that
somme follicles contaim hehtly stained centers, and the
Tight staining is o resule of the laege numbers of divid-
ing cells, many of which are also dying.) During chis
profiteration, the Ig wenes of the B cells become
susceptible 1o poing mutations by a process involving
the enzeme activation-induced depminase. The fre-
guency of e pene mutations is estimated to be one in
12 base pairs per cell per division, which iz a thou-
spdfold more than the mutation rate in most penes.
For this reason, Ip mutation is called somatic hyper-
mutation. This extensive muration resules in the gen-
erativn of Jditfferent B cell clones whose Ig molecules
iy binad with widely varying affiniries to the antigen
that imitiated the response,

CGerminal center B cells die by apoprosis unless
they are rescned by anbigen recognition. At the same
time as somatic hypermutation of lg genes is poing on
in perminal centers, the antibody thar was secreted
varlier during the immune response binds residual
antigen. The :Inti.j;ﬂl'l-nl‘l.‘l;i.h,}n.{l,‘ complexes that are
formed may activate complement. These complexes
are displaved by cells, called follicular dendritic cells,
that reside in the germinal center and express recep-
wars for the Fe portions of antibodies and for com-
plement procducts, both of which help w display the
antigen-antibody complexes, Thus, B cells thar have
undergone semaric hypenmuration are given a chance
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Affinity maturation in antibody responses. Analysis of several indendueal anliibodes produced by diflenent

mnes of B cells aganst one antigen al diferent stages of pnimary, secondary, and 1eriary immune responses shows that with
i and repeated immunization the antibodies that are produced comain increasing numbers of mutabons in their anligen-
wngding regions (e complementanty-determining regions [CDAs]). The antibodies also show increasing alfinities for the
anlsgen, as revealed by the lower dissociation conglants (K;) These regulls imply thal the mutalions are respongible for
the increased allindies of the antibodies for g mmmunezeng antigen Secondary and lerliary reSponses reer 1o rasponses o
Ihe second and thind mmunizations with the same anligen. (Adapled rom Berek C. and C Milsbein. Mutahion drill and reper-
ioire shall in the maluration of 1he immune response  Immunol Rev 96.23-41, 1987, wih permission.}

o bind antigen on follicular dendritic cells and
be rescued from death. As the immune response
develops, or with repeated immunization, the amount
of antibody produced increases. As a resule, the
amount of available antigen decreases. The B cells
thar are selected o survive must be able o bind
antigen at lower and lower concentrations, and there-
fore these are cells whose antigen receptors are of
higher and higher affinity. The selected B cells leave
the germinal center and secrere antibodies, resulting
in increasing affinicy of the antibodies produced as the
response develops.

The various stages of antibody responses 1o T cell-
dependent protein antigens occur sequentially and
in different anatomic compartments of lymphoid

organs (Fig. 7-13). Mamwre, naive B lymphocyies
recognize antigens in lymphoid follicles and migrate
out 1o encounter helper T cells ar the edges of the
follicles. This interface of the B cell-rich zones and
the T cell=rich zones is the site where B cell prolifer-
ation and differentiation into antibody-secreting cells
begin. The antibody-secreting cells that develop as a
consequence of this interaction reside in lymphoid
argans, usually ourside the B cell-rich follicles,
and the secrered antibodies enter the blood. Some
antibody-secreting plasma cells migrate w the bone
marrow, where they may live for months or vears, con-
tinuing to produce antibodics even after the antigen
is eliminared. It is estimared thae more than half the
antibodies in the blood of a normal adule are produced
by these long-lived antibody-secreting cells, and thus
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B cell activation by
protein antigen
and helper T cells

B cells with somatically
mutated Ig V genes and
lgs with varying
affinities for antigen

Only B cells with high-
affinity membrane |
bind antigen on follicular
dendritic cells

B calls that encounter
antigen on follicular
dendritic cells are
selected to survive;
other B cells die

circulating antibodies reflect each individuals history
of antigen exposure. These antibodies provide a level
of immediate protecrion il the antigen (microbe or
toxin) recnters the body. Heavy chain class swvitch-
ing s also initiated owsside the follicles. Affinity
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fovis Yo12  Selection af high-
-HHI‘-I‘II't]' B cells in germinal centers.
Soma of the B cells thal are aclivaled
by andigen, wilh help from T cells,
megrate into follicles 1o form germenal
conbErg, wheng Ry unclergo ragd
profidaration and accumulabe muka-
ticng in thair Ig V genas. The muka-
tions gencrate B cells wilh didfferan
allmilies lor 1he antigen. Follicwlar
dendritic coils (FDCs) display the
anligon, and onty B calls (hat recog-
mige Ihe antigen are selectked o
survive FOCs display antigens by
pinching Anemene  compleses 1o Fo
teoepions of by bindng immung com-
plases with allached C3b and C3d
complamen proteins 1o C3 recepiors
(mal shown) As moee anlibody is
procduced. 1he amound of available
antigen decreases, 5o e B calls thal
afe selacied have 1o express recep-
toes wilh Reghar aMimiles 1o bind the
anfigan FOCs express CD40L (nol
sheam), and gesminal centers con.
tain & few T ceBs ihal also express
COM0L COA0L may be the mdlecule
that Galivers sureival signals to the B
cefis thal recognize anligen on the
FOCs

maturation, and perhaps additional class switching,
cecurs in perminal centers thar are formed in follicles.
Al these events may be scen within a week after
expusure o antigen, A fraction of the activared B
cells, which are olten the progeny of closs-swirched
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Activation and B cell Germinal center
migration of T:B cell differentiation: reaction: affinity
and B interaction Ig secretion, maturation,
lymphocytes isotype switching memory B cells
Lymph
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Germinal
center

ure =13  The anatomy of humoral Immune responses. [n fumoral mmung responses, he initial activaton of B cells
and helper T cells occurs in différenl analemss compantmeants of peripheral lymphoid crgans Maive B cells recogrize anti-
neng n lolicles, and nelper T cells recognize antgans in T celi-rich Zones outssde the folicles. The twao cell types interact al
e eddges of the follickes, The diferentiation of B celis inlo antibody-secraling Cells oocurs mainky oulgide Iymphioid folkcles
AHinity maturation cocurs in germinal centers, and heavy chain class swilching may cocur outside lollicles and in gadminal
centers. Some anfibody-secreling plasma cells migrale o e bone marow and conbnue 1o produce antibody even altar the
anngen is eliminaled (nol shown). Memory B cells develop mandy in the germinal cenlers and enler the caculation The ius-

raticn shows these reactions in a lymph node. bul essentially the same paltern is seen in ha spleen,

high-affinity B cells, do not differentiote into active
antibody secretors but instead become memory cells.
Memory B ocells do not secrete antibodies, bur they
circulate in the bleod and survive for months or years
in the absence of additional antigen exposure, ready
tor respond rapidly if the antigen is reintroduced.

Antibody Responses to
T-Independent Antigens

Polysaccharides, lipids, and other nonprotein angi-
pens elicit antibody responses without the parricipa-
tion of helper T cells. Recall thar these nonprotein
antigens cannot bind to MHC molecules, and there-
fore they cannor be seen by T cells (see Chapter 3).

Many bactenia contain polysaccharide-rich capsules,
and defense aganst these bacreria is mediated primar-
ily by antibodies that bind o capsular polysaccharides
and rarger the bacteria for phagocyrosis. Despite
the importance of antibody responses agaimst such T-
independent antigens, very little is known about how
these responses are induced. What is known is that
antibody responses to T-independent antigens differ
in many respects from responses to proteing, and mose
of these differences are actributable o the roles of
helper T cells in anribody responses o proteins (Fig.
7-14). It is thought that because polysaceharide and
lipidd antigens often contain multivalent armys of
the same epitope, these antigens are able o cross-link
many antigen receptors on a specific B ocell. This
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Thymus-dependent antigen Thymus-independent antigen
| Chemical : Proteins Polymeric antigens,
| nature | 2 especially polysaccharides,
| | also glycolipids, nucleic acids
| 1
|
Features of
antibody
response
[ 2
i Isotype I 3 Yes Little or no: may be some IgG
| switching | “%%‘"
| = ol
[ S
|
Shiny
! IgG
flinity es Lilile or no
maturation
Sgcnpdar}f I Yes Only seen with
(Memory |
| B cells)
Features of antibody responses to T-dependent and T-independent antigens. T-dependenl anligens. (pro-
%) A3 Tendepenoent 2nngens (NONDIoLens) nduCe BNHLOdy responss with different characienistics, largaly reflecting the
Fuence of he'var T calls in Ing reSponsas 10 DIoter :

extensive cross-linking may activate the B cells
strongly enough 1o stimulace their proliferation and
Jifferentiation without a requirement for T cell help.
Maturally occurring protein antipens are wsually not
muthtivalent, and this may be why they do nor induce
full B cell FEspOnses |'vr themselves but d;:rq:nd an
helper T cells to stimulate antibody production.

Regulation of Humoral Immune
Responses: Antibody Feedback

After B lymphocyres differentiate inte antibody-
secreting cells and memory cells, a fraction of these

cells survive for long periods, but most of the acti-
vated B cells probably die by a process of programmed
cell death. This geadial loss of the nctivated B cells
contributes to the physiologic decline of the humoral
immunie response. Bocells also use a special mecha-
nism for shurting off antibody production. As 1gG
antibaody b5 produced and circulates throughout the
bizdy, the antibody binads o angigen thar is still avail-
able in the blood and ossues, forming immune com-
plexes. B oeells specific for the antigen may bind the
antigen part of the immune complex by their Ig recep-
torrs, At the same time, the Fe “@il” of the attached
I antibody may be recognized by an Fe recepror



“oupe 7-15 The mechanism of antl-
body feedback. Secroted IgG anlibodies
form mmune complexes (antigen-antitody
comphices) with residual antigen, The come
pexes inleract wilh B cells specific for the
antigen, with the membeane lg antigen
cceplors  recognizing  epitopes of the
nigen and a cedain ype ol FC recepion
..-ﬂlll racograzing 1ha bownd anlibody.
Ina Fo eecegpiors block aclwating signals
m the antigen recepiorn and thus lermeanaie
el acivation, The cyloplasmic domain of
coll FoyRll containg an imemunarecaptof
cane-based inhibiton motif (ITIM)  that
unds enzymes thal inhibit antigen recep-
r-mediated B call actvalion
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Secreted
antibody
forms complex
with antigen

Antigen-
anti
complex binds
to B cell Ig
and Fc receptor

Inhibition of
B cell
response

ecxpressed on B cells (Fig. 7-15). This Fo recepror
delivers  negartive  signals that shur off  antigen
receptorsinduced  signals, thus terminating B cell
responses. This process, in which antibody bound o
antigen inhibits further antibody production, is called
antibody feedback. Ir serves o rerminare humoral
immune responses once sufficient quantities of 1pG
antibodies have been produced.

SUMMARY

= Humoral immunity s mediated by ancibodies,
which neurralize and help to eliminate excrcellular
microbes and their toxins.

= Humoral immune responses are initiated by the
recopnition of antigens by specifie immunoglobulin

Block in B cell
receptor signaling

(Ig) receprors of naive B cells. The binding of antigen
cross-links lg receptors of specific B cells, and bio-
chemical signals are delivered o the inside of the B
cells by Ig-associared signaling proteins. A breakdown
product of the complement protein C3 is recognized
by a recepror on B cells, providing “second signals”
for B cell activation. These signals induce B cell
clonal exponsion, low levels of lpgh secretion, and
ather changes thar prepare the B cells o respond o
T cell help.

B Protein antigens activate CD4° helper T cells,
which stimulate B cell responses. B lymphocyies spe-
cific for an antigen bind, internalize, and process that
antigen and present class 1| MHC-displayed peprides
to helper T cells also specibe for the antigen. The
helper T cells express CD40L and secrete cyrokines,
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which function rogether to stimulare high levels of B
cell proliferation and differentiation.

B Heavy chain elass switching (or isotype switching)
is. the process by which the isotvpe. but not the speci-
fciry, of the antibodies produced i response 1o an
antigen -:h:lmn.' a: the humoral Fespronse pm&'nls:,
lsotype switching Jepends on the combination of
CEHOL and eviokines, Different cytokines induce
switching to Jitferent antibody ¢lasies, enabling the
immune system to respond in the most effective way
1o different types of micrabes,

P Affinity matueation is the process by which the
affinity of antibedies for protein antigens increases
with pm-hmgm.l or repeated exposure o the antipens.
The process occurs when some activated B cells
migrate into follicles and form germinal centers. Flere
the B cells proliferate rapidly and their Ig V' penes
undergo extensive somatic mutations, The anrigen
complexed with secreted antibody is displaved by
follicular dendritic cells in the '_:-:nn'in:|| centers, B
cells vhar recognize the antigen with high affniy are
selected o survive, giving rise to affinity nuturation
vl the antibody response.

Polysaccharides, lipids. and other nonprotein
antcens are called T-independenr antigen: Fecuuse
they induce ancibody responses withour T cell help.
Must Tondependent antipens contain multiple iden:
iical epitopes thar are able w cross-link many e
receptors o a B oeell, providing signale for the B cells
i ore adequate even in the absence of helper T
cell acnvation, Antibody responses to Teindependent
mtigens show less heavye chain class swiching and
affinity maturation than do responses o Tedependent
Protein antigens,

B Secreted antibodies form immune complexes with
residual antigen and shut off B ecell activation by
engaging an inhibitory Fo recepror on B cells,

B Review Questions

1 Whart are the signals thar induce B cell responses
t (1) protein antigens and (2) polysaccharide
antigens?

2 Whar are some of the differences betwesn primary
and secomdary antibody responses o a protein
antigen!

3 How do helper T cells specihe for anantigen inter-
act with B lymphocytes specific for the same
antipen! Where in a lymph node do these interac-
tions: mainly occur!

4 Whar are the mechonismes by which helper T cells
stimulnie B cell proliferation and differentiation?
Whor are the similarities between these mecha-
pime and the mechanisms of T eell-mediated
mescrophoge activation!?

3 Wihar are the signals thar induce heavy chain class
switching, and what is the importance of this
rhenomenon for hose Jefense aganst different
micrabes!

6 What is afhmity mataration? How is ic induced,
and how are high-afhnity B cells selecred 10
survive!

7 What are the characteristics of antibody responses
o polyvaccharides ond  lipids? What types of
bacteria stimulate mostly these kinds of antibody
responses!
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Hlltlliﬂﬂl immunity is the type of host defense char is
A Mmediared by secrered antibodies and is important for
protection against extracellular microbes snd their roxins, Pre-
venting infection is an important function of the adaprive
immune system, and only antibodies mediate this funcrion.
Antibodies prevent infecrions by blocking the ability of
microbes o bind o and infecr host cells. Antibodies also
ind o microbial roxins and prevent them from damaging
host cells. In addition, antibodies function to chminate
microbes, toxins, and infecred cells from the body. Both ani-
hodics and T lymphocytes participate in the destruction of
microbes that have colonized and infected hosts. Antibodies
are the only mechanism of adaprive immunity against extra-
cellular microbes, bur they cannot reach microbes that live
inside eells. However, humoral immunity is vital even for

Properties of Antibodies That Defermine
Thelr Eflector Functions

Meutralization of Microbes and Microbial
Toxins

Dpsonization and Phagocytosis
Antibody-Dependent Cellular Cytotoxicity
Activation of the Complement System

« Pathways of Complement Activation
+ Functions of the Complement System
+ Regulation of Complement Activation

Functions of Antibodies at Special
Anatomic Sites

= Mucosal Immunity
* Neonatal Immunity

Evasion of Humoral Immunity by Microbes
Vaccination
Summary

defense against microbes that live and divide mside of cells, such as viruses, becawse anti-
adies can bind ro these microbes before they enrer host cells and thus prevent infecrion.
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Prefects i angibaody prosduction ane associared with
inereased suscepribilitg 1o infections by many bacre-
ria, viewses, and pareites, Most of the effective vae-
cinwes that are currently inuse work by stimulating the
production of antibodies,

This chaprer deseribes how antibodics function in
hest defense against infections, The following ques-
tions are addresed:

What are the mechanisme wsed by circulming

antilodies o combar Jifferent types of infectiouns

agents and their toxins?

Whar is the role of the complement svstem in

defense aginst microbes!

How do antibodies combar micrsbes that enter via

the gastrointestinal and respinitory trore!

How do antibedies protect the fenes and newborm

from infections?

Before deseribing the mechani=ns by which angi-
Posdies funcrion in host Jetense, the fearures of anei-
Bondy molecules that are important for these funerions
are supminarized.

Properties of Antibodies
That Determine Their
Effector Functions

Antibodies may function distant from their sites of
production. Anribodies are produced afrer stimulacion
il B lymphocyees by antigens in periphenal lvmphoid
oreans (e the lymph nodes, the spleen, and micosal
femphoid tissues), Some of the antigen-stimulared B
Iemphocytes  Jdifferentiare  into antibodyveecreting
colls, which synthesize and secrete antibodics of differ-
ent heavy chim classes (isotypes). These antbodies
enter the Blood, from where they may reach any
peripheral site of infection, and muocosal secretions,
where they prevent infections by microbes thar try o
cnter through the L'pithu:li-.l.. Thus, antibodics are sble
Bad r\-l‘l'ufn'l their funetions throughout the Body
Protective antibodies are produced during the
first (primary) response to a microbe and in larper
amounts during subsequent (secomdiry) responses
(see Fig, 7-2, Chapter 7). Antibody producrion bepins
within the fiest week after infection or viccinaion
Some of the antibody-secrening plasmacells migrae v
the bone marrow amd live inthis tissee, continung o

seerete @mall amewnts of anribodies for months or
years. If the microbe agnin rrics o infect the host, the
continuously secreted antibusdies provide immediate
protection. Some antigen-stimulated B lymphocyres
differentinie into menuory cells, which do not seerere
antiboadies but lie i waint for che antigen. On subse-
apuent cocounter with the microlse, these memory cells
rapidly differentinre o antibody-producing cells,
|‘m1.'h|||11: o bwrge barst off .'H."H'i]‘\.'l\:l'!." for more effective
defense against the infecrion. A goal of vaccination is
tor stammulate e Jeveloprent of log-lived antibody-
secreting cells and imemory cells.

Antibodies wse  their  antigen-binding  (Fab)
regions 1o bind to and block the harmful effects of
microbes and toxins, and they use their Fo regions
to activate diverse effector mechanisms that climi-
nate these microbes and toxins (Fig. 8-1), This
spatiol segreation of the antigen recognition amd
cifecror funcoons of antibody molecules was intro-
duced in Chaprer 4. Antibodies block the infecriviry
of microbes amd the injurious effects of microbial
rosing simply by binding o the microbes and wxins,
using their Fab oregions o do so. Other functions
of antibodies require the participation of  various
componenrs of host defense, such as plumx-,'tcs and
the cmnl'ﬂcuu:ni =ttt The Fe PRt IOnE of BminG-
globulin (Ig) molecules. made up of the heavy chain
constant megions, contain the bindimg sites for phago-
evtes amd complement. The effective binding of
rhazoeytes and complement tooantibodies oceurs only
after several g molecules recopnize and  become
attached to o microbe or micredbial antigen. There-
fure, evien the Feodependent functions of antibodies
require antigen recoeniton by the Fab regions. This
feature of antilsslies ensures that they activate effec-
tor mechanisms only when they need to, thae is, when
they recornize their target antigens,

Heavy chain class (isorype) switching and affin-
ity maturation enhoance the protective functions of
antibodies. Clss switching ond offinity maturation
are two chonges thar secur in the antibodies pro-
duced by antigen-stimulated B lymphocytes, especially
dhuring responses to protein antigens (see Chaprer 7).
Fleavy chain cliss switehing resules in the prodiscrion
of antilssdies warth Jdistinee Fe o regions, capable of
ditterem etfector functions (see Fueo 8-1) Thus, by
switching o Jifferent antibody clisses in response o
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activation -
Inflarmmation

@Antlbody isotype | Isotype specific effector functions

lgG Meutralization of microbes and toxins

Opsonization of antigens for phagocytosis by macrophages

and neutrophils

Activation of the classical pathway of complement
Antibody-dependent cellular cytotoxicity mediated by NK cells
Neonatal immunity: transfer of maternal antibody across placenta
and gut

Feed‘uack 1nh|h|||un of B cell acuvalmn

.Iglu'! - | Activation of the classical pathway of mmplernenl

Igh Mucosal immunity. secretion of IgA into lumens of gastmmtemmaj
and resplralory tracts, neutralization of microbes and toxins

1gé Anlnbndy~dependent celmlar cytotoxicily mediated by er::smaphils
Mast cell degranulation (immediate hypersensitivity reactions)

Figure 8-1 The effector functions of antibodies. Antibodies are produced by the activation of B lymphocyles by
anligens and other signals {nol shown). Antibedfies of different heavy chain classes (isolypes) perform different effector func-
ions, whach are illustratad schematically in panad A and summarized in paned B, (Some ol he properties of anhibodies are
isted in Fig. 4-3, Chapter 4.)
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various microbes, the humoral immune system s
able g0 recrunt Bost mechanisms that are optimal for
combating rthese microbes. The process of affimiry
maturation s eriggered by prolonged or repeated
antigen stimulation, and it lesds 1o the production of
antibodies with higher and higher aftnirics for the
antipen. This change increases the ability of anri-
basdics to bind to and’ neutralize or eliminare
micrabes, especially if the microbes are persistem or
capable of recurrent infections,

With this introducrion, the discussion r‘ﬁ-"'.'L‘l.'d? to the
mechunisms used by antibodies to combat infections.
Much of the chaper is devored o effector mechs
nisms that are not influenced by anatomic considern-
tions: thar is. they may be active anywhere in the
Py, At the end of the chaprer, the special features
of antibody funcriens ar particular anatomie locanons
afe deseribed.

MNeutralization of Microbes
and Microbial Toxins

Antibodies bind 1o and block, or neutralize, the
infectivity of microbes and the interactions of
microbial toxins with host cells (Fig. 520 Mot
micribes use molecules in their envelopes or cell walls
to bind o and gain entry into host cells. Anribodics
moy attach 1o these microbial envelope or cell wall
molecules and rrevent the microbes from infecting
and colonizing the host. Neutralization is a very useful
detense mechanism because it does not allow an infec-
i to toke hold. The most effective vaccines avail-
able oday work by stimularing the production of
neutralizing antibodies, which prevenr subsegueent
infection. Microbes that infect cells may damage
these cells, are released, and go on w infect other
neighboring cells. Amibodies may find rthe microbes
during their transit from cell o cell and thus limie the
spreand of infection, If an infectious microbe does col-
omize the host, its harmiul effects HERTY b cansed by
endutoxins or exotoxins, which often bind ro specihic
recepons on host cells and thus mediare their effecrs.
Antibodies against toxins prevent hinding of the
tonins to host cells and thus Block che harmiul effecrs
of the wxins, Emil von Behrings demonstration of
this type of humorl immunity mediated by anti-
bondies against diphtheria toxin was the first formal

demonstration of immunity against o microbe and the
asis for giving von Belring the first Mobel Prize in
Muedicine in 1901,

Opsonization and Phagocylosis

Antibodics  coat  microbes and  promote  their
ingestion by phagocytes (Fig. 8-3). The process of
coating particles for subsequent phagocytosis is ealled
apsonization, and the molecules thar eonr microbes
and enhance their phagecynsis are called opsonins.
When several intilusdy molecules bind 1o a microbe,
an arry of Fe regions is fonmed projecting away from
the mucrobe, IF the antibodics belong to certain iso-
ovpes (el and 12G3 in humans), their Fo regions
bird tor o high-afhniry recepror for the Fe regions of ¥
chains, called FeyRl (C04), which is expressed on
peutrophils ol macrophages, As aresulr, the phago-
evte wxtends s plasma membrane  aroursl  the
opsotized microbe and mpgests the microbe inta a
vesicle called o phogosome, which fuses with lyso-
sommes. The himding of anribody Fe tails to Foyltl also
aetivates the phageseytes, because the FeyRl conrains
w signaling choin thear trigeers numerous biochemical
parthowiys 0 the plameytes. The activared nearrophil
or macrophuge  preduces, in its lysosomes, large
amounts of reagrive oxyoen  intermediates, nicric
eetades, amdd prozeolytic encymes, all of which combine
v destrow the ingesred microbe, Antibody-mediared
phagocyresis is the mojor mechanism of defense
sainst encapsilared bacrena, such as preumococcus.
The polysweharide-rich capsules of these bacteria
protcet the organisms  from phagocytosis in the
absence of atnh'l"mh'. Dt Lo bIon h',' un:ilv::uﬂf
promores phagocytosis and destrection of the bacre-
riae The splecn contams large numbers of phagocytes
and is an important site of phagocyric clearnce of
opsonized bacterin. This is why patients who have
undergone splenectomy, for cxample, for traumatic
rupiure of the orzm, are siscepnible o disseminared
infections by encapsulated hacreria.

Antibody-Dependent
Cellular Cytotoxicily

Natural killer (NK) cells and other leukocytes may
hind 1o antibody-coated cells and destroy these cells
(Fip. 8-4). Mawral killer cells cxpress an Fo recepror,
calld FeyHE (CDN6), than Binds to arrays of 120G
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Flgure B=2 Meulralization of microbes and toxins by antibodies. A. Anlibodies prevent the binding of microbes (o cells
and thus block the ability of the microbes 1o inflect host cells, B Antbodies nhibil the spread ol microbes rom an inlected
cell 1o an adjaceni uninfected cell. C. Anlibodies block the binding of toxins to celis and thus inhibit the pathologee eflects ol

the touans,

antibodies artached to a cell. As a result of FeyRINI-
mediated sipnals, the NK cells are activated w dis-
charge their granules, which contain proteins thar kill
the opsonized rargets. This process is called antibody-
dependent cellular eyrotoxicicy (ADCC). v is noe
known il infected cells commonly express surface

melecules thar may be recopnized by anribodies or
inn which infections this effector mechanism is active.
Im face, it is hkely thar NE cell-medinted ADCC
is not s important a3 phoagocytosis of opsonized
microbes in defense against most bacrerial and virl
infections,
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| cellular cytoloxicity
(CD16) | | (ADCC)
I'r_‘s R {High (Kgq ~ 1019 M): Md::.t ce]r5 basopt'ﬂia Cell activation
| {binds monomeric ok easinophils | (degranulation}

Figurn 8-2 n.nttb-udyvmeulnted opsanization and pnugncyms:s al mucrube& '1. J"-rmm fies ol cedan 1gG subclasses

Bing to microbes and ara e recogrized by Fo rec
Cytosis of \he ocpsonized mecrobes ang acivale i
Fe recepions

A special type of ADCC, mediated by
eosinophils, plays a role in  defense  against
helminthic infections (sce Fig. 8-4). Most helminths
are too larpe to be phagocytosed, and they have thick
integuments that make them resistant o mony of
the microbicidal substances produced by newirophils
and macrophages. The humoral immune response w
helminths is dominated by IgE antibodies. The 1gE
opsonizes the worms, and eosinophils, which express
a high-affinity lgE-specific Fc recepror called FeeRl,

ies 5_. als froim e Fooreceplars promote the phago-

and their cellular disinbulon ang funcions, ane hisled

bind o the opsonized worms. The bound eosinophils
are activated o release their granules, which contain
proteins that are toxic to helminths. This 1gE- and
cosinophil-medioted ADCC illustrates how 1g class
switching is designed for oprimal host defense: B eells
respond o helminths by switching o IgE, which is
wseful against helminths, bue B cells respond o mast
bacreria and vieses by switching o 1pG antibodies
that promeote phagocytosis via FeyRlL As we discussed
in Chapters 5 and 7, these pattems of class switching
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(®Sudace g Low-affinity
Figure 84 Antibody-dependent | SNIOEN Byl
cellular cytotoxicity (ADCC). A
Anibocdies of certain IgG  sub- =i >
classes bind 1o celis (e.g.. infected
celis), and 1he Fc regions of the " i
bourd anlsbodies are fecognized SSE'EE.TEE“ PR Killing of

by an Fey receptor on MK cells
e MK cells are activated and ksl

antibody-coated cell

thi anlibody-coated celis. B. IgE {B}

antibodees bind Lo elminihic para- IgE
sites, and the Fo regions of the
Dound anhiDodes ane recognizgd
oy Foe receplors on ecsmophals
Ihe eosnophds are achivated o
relgase  lheir granule  conlents,
ey kall Ehe arasies HEIminth

High affinity
FceRl
ﬁ iy
.
[Killing of helminth]

=

s sletenmined by the types of eytokines produced
I helper T cells stimulated by the different types of
Finig Ia.rl'\g_-.a..

Activation of
the Complement System

The complement system is a collection of circulating
anl cell membrane proteins that play imporsne roles
i host defense against microbes and in antibody-
meedioted tissue injury. The term complement refers o
thie ability of these proteins o assist, or complement,
the antimicrobial activity of antibodies. The comple-
ment system may be activared by microbes in the
absence of antibody, as part of the innate iImmune
response o infection, and by antibodies arrached o
microbes, as pare of adaptive immumity {(sce Fig. 2-11,
CI'l'.l]'rtl:r 2). There are several features of the -.:r.rl':'lph:-
ment systenn that are important for its funcrions. The
activation of complement proteins invelves sequen-
tial proteolytic cleavage of these proteins and leads
tor the generation of effector molecules that partici-
pate in eliminating microbes in different ways, This
ccade of complement protein activation, like all
enzymatic cascades, is :npahh: of ilchitv'i'ng Lremen-
donis amplification, because of which a small number
of activated complement molecules early in the
cascade may produce a large number of effecror mal-

ecules. Activated complement proreins become cova-
IL' nth‘ at l‘i.'lCl“.‘iI (14 ] 'I'I.'..‘ ‘EL"l.I aUriaces \‘f‘hL"ﬂ." tl'li: aAcrivi-
tion occurs, ensuring thar acrivation is limited o the
correct sites, The complement system is tightly regu-
Iatesd by molecules present on noemal hase cells, and
this repulation prevents uncontrolled and potentially
harmiul complement acrivanon.

In the following section the acrivation, func-

tions, and regulation of the complement system are
deseribed.

Pathways of
Complement Activation

There are three major pathwavs of complement
activation, two initiated by microbes in the absence
of antibody, called the alternative and lectin patha
ways and the thicd initiated by certain isotvpes of
antibodies attached to antigens, called the classi-
cal pathway (Fig. 8-3). There are several proteins
in the complement system that interace i o precise
sequence. The most abundant complement protein in
the plasma, called C3, plays a ceneral role in all three
pathways. C3 is spontaneously hvdrolyzed in plasma
at a low level, bur its products are unstable and they
are mapidly broken down ond lost. The alternative
pathway s triggered when a breakdown produce of
C3 hydrolysis, called Cib, is deposited on the surface
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® | Alternative Pathway | | Classical Pathway | | Lectin Pathway |
=— | ———— e
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= z : — = mnverlase
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convertase | anenase |
| |
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Cabto fleew o cafBcs | i
microbial | “% < i cerl TRCS Ay
surface | | - ! s e
C5 I Lo
| Dnnvenasei- GIE
B N -..,.I:, I - convertase
Late steps of
complement
activation

The early steps of complement activation. & Tne s1eps ;m he actvation ol the allemative, classical, and

BL1

patiedys 800 shown Note that the séq.ans
m@nt for antibody and in the proteins wsed

af o microbes Here, the C3b forms stable covalent
bonds with microdyial rilnl'q.':iru. 4 I\I‘ll','kiiL\'ll:-ll'i..EI;'h
and i thus protected from further depradation. {As
will be described later, ©3b s prevented inom binding
stably w0 nonmal host cells by several repulatory
protems that are present on hose gells bar absent from

i o EJgnlE e 3

arrtilde i all thres pathways, although they differ in thaw requing-

microbes.) The microbe-boumd Cln becomes a
substrate for the binding of another protein colled
Facror B3, which is broken down by o plasn protense
1o generte the B fragment. This fragment remains
artached e thae Ciby amd the CIBBL complex enay-
marically breaks down more O3, functioning as the
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Serum conc. :
Protein |(g/mL) Function
C3 1000-1200 C32b binds to the surface of a microbe

where it functions as an opsonin and
as a component of C3 and
C5 convertases

C3a stimulates inflammation

Firvre 8-5, cont'd B The

Factor B | 200

Bb is a serine protease and the active
enzyme of C3 and C5 convertases

npoftant properies of he pro-
L2 invohaed in Ihe aarly Sleps of
Ihe akernalive pathway ol com-

Factor D | 1-2

Flasma serine prolease which cleaves
Factor B when it is bound to C3b

plerment activation arg summa-
o, The importani propertes
hie predeing imobeed nothe

Properdin | 25

Stabilizes the C3 convertase (C3bBb)
on microbial surfaces

carly slaps of the classical and

toin paltways are summarized

i thai C3, which Iz listed i Serum conc. -
g e alernalive patay (? Protein {g/mL) Function
wning (B), is also the candral
mponent of the classical and | C1 Initiates the classical pathway; Clg
in pathways. Mannose bind- | (C1qrasz) binds to Fc portion of antibody; C1r
| prolen. bul not G1. is the first and C1s are proleases that lead to
protan in (he ectin pathway C4 and C2 activation
c4a 300-800 C4b covalently binds 1o surface of
microbe or cell where antibody is
bound and complement is activated
Cdb binds to C2 for cleavage by C1s
C4da stimulates inflammation
c2 20 C2b is a serine protease functioning
as an active enzyme of C3 and
C5 convertases

“aliernative pathway C3 convertase.” As a result of
this convertase activity, many more C3b and C3bBb
mulecules are produced and become attached to the
microbe. Some of the C3bBb molecules bind addi-
tional C3b, and the C3bBb3b complex functions
as a C5 convertase, 1o break down the complement
proein 3 and initiate the late steps of complement
activarion,

The classical pathway is rrigpered when lghM or
certain subclasses of 155 (lgG1 and 1pG3 in humans)
hind to anrigens (e.g., on a microbial cell surface). As
a result of this binding, the Fe regions of the anti-

bodies become accessible to complement proveins and
two or more Fe regions come elose topether. When
this happens, the Cl complement protein binds to
rwo adjacent Fo repions. The attached C1 becomes
enzymatically active, thus resulting in the binding
and cleavage of two other proteins, C4 and CL
The resultant C4bZb complex becomes covalently
attached o the antibody and o the microbial surface
where the antibody is bound. This comples functions
as the “classical pathway C3 convertase.” [t breaks
down C3, and the C3b thar is penerated again
becomes awached o the microbe. Some of the Cib
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binds to the C4blb complex, and the resultant
C4b2hib complex functions az a C3 convertase,

The lectin pathway i initiaed in the absence of
antibeddy by the anachment of plasma mannose-
kinding lectin (MBL) 1o microbes, MBL is structurally
similar to a component of C1 of the clissical pathway
and serves o activate C4. The sub=cquent steps are
essentially the same as in the classical pachway.

The net result of these carly steps of complement
activation is that microbes acguire a coat of cova-
lently attached C3b. Note thar the aliemarive and
lecrin pathways are effector mechanisms of innate
immunity and thar the classical pathway is a mecha-
nism of adaptive humoral immuonine These pathways
differ in how they are inriared, but once they are trig-
sered. their late Hefe afe the same.

The late sreps of complement activation (Fig, 5-6)
are indtiated by the binding of ©5 w the C3 conver-
tase, and the proteolysis of C3, generating T3k, The
rempining components, Co, C7, 'CB. and CY, bind
wegquentially,. The final protein in the pahway, C9,
rolymerizes o form a pore in the cell membrane
through which water and fons can enter. causing
Jearh of the cell. This polv-C9 s called the membrane
attack complex, and it formation i< the end result of
omplement activation.

Functions of
the Complement System

The complement system plays an important role in
the elimination of microbes during innate and adap-
tive immune responses. The main effector functions
i the complement system are illustrated in Figure 8.7,

Microbes couted with C3b are phapocytosed
P virtue of the Cib being recognized by the type |
complement recepror (CRI, or CD35) expressed
vn phagoeytes. Thus, C3b functions as an opwnin.
UOpsonization is probably the most imponant funcrion
of complement in defense against microbes. The
inembrane artack complex can induce osmotic lysis of
cells, including microbes, Small pepride fragments of
C3,C4, and C3. which are produced by protealysis,
are chemotactic for neutrophils, stimulare the release
of inflammatory mediators from various leukocyes,
and act on endothelial cells wo enbance movenient of
leukocyres and plasma proteins into tissaes. I this

way, complement fragments induce  inflammatory
reactions that also serve to eliminate microbes.

In addition 1o its antimicrobial effector fune-
tions, the complement system provides stimuli for
the development of humoral immune responses.
When C3 is activated by o microbe, one of s
breakdown produces, Cd, is recognized by the CRI
recepror on B lvmphocyres, Signals delivered by
thiz recepror stimulare B cell responses against the
micrabe, This proces 12 described m Chaprer 7 (see
Fig. 7-4) and iz an example of an innate immuane
rexponse tooa microbe {complement activation) stim-
ulating an adaprive immuone response to the same
microke (B oell acrivation and amtibody production).
Complement proteins bound o antigen-antibody
complexes are recopnized by follicular dendritic cells
im germvinal centers, allowing the antigens to be dis-
plaved for further B cell activarion and selection of
high-affinity B cells, Thiz complement-dependent
antigen display is another way in which the comple-
ment system promotes antibody production.

Inherited deficiencies of complement proteins are
the cavse of human diseases. Deficiency of C3 results
in profound suscepribility o infections and is usually
fatal i early life, Somewhat surprisingly, deficiencies
o the carly proteins of the classical pathway, C2 and
C4 do not cawse immune Jdeficiencies. This observa-
riisn sugreests that the classical and lectin pachways are
ot abeolutely reguired fur defense against infections,
andd the essential role of ©3 in host defense may re-
flect its mvolvement in the altermative pathwﬂ.',.' of
complement activition, C2 and C4 deficiencies are
asswiated with an increased incidence of immune
complex diseases resembling systemie lupus erythe-
matosus, pethaps because the classical pathway fune-
tions to eliminate immune complexes from  the
circulation. Deficiencies of C% and membrane atcack
comples formation result in increased susceptibility o
Metiseria infections: it i not clear why the membrane
attack complex is required for the clearance only of
these bacteri,

Regulation of
Complement Activation

Mammalion cells CXpress :*:gulam:nr‘,I profeins that
inhibit complement  activation, thus preventing
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Inflammation

C5
converiase

Cell
lysis

r—

lc:

ol

,

Flasma membrang

Membrane attack
complex (MAG)

Serum conc,
Protein | (ug/mL) Function

G5 80 C5b initiates assembly of the
membrane attack complex (MAC)

C5a stimulates inflammation

CB 45 Component of the MAC: binds to C5b
and accepts C7

C7 a0 Component of the MAC: binds C5b, 6
and inserts into lipid membranes

c8 60 Component of the MAC: binds C5b, 6, 7
and initiates binding and polymerization
of C9

ca B0 Component of the MAC: binds C5b, 6,

7, 8 and polymerizes to form
membrane pores

Figure B=6 The late steps of complament aclivation. A The late steps of complement activalion stan aliar the formabon
ol Ihie C5 convertase and are identical in the alternalive and clagsscal pathways Producls generated in the late steps induce
inflammaticn (CSa) and cell ysis (Ihe membrane attack complex [MAC]). B. The properties o the protging of he lale steps of
complement aclvalion are listed.

complement-mediated damage of host cells (Fig. ing complement activation by borh the altermative
8-8). Many such regulatory proteins have been and  the classical pathways. Membrane  cofactor
described. Decay aceelernting facvor (DAF) is 2 mem- protein (MCP) serves as o cofactor for the proteolysis
brane protein that disrupts the binding of Factor B wo of C3b into inactive frogments, a process thar is medi-
23b ar the hinding of C4bla o C3b, thus erminat-  ated by a plasma enzyme ealled Facror 1. The type 1
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mduces osmolig lyss of the celis. C. Small peplides regase

FES MHOIEDEs andis reconnaed by tho wpe | complement recep-
utAr ket of Bg opsomized megiones Thus, G3b is an opsonin,
n. Dohar complamen) prodaucts, such as the nactivated form of
recapiors an phagooyies (e.g. the type 3 compiament recep-
embrane allack compigx crealas pores in cell mambianes and
o gutengy complemanl #cination bind (o receptors on nautrophils

ard stemulate indlammnalory reactions. The pepudes tnatl sarse lhs funciion are C5a. C3a, and Cda (in decreasing order of

potency )

complement receptor (CR1) may serve both funcrions,
A regulatory protein called C1 oinhibitor (C1 INH)
stops complement activation early, at the stage of C1
asctivarion. Yet other proteins regulate complement
activation at the late steps, such as the formation of
the membrane atmck complex. The presence of these

regulatory proteins s an adaptation of mammals.
Microbes lack the regulatory proteins and are, there-
furee, 5|.h4:1..'|1l|'|:r'|1: Loy -Ct‘llllr‘!l.‘l'l‘lvl.'nt. Even i mammalian
cells the reguliion can be overwhelmed by more and
more complement activation, Therefore, even mame-
malian cells can become tirgets of complement if they
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MCP (or CR1) act as
cofactor for Factor
I-mediated proteolytic
cleavage of C3b

C3 convertase) Bb from C3b
)
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Eieiaak IR i activation, hix coll surlace proteing decay
| resultin (l:tl-laﬂtlvﬂtlﬂﬁ fl;:ﬂl'l": biec%m{an{?ﬁva acceleraling factor (DAF) and the type 1 com-
1 o resz proteo -‘l'rt cally £ phement receptor (CR1) interlere with the for-
- | mation ol the C3 converlase by removing Bo
B) Clg C1 IMH {in the alernative pathway) of Cab (in the clas-
Cirs sical pathweay, nol shown) MamDrang colacion
Antibody i protein and CRI serve as colactors for cleay-
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C1rs8a
-]
Vf’k’%’

age of C3b by a plasma enzyme called Faclor
I, thus desiroying any C30 ihat may be lormed
B. C1 inhebalor (31 INH) pravents b dssemiahy
of e C1 comple:x, which consisis of Cig, Cir.
and C 15 protesns and thus blocks complemant
actvalion by the classical pathway

are conted with large amounts of antibodies, as in
some  immunologic  (hypersensitiviry) diseases  (see
Chaprer 11).

Inherited deficiencies of regulatory proteins cause
cxcessive and  pathologic complement  activation,
Dehciency of C1 INH is the cause of a disense called
hereditary angioncurotic edema, in which excessive
1 activation and the production of vasoactive
protein fragments lead to leakage of fluid (edema) in
the larynx and many ather tissues. A disease called
paroxysmal nocturnal hemoglobinuria resulis from
defciency of an enzyme thar synthesizes the glyco-
lipid anchor for several membrane proteins, including
the complement regulatory proteins DAF and MCP.
Uncontrolled complement activation occurs on the
erythrocytes of these patients and leads o lysis of the
erythrocytes.

Conninued

The cffector mechanisms of humoral  immunicg
that have been described so far may be active ar
any site in the body to which antbodics gain access.
Antibodies also serve protective functions ar wo
special onatomic sives, the mucosal organs and the
ferus.

Functions of Antibodies at
Special Anatomic Sites

As has been mentioned previously, antibodies are pro-
duced in peripheral lymphoid organs and readily eneer
the blood, from where they moy go virtually any-
where. However, there are special mechanisms for
rransporcing antibodies across epithelia and across the
placenta, and antibodies pl'.w vital roles in defense in
these locations.
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@ Plasma proteins

Protein Distribution Function

C1 inhibitor Plasma; cone. 200 ug/mL Inhibits Cir and C1s sering

{C1 INH) | protease activity

Factor | | Plasma; conc. 35 pg/mL Eméol_ylicany cleaves C3b and C4b
| Factor H | Plasma; cone, 480 mg/mL | Causes dissociation of alternative

pathway C3 converiase subunils

Cofactor for Factor l-mediated
cleavage of C3b

C4 binding
i protein (C4BP) '

| Plasma; conc. 300 ug/mL

Causes dissociation of classical
| pathway C3 converiase subunils

| Cofactor for Factor l-mediated
| cleavage of Cab

Membrane proteins

Protein Distribution | Function

Membrans Levkocytes, epithelial cells, | Colacior for Factor |-mediated cleavage
cofactor protein endoihalial cells of C3h and C4b

' (MCP, CD46)

Decay accereratfr;é-
factor {DAF )

epithelial celis

CD59 _
epithelizi cells
| Type 1 Mononuclear phagocytes,

| complement receptor | neutrophils. B and T calls,
| erythrocyles, eosinaphils,

: (CR1, CD35}) FDCs

5 of e complement syslam and their funclhons ane listed.

bl €. The magr regulatory profesn

Mucosal Immunity

lgA antibody is produced in mucosal lyvmphoid
tissues, actively transported across epithelia, and
binds to and neutralizes microbes that enter through
mucosal organs (Fig. B-9), Microbes are often inhaled
or ingested, and antibodies thar are secreted into the
lumens of the respiratory or pastrointestinal racr
bind 1o the microbes and prevent them from coloniz-
ing the host. This type of immunity is called mucasal

Blood ceils, endoinelizl cells,

Biood cells, endothelial cells, |

Causes dissociation of C3 convertase
subunils

Blocks G8 binding and prevents
farmation of the MAC

Causes dissociation of C3 converlase
subunils

| Cofactor for Factor I-mediated cleavage
| of C3b and C4b

immmunity (or secrerery immunity ). The principal class
of anibody produced in mucosal tissues is lgA. In fact,
because of the vast surface area of the intestines, lgA
accounts for 60% o 70% of the approximarely 3 g of
antibidy produced daily by a healthy adult. The
propensity of mucosal lymphoid nssues o produce
leA is ar least in part because the principal cyrokine
than indeces switching w this sotype, namely trans-
forming growth faceor-f, s produced ac high levels in
these tissues. Also, some of the lgA may be produced
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Floure B-9 Transport of lgh Lamina pmpria MUCDE&I Lumen
through  epithelium. 10 the epithelial cell

mucosa of the gastroinlesinal

and respiratory lracts. Igh s Poly-lg

produced by plasma cefls in the _ . receptor with

lrnina propria and is activaly Dlmﬂﬂﬂ bound 1gA Secreted
ransporled  through  epithefial J chain \ \ lgA

calis by an Igh-spacilic Fo recap-

tor {calleg the poly-lg receplor

because it recognizes IgM as =g e =

well) On ik luminal surlace, he g

Tgh wth @ portion of the bound i i
receplos s released. Heme ihe DI“OdI.Il:iI'IQ End ased it
mioody recognizes mgested or | Plasma cell mmufg; of

rhaled microbes and blocks their IgA e poly- Proteolytic
rilty Brough the epithalum Ig receptor cleavage

P subser of B cells, called B-1 cells, that migrace 1o
mwcosal tissues and secrere lpA in response to non-
protein antigens withour T cell help.

The mucosal lymphoid rissues are located in the
Lunina propria, and lgA is produced in this region.
[hiz lgA has to be transported froam the lamina
proprin into the lumen {which is the reverse of the
wsual transport of ingested molecules across the
vpithelium)., Transport through the epithelivm s
carried out by a special Fc recepror, called the poly-
Iy receptor, which is expressed on the basal surface of
the epithelial cells. This recepror binds lgA, endocy-
toses it ineo vesicles, and transports it to the luminal
surface. Here the recepror is cleaved by a proease,
and the IgA s released into the lumen still carrying a
portion of the bound poly-lg recepror. The antibody
can then recognize microbes in the lumen and block
their binding to and entry through the epichelium.
Mucosal immunity is the mechanism of protective
immunity against poliovinus infection that is induced
by oral immunization with the atenuared virus, Oral
palio vaccine remains one of the most successful vac-
cines ever developed, and polio is likely o be the
second disease o be eradicared worldwide by vacci-
nation {smallpox being the first).

Neonatal Immunity

Maternal antibodies are actively transported across
the placenta to the fetus and across the put epithe-

lium of neonates, protecting the newborn from
infections. Mewborn mammals have incompletely
du‘-'ﬂtﬂ{\ﬂd ML SYSTers and are unable to mount
effective immune responses against many microbes.
During their carly lives, they are protected from
infections by antibodies acquired from cheir mothers.
This is an excellent exomple of passive immuniry,
Meonates acquire maternal antibodies via two routes,
both of which rely on o special Fe recepror called the
neonatal Fe receptor (FeRn). During pregnancy,
some classes of maternal g5 bind o the neonatal Fe
recepror cxpressed in the placenta and the 1gG s
actively transported into the feral circulation, After
birth, neonates ingest marermal antibodies in milk.
The neonate’s intestinal epithelial cells also express
the Fo recepror, which binds the ingested anribody
and carries it across the cpithclium. Thus, neonaces
acguire the 1pG antibody profiles of their mothers and
are protecred from infectious microbes 1o which the
Il'lﬂthcl'ﬁ WEers l.'xl'lﬂﬁﬂd ar '\-'ﬂ'EcinﬂLL'fJ.

Evasion of Humoral Immunity
by Microbes

Microbes have evolved numerous mechanisms w
evade humoral immunity (Fig, 8100, Many bacteria
and viruses mutate their antigenic surface molecules
and e no longer be recognized by anribodies
produced in response to previous infections. Antigenic
variation 1% commonly seen in viruses, such as
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Mechanism of
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Antigenic Many viruses, e.g.
uarjgﬂgn {influenza, HIV
' | Neisseria
L E. coli, Sa alla
| yphimurium
Inhibition of Many bacteria
complement
lactivation |
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| phagocytosis |

i ————

Evagion of humoral immunily by microabes. The poncipal mecnanisms oy which mictobes evade humaral

Tty Sre BEIed, wilhh iliusindtive a<ampies

influenza, human immunodehciency vires (HIVY, and
rhinovires. There are so many variangs of the major
antigenic surface glycoprotein of HIV, called #p120,
that antibodies against one HIY solare may not
pratect against other HIV isolates. This is one reason
why gpl 210 vaccines are of little or no effectivencss in
protecting individuals from infection. Bacteria, such as
Escherichia coli, vary the antigens contained in their pili
and also evade antibody-mediated defense. The ory-
Penosome parasite cxpresses new surface pl}tﬂpmtcin:
whenever it encounters antibodies against the original
glycoprotein. As a result, infection with this protozoan
pamasite is characrerized by waves of parsitemia, each
wave consisting of an antigenically new parasite that i
nen recognized by antibodies produced against the par-
asites in the preceding wave. Other microbes inhibin
complement activation or resist phagocyiosis,

Vaccination

VMaccination is the process of stimulating protective
adaptive immune responses against microbes by expo-

sure o nenpatboeenie forms or components of the
microbes. The development of vacgines againsc infec-
ricims Biais been one of the great successes of immunol-
vy The only human disease 1o be intenwionally
erndicored from the carth is smallpox, and this was
achicved by o worldwide progrin of vaceination.
Polio s likely 1o be the second such disease, and, as
mentioned in Chaprer |, many other diseases have
been largely controlled by vaccination (Fig. 1-2,
Chaprer 1), Several tepes of vaceines are in use and
are being developed (Fig. 8-11). Some of the most
effective vaccines are compesed  of  attenuated
microbes, which are treared o abolish their infecriv-
ity and pathogenicity while retining their anrigenic-
ity Immunization with these attenuated microbes
stimulates the production of neutralizing antibodies
against microbial antigens that protect vaccinated
individuals from  subsequent infecrions. For some
infections, such as polio, the vaccines are given orally,
o stimulare mucosal lgA responses that proteee indi-
viduals from matoral infection, which oceurs by the
oral route, Viccines composed of microbial proteins
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Type of vaccine |Examples Form of protection
Live attenuated, |BCG, cholera Antibody response
or killed, bacteria
Live attenuated | Polio, rabies Antibody response;
viruses cell-mediated immune
response
Foure 811 Vaccinationstrate- | SUDUNIL (@ntigen) | Tetanus toxoid, Antibody response
gies. Examplas of different \ypes vaccines diphtheria toxoid
i vaccines and the namre of C :
p onjugate Haemophilus Helper T call-
e e | vacdnes lluenzae dependent anibody
SuMManzed rmunse
Synthetic Hepatitis Antibody response
vaccines (recombinant proteins)

Viral vectors

Clinical trials of HIV
antigens in canary
pox vector

Cell-mediated and
humoral immuneg
responses

DMA vaccines

Cell-mediated and
humoral iImmuneg
responsas

Clinical trials ongoing
for several infections

wnd polysaccharides, called subunit vaccines, work in
ihe same way. Some microbial polysaccharide anii-
reiss (which cannot stimulate T cell help) are chem-
ically coupled to proteins, so that helper T cells ane
activated and high-affinity antibodies are produced
against the polysaccharides. These are called conju-
wate vaccines, and they are excellent examples of the
rractical application of our knowledge of helper T
cell-B cell interactions. Immunization with inacri-
vated microbial toxing and with microbial proteins
synthesized in the laboratory stimulace antibodies thar
bind to and neutralize the native toxins and the
microbes, respectively.

One of the continuing challenges in vaccination is
o develop vaccines that stimulate cell-mediated
immunity against intracellular microbes. Injecred or
fed microbial antigens ane extracellular antigens, and
they induce mainly antibody responses. To elicit T
cell-medinred immune responses, it may be necessary
1o deliver the antigens o the interior of cells, partic-
ularly professional antigen-presenting cells. Attenu-
ated viruses can achieve this goal, bur there are few

examples of viruses that have been successfully
treated such thar they remain able w infect cells
and are both immunogenic and safe. Many newer
approaches are being tried o stimulate cell-mediared
immunity by vaccination. These approaches include
mcorporating microbial antigens into viral “vecrors,”
which will infect host cells and produce the antigens
inside the cells. A new technique is to immunize indi-
viduals with DNA encoding a microbial antgen in
a bacrerial plasmid. The plasmid is ingested by hose
antigen-presenting cells, and the antigen is produced
inside rhe cells. Intracellular antigens induce cell-
mediated immunity {sec Chaprers 5 andd 6), which
may be effective against infections by intracellular
microbes. Many of these strvegies are now under-
poing clinical trials for different infecrions.

SUMMARY

B Humoral immunity @ the ype of adaprive immu-
nity thar is mediared by antibodies.  Antibodies
prevent infections by blocking the abilicy of microbes

p—
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ro invade host cells, and they elimine microbes by
activating several effector mechanisms.

P oln antibody molecules, the  antipen-hinding
{Fab) regions are spatially scparate from the cffecror
(Fe) regions. The ability of antibodics ro newrealize
microbes and toxins i entirely a function of the
antigen-binding regions. Even Fe-dependent effector
tfunctions are activared after antibodies bind antigens.
B Antibodics are produced in lymphoid tissues and
bone marrow, but they enter the circulation and are
able o reach any site of infection. Heavy chain class
switching and afnirne maturation ¢nhance the pro-
tective functions of antibodies.

f= Antibodies neutralize the infectivity of microbes
and the pathogenicity of microbial toxins by binding
to and interfering with the aliliry of these microbes
and toxins to attach 1o host cells.

Antibodies coar (opsonize] microkes and promote
their phagocyrosis by binding o Fo receprons on
rhagocvees. The binding of antibady Fe repions o Fe
receprors also stimulares the microbicidal activities of
phapocytes.

The complement system b= a collection of circu-
[atme and cell surface proteins that play important
roles in host defense. The complement sestem may be
sctivated on microbinl surnces withian annibodies
(called the cilternarive pathway. o component of
inrate immunite) and after the bindine of anribodies
wigens {the classical pathway, 0 component of
adaptive humoral immunity). Complement proteins
are sequentially eleaved, and active components,
manndy 3k become covalencly atached 1o the sur-
faces where complement 1 activated. The lae steps
of complement accivition lead o the formation of the
evtolytic membrane artack complex. Different prod-
uces of complement activation promote phagocytosis
of microbes, induce cell lysis, and stimulate inflam-
marion. Mammals express cell surface and circulating
regulatery proteins that prevent inappropriste com-
plement activation on host cells.

B oA antibody is produced in the lamina propria of
mucosal srgans and is actively transported by a special

Fe recepror through the epithelium into the lumen,
where it blocks the ability of microbes to invade the
epithelivm.

= Meonates awgquire G antibodies  from  their
mothers through the placenta and from the milk
through pur epithelium, using o neonatal Fo recepror
o caprure and transpont the maternal antibodies.

¥ Microbes have developed strategies o resist or
evade humoral immuniey, such as varying their anri-
pens and acquiring resistance o complement and
phagocytosis.

7 Muost vaccines in current use work by stimulating
the production of neutralizing  antibodies.  Many
appreaches are being tesied o develop  vaccines
thar con stmuelate protective cell-mediated immune
Fs POTiscs,

@ Review Questions

1 What regions of antibody molecules are involved

i the fonctions of antibodies!?

Flow du heavy chain class swirching and affinicy

muturateon snprove the abilities of antibodies to

combat infectious |"'.1l:|'|uq.zl:|'u.-.F

3 In whar siteacions does the ability of antibodies
to newrralize microbes protect the host From
infections!

4 How do antibodies assist in the eliminadon of
microbes by phagocyres!

e

How is the complement system activated, and why
is it effective against microbes bur does not react
against host cells and tissues?

W

6 What are the funcrions of the complement system,
and what components of complement mediare
these funcrions?

7 How do antibodies prevent infections by ingested
and inhaled micrabes?

8 How do neonatal animals develop the capacity o
protect themselves from infecrions even before
their immune systems have reached manuricy?



Immunologic

ine of the remarkable characreristics of the normal

Jimmune system is that it is capable of reacting o an
enormous variety of microbes, but it does not react against each
individual’s own (self) antigens. This unresponsiveness to self
antigens, also called immunclogic tolerance, is maintained
despite the fact that the mechanisms by which lymphocyre
receptors are expressed are not inherently biased o produce
receptors for nonself antigens, In other words, lymphocytes
with the ability 1o recognize self antigens are constantly being
generated during the normal process of lymphocyte matura-
tion. Furthermore, the immune system is readily accessible 1o
many self antigens, so that unresponsiveness to these antigens
cannot be maintained simply by concenaling these antigens
from lymphocyres. 1 follows thar there must exise mechanisms

Tolerance and
Autoimmunity

Self-Nonself Discrimination
in the Immune System
and Its Failure

Immunologic Tolerante: Significance and
Mechanisms

Autolmmunity: Principles and
Pathogenesis

Central T Lymphocyte Tolerance
Peripheral T Lymphocyte Tolerance

= Anergy

« Deletion: Activation-Induced Cell Death
+ Immune Suppression

B Lymphocyte Tolerance

* Ceniral B Cell Tolerance
« Peripheral B Cell Tolerance

Genetic Factors in Autoimmunity
Role of Infections in Autoimmunity
Summary

that prevent immune responses to self antipens. These mechanisms are responsible for
one of the cardinal features of the immunc system, namely, its ability ro discriminare
berween self and nonself (usually microbial) antigens, If these mechanisms fail, the
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immune <ystem oy attack the mdividual’s own cells
anad tissues, Such reactione are called aureimmuniny,
and the Jdiseazes they conse are called autoinumune
Jiscases.

In this chapter we will address the following
YLesEIons,

Howe Joes the immune system maintain its unre-

sponsiveness to self antigens!

Whar are the tactors thar mav coneribute to the

development of autoimmunine?

This chapter beging with a discussion of the impor.
tant principles and featares of self-tolerance anl
autoimmunity. Following this the Jdifferent mecha-
nisms are discussed that mointain wlerance o self
antigens, including how wich mechanism may fail.
resulting in autoimmunioy.

Immunologic Tolerance:
Significance and Mechanisms
Immunologic tolerance i= a lack of response 1o
antigens that is induced by exposure of lvmphoeyies

Basic Immunalogy: Functions ana Desorders of the Immung System

to these antigens. When lymphoceytes with receprors
for a particular antigen are exposed to this ancigen,
any of three outeomes s possible (Fig. 9-1). The lym-
phocyees may be activated, leading w an immune
response; antigens that elicic such a response are said
to be immunogenic. The lvimphoeytes may be fune-
rionally inactivared or killed, resulting in rolerance;
antigens thar induce tolerance are said 1w be tolero-
genic. In some situations, the antigen-specific lym-
phocytes may not react i any way; this phenomenon
his been called ignornee, implying thar the lym-
phocyres simply ignore the presence of the anrigen.
Normally, nucrobes are immunogenic, and self anti-
gens are cither tolerogenic or are ignored. The choice
among lymphocyte activation, wlerance, and igno-
rance ¢ Jerermined by the nature of the antigen-
spwcific lympluscyies and by the nature of the antigen
amed how it s displayed to the immune system. In fac,
the same antigen may be administered in ways thar
induce an immune response or tolerance, This exper-
imental observation bas been exploited to analyze
what factors determine whether activation or toler-

)

ol
{

. 2

T L Immunegenic a0 He
Activation | -, Angsn P
Proliferation and
diffzrentiation
3 ade= Anergy
™ s 4 Tolerogenic = {funclional
X - antigen Uy, | unresponsiveness)
Tolerance '
Apoptosis
(cell death)
ignorance] [ i+ Nenimmunogenic n
A igen 8 LI

Figure 9-1 Conggquences of the encounter of lymphocytes wilh antigens. Maive lymphocytes may be activated 10 pro-
uferare and ciffergntiate by immunogenc antgens  Toserancs 15 induced when tolgrcgenic antigens miuce funclional anergy
{unrasponsveness) of apoplosis, keading 1o an inaoikly of the cells 1o agamn respond 1o the samsa Antigan Ewn in an MmN
genic lorm. Some antigens are ignored by lymphocytes. resulling in no iesponse. but the lymphocyles are capable of respond-
;g 10 the same antigen @ an immunogenic lonm




ance develops as a consequence of encounter with an
antigen.

The phenomenon of immunologic tolerance is
important for several rensons. First, a5 we stared at
the ourser, self antigens normally induce tolerance,
Second, i we learmn how to induce tolerance in lym-
phocytes specific for a particular antigen, we may
e able to use this knowledge o prevent or control
wrwanted immune reactions. Strategies for inducing
toleranee are being rested to reat allergie and autoim-
mune discases and ro prevent the rejection of organ
transplanes. The same strategies may be valuable in
pene therapy, 1o Prevent immune responses agmnst
the prodduces of newly expressed penes or vecrors.

Immunologic tolerance to different self antigens
may be induced when developing lymphocytes
encounter these antigens in the generative lymphotd
vreans, called central tolerance, or when mature
lvmphocytes encounter self antigens in peripheral
tissues, called peripheral tolerance (Fig. 9-2).
enirral rolernce is a mechanism of telerance only o
sell antigens that are present in the generative lym-
phoid organs, namely, the bone marrow and thyomus.
Tulerance o self antigens chat are not present in these
vrgans must be induced and maintained by peripheral
michanizms. We do not know which, or how many,
self anrigens induce central or peripheral wlerance or
are ignored by the immune system.

Autoimmunity: Principles
and Pathogenesis

Amroimmenity is defined as an immune response
against self (autologous) antgens and is an impor-
tant cause of disease. It is estimated that at least 1%
10 2% of individuals suffer from avteimmune discases,
although in many cases, diseases associated with
uncontrolled immune responses are called awtoim-
mune without any formal evidence thar the responses
are directed against self antigens.

The principal factors in the development of
autoimmunity are the inheritance of suscepribility
genes, which may contribute to failure of self-
tolerance, and environmental tripgers, such as infec-
tions, which may activate self-reactive lymphocytes
(Fig. 9-3). Much has been learned from cxpﬂrim:n[a‘:l
animal models abour how self-tolerance may fail and
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how self-reactive lymphocytes may become patho-
genic. Despite our growing knowledge of the immuno-
logic abnormalities thar may resule in aurolmmuniry,
we do not know the etiology of any human autoim.
mune disease. This lack of understanding is mainly
becavse autoimmune diseases in humans are wsually
heterogeneous and multifacrorial, the self antigens
that are the inducers and rargers of the aumimmune
reactions are often unknown, and the diseases may
present clinically long after the auroimmune reactions
have been initioted, Autotmmunity may eesult in the
production of antibodies aganst self anrigens or the
activation of T cells reactive with self ontigens. How
these antibodies and T cells damage tissues and cause
disease is described in Chaprer 11.

With this brief background, the discussion procecds
to the mechonisms of immunologic wleranee and
how the failure of each mechanism may result in
autaimmunity, Tolerance in CO4° helper T lympho-
cyres is described first, because more is known about
this cell type than about any other, Recall thar CD9”
helper T cells control virtually all immune responses
to protein antigens. Therefore, if helper T cells are
made unresponsive to self protein antigens, this may
be enough to prevent both cell-mediated and humoral
immune responses against these ancgens. Conversely,
failure of rolerance in huﬁp&!r T cells may resulr in
autoimmurity manifested by T cell-mediared arack
against self antigens or by the praduction of auto-
antibodies against self proteins,

Central T Lymphocyte
Tolerance

If immature T eells in the thymus recognize with high
avidity self antigens present in the thymus, the lyme-
phocyres die by apoptosis (Fig. 9-4). The lymphocyres
that develop in the thymus consist of cells with
NCL‘E"I[I._'II‘S rl;"i'l!'t.'.'ll"llﬂ L'Il- ll.!{ﬂl;l'l.l:lﬂg ATy NN, h'ltl."l
self and foreign. If an immature lymphocyte stoongly
interacts with a self antigen, displaved as o pepride
bound to a self major histocomparibility complex
{MHC) molecule, thar lymphocyte receives signals
that trigger apoprosis, and the cell dies betore it con
complete its matwration. This process is also renmed
nepative selection (see Chaprer 4), and it is the princi-
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Newly emerged Lymphaoid
(immature) clones { precursoar Self antigen present
of lymphocytes ; in generative
Iymphoid organ
-’l.‘ ---
e, : : i Immature
2 ﬁﬂ.{; it __+—lymphocytes
o = \ 7 i wlih raceptors
E o § B ' for self
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it Maturation of clones
E- E‘ not specific for self antigens
o = present in generative organs
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Mature ]
lymphocytes '
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Peripheral (secondary)
_lymphoid tissues
i~ R
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1o foreign antigens

‘ Immune response

~Seli antigen in
e peripheral lissues

Central and peripheral lolerance to sell antigens. immaiure lympaocyles specihc lor sell anhigens may
pans ang are oeleted (contral lolerance). Mature sell-reactive

ihess SNlGENS n ke Qenetatve Lymohoid oig

'n:"m-' a5 may be maciwaled or delated by arcounter win sell anigens in peripheral tissues (peripheral toleranca)

EI ymphcoyles arg shown nerg, Dul jhe SEmMe CICCESSES DoCur wiilh T anphocy1es as wedl

pal mechanism of central wlerance. Immarure lym-

j"ihl."lrl:l.'a Y interact sl!m‘ni:l'p with an antigen o

the antigen i present an high concentrations in the
thymus and if the lvmphocytes express receprors thin
recognize the antigen with high affiniry. Antipens
thar induce negative selection tend to be present in

higher comcentrations in the thymus chan antigens
that induce positive selection and include prorteins
thae are abundant throuphour the body, such as
plasoe proteins amd commeon cellular proteins. Sur-
prisingly, many self proeins thar have been thought
tu b -.rxr-n.-m-d III'.!iTII'r r u'xchmw:l? in pcri.pl'l.l:l"a]



| Genetic susceptibility |

9 - Immunologic Tolerance and Autpimmunity 165

I Infection, inﬂammaﬁ{ﬂ!

Susceptibility
gEnes

Failure of
self-tolerance

Self-reactive '
lymphocytes i

e

Infections,
tissue
inflammation

Activation of
tissue APCs

Influx of
salf-reactive
lymphocytes
into tissues

Activation of
self-reactive

lymphocytes

Tissue injury:
autoimmune
disease

Flgure 9-3  Postulated mechanisms of auteimmunily. In thes proposed model of an organ-specilic T cell=médaled awlo-
immung disease, vanous genetic ook may confer suscephinlity 10 auloimmunity, probably by influencing the maintenance of
sell-iolerance. Ervironmental iriggers, such as infections and other inflammatory stimuli, promota the influx of kmphocytes
indo lissues and the aclivation of sell-reactive T calls, resulting in liSsue infUry.

tissues are actually expressed in some of the epithelial
cells of the thymus, Therefore, negative selecrion of
immature T cells may be important in protect-
ing against responses to a wide variery of self protein
antigens, Developing T cells that encounter these

proteins are deleted, thus prevenring reactions agninst
the peripheral self anrigens. A transcription factor
called AIRE (for autommune regulator) appears to
ber responsible for the thymic expression of many self
provein antigens. Mutations in the ame gene are the
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APG Dm}:_lhle posilive
Megative
selection
Slure 2-4 Central T cell toler-
ance. Stong recogribon of sl
| Stmrlg recognition antigens by immature T cefls in the
of self antigen in thymus 1hymus may kead to death ol the cells
(negative  selecton., or deletion).
APC Sedl-antigen recogrition in 1he thymus
- e mary atso lead 1o the development of
) W - > regulatory T celis that enter periphe
Development "o / fA-<é B eral tigsues
of re-guFatmy B L= €
T cells -— o o
= Regulalary
1 ¢ell
cause  of a0 mre auroimmune svndeome called F‘E-rir}he:'z. T Lymphﬂﬂvtﬂ
APECED (autcimmune  polvendocrinepathy  with Taolzrance

candidiases and ectodermal dvsplasial.

The lvmphocytes that surcive negative seledtion in
the thymus po on oo marure and are deplered of poren-
wally Jangerous amoreactive T cells, This process

it contrl rolerance affects seli-reactive T4 T cells
ond CDE T cells, which recopnize self peptides dis-
rlaved bw clags 11 MHC and ¢lass | MHC molecules,

It s not knuwn '.‘.'I'li.ﬂ F-if.}]'l.ill‘ [I1\J1ICL‘

respesiively
Apoptoss i ifRmateee F'I-'J'|'||‘~hm.'l.'h.'% thin recognize
nrggens with high affiminy in the thymus.

Somee immiature T cells that recognize self antizens
i the thymus develop into regolatwory T cells and
enter peripheral tissues (see Fig. 9-4). The functions
of regulatory T cells are deseribed laver in the chaprer.
Whar derermines whether sl antigens will induce
negative selecrion or the development of regulatore T
cells s mor known.

Defective centmal tolerance is often postulared 1o
be the reason why some awoimmune-prone inbred
strins of mice contain abnormally large numbers of
mature T cells specific for various sell antigens. The
mechanisms and consequences of failure of ceniral
tolerance in these mice are not well understood.

Peripheral tolernee is induced when mature T cells
recopnize self antipens in peripheral tissues, lead-
ing to funciional inactivation {anergy) or death, or
when the self-reactive lvmphocvtes are suppressed
by regulmory T cells. Each of these mechanisms
of peripheral T cell tolerance is described in this
secuion, Peripheral wolerance is clearly imporcane for
preventing T cell resporses ro self antigens that are
present mainly mperipheral tssues and not in the
thymus. Peripheral molerance may also provide “back-
up” mechanisms for preventng  autoimmunity in
situations where centml rolerance is mcomplete.

Anergy

Ancrgy is the functional inactivation of T lympho-
cvies that occurs when these cells recopnize anti-
pens without adeguate levels of the costimulators
(sccond signals) that are needed for full T cell
activation (Fiz. 9-5). In previous chaprers we have
prvinresl owe thar naive T lymphocytes need ar least
e sipnals for their proliferation and Jdifferentiation
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[ Antigen recognition |

| T cell response |

B7Y «CD28

Mormal Bx;;ging
reSPONse | eoctimulators

Antigen recognition
with costimulation

Costimulator-
deficient —
APC

Antigen recognition

without costimulation

cTiAY

Antigen recognition with |
CTLA-4-B7 interaction

Effector

T cell proliferation
and differentiation

Mo response

Restimulation with
APC expressing
costimulators

gure -5 T cell anergy. An anligen presenied by coslimulaiorexprassing antigen-presenting cells (APCs) induces
a normal T cell response. I the T cell recognizes antigen wihou costmulation, or in the presence of CTLA-4-B7 inferac-
ficng, the T coll lails 10 respond and 15 rendered incapabie ol responding even il ihe antigen is subsequently presented oy

coslimulator-expressing APCs.

into effecror cells: signal 1 s always antigen, and
signal 2 is provided by costimulators that are
expressed on professional antigen-presenting cells
(APCs) in response to microbes. It is believed thar,
normally, APCs in tissues and peripheral lymphoid
organs are in a resting state, in which they express
little or no costimulators sueh as BY proteins (see
Chaprer 5). These APCs are constantly processing
and displaying the self antigens that are present m
the tissues. T lymphocytes with receptors for the self
antigens are able o recognize the antigens ancd thus

receive signals from their antigen receprors (signal 17,
but the T cells do not receive the necessary second
sipnals. Signal 1 without adequare signal 2 may in-
duce long-lived T cell anergy. (Antigen recognition
without costimulation may also induce no responses
rather than anergy; see Fig. 5-6, Chaprer 5.) ln some
cases, T cells thar encounter self antigens may begin
o express a molecule called CTLA-4 (CDL152),
which is a high-afhnity recepror for BT molecules thar
delivers inhibitory signals 1o the T cells. When a T
cell sees 2 self antigen on an APC, CTLA-4onthe T
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cell may engage BV molecules on the APC and inac-
tivate the T cell. Recall thar CD23 s the activaning
T cell recepror for BY molecules and the major recep-
tor for delivering second signals 1o T cells. [v is noe
known how T cells choose wo ute one or the other
recepror for BT, namelv, CDIE to initiate responses or
CTLA-4 o inhibit responses, One possibiline is that
resting APCs may express just enough BY ro engage
the inhikitory recepror but not enough to acrivate the
T eells,

Several experimental models suppore the impor-
tance of T cell anergy in the maintenance of seli-
wolerance. I high levels of BT costimulators are
artihcially expressed ina tissee in a mouse, that animal
develops autoimmune reactions against antigens in
thar tissue. Thus, anifcially providing second signals
“breaks” anerey and acrivares amoreactive T cells. If
CTLA-4 molecules are Blocked or deleted (by gene
knockour ) in a mouse, thar mouse develops widespread
autoimmunity against ies own tisdues, This result sug-
pests thar the inactivating regepron, CTLA-4. is con-
stantly functioning to keep autoreactive T celld m
check. There is grear interest in determining if abnor-
realities in costimulators or CTLA-4 contribute 1o the
Jevelopment of auoimmune discases in humans,

Deletion: Activation-Induced
Cell Death

Repeated activation of mature T Iymphocytes by
sell antigen, or recognition of sell antigens with-
out second signals, triggers pathways of apoptosis
that result in elimination {deletion) of the self-
reactive lvmphocytes (Fig. 9-6). This process is called
activanon-induced cell death. There are mwo ilk-:!!_.'
mechanisms of acrivation-induced death of lvmphao-
cytes, First, in OO T cells, repeated activation leads
to the coexpression of a death recepror called Fas
(C95) and its ligand, Fas ligand (FasL). Fasl binds
to Fas on the same or on a neighboring cell. This
interaction generates sipnals through the Fas death
recepror that culminate in the activarion of caspases,
cyrosolic enzymes thar induce apoptosis. Thus, the
repeated activation of the T cell wrigezers an internal
death program thar prevents the T cell from contin-
aing to respond. Sell antigens may delete speciie T
cells becawse these antigens ane present :i:nmgh:m:

life aind are capable of repeatedly stimulating lym-
phoeytes. ln conerast, most microbes are eliminated
by immune responses, and microbial antigens are
unlikely to be persistent enough 1o repeatedly stimu-
late specific lymphocytes. Inerestingly, the T eell
prowth Factor interleukin-2 (IL-2) potentiates Fas-
mediatesd apoprosis. Thus, the same cyrokine can
function e initinte and werminate T cell responses.
How the balance berwveen these two opposing actions
is derermined is not known,

The wecond postulared mechanism of activation-
induced cell death is thar anrigen recognition induces
the precluction of pro-apoptotic proteins in T cells. In
imenune responses to microbes, the activity of these
proteins is counteractive by anu-apoptotic proteins
thar are induced by costimulation and by other,
largely undefined, second sipnals gpenerated during
innate immune responses. But sell antigens do nor
stimulare  production of amti-apoprotic  proteins,
resulting in death of the cells that recognize the self
antigens. This pathway of activation-induced cell
death dovs not involved death receprors such as Fas.

The best evidenwe supponting the role of Fas-
medisted apoptosis in self-tolerance has come from
generic studies. Mice with mutations in the fas and
fusL penes and children with mutations in fas all
develop auwroimmune diseases with lymphocyre accu-
mslation. The human disease, called the autcimmune
lemphoproliferative syndrome, s rare and the only
kmown r.\;:unplu ol a ;[et'ccr N Apoposis causing @
i.'-:'ll-r}"[ur AL mERNe rlwntrtj'pc.

immune Suppression

On encounter with self antigens, some self-reactive
T Ivmphocyies may develop inte repulatory cells
whose function is to prevent or suppress the acti-
vation of other, potentially harmful, self-reactive
Iymphocyies (Fig. 9-7). Repulatory T cells may
develop in the thymuos (see Fig. 9-5) or in peripheral
lymphoid ormans, bur we do ot know what condi-
tions lead o their development. Most repulatory T
cells are CD and express high levels of CO2S, the
o chain of the 1L-2 recepror, but the heteropeneiry of
this population is undefned, We alse know lieele
abour the mechanisms by which regulitory T cells
II'II'IiI"“ EERTITILEL GG l‘L'\I"l.]I'I'H."h III'I Bty Sl'rl'l'lll} n:guh"uq'
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igure 9-6 Activation-induced death of T lymphocytes
g -2, expressing anl-apopiolic proleins, and undergaing

. T cells respond to antigen presented by normal APCs by sechil-
proliferakon and dilfereniation In one form ol aclwvation-induced

cell death, restimulation of recently activated T cells by anligen leads to coexpression of Fas and Fas ligand (FasL), engage-
ment of Fas, and apopiotic death of the T cells Mote that FasL on one T cell may engage Fas either on a neighboang cell

(a% shown) o on the same cell, Fas-independent aclivalion

-induced cell dealn may also oocur when antigen recagnition by

T cells without costimulation or inaate mmundy keads 1o expression of intracellular pro-apoptolic prolesns.

cells produce cywkines, such as TGFP and 1L-10,
which block cthe activation of lymphocytes and
macrophages. Regulatory cells may also directly
interact with and suppress other lymphocyres or
APCs, by undefined mechanisims that do not invalve
cytokines,

The best evidence thar active suppression plays a
role in self-tolerance has come from complex animal

madels. 1t is thought thar normal mice contain
CD25CDE T eells char have seen self antigens and
become regulatory cells. In one experimental model,
if T cells depleted of CD25* lymphocytes are trans-
ferred inte a mouse that does not have any lympho-
cyres of its own, this mouse develops a disseminated
auroimmune discase involving multple organs. The
nterpretagoen of I;l.'\i.‘ﬁ CRpermnent i that n:gu[:,!tury T
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Mormal
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and differentiation of T cells
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T cell-medialed suppression of immuneg responses. in & noemal response, T oolls recognize anligen and

nhate inio eliscior cells A b
rawve T calginta T, &
2. Heremiale nla reguiztor
¢ dilgrentiation of n

a1

cell

cells. which are comained within the CD25°
ropulation, normaally control autorescrive lympho-
cytes and, in the absence of the regulators, the suto-
reactive lvmphocyres are released from their connrol
and artack self tissues. The generation and funcrion
of regulatory T cells are dependent on o tronseription
factor called FoxP3. Mutations of FoxP3 in humans
or knockour of the pene in mice causes a systemic,
multi-organ autcimmune disease, demonstrating the
importance of regulatory T cells for maintenance of
self-tolerance.

&l T.1 rés
Haztors natl produca I

panga & shown, inowhecn the APCs secraie IL-12, which slim-
wpant actvale macrophages in the effector phase
¢ cadls on the paspneral Issues o Ine thymus, and these regu-

v T ooells, by contact-capendent mechanisms, or They may secrele

From this discussion of the mechanisms of T cell
tolerance it should be clear that self antigens differ
from foreipn microbial antigens in several ways, which
contribare 1o the choice berween olerance induced
by the former and activation by the lateer (Fig. 9-8).
Self antigens are present in the thymus, where they
induce central olerance: in contrast, microbial anri-
pens are actively rmumsported o and coneentrated in
peripheral lymphoid ongns. Self anvigens are Jis-
played by resting APCs in the absence of innate
ey sinad second signals, thus favoring the induc-



9 = Immunciegic Tolerance and Autoimamisity 171

Feature of antigen

Tolerogenic self antigens

Immunogenic foreign antigens

Microbe

| Presence in
| generative organs
|

{central tolerance)

Yes (some self antigens): hi?h Mo: microbial antigens are
concentrations induce ne
selection and regulatory

ative | concentrated in peripheral
cells | lymphoid organs

| Presentation with
| second signals
(innate immunity)

may lead to
apopltosis

Meo: deficiency of second signals
cell anargy or

Yes: typically seen with microbes;
second signals promote
lymphocyte survival and activation

| Persistence of

antigen induces apoptosis

Long-lived (throughout life);
repeated T cell activation

Usually short lived; immune
response eliminates antigen

qure 9-8  Features of protein antigens that influence the choice between T cell tolerance and activatlon. This tabie
srharizes some of the charactenstics of sell and foreign (& ., microbial) pretesn antigens thatl delerming wivy the sell anti-
ens induce tolerance and microbial anligens stimulate T cell-mediated mmune responses

rion of T cell anergy or death. In contrast, microbes
chcit innate immune reactions, leading to the expres-
sion of costimulators and cytokines that funcron as
second signals and promote T cell proliferation and
Jifferentiarion into effector cells. Self antigens are
present throughout life and may therefore cause
repeated T cell acrivation and activation-indueed cell
death. Most microbes are rapidly eliminaved by
immune responses, before they are able to cause active
Jdeath of specific lymphocytes. It is apparent thar
much of our understanding of the mechanisms of T
cell wolerance, and their roles in preventing autoim-
muniry, is based on studies with experimental animal
models. Extending these studies to humans remains
an important challenge.

B Lymphocyte Tolerance

Self polysaccharides, lipids, and nucleic acids are
T-independent antigens thar are not recognized by
T cells. These antigens must induce tolerance in B
lymphocytes o prevent automntibody production, B

cell twolerance o sell protein antigens has also
been demonstrated experimentally. The principles of
central and peripheral tolerance in the B lymphocyre
compartment are similar to those of T cell tolerance.

Central B Cell Tolerance

When immature B lymphocytes interact strongly
with self antigens in the bone marrow, the B cells
are either killed (negative selection) or they change
their receptor specificity (Fig. 9-9). The process of
deletion is very similar to negative selection of imma-
wre T lymphocytes. As in the T cell compartment,
negative selection of B cells eliminates lymphocyres
with high-afhnity receprors for abundant, and wsually
widely expressed, cell membrane or soluble self anti-
gens. lmmature B cells use a second mechanism o
prevent auroimmunity. When these B cells recognize
self antigens in the bone marrow, the cells may reac-
tivate their immunoglobulin (lg) gene recombinarion
machinery and begin to express a new lg light chain
(see Chapter 4). This new light chain associates with
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flf 5 Mature B
# | Apoptosis lymphocyte not
Immature : specific for
Central _self antigen
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[negatlve e i- === lymphoid
selection) tissue
Strong recognition 2
_of self antigen Receptor aditing:
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Megative selection and receptor editing in immature B lymphocytes, An immature B cell that stronghy rec.

ognizes saif anhigens (1% hhis C38§ & Myilwaient 597 anbgan aith severa: apitopes) in fhe bone marrow 15 alher killed oy apop-

1051 Of Changes (IS5 antigan aiepltr

the previowsly expressed Ig heavy chain o produce a
new antigen recepror that is no longer specine for the
el antizen. This priscess of changing recepior speci-
ngtey 15 called receptor editing. It is not known how
manv. or which, self antigens present in the bone
marrew induce apoptosis or receptor editing and why
amy sclf-reactive B lymphocyte underpoes one or the
other fare. It ts possible that fGilure of centeal wier
ance i developing B cells mav result in aurcimmu-
miiry, Pur there are no convincmg examplhes ilustrating

this phenomenon.

Peripheral B Cell Tolerance

Mature B lymphocvies that encounter high con-
centrations of sclf antigens in peripheral lvmphoid
tissues become anergic and cannot again respond
to that self antigen (Fig. 9-10). According w one
hypothesis, if B cells recopnize an antigen and do not
receive T cell help (because helper T cells are absent
or wlerant), the B cells become anergic. Presumably,
T-andependent  antigens  activate B lymphocytes
without T cell help only when such antigens trigger
stromg sipreals in the B cells (sec Chaprer 7). Anergic
B cells may leave |'|.r.|‘|'|:!hui|.] follicles and are subse-
quently excluded from the follicles. These excluded B
cells may die because they do not receive necessary

survival stimuli. [t is suspected thae diseases associated
with autcantibody production, such as syseenuc lupus
ervthematoss, are coused by defective olerance in
buth B lymphocyies and helper T cells.

Ader discussing how immunologic tolerance o self
antigens may be maintnned, and why it may fail, i
i important to poing out that the development of
autoimmunity @5 influenced by several factors in
addition o primary lymphocyre defects. The most
important of these factors are inherited genes and
infections; how these may contribute o auroimmu-
nity is Jeseribed in the sections tha follow.

Genetic Factors
in Autoimmunity

Multiple genes predispose to autoimmune diseases,
the most important of these being MHC genes. The
genetic predisposition o autolmmunity was appreci-
ated when it was noted that if one of tve identical
vwines develops an autocommune disease, the other twin
is mare likely o develop the same discase than an
unrelated member of the general population. Fusther-
morg, this ncreased incihdence is greatver among
monozygetic (identical) twins than among dizypotic
vwins. Family swdivs ond, moere recently, genome
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seanning technigques, as well as breeding studies in
anmimals, have formally established thar autoimmune
Jdiseases wsually have a complex association with mul-
tiple gene loci.

Many autoimmune diseases in humans and
inbred animals are linked to particular MHC alleles
(Fig. 9-11). The association between HLA alleles and
autoimmune disenses in humans was recognized many
vears apo and was one of the first lines of evidence
that T cells played an imporant role in these disor-
ders (since the function of MHC molecules is o
present peptide antigens to T eells). The incidence of
a parricular auroimmune disease is often greater in
individuals who inherit a particular HLA allele(s)
than in the general populacion. This increased inci-
dence is called the “relative risk” of an HLA-disease
association. [t is important to point oue that an HLA
allele may increase the risk nfduvcluping a particular
autoimmune disease, but the HLA allele is nor, by
isell, the cause of the disease. In face, the vast major-
iy of individuals who inheric an HLA allele that
is frequently disease associated never develop thar
dizease. Particular MHC alleles may contribute o the
development of autoimmunity because they are inef-

heient at displaying self antigens, leading 1o defective
negative selection of T cells, or because pepride anti-
gens presented by these MHC alleles may fail to stim-
ulate regulatory T cells.

Mumerous non-HLA penes are also associated with
various autoimmune diseases (Fig. 9-12). Some of
these associated genes are known, and their roles
in the development of autoimmunity have been
the focus of many hypotheses. Modern technigues
for pene mapping and genomics have enormously
expanded the number and diversity of genetic loci
thought to be associated with vanous autoinunune Jis-
eases, At this time, many of the associntions are with
large chromosomal sepments and the actual genes
invalved have not been identified. Some suscepribil-
ity genes may encode self antigens and certin alleles
of these genes may have altered thymic expression.

Role of Infections
in Autoimmunity

Infections may activate self-reactive lymphocyees
and lead to the development of autoimmune dis-
eases. Clinicians have recopnized for many years tha



| Evidence | Examples J
Disease HLA allele | Relative risk
' "F-:eiatwe risk” of Ankylosing spondylitis | B27 aQ
| deveioprng an Rheumataid arthrilis | DR4 4
mdn:uduals who inherit | diabetes mellitus
| particular HLA allele(s) Pemphigus vulgaris | DR4 14
| compared to individuals
| lacking these alleles
: Animal models: Typl-]ﬁ_:t 1 d[iabu’é%s [-A97
| breading studies mellilus (nonobese
establish association | @labetic mouse strain)
of disease with paricular |
| MHC alleles
Genome scanning Insulin-dependent OR
methods reveasl digbetes maliitus
| association of disease |
wﬂh MHC locus
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than indnduals lackng these allehes (“rel-
indiviausls who have the HLA-B2T allele
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| Gene(s) | Disease association |Mechanism
-Eé}npjemem | Lupus-like disease Defective clearance of
' proteins | immune complexes?
{2, C4) Dafects in B cell
& tuleranca'?
Fas, FasL Lpr. gld mouse strains; Defeciwe elimination
human ALPS of self-reactive T and
. _ ) B lymphocytes by AICD
| FoxP3 Immune dysregulation. | Deficiency of regulatory
! polyendecrinopatiy, T cells
[ enteropathy, X-linked
| syndrome
| AIRE Autoimmune Delective
| polyendocrinopathy elimination of
with candidiasis and self-reactive T cells
eclodermal dysplasia | in the thymus

Sloure 9-12  The roles of soma
non-MHC genes in autoimmunity.
Sheown hare are examples of Some
genes oiher than MHC genes thal
may contribule 10 the development
of autormmung diseases. Lpr ralars
1o e mouse mulalion called
“lymphopiolileraton,” and gid 1o
“generalized  lpmphoproliferative
deease.” AICD, activatlion-induced
cell death: ALPS, avicemmuneg ym-
phoprolderalive syndroms




the clinical manifestations of autoimmunity arce often
preceded by infectious prodromes. This associarion
berween infecrions and aurcimmune tissue injury has
been formally established in animal models. Infec-
tions may contribute to autoimmunity in several
ways (Fig. 9-13). An infecrion of a tissue may induce
a local innate immune response, and this may lead o
increased expression of costimulators and eytokines
by tisaue APCs. As a result, these activated tissue
APMCs may be able o stimulate self-reactive T cells
that encounter self antigens in the tissue. In other

8 = Immunologic Tolerance and Autosmmunity 175
words, infection may “break™ T cell anergy and
promote the survival and activation of self reacrive
Iymphocyres. Some infectious microbes may produce
peptide antigens that are similar w, and cross-react
with, self antigens. In these cases, immune responses
to the microbial peptide may result in an immoene
attack against sclf antigens, Such cross-reactions
berween microbial and self anrigens are termed molec-
lar mimicry, Although the contribution of molecular
mimicry 1o autoimmunity has fascinated immuno-
logists, ws actual sipnificance in the development of

®

"Hesting” T cell

tissue APC
Self-tolerance ( )Q
anemy) If Self-tolerance:
El?ltigen anergy or deletion
(B ,Microbe
@ Self--
Activation reactive
Induction of of APC
costimulators
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Maolecular of T cells
mimicry === =1
: s
antigen T cell that
recognizes
microbial peptide ]

Figure 9-13 Mechanlsms by which microbes may promote autoimmunity. &, Mormally, encounter of matwre T cells wilh
saif antigens presented by resting hesue APCs resulls in penpheral lolerance by anergy or debeton. B. Microbes may ach-
vale the APCs to express costimutators: and when these APCs present sell anbigens, the specific T cells are activated rather
1han rendened tolerant. C. Some microbial antigens may cross-react walh sell anligens {mimicry). Therefora, immune responses
inikated by the microbes may become directed at sell cells and tissues. This higure ibusicates concepls as they apply 1o T
cells; molecular mimicry may also apply 1o self-rgactive B lymphocytes.
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auroimmune Jisemses renaing unknown, Intections
maay alse injure tissues and release antigens thin are
normally sequestered from the immune system. For
Instance, some uq1|c.=1::n'-.| antaens (... i the testis
and eve) are nommallv not seen be the immune sestem
and are ignoed. Relenie of these antigens (eg, by
trauma of nfcction) mav nitiate an  aukoimmune
reaction agminst the tissue.

SUMMARY

= lmmunolagic wolerance i speciic unresponzive-
ness 1o an antigen induced by exposure of lvmpho-
cytes to thar antigen, All individaals are 1olerant of
(unresponsive to) their own {<elfY antigens. Tolerance
aeninst antigens may be induced by administering
thar antigen in particular wavs, and this strategy may
b wseful for treating immunclote disease and dor
preventing the rejection of tranzplants,

& failure of

Auvroimmune diseases result fro
seli-tolerance. Muluple facrors conmibute 1w mmo-
immunity,  including  immunolee abnormalioies,
susceptibility genes, and intectinne.

Central olerance i induced by the Jdearh of immma-
ture lvmphocyres that encounter antigens i the gens
erative lymphoid ongans, Peripher rance Tesults
frony the recognition of antizens by mature hempho:

cvtes in peripheral tissues.

Central rolerance {nepative selectim of T cellsas
the result of high-affinity recosnition of antigens in
the thymus, which tend robe widely Jiswemanoated self
snticens, Central rolerance may clhiminare the poten-
|:|.-.1r§.' mioet J:sru:cnuu:- T cells. which CXTess high-
affinity receprors for disseminated self antigens.

Peripheral tolerance in T culls is mduced by mul-
riple mechanisms. Ancrgy (funcrional inacrivation)

results from the recosnition of antigens without
costimulators {second signals) or when T cells use
inhihim‘ FECEPIOTs [0 FeCOgnite costimulators. Dele-
tion {death by apoprosis) occurs when T cells repeat-
edly encounter self antigens. Some self-reactive T
cells suppress potentially pathegenie T cells.

B o B lymphocyies, central tolerance is induced
when immature cells recognize self antigens in the
bone marmow and peripheral olerance by anergy is
induced when muture B cells recognize self antigens
withour T cell help.

B Many genes contribute o the development of
autsimmunirg The strongest associations are berween
HLA genes amd variows T eell-mediated autoimmune
diseases,

Infeetions predispose 1o auroimmunity, by causing
inflammarion and inducing the aberrant expression of
costimmbiators, or becawse of cross-reactions between
microbial and self antigens.

[ Review Questions

1 What is immunelugic tolerance? What are some of
its important features, and why is i imporeant!

2 How iz cenrral wolerance induced in T lymphocytes
anid B bvmphocyres?

3 How is functional amergy induced in T cells? How
may aeerey be “broken™ to give rise to autoimmune
disorders?

4 Whar are some of the genes thar contribute
sutcimmunity! How may MHC genes play a role
in the development of autoimmune diseases?

3 What are  some  possible  mechanisms by
which infections promote the development of
AUty ?



Immune Responses

ancer and orpan transplantation are two clinical situa-
‘tions in which the role of the immune system has
received a grear deal of attention. In cancer, it is widely
bilieved that enhancing immunity against the tumors holds
much promise for rreatment. In argan tmnsplanmriun. of
course, the situation is precisely the reverse: inmune responses
against the rransplants are a barrier to successful rransplanta-
tion, and learning how to suppress these responses is a major
woal of rransplant immunologists. Because of the importance
of the immune system in tumors and transplants, tumor
immunology and cransplantation immunology have become
subspecialties in which researchers and clinicians come
together 1o address both fundamental and clinical questions.
Immune responses against tumors and transplanes share

Against Tumors
and Transplants

Immunity to

Noninfectious Transformed
and Foreign Cells

Immune Responses Agalnst Tumors

= Tumor Antigens

= Immune Mechanisms of Tumor Rejection

+ Evasion of Immune Responses by
Tumors

« Immunologic Approaches for Cancer
Therapy

Immune Responses Against Transplants

« Transplantation Antigens

= Induction of Immune Responses Against
Transplants

= |mmune Mechanisms of Graft Rejection

= Prevention and Treatment of Graft
Rejection

+ Transplantation of Blood Gells and Bone
Marrow Cells

Summary

several charcreristics. These are situations in which the immune system is not respond-
ing to microbes, as it usually does, but to noninfectious cells that are perceived as foreign.
The antigens thar mark tumors and transplonts a3 foreipn may be expressed in virally

197
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any cell tvpe that i the tanger of malignane trnsfor-
mation or is grafted trom one individual to another.
Therefore, there have o be special mechanisms for
inducing mmune responses againgt Jdiverse cell types.
Also, an importan, and perhaps major, mechanism by
which tumor cells and the cells of tissue teansplants
are destroved involves cytalytic T hmphocytes
(CTLs). For all these reasons, immuniny 1o tumors amd
rransplants are discussed inoone chapter. focusing on
the tollowing questions:

What are the antigens in turmiors and tsoe trans-

planes that are recopnized as foreign by the immune

system;

How does the immune system reconize and react

o tumors and trnsplanes!

How can the immune responses 1o lumors and

grafts be manipulated 1o enhance wmor rejection

and inhibit geaft rejection’

Tumur immunity iz discussed nesr. ond then trans.
plantation, with an emphasi= o the principles thar
are common o borh.

prevent the outgrowth of tansformed cells or
destroy these cells before they become  harmful
rumors. This phenomenon is called immune surveil-
lance. Several lines of evidence support the idea that
immune surveillance against tumors i important
for preventing tumor growth (Fig. 10-1). Howewer,
the fact that wmoers Jdevelop in otherwise healthy
immunocomperent individuals indicares thar umor
immunity is often weak and is easily overwhelmed by
rapidly growing temors, lmmunologises have been
interested in defining the kinds of tumor anrigens
against which the mimume system reacts and how
antitumoar immunity may be maximally enhanced.

Tumor Anligens

Malignant tumors express various types of mole-
cules that may be recognized by the immune system
as forcizn antigens (Fie, 10-2) If the immune system
of an individual 15 able w rence againzt a tomor in that
individesl, it follows thar the mwimor must express
antigens that are scen as nonsell by thar individual’s
immune sestem. In experinenal tumors induced by
chemical carcin GG BT pt iz i, the tumor :‘11lli!,"l-'lli
mery be muonmes of normal cellular prozeins, Virtually

Against Tumors il
amy pronein may Pe mutaeenized rondomly in differ-
Since the 1950 ir has been thoughe that u phyeio- et tumors, and wsnally these protcins play no role in
Loame funcrion of the adaprive mmane system 15 o tmeorizenests. =uch mutns of  diverse cellular
Evidence | Conclusion

Experimental: transplants of a tumor are rejected by
animals previously exposed to that tumaor; immunity to
tumor transplants can be transferred by lymphocytes

from a umor-bearing animal

Clinical and experimental: Immunodeficient individuals
have an increased incidence of some types of lumors

Hislopathologic and clinical cbservalions: lymphocylic
i infilirates around some tumors and enlargement of
draining lymph nodes correlate with beiter prognosis

Immune responses against
lumors inhibit tumor growth

Tumor rejection shows
teatures of adaptive immunity
(specificity, memory) and is
mediated by lymphocytes
' The immune system protects
| against the growth of tumors
| (the concept of “immune
| surveillance™)

Figure 10-1 Evidence supporting the concept that the immune sysiem reacts against tumors. Several lines of clin-
cal and experimenial gvidence mndicale thal delense sgans! [UMors i Medalod by resctons of the adaplve Bnmung System,
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E Examples
Mormal host
cell displaying || Normal L 4
MHC- self protein o=
associated W No T cell
self antigens response
Various mutant
proteins in carcinogen-
or radiation-induced
npdrmti:d sulf - animal tumors;
various mutated
proteins in melanomas
| Oncogene products:
S ., || Productof ¥ mutated Ras, Ber/Abl
=c oncogene or . | fusion proteins
o @ mutated turmor .I\)’E T
mg suppressor P | Tumor 3uppre.'é.|.5=ur
Ec genea b cpa* gene producls:
@ E CTL mutated p5s3 protein
E c’ - - - - - - -
(=4 g N Tyrosinase, gp100,
a2 ﬂ“ﬂb"gXP'Eﬁ“ﬂ ' MAGE, MART proteins
R E:Sm;;ﬂ ¥ in melanomas
22 if protei
S @ | | self protein COB
g g CTL
E AT Human papillomavirus
Oncogenic : E6, E7 proteins in
virus 28 cervical carcinoma;
EBMNA proteins in
el B EBV-induced
sp-Egilic L
CcDg+ CTL

iqure 10-2 Types of tumor anligens recognized by T eells. Tumdr anigens (hat an recogmzed by umod-specilic C08°
T calls may be mutated forms of normal sell proleins, products of oncogenes o WMo SUPPIESS0r genes, overexprassad of
aberranily expressed sell praleing, or produtls of oncogenic viruses. Tumod antigens may also be recognized by CDA" T cells,
tuA less is kmown aboul the role that COE* T cells play in lumor immunily. EBMA, Epstesn-Barr vilus nuclear anhgen

proteins are much less common in spontaneous
human tumors than in experimentally induced tumors.
Some wmor antigens are products of mutated or
rranslocared oncogences Or fumor suppressor genes
that are presumably involved in the process of malip-
nant transformartion, Surprisingly, in several human
umors, the antigens that elieir immuone responses

appear to be entirely normal proteins that are either
owverexpressed or whose expression is nommally limired
to particular rissues or stges of development but is
dyﬁmpmhitul i the twmors, One would expect thut
these normal selfl antigens would nor ehicit immune
responses, but their aberrann  expression may  be
enough o elicit such responses. For example, self
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proteins that are l:'xprcsa:d nnlp in m'n'r-rln,:ni: LiSSLIEE
may not induce tolerance in aduli. In tumors induced
by oncogenic viruses, the tumor antipens are usually
produces of the vinuses,

Immune Mechanisms of
Tumor Refection

The principal immune mechanism  of mor
eradication is killing of temor cells by cvtolvtic T
lymphoeyies (CTLs) specific for tumor antigens.
The majority of wmor antigens thae elicit immune
responses in mumor-bearing individuals are endoge-
nowsly symthesized cviesolic proteing thar are dis-
playved as class | MHC-associated peprides. Therefore,
these anvigens are recognized by class [ MHC-
recericted CDE™ CTLs, whose function is e kill
cells producing the antigens. The role of CTLs
in wmor rejection has been established in animal
models, in which rtansplanis of rumors can be
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destroved by transferring wmor-reacrive CD8* T cells
into the umoer-bearing animals.

CTL responses against tumors are often induced
by recognition of tumor antigens on host antigen-
presenting cells {APCs), which ingest tumor cells
or their antigens and present the antigens to T cells
(Fig. 10-3). Tumors may arise from virtually any
nucleated cell rype, These cells are able to display
class 1 MHC -associared peprides (because all nucle-
ared cells express class | MHC molecules), bur often
the tumor cells do not express costimulators or class
11 MHC molecules. We know, however, that the
activation of naive CD8' T eells to proliferate
and differenriate into active CTLs requires not only
recopnition of antigen {class | MHC-associared
reptide) but also costimulation and/for he'lp from class
Il MHC=restricted CD4" T eells (see Chaprer 5).
How then can umors of different cell types stimulate
CTL responses! The likely answer is thar rumar cells
arc ingested by the hosts professional APCs (eg..

Induction of
anti-tumor T cell Eﬂfgﬁ‘;t‘%rtﬁgagf
response 5
| Tumaor cells Differentiation
: and antigens of tumor-
: ingested by Phagocytosed specific Tumor-specific
5 host APCs tumar cell Teells CDe* CTL
{  Tumor | recognizes
Ifarmgera :Eﬂéﬁsiléﬂfl_ / Costimulator HirtioE Eell
- & - * -'-l_il
cell £ - Killing of
GD?‘\—{:‘ P o tumor cell
+ o i
helper Cylokines
T lymphocyte

Figure 10-3 Induction of COB" T cell responses against umeors. COA" T coll responses 10 umos may be induced by
Cross.prameng (S0 Callgd Cross-prasentalan). inowhich ihe lumor cells analod fumor antigens ae laken up by prolassional
APCs. processed. and presented 1o T colls. In some cases. B costimulalons eapessed by the APCs provide Ihe second
sagnats loe the dilerantiation of the CDB" T eells. The APCE may also shmutale COA* hotper T cells, wheeh prowde (he second
signals lor CTL develenment (see Chapler 5. Fig. 5-7). Differentialed CTLS kil tumor cells withoul a requirement Tor coslimg.

tabon of T ool hilp



dendriic cells), and the antigens of the twmor cells
are processed and displayed by the host APC's class |
and elass 11 MHC molecules. Thus, tumor antigens
may be recognized by CDE™ T cells and by CD4™ T
cells much like any other protein antigens displayed
by professional APCs, At the same time, the pro-
fessional APCs express costimulators thar provide
“second signals” for the activation of the T cells. This
process 15 called cross-presentation or Cross-priming,
beconse one cell type (the professional APC) presents
antigens of another cell (the tumor cell) and activares
{or primes) T lymphocytes specific for the second cell
type. The concept of cross-presentation has been
caplotted o develop methods for vaccinating against
tumors, as is discussed later in rhis chaprer. Once
maive T8 T eells have differentiated imto effector
LTLs, they are able to kill tumor cells expressing
the relevane antigens without a requirement for
costimulation or T eell hi:lp. Thuss, CTLs may be
nduced by erossepresentation of tumor antigens by
bost APCs but the CTLs are effective against the
tumaor itself.

Several other immune mechamsms may play a role
in tumor rejection. Antitumor CR4° T cell responses
and antibodies have been derected in patients,
but there is little convincing evidence that these
responses actually protect individuals against tumor
growth. Experimental studies have shown that acti-
vared |n:1.1:n:||1|1=|;:c.=. and natural killer (MK} cells are
capable of killing umor cells in vitro, but again the
protective role of these effector mechanisms in tumor-
bearng individuals is unclear.

Evasion of Immune Responses
by Tumors

Immune responses often fail to check tumor
growth, because these responses are ineffective or
because tumors evolve to evade immune attack. The
immune system faces a daunting challenge if it is
tw be effecrive against malignant mimors, because
immune responses must kil all cumor cells and maors
grow rapidly,. Often, the growth simply outstrips
immune defenses. lmmune responses AganNsT wmors
may be weak because many tumor antigens are weakly
immunogenic, perhaps beeause they differ only
slightly from self antipens.
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Growing wmaors also develop mechanisms  for
evading immune responses (Fig. 10-4). Some tumaors
stop expressing the antigens that are the tarpets of
immune atack. These tumors are called “antigen loss
variants.” If the lost antigen is not involved in main-
raining the malignant properties of the wmor, the
variant tumor cells continue o grow and spread.
Other tumors stop expressing class 1 MHC molecules,
and rhus cannot display antipens to CD8™ T cells.
Because NE cells recopnize cells lacking class | MHC
molecules, they may provide o mechanism for killing
class | MHC-negative tumors. Yer other tumors may
produce molecules, such a3 transforming  growth
facror-[i, thar suppress immune responses.

immunologic Approaches for
Cancer Therapy

The main strategies for cancer immunotherapy aim
to provide antitumor effectors (antibodies and T
cells) to patients, actively immunize patients against
their tumors, and stimulate the patients' own anti-
tumer immune responses. At the present time, the
rreatment of disseminated cancers (which cannot be
surgically resected) relies on chemotherapy and
ireadiation, both of which have devastating effects
on nommal nonumer tissues. Because the immune
response is highly specific, it has long been hoped thar
tumor-specific immunity may be wsed o selecrively
eradicate  tumors  withour  injuring  the patient.
Immunotherapy remains a major goal of tamor immu-
nolagists, and many approaches to therapy have been
mied in experimental animals and in humans.

One  of the earliest  stearegies  for  umor
immunatherapy relied on various forms of passive
immunization, in which immune effectors are
injected into cancer patients. Monoclonal antibodies
AEAINSE Various [Umor antigens, often muplt:l.l 04
potent toxins, have been tried in many Cancers. The
antibadies bind to tumor antigens and cither activare
host effector mechanisms, such s phagocytes or
the complement system, or deliver the toxins w
the wmor cells. One such antibody, apainst the
product of the HER2fnen oncogene that is overex-
I'!I'(."-SS’ELI in SO "ri.':l.ﬁ-t CANCCTS, 3 N I.ll'll.'lrl."l":d h.“'
use in patients with these tuimors. Antibodies specific
for CD20, which s expressed on B cells, are used 1w
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— = mar How lWwmors eovade immung re-
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:pnnﬂs Anlitumer immundly develops when T cells
recogrze lumod antigens and are activaled. Tumer cells
may evade immune responses by losing expression of
amigens or MHC molecules of by producing imimunc-
Supphessee cylokings

| A

| = . Immuno-

TteCr T suppressive
cytokines

rreat B ocell tumors, wsually in combination with
chemotherapy. Becawse CIEO s nor expressed by
hematopoietic stem cells, nommal B eells are replen-
ished atrer the antibody treatment is stopped. T Iyme
phocytes may be isolared from the hlood or twmor
inhitrates of o patienr, expanded by culture with
prowth factors, amd injected back ingo the same
patient. The T cells presumably conain tamor-
specific CTLs, which find the tumor and descroy i,

|
|

This approach, called “adoptive eellular immunother-
apy.” is being tried in several metastatic cancers, but
resules have been variable among different patients
and tumars,

Many new strategies for cancer immunotherapy
rely on boosting the host’s own immune responses
against wmors (Fig. 10-3). One way of stimulating
immune TespHIses pmEnsl  fuimors 15 [0 VaCCime
patients with their own tumor cells or ancigens from
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@ Vaccinate with
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Figure 10-5 Strategies for enhancing antitumor iImmune responses, Tumarspecilic mmmune responses may m sHimu-
Inled by vaccinating with host dendritic cells that have been pulsed {incubaled) wilh luar anligens (A} or wilh plasmids con-
taining complementary DAS encoding lumor antigens hal ane mjected direclly inlo pabents or used 1o raNslect dendritic
cells (B) or by vaccinating wilh umor cells franstecied with genes encoding BT costemulalors or the T cell growth [actor

inberleukin:2 (C).
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these cells. An important reason for dehning tomor rmwirs. | o vanation of this approach, a cyrokine
antigens 1% 1o produce and vse these antigens o v gene may ke expressed in umor cells and used o
cinate individuals against their own wmors, Vaccines mmunize the patient (see Fig, 13-3). In this way, itis
may ke administered ns recombinone proteins with hoped thar T cell responses against tumor ancigens
adjuvants, More recently, there has been great inter- become enhanced. The same principle underlies

et in growing Jdendritic cells from individuals (by iso- experimental studies i which the costimulator BT is
lating precursars from the blood ond expanding them expressed in tumor cells, and the B -expressing rumor
by culture with growth Bctors) exposing the dens coells are used a5 tumaor vaceines. An interesting recent
dritie cells o wumor cells or tumor antisens, and osing varimiony on the dlen of boosting host  immune
these “tumorpuled” dendrivic cells as vaccines. Ir ix respomeses usinst eers st climinate  normal

hoped thar rhe Jendriric cells bearing tamor antigens inhibitory signals for lymphocyres. In some animmal
will mimic the normal pathway of Cross-presentation molels, blocking the inhibitory T cell recepror
and will generate CTLs againet the twomor eells, CTLA-4 {which, as discussed in Chaprer 9, shuts off
Anather approach 1o vaccinarion wses a plasinid T cell responses) las led 1o strong immung responses
containing a complementary DNA (cDNA) encod- apainst transplanted wimors. Many of these new
ing a tumor antigen. Injection of the plasmid rexules stritegies for stimulating antitumor immunity ane
in the cIMNA being expressed i host cells, including bazed on our improved anderstanding of lymphocyte
APCe, thai ke up the phismid. The host cells  activagion and regulation and are thus rational {rather
produce the lumor antiven, thus inducing specific T than empirical ) strategics.
cell responses.

Problems o idenrtifving  immunogenic  tumor
antigens and in Jdeveloping effictive vaccines have
convinced some umor immunotogirs thin the boea

immune Responses
Against Transplants

therapentic stratepy may be o let povents senerite Fromn the advent of tissue transplantation, iv was real-
their own umorspeciiic immuene responses aml o ized that individuals reject grafes from other individ-
design therapies to oprimize these respanses. One wils i o nommal, ourtbred  population.  Rejection
AT ach for achieving this sval = [ e Patents fesults from Ll11:|:||11m::|-.1r1.' reactions that l]-illl'lﬂ[.{l.' the
with cyrokines thar stimulate immune rospaonsvs. The reansplinned issues. Soudies in the 1940s and 1950s
first evtokine 1o be used in this way was nterleokin- catablished that graft rejecrion is an immunologic
220 bue s applicotions are limined by serioos phenomenon,  because it shows  specihcity and
toxic effects, Many other eviokines have been tried s memory and is mediated by lymphocyres {(Fig. 10-6).

sl r]n-|;'|]‘-.||- or local adminsirarion ar sites of Much of the knowledee about the ||'|'|mun.n;:|||.:|g'5' of

Evidence Conclusion j
Prior ;Jm_uéure to donor MHC molecules Graft rejection shows memory
leads to accelerated graft rejection and specificity, two cardinal

features of adaptive immunity
The ability fo reject a graft rapidly can be transferred Grafl rejection is

to a naive individual by lymphocytes from a mediated by lymphocytes
| sensitized individual
: Depletion or inactivation of T lymphacytes by drugs Graft rejection can be
| or antibadies results in reduced grall rejection . mediated by T lymphocytes

Figure 10-G  Evidence Indlcating that the rejection ol tissue transplants is an immune reaction. Clinical and experi-
mental evidence ndicales thal rejechion of gradis 15 a reaction of the adaptive MMuNe Sysiem



mansplantation  came  from  studies with  inbred
amimals, particularly mice, thar were bred so thar all
memnbers of an inbred strain are identical o each
other and different from the members of ather strains.
Trmsplants exchanged between animals of the same
and other inbred strains showed that grafts among
mernbers of an inbred strain are accepred and grafis
mneng different strains are rejected. It was soon estab-
lished thar graft rejection is derermined by inherited
renes whose produces are expressed in all rissues.
The language of rransplantation immunology evolved
fronm these studies, The individual thar provides the
eralt s called the donor, and the individual in whom
the graft is placed is the recipient or host. Animals
that are identical o one another (and grafts
vichinged among these animals) are said to be
vaeeneic; animals (and grafts) of one species thar
Jitfer from other animals of the same species are said
10 be allogeneic; and animals (and grafis) of different
pecies are xenogeneic. Allogeneic and xenopeneic
vrafts, also called allografts and xenoprafts, are always
wjected. The antigens thar serve as the targets of
repection are called alloantigens and xenoantigens,
anal the antibodies and T cells thar reace againse these
antigens are said to be alloreactive and xenoreactive,
respectively, In the clinical sivvation, transplants are
wsually exchanged among allogencic individuals, who
are members of an outbred species who differ from one
another {except, of course, for identical twins), Most
of our discussion focuses on Immune responses o

allografis.

Transplantation Antigens

The antigens of allografts thar serve as the princi-
pal targets of rejection are proteins encoded in the
major histocompatibility complex (MHC). As we
mentioned in Chapter 3, the MHC was discovered
(and named) on the basis of its role in the rejection
of grafts exchanged between mice of different inbred
strains. Homologous genes and maolecules are present
in all mammals; the human MHC iz the human
leukocyte antigen (HLA) complex. It took over 20
years after the discovery of the MHC to show that the
physiologic funcrion of MHC molecules is vo display
peptide antigens for recognition by T lymphocytes
(see Chaprer 3). Recall that every human being
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expresses six class | MHC alleles {(one allele of FLA-
A, B, and C from each parent) and ar lease six class
11 MHC alleles (one allele of HLA-DR, DX, and DP
from each parent, and some combinations of these).
MHC genes are highly polymorphic; it is estimared
that there are at least 120 alleles of HLA-A penes and
2530 alleles of HLA-B genes in the population. There-
fore, every individual is likely o express some MHC
proteins thar appear foreign o another individual's
immune system, except in the case of identical twins,
All the MHC molecules may be targers of rejecrion,
although HLA-C and HLA-DP have limied poly-
mcrfph-sm an are Pt'-tﬂ‘ﬁ'llil'y of minor mgnlﬁcaw_‘c.

In cach individual, all CD4* T cells and CD8" T
cells are selecred during their matueation ro recopnize
peptides displayed by that individual’s (selt) MHC
molecules. This selecrion is the basis of the “self MHC
restriction” of T lymphocytes, a fundamental property
of T cells. If all mature T cells are selecred w recog-
nize only peptides displaved by self MHC molecules,
why should T cells from one individual recognize as
foreign the MHC molecules of another (allogenec)
individual? In face, recognivion of the MHC antigens
on ancther individual’s cells s one of the strongest
immune responses known. The reason why individ-
uals react against MHC molecules of other individuals
iz now understood quite well. Recall thar as a result
of positive selection in the thymus, matre T cells
stromply recopnize sell MHC molecules displaying
foreign peptides. Allogencic MHC molecules, con-
taining peptides derived from the allopeneic cells,
look like self MHC molecules + bound foreign pep-
tides (Fiz. 10-7). Therefore, recognition of allogencic
MHC molecules in allografts is an example of an
immunologic cross-reaction. Many clones of T cells
specific for different foreipn peprides bound o the
same self MHC molecule may cross-react with any
one allopencic MHC molecule, as long as the
allogenic MHC molecule resembles complexes of
self MHC plus foreign peprides. As a resulr, many sclf
MHC-restricred T cells specific for different pepride
antigens may recognize any one allogeneic MHC
molecule. This is the main reason why recopnition
of allogeneic MHC molecules is a very stromg T cell
FEACRIoN,

Although MHC proteins are the majur antigens
that stimulate graft rejection, other polymorphic
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rrotems may also play a role in rejection. Non-MHC  transfusion and bone marrow rransplantation; these
antigens that induce graft rejection are called minor  are discussed later in the chapter.
histocomparibility antigens, and most of them are

allelic forms of normal cellular proreins that hagpen
tu differ berween donor and recipient. The rejection
reactions that minor histocompatibility antigens elicit

Induction of Immune Responses
Against Transplants

are wsually not as strong as reacrions against foreimn The inducton of T cell-mediated immune eSPONses
MHC proteins. Two situations in which minur  against tsue ramsplines has the samie barter as
antigens are imporeant tangets of rejection are blood  responses suminst tumors: hecause a praft may contain
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many cell types, often including epithelial and con-
nective tissue cells, how can the immune system rec-
opnize and reacr against all these cells! The answer is
that T cells in the graft recipient may recognize donor
alloantigens in the graft in different ways, depend-
g on what cells in the graft are displaying these
alloantigens.

T cells may recognize allogencic MHC molecules
i the graft displayed by professional APCs, or graft
alloantigens may be processed and presented by the
host's professional APCs (Fig. 10-8). When T cells
in the recipient recognize donor allogeneic MHC
molecules on graft APCs, the T cells are activated;
(his process is called direct allorecognition {(or direct
presentation of alloantigens). Direct  recognition
an unly occur if the praft contains donoe-derived

187

professional APCs, such as dendrivic cells. Dirccr
recognition stimulares the development of alloreac-
tive T cells {e.g., CTLs) that recognize and attack the
cells of the grafi. However, if the grafr does nor
contain professional APCs, how does it stimulace T
cells? A plausible answer is thar graft cells are ingesred
by professional APCs in the recipient and rhe donor
alloantigens are processed and presented by the self
MHC molecules on recipient APCs. This process is
called indirect allorecognition (or indirect presenta-
tion) and is similar to the cross-presentation of tumaor
antigens discussed earlier. The professional APCs thar
present alloantigens by the direct or indirect pathway
also provide costimularors and can stimulare helper T
cells as well as alloreactive CTLs. However, if allore-
active CTLs are induced by the indirecr pachway,

@ Direct allorecognition
Allogeneic MHC

Alloreactive
T cell

presenting cell

T cell recognizes
unprocessed
allogeneic
MHC molecule
on graft APCs

@ Indirect allorecognition
Professional

Allogeneic ; i
APC in recipient
MH B Alloreactive
T cell T cell recognizes
processed peptide
el of allogeneic
i MHC mnleEule buurEd
i o to self MHC molecule
ki i . on host APC
Uptake and Faptie: Garvec
, from allogeneic
Allegeneic  processing of MHC molecule
tissue cell  allogeneic MHC
molecules b%
recipient AP

Figure 10-8 Direct and indlrect recognition of alloantigens. A Dwect allcantigen recogmiion occurs when T calis Dird
directly to intact allegeneic MHC molecules on prolessional APCs i a grall. as illusirated in Figure 10-7. B Indirect alloant-
gen recogniien occurs when allogensic MHG malecules from graft cells are 1aken up and processed by recipient APCs, and
pepbde fragments of the allogeneic MHC molecules are presented by reciplent (sell) MHC molecules. Recipient APCs may
also process and present grall protens othar than aliageneic MHC moleculas.
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these CTLs should e specite for alloontisens
displaved by self MHC molecules on host APCs.
How can these CTLs recomnize the allogencic MHC
mrlecules of the graft (where there i no seli MHC)?
This question remanns unanswered, It is passible thar
when grait alloantipens are presented by the indirecs
pathway, the major responading T eell population con-
sists of T4 T cells. These T cells may enter the grafr
together with host APCs, recognize grai antipens Jis-
plaved by the APCs, and scerete evtokines that injure
the graft by a delaved-type hypersensitiviny {DTH)
reaction. We do not know the relative importmee of
the direct and indirece pathways of allorccognition
in the rejection of alloeratt, 11 has been suepested
that the dircer pathway i most important for CTL-
mediated acute rejection and that the indirea
pathway plavs a greater role m chronic rejection. T-
dependent antibody responses 1o allogeneic proveins
must afso invalve indirect presentation of gratr-
Jderived proteins by recipient B cells 1o recipient T
ciells.

The mixved lvmphocyte reaction (MLRD iz an in
vitre model of T eell recogrution of alluantipens, In
this model, T cells from one individual are culourel
with leukoevtes of another mdividual and  the
responses of the T cells are asayeld. The magnitude
ol this Tespainte 15 r‘TL'I:"n.ll'l'i-uln.I: 14} l['u.' extent ot the
AMHC difterences berween these individuals ord 5 0
roueh prediceor of the outcomes of grafts exchanged
Perween these individuals.

Immune Mechanisms of
Graft Rejection

Giraft rejection is classified into hyperacute; acute,
and chronic, based on clinical and path::nlu;;ic fea-
tures (Fig 10-9). This hisrorical elnssafication was
devised by clinicians, and it has stood the test of rime
remarkably well, It has also become apparent that
each tvpe of rejection is mediated by o particular tvpe
uf fmmune response.,

Hyperacute rejection occurs within minutes of
transplantation and is characrerized by thrombuosis of
grafr vessels and 1schemie necrosis of the grafi. J'I\'puru
acute rejection is mediared by circulating invibodies,
speciiic fur antigens on graft endothelinl cells. thae
are present before transplantation, perhaps because of
prioe transfusions and reactions against alloantizens

in the transfused blood cells. These antibodies bind
tantigens in the gralt vaseular endothelium, activare
the complement and clotting systems, and lead
injury 1o the endotheliom and clor formation. Hyper-
acute rejection 1s ot o eommen problem in clinical
transplincarion, becanse every recipient is rested for
antibodics agnnst the colls of the potential donor.
(The teat s called o crosanatch.) Flowever, hyper-
acute rejection is the major barrier to xenotransplan-
ration, a8 discussed larer.

Acute rejection occurs within days or weeks
afrer transplintanon and is the principal cause of early
eraft fmlure. Acute rejecnion is mediated mainly by
T cells, which react against alloantigens in the graft.
These T cells may be CTLs thar directly destroy graft
cells, or the T cells may react against cells in geaft
vessels, leading to vascular damage. Antibodies also
contribute to acute rejection, especially the vascular
component of this renction, Current immunosuppres.
sV li‘li.‘nl[.""g.' is designed main]!,‘ Lo prevent and reduce
acute T cell-mediated rejection, as is discussed later.

Chronic rejection is an indolent form of grait
Limage that occurs over months or years and leads to
prosressive loss of graft function. Chronic rejecrion
may be manifested as fibrosis of the graft, or gradual
narrowing of graft vessels, called graft arreriosclerosiz
I boch lesions, the calprivs are believed to be T cells
than react against graft alloantigens and secrete
cyrokines, which stimulate the proliferation and
activities of hbroblasts and vaseular smooth muscle
cells in rhe graft. As treatment for agure rejecrion has
inproved, chrome rejection is becoming the pringi-
pal cause of grait failure.

Mechanisms of gratt rejection. A, In hyper-
acule rejection, preformed antibodies react with alloanlgens
on fhe vascular endolhelium of the geall. acihale comgplha.
mand, and gger raged intravascular thvombosis and necro-
s of Ine vessel wall B. In acute cetlular rejection CO8° T
lymphocyles reaciive with allcanligens on grall endaothalal
cels and parenchymal cells cause damage 1o these cell
Iypes. inflammaton of 1he andalhalium is somalimes called
“enootheialtis - Aloreaclive  anlibodies may also  con-
ezl o vascular injury. C. I chronic rajection with grall
arteroscloross. T cells seactive wilh grafl alloanhigens may
produce cylokines thal induce peoliferation of endathehal
celts and intimal smocth muscle celis, leadng 1o luminal
occhuson. This lype of rejoclion is probably a chromic DTH
reaction 1o allcant=gens in the vessel wall
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@ Hyperacuta rejection Blood

Endaothelial vessel
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i Alloantigen alloantigen-
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Prevention and Treatment of transplantation of heore, liver, and lung. Many ather
Graft Rejection immuosuppressive agenrs are used as adjunces o or
instead of cyclosporine (see Fige 10-10). All these
The mainstav of preventing and treating the rejece  immunuosuppressive Jrugs carry the problem of non-
tion of organ rrnsplants is immunosuppression,  specific immunosuppresson (e, the drugs inhibic
desipned mainly o inhibit T cell activation and responses o more than the graft). Therefore, patients
effector functions (Fig. 10:18). The most wsetul  treated with these diugs become susceprible to infec-
immunesuppressive drug in clinical tmnsplbmration i tions, pactealarly infections by intracellular microbes,
evclosporine, which functions by blocking the T cell and have an increased incidence of cancers, especially
piwsphnmw thut is required o acrivage the transcrip- tmiors consed by oncogenic viruses.
tion factor NFAT and thus inhibits reanscription The matching of Jonor and recipient HLA alleles
of ¢viokine genes in the T cells, The advent of by tissue typing had an imporcant role in minimizing
praft rejection in the days before eyclosporine became

cvelosporine a3 a clinically usetul Jdrag has opened
available for clipical wse. However, now immuno-

Up a mew ora in ll.'.ll1=-]‘1-.||'l|-!l.:l.1l1 and allowed the

Drug Mechanism of aclion

| Cyclosporine | Blocks T cell cytokine prfuuuclinn
i ; = by inhibiting activation of the
‘and FK508 | NFAT transcription factor
Mycophenalate | Blocks lymphocyte proliferation
mofetil | by inhibiting guanine nucleotide

gynthesis in lymphocyles
Rapamycin Blocks lymphocyte proliferation

| by inhibiting IL-2 signaling

Corticosteroids Reduce inflammation by inhibiling

macrophage cytokine secration “ - Treatments for graft rejection.
1 = b LA e e e Agents thal are commonly used lo ireal the
Anti-CD3 | Depletes T !:E'IIE by b'fd""-g_ 1o CO3 rejectson ol cogan grafts, and the mechanizms of
maonoclonal and promoting phagocylosis or action of these agents. are listed. FK506 is & drug
| antihod complement-meadiated lysis thal works like cyclosponing, bul FKS06 is ol
y | (Used to treal acute rejection) LSBT 8 witely.
Anti-IL-2 | Inhibits T cell proliferation by
| blacking IL-2 binding. May also
;iﬁﬁﬂgr | opsonize and help eliminate
Y activated |L-2R-expressing T cells
CTLA4-Ig Inhibits T cell activation by blocking
| B7 costimulator binding to
[ T cell CD28; used to induce
; lolerance (expermenital)
| Anti-CD40 Inhibits macrophage and endothelial
ligand activation by blocking T cell CD40
ligand bindin? to macrophage CD40
| (experimental)




suppression is so effective that HLA marching is not
considered necessary for many types of organ trans-
plants, especially because recipients are often too sick
te wait for the closest match.

The long-term goal of transplant immunologists is
to induce immunologic tolerance specifically for the
graft alloantipens. 1f this is achieved, it will allow gruft
scceptance without shutting off any other immune
responses in the host. Awemps o induce graft-
specific  tolerance are ongoing  in experimental
models (e.g, by blocking costimulators at the time
of transplantation and by stimulating alloreactive
T cells 1o become repulatory cells).

A major problem in transplantation is the shoreage
b sutrable donor organs. Xenotransplantation isa pos-
sible solution for this problem. Experimental studies
with xenorransplants have shown that hyperacure
rejection is a major problem with chese grafis. The
renson for the high incidence of hyperacute rejection
uf menoperafts is that individuals often contain anti-
lmlies thar react with cells from other species. These
antibodies are called "natural anti-bodies” because
their production does not require prior exposure 1o the
sencantipens. 1t is thought thar these antibodies are
produced against bacteria that normally inhabir the
pout and the antibodies eross-react with cells of other
species. Xenogralts are also subject o acurte rejection
much like allografts. Artempts are ongoing o geneti-
cally modify xenogeneic tissues in ways that prevent
their rejecrion by recipients of other species.

Transplantation of Blood Cells
and Bone Marrow Cells

Transplantation of blood cells is called transfusion
and is the oldest form of rransplantation in clinical
medicine. The major barrier to transfusion is the pres-
ence of foreign blood group antigens, the prototypes
of which are the ABO antigens. These antigens are
expressed on red blood cells, endorhelial cells, and
many other cell wypes. ABD molecules are glyco-
sphingolipids containing a core glycan with sphin-
zolipids attached. The names A and B refer to the
terminal sugars (MN-acetylpalaceosamine and galae-
tose, respectively): AB means thar both are present;
and O means thar neither is presenc. Individuals
expressing one blood group antigen are tolerant o
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that antigen but contain antibodies against the other.
It is believed that these antibodies are produced
against similar antigens expressed by intestinal
microbes and cross-reace with the ABO blood group
antipens. The preformed antibodies react against
eransfused blood cells expressing the mrger angigens,
and the result may be severe transfusion reactions.
This problem is avoided by marching blood donors
and recipients, a standaed practice in medicing.
Because the blood group antigens are sugars, they do
not elicic T cell responses. Blood group antigens other
than the ABO antigens are also involved in teansfu-
sion reactions, and these are usually less severe.

Bone marrow transplantation is being  used
increasingly o correct hematopoietic defects or to
restore bone marrow cells that have been damaged by
irradiation and chemotherapy for cancer. The trans-
plantation of bone marrew cells poses many special
problems. Before transplantation, some of the bone
marrow of the recipient has w be destroyed to creare
“space” to receive the rransplanted marrow cells, The
inmune system reacts very strongly apainst allogseneic
kone marrow cells, so thar successful trnsplantation
requires careful HLA marching of doner and recipi-
ent. If mature allogeneie T cells are transplanted with
the marrow cells, these mature T cells can attack the
recipient’s tissues, resulting in a sericus clinical reac-
tion called graft-versus-host disease. Even if the graft
is successful, recipients are often severely immuno-
deficient while their immune systems are being recon-
stinuered. Despite these problems, there is great interest
in bone marrow transplantation as a therapy for a
wide variety of diseases and as an approach for gene
replacement.

SUMMARY

B A physiologic function of the immune system is
erachicate tumors and prevent the geowth of tumors,
B Tumoer antigens may be products of encogenes or
mor suppressor genes, mutared cellular proteins,
overcxpressed or aberrantly expressed molecules, and
products of oncogenie vinses.

B Tumor rejection s mediated mainly by CTLs
recopnizing peptides derived from tumor ancigens.
The induction of CTL responses against tumor ani-
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gens often involves ingestion of twmaor cells or their
antigens by professional APCs and presennion of the
antigens to T cells.

Tumaors may eviade immune e i i l'v!.' In!-lr'lg

expression of their antizens, shutting off expression of
MHC molecules or mobecules invelved in antigen
procesing. and seereting eytokines thar suppress
IMMUNE TesPoTes.
o Immunotherapy  for cancer aims to enhince
anti-tumaor immunity by passively providing immune
effectors to patients or by actively boosting the host’s
own effectors. Approaches for active boosting include
vaccinatton with fumor antigens of with umor cells
enginecred o express costimulators and cvokines.

Tassue transplants are rejected by the immune
system, and the major determinanis of rejection are
MHC molecules.

The antigens of allopeatt= that are recosnized e T
cells are allogeneic MHC melecules that resemble
pepride-loaded <elf MHC modvcubes thar the T eell:
are selected o recopmize. Craft antieens are cither
Jdirectly presented 1o reciprent T <ells, oo the eraft
antigens are picked up and presented by hist APCs

Girafts may be rejected br Difivrent mecha-
nisms. Hypergoure rejection = mwdiaied by pre-
tormed antibodies that couse cndoinelizl injury and
rhtombusis of Blood vessels in the orafl, Acute regec-
n = mediated by T cells, which injure graft cells or
sthelivm, and by anubodics thar bind w the
crdutheliom. Chronic regecrion &= coused be T cells
thut produce evtokines thar stimulate moweh of vas-
cular ecrdorhelial and smooth muscle cells and gissue

B Trearment for graft rejection is designed to suppress
T eell responses and inflammarion. The mainstay of
treatment is the inmmenosuppressive drag eyelosporine;
ey other ausents are in clindcal use nowe.

v Bone marrow transplants elicit strong rejection
reactions, corry the risk of grafr-versus-hose disease,
amd often bead 1o emporary immunodeficiency in
recipicnts.

B Review Questions

I What are the types of tumor antigens thar the
imune system reacts against? Whar is the
evidence thar twmor rejection is an immunolegic
phetomenan!?

()

How Jo CDS° T cell: recognize tumor antigens,
arad howe are these cells activated o differenciate
impw effecmor CTLs?

3 Whar ore some of the mechanisms by which
temors may evisde the immune response!?

4 Whar ane soane stratepies for enhancing  host
HIMIUNE Fesponses o tumor antigens?

3 Why o normal T cells, which recognize furcign
peptide antigens bound to selil MHC molecules,
react stromply against the allogeneic MHC mole-
cules of & wafe!

& Whar are the principal mechanisms of rejection of

allografes?

Whar is the mixed leukocyre reaction, and what s

i mportance !

& Wt are some of the problems associated wath the

wransplanration of bone marmow cells?

=1



Hypersensitivity
Diseases |
Disorders Caused by

Immune Responses

Th: concept that the immune system is required for
defending the host against infections has been empha-
sizex] throughout this book. However, immune responses are
themselves capable of causing tissue injury and discase, Disor-
Jers thar are caused by immune responses are called hyper-
sensitivity discases. This rerm is derived from the idea that an
immune response to an antigen may result in sensitivity ©
challenge with that antigen and, therefore, hypersensitivity is
a reflecrion of excessive or aberrant immune responses. Hyper-
sensitivity discases may be caused by two types of abnormal
immune responses. First, responses to foreign antigens may be
dysregulated or uncontrolled, resulting in tissue injury. Second,
the immunie responses may be direcred against self (autalogous)
antigens, as a result of the failure of self-tolerance (see Chaprer

Types of Hypersensitivity Diseases

Immediate Hypersensitivity

« Production of IgE Antibody

+ Activation of Mast Cells and Secretion of
Mediatars

+ Clinical Syndromes and Therapy

Diseases Caused by Antibodies and

Antigen-Antibody Complexes

« Eticlogy of Antibody-Mediated Diseases

= Mechanisms of Tissue Injury and Diseass

= Clinical Syndromes and Therapy

Diseases Caused by T Lymphocyles

= Eticlogy of T Celi-Mediated Diseases

= Mechanisms of Tissue Injury

+ Clinical Syndromes and Therapy

Summary

9. Responses against self antigens are termed antoimmunity, and hypersensitivity disor-

ders caused by such responses are called anoimmune diseases,

This chaprer deseribes the important features of hypersensitivity diseases, focusing on
their pathogenesis. Derails of the clinical and pathologie features of these diseases may
be found in many other textbooks and are summarized only briefly in this chaprer. The

following questions are addressed:

What factors contribute 1o the development of hypersensitivity diseases?

What are the immunologic mechanisms thar cause tissue injury and funcrional abnor-

malities in different types of hypersensitivity disorders?
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What are the mmor clinecal and pachologic fea-
mares of these discases, and wlan principles under-
lie rrearment of hypersensitivity dizeases?

Types of
Hypersensitivity Diseases

Hypersensitivity diseases are commonly classified
on the basis of the principal immunologic mecha-
nism that is responsible for tissue injury and discase
{(Fig. 11-1). We preter the more informative descrip-
tive desipnations rather than the numerical ones, ad
therefore these descriptors are wsed throughout this
chapter. Immediate hypersensitivity (rvpe 1 hypersen-
sitivity) is a type of pathologic reaction that is ciused
by the release of mediators from mast cells. This reac-
tion is most commonly triegered by the producton.of
IeE antibody against environmental antigens and the
binding of 12E wo mase eells in varioons tissues. Anti-
bodies ather than IgE may cause discaees in two ways,
Antibodies directed agains cell or tizue annigens can
damage these cells or tissues or impair their functions.
These diseases are spid o be annbodvomedimed (rvpe
wpersensitivity). Sometimes, antibodics apainst
swoluble anrigens may form complexes with the ami-
gens, and the immune complexes may Jdeposit in
Blood vessels in variouws tissues and cause inflamnae
rion and vissue injury. Such diseases ure cailed
mimune comples diseases (oype 11 hypersensitivine),
Finally, some diseases result from the reactions of T
Ivmphocvtes, often against sell antigens in tissues,
These T cell-mediared discases are called type 1V
hypersensitiviey

In the remaimder of this chapter, we describe the
important features of each type of hypersensinvay

Jdisease.

Immediate Hypersensitivity

Immediate hypersensitivity is a rapid, IgE antibody-
and mast cell=mediated vascular and smooth muscle
reaction, often followed by inflammation, that
occurs in some  individuals on encounter with
certain foreign antigens to which they have been
exposed previously. Immediote hypersensinviry reac-
tions are also called allergy, or atopy, and individuals

with o strong propensity todevelop these reactions are
said to ke “atopic.” Such reacrions may affect various
tissues and may be of varying severity in different indi-
viduals. Common types of immediate hypersensitivity
reactions include hay fever, food allergies, bronchial
asthina, and anaphylaxis. The clinical features of
these renctions are discussed larer in the chapeer.
Allergies are the most frequent disorders of the
immune system, cstimated 1o affect about 20% of the
population,

The scquence of events In the development of
immediate hypersensitivity reactions consists of the
production of IgE antibodies in response o an
antigen, binding of 1gE to Fe receptors of mast cells,
crose-linking of the bound IgE by reintroduced
antigen, and release of mast cell mediators (Fig.
112}, Some mast cell mediators cause a rmpid increase
in vascular permeabilivy and smooth muscle contrac-
eion, sesulting in many of the symptoms of these reac-
tions, This vascular and smoorth muscle reaction may
ceeur within minutes of reintroduction of antigen
it previously sensitized individual. Other mast cell
madintors are cyrokines that recruit newtrophils and
cosinophils o the site of the reacrion over several
hours. This inflammatory component of immediate
bypersensitivity is ealled the late phase reaction, amd
it i mainly responsible for the tissue injury thar resules
from repeared bouts of immediate hypersensitivity.

With this background, rhe discussion proceeds o the
irdividual steps in immediare hypersensitivity reactions.

Production of IgE Antibody

In individuals who are prone to allergies, encounter
with some antigens results in the activation of T,2
cells and the production of IgE antibody (sec Fig.
11-2). Normal mdividuals do not moane strong T
responses o most foreign antigens. For unknown
rezsons, when some individuals encounter antigens
such as proteins in pollen, cermin foods, insect
venoms, or animal dander, or i they are exposed o
cerain drugs such as penicilling the domumane T cell
ol Ty cells: Any aropic
wrvdividual ey b allerse o one or more of these
antigens. lmmedioe hypersensitvity develops as a
conseguence uf the activation of T2 cells in response

response 15 the developn
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Type of Pathologic immune Mechanisms of tissue
hypersensitivity | mechanisms injury and disease
Immediate Tw2 cells,IgE antibody, mast cells, eosinophils | Mast cell-derived
mediators (vasoactive amines,
-Fplfers{?nsﬂlvlw ‘ Mast cell . IQE ||pi{:| mediators, E-'ﬁl‘tﬂkiﬂES:l-
Cylokine-mediated
I inflammation {eosinophils,
i - Allergen neutrophils)
| | e
Antibody- IgM, 1gG antibodies against cell surtace or Complement- and Fc receptor—
mediated EXII‘EIEEiIUIar mEﬂmt 3 |gﬂn3 r,nadiatﬁd r&cru“manl an,d
{ Sy all —. | | activation of le es
?‘:’ifizsl?jls Fe '"'mmmmn' o ,.:5,1 | (neutrophils, macrophages)
receplor Complement~___ &\ ~ Opsonization and
e | | phagoeytosis of cells
1. r ‘i | | Abnermalities in cellular
Antibody ; | | function, e.g., hormene
receptor signaling
| Immune Immune complaxes of circulating antigens Complement and Fc receptor-
| complex— and IgM or IgG antibodies deposited in mediated recruitment and
' mediated vascular basement membrane activation of leukocytes
- diseases Meutraphils i
| (Type III) Blood
[ vassal
| wall
[
| s e
| Mugan-&nllbody mmplsx
I T S
T cell— 1. CD4+ T cells (delayed-type hypersensitivity) | 1. Macrophage activation,
mediated 2. CDB* CTLs (T cell-mediated cytolysis) cytokine-mediated
di inflammation
iseases | Macrophage : _
I{T},n'pe V) . 2. Direct target cell lysis,

cytokine-mediated
imflamrmation

Figure 11-1 Types of hypersensitivity diseases. In the lour major types of hypersensitvity reactions, didlerent immyne
effector mecharssms Causd lissue njury and disease.




First exposure
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Figuras 11-2 The sequence of events in immediale hypersensitivity, fmnediale hypersensilivity diseases are initiated
by 1ne mtreducticn of an allergen. which stimulales T,.2 reactons and IgE production IgE Dinds o Fo raceptors (FoeRl on
mas! cells, and subsequent exposure 1o the allergan FChvales ihe mast cells 10 seerta the maediabors that are responsible for
the patheiogic reactions of smmedale hypersensitiviy



tu protein antigens or chemicals thar bind to progeins.
Anrigens thar elicir immediate hypersensitivity (aller-
pic) reactions are often called allergens.

Two of the cytokines secreted by T2 cells, inter-
leukin (IL}-4 and 1L-13, stimulate B lymphocyres
specific  for the foreign  antigens tw switch to
lzE-producing  cells. Therefore, atopic individuals
produce large amounts of [gE antibody in response o
antigens that do nor elicic [gE responses in most
people. We know that the propensity oward Ty
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development, [gE production, and immediate hyper-
sensitivity has a strong genctic basis, with many dif-
ferent genes playing contriburory roles.

Activation of Mast Cells and
Secretion of Mediators

IgE amtibody produced in response to an allergen
binds to high-affinity Fc receptors specific for the €
heavy chain expressed on mast cells (Figo 11-3).

| IgE-coated resting mast cell | | Antigen-activated mast cell

®

gura 11-3 The activation of mast
cells, Mast cells are sensidlized by the
tengeng of IGE 1o FexR recepions (A),

®

Mast cell
activation;
degranulation

and Dindng of the aliergen 10 the IgE

cross-links the Fce receptors and ach- @
vales lhe mast celis (B). Mast cell ach-
valion ads 1o degranulaion, A5 Sedn en
ther light micrographs i which the gran-
ules are stained with a red dye (G, D)
and in the deciron mecrographs of a
rgsling and an activated mast celf (E, F).
{Courtesy of Dr, Dansel Friend, Depart-
ment of Palnology, Harvard Medical

School, Boston, MA,)
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Thus, in an atopic individual, mast cells are doared
with 1gE antibody specific for the antigen(s) w which
the individual is allergic. This process of conting mast
cells with [gE i= called "ensitization.” because coating
with IgE specific for an antigen makes the mast cells
sensitive to activation by subsequent encounrer with
that antigen. In pormal individuals, by contrast, mast
cells may carey IgE molecules of mony Jifferent speci-
fcities, because many antigens may elicit small IgE
responses, not enough o couse immoediate hyper-
semsitivity reactions. Mast cells are present in ol
connecrive tissues, and which of the ode’s most cells
are activated by crow-linking of allergen-specibe [gE
often depends on the route of entry of the allergen,
For instance. inhaled allerpens activare mast eclls i
the submucosal tizsues of the bronchus, wherea
imgested allerpens activare must cells in the wall of ghe
mntestine.

I¢E binds w a high-atnity Fog recepion, called
FeeR1, thar i A'b-;;*fu“u-.i vn the su
This recepror consists of three chains, one of which
Finds the Fo portion of the £ heavy chain very
M. {The

i AP -x:m.ltuh

ace of st cells.

maly, with a B of approsimaeely 10
azemtration of lgE in the plosm
v " ML 2o that even in normal mddividuals rast cells
.||'|'¢.I"." L'I.'.I[l_'\_! 'u'\i!l‘] |'_'E. I'.'I!::.! Tul F;EH'.II T!'ll_‘

ther two chains of the receptor are signaling pro-
teifs, The some FeeRI s also prescnt on bazophils, the
circulating counterpart of mast colls, but the role of
Fasophds in immediare hvpetenativitg b not as well
established s the role of mast cells.

When mast cells sensi v [2E are exposed 1o
the allergen, the cells are activated 1o secrete their
mediztors (sev Fioo [1-3) Thus, immediore hvper-
seRSITIVITY feactivn: vecur after initinl exposure e an
allergen clicis speciic gk production and  repear
expusure activates senitized mast cells, Mose cell acn-
vation resules from binding of the allergen w owo or
more [gE antibodies on the mast cell. When this
happens, the IgE and the FeeRl molecules thae are
carrving the IgE are cross-linked, rripgpering hiochem-
ical signals from the signal-trunsducing  chains of
FeeRl. The signals lead o three rypes of responses in
the mast cell: rmpid release of pranule contents
(degranulation), synthesis and  secretion of lipid
medintors, and synthesis and seeretion of eyrokines.

The most important mediators produced by mast
cells are vasoactive amines and proteases that are
released from granules, products of arachidonic acid
metabolism, and cytokines (Fig. |1-4). These medi-
ators hawve different acrions. The major amine, hista-
mine, ciuses the dilatarion of small blood vessels,
increases viscular permeability, and stimulates the
rransient contrction of smooth muscles. Proteases
may cause damage to local rissues, Arachidonic acid
merabolites include prosaglandins, which cause vas-
cular dilatarion, amd leukotriencs, which stimulare
profonged smooth muscle conrraction. Cyrokines
imdece local inflammunion (the late phase reaction,
deseribed below), Thus, mast cell mediators are
respomsible for acute voscular and smooth muscle
reactions and inflammation, the hallmarks of imme-
Jiare hypersensitiviry.

Cyvtokines produced by mast cells stimulate the
recruitment of leukocyres, which cause the late
phase reaction. The principal leukocytes involved in
this reaction are eosinophils, newteaphils, and T2
cells, Mast cell-derived tumor necrosis facter (THF)
anad 1L-4 promote newrrophil- and eosinophil-rich
milammation, Chemoekines produced by mast cells
anal by epithelial cells i the ussues also contribure to
leukocvie recruiiment. Eosinophils and neutrophils
liberate proteases, which cause tissue damage, and
Tird cells may exacerbate the reaction by producing
more cytokines. Eosinophils are prominent compo-
nents of many allergic reactions and are an important
cose of Gissue mjury e these reactions, These cells
arc activated by the cyrokine IL-3, which is produced
by T2 cells and mase cells.

Clinical Syndromes and Therapy

Immediate hypersensitivity reactions have diverse
clinical and pathologic features, all of which are
attributable to mediators produced by mast cells
in different amounts and in different tissues (Fig.
[1-3). Some mild reactwons, such as allergic chiniris
and sinusiris, which are commonly seen in hay fever,
are T'L'il':“lﬂl'ib T Il'ih-il:ldtl .'I"L'IHL'I'IE. S-I.Ifh as II'H: m!.;wcl:::]
protein of pollen. Mast cells in the nasal muecosa
produce histamine, which causes increased secretion
of mucws. Late phase reactions may lead o more
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Allergen
FeeRl _ signaiing
chains.
HO A Ny oFer
"o

(P
F '
=il 1 Wlllg
Granule with ﬁgnating pathways |

preformed - i
mediators ; /
L=

Transcriptional
activalion of

- Enzymatic modification ;
w4 of arachidonic acid cytokine genes
E'.L O ~Cytokines
\ Lipid ey, o

== meadiators

Granule
exocylosis

Secretion

0, as a
-

"“' DO

MVasoactive  Proteases | | Prostaglandins Leukotrienes | 'Cytokines, e.g., TNF!
amines
Vascular Tissue Vascular Smaooth Inflammation
dilatation, damage dilatation muscle (leukocyte
smooth contraction recruitment)
muscle

contraction

Figure 11=4 Blochemlical avents in mast cell activation. Croas-linking of IgE on a mast cell by an allergen inilates mul-
fiple signaling pathways from the signaling chains of the IgE Fe receplor (FeeRl) including the phosphorylation of 1ITAME
These signaling pathways stimulale he refease of mast cell granule conents (amings, proleases), the synthesis ol arachi-
dome acid matabolites (prostaglandng, lsukodnienes), and the synthesis of various cytokings. These mast cell medialors
shmulate the vanous reactions of immediate hypersensitiily.
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Clinical
syndrome

Clinical and pathologic
manifestations

Increased mucus secretion; |
inflammation of upper airways, |
sinuses |

Allergic rhinitis,
sinusitis (hay fever)

Increased peristalsis due to |
contraction of intestinal muscles

B |

Fl:H:ld allergies

Climical manifestations of
immediale hypersensitivity reactions. The
maniesigiens of gome common immediale
hypersensinigy reaclions are listed |mmedi-

Bronchial asthma

Bronchial hyper-responsiveness |
causad by smooth muscle
contraction; inflammation

ae nypersensdivity may be manilested in
many oiner ways, such as uibeans and
ecrema n the skin

and tissue injury caused by

late phase reaction

:&r{aﬁﬁ}'laxis {may be
caused by drugs,
bee sting, food)

laryngeal edema

probonged intbammation. In food allergies, inuvested
meiast gl degromelivion, and the
histamine ine pensed r-\rh!:'.!.ﬂ-\-.
Bronchial asthma is o form of respiratore allergy i
which inhaled allergens (often undefined) stimulane
bronchial mast cells 1o release mediarors, including

leroens rigueer

released Cilses

lenkosrienes, which cause repented bouts o Bronchial
comaricthon  and  airway obstrecrion. In chinonig
sisthmn there are lirge numbers of eosinopinls in the
Fromehial mucos and excesive seoretiom of mucus
in the atrwavs, and the bronchinl smooth muscle
Fecomes hyvper-reactive to varkons stimuli. Some coses
of psthma are mon associared with [gE producrion,
although all are caused by mast eell scrivarion. In
some individuals, asthma may be riggered by cold
or exercisg; how these cause mast cell activation is
unknown, The most severe form of immediate hyper-
sensitivity is anaphylaxis, a systemic reaction chara.
terized by edema in many tissees, inclodinge the
laryre, sccompanied by a fall in blood pressure. This
renction is coused by widespread mast cell degranuli-
tion in response o a systemic antigen, and s life
threatening because of the sudiden fall in blosl pres-
sure and airway obsrrcrion.

The therapy for immediate hvpersensitivity reac-
tions is aimed at inhibiting mast cell depranulation,

Fali in blood pressure (shock)
caused by vascular dilatation;
airway obstruction due lo

antagonizing the effects of mast cell mediators, and
reducing inflammation (Fig. 1 1-6). Commonly wsed
drues iclude ancithistamimes for hay fever, drugs that
relax bronchial smooth muscles in asthma, and epi-
nephirine i anaplylasis, In diseases in which inflam-
neation is an important component of the pathology,
such as asthmo, corticosteroids are wsed to inhibit
inilammation. Many patienis benefic from repeated
admmistration of small Jdoses of allerpens, called
desensitization. Thes rrearment may work by chang-
imir the T cell response avway from Ty 2 dominonce or
by inducing wlerance {anerey) i allerpen-specific
T cells.

Betore concluding the discussion of immediate hyper-
sensitivity, it s important to address the question of
why evolution has preserved an IgE antibody- and
nust cell-mediated immune response whose major
effecns are pathoeloeic, There s no pood answer oo this
przzle: It is known thar IgE antibody and eosinopluls
are  important  mechonisms  of  defense  against
helminthic mfections, and mast cells play a role in
i mmuny st some bacterin. Bur it is not
ll“l..r'-'r.‘ih"”\l 'lh'l-l}' ACUTENREN O '..'l'l".'lll*.'ll'lm'l:l'ltﬂi i.“'l“lg'l-'m
elicit reactions of T2 cells and mase cells thar are
capable of cousing considerable damage.
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| Syndrome | Therapy | Mechanism of action
Anaphylaxis Epinephrine Causes vascular smooth muscle
contraction; increases cardiac oulput
(to counter shock); inhibits further
mast cell degranulation
| Bronchial asthma Coricosteroids Reduce inflammation
Phosphodiesterase Relax bronchial smooth muscles
inhibitors

‘Most allergic

diseases administration of low

doses of allergens)

Anti-lgE antibody
{in clinical trials)

Antihistamines

Cromolyn

“Desensitization” (repeated

Unknown; may inhibit 1IgE production
and increase production of other Ig |
isotypes; may induce T cell tolerance |

Meutralize and eliminate IgE |

Block actions of histamine on
vessels and smooth muscles

Inhibits mast cell degranulation

‘oure 11-G  Treatment of immediate hypersansilivily reactions. Vanous dregs ane used 1o treal immaediale hypersenss-
Lty reactions. The pencipal mechaniams of action of these drugs are summarized

Diseases Caused by Antibodies
and Antigen-Antibody Complexes

Antibodies, other than IgE, may cause disease by
binding 10 their target antipens in cells and tissues
or by forming immune complexes that deposit in
blood vessels {Fig. 11-7). Antibody-mediated hyper-
semsitivity disenses were recopnized many years ago
anal are commaon forms of chronic immunologic dis-
cases in humans. Antibodies against cells or exrracel-
lular matrix components may deposit in any rissue
that expresses the relevanr rarget antigen. [hseases
caused by such antibodies are usually specific for a par-
ticular tissue. lmmune complexes tend o deposic
in blood vessels ac sites of turbulence (branches of
vessels) or high pressure (kidney glomeruli and syn-
evium). Therefore, immune complex diseases rend ro
be systemic and often manifest os widespread vasculi-
tis, arthritis, and nephricis.

Etiology of Antibody-Mediated
Diseases

The antibodies that couse disease are most often
autoantibedies against  self antigens  and  less

commonly are specific for foreign (e.g., microbial)
antigens. The production of aureantibodies results
from a failure of self-tolerance. In Chapter 9 the
mechanizms by which self-tolerance may fail were Jdis-
cussedd, but, as pointed out, it 15 still not underztood
why this happens in any human autoimmune disense.
Aurcantibodies may bind o self antigens in tissucs,
or they may form immune complexes with circulating
self antigens.

There are few examples of diseases caused by
antibodies thar are  produced  agoinst  microbial
antigens. Two of the best described are rare, late
sequelne of streprococeal infections, After such infee-
tions, some  individuals produce  angistreptococcal
antibodies thar cross-reace with an antigen in heart
muscle, Deposition of these anubodies in the heart
rriggers an inflammarory disease called rhewmatic
fever. Other individuals make antistreprococcal anti-
bodies thar deposit in kidoey glomenili, causing post-
streprococcal  glomerulonephrits.  Some  iwmune
complex diseases are csed by antibodies apainst
microbial antgens  forming  complexes with  the
Amge T,
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Mechanism of
antibody deposition
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Effector mechanisms
of tissue injury

@I'n]unr caused by anti-tissue antibody

Antibody
deposition

“ P

Anfigen in
exlraoallular mairix

Complement- and F¢
recaplor—-medialed
recruitment and
activation of
inflammatory cells

Meutrophils and
macrophages

——

complaxes

Biood
vessel

Ny 7

Site of dE[JDSIIIL‘.I’I’I of
immune complexes

(B) Immune complex-mediated tissue injury
Circulating immune

Corﬂp:emem- dl'lﬂ
F¢ recepior-mediated
recruitment and
activation of
inflammaltory cells

— & T

Typos of antibody-mediated diseases. A
13 trer Targel antigens in oaiis and &xtacs
.1 mainly i pdocd vesseis (B, Iy

Mechanisms of Tissue Injury
and Disease

Antibodies specific for cell and tissue antigens may
deposit in tissues and cause injury by inducing local
inflimmation, or they may interfere with normal
cellular functions (Fig. 11-8). Antibodies against
tissue antigens and immune complexes deposited in
vessels induce inflammation by awracting and acri-
vating leukocytes, lpG antibodies of the [pGl and
IgG3 subclasses bind o nevtrophil and macrophage
Fe receprors and activate these leukooytes, resulting
in inflammarion. The same antibodies, as well as lgh,

dles [other Man IgE) may cause Ussue mjury and disease Dy
atr's (A ppe Il hyparsensibaiy) or by forming immune com-

@ I hypisanssinity)

activate the complement system by the classical
pathway, resulting in the production of complement
by-products that recruit leukocyres and induce inflam-
mation. When leukocyres are activared ar sites of
antibody deposition, these cells produce substances
such as reactive oxypen meermediates and lysosomal
enzymes that damage the adjacent vissues. IF antibod-
ies hind o cells, such as erythrocyres and plareles, the
cells are ups::mlzud anuld iy b ||'u.al..'a-mt| amed d!!il:m'.'cd
by host phagocyres. Some antibodies may  cause
disease withour directly inducing tissue mjury. For
antibodies  against  hormone  receptors
may  inhibit receptor functon: i some cases of

Instance,
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@ Complement- and Fc receptor-mediated inflammation

Meutrophil
Fe Em— tivat
receptors activation =g,

Complement
\ t‘:}‘ by-products
(Cha, C3a)

MNeutrophil —
enzymes,
Ve :r?tzﬁ:ﬂmﬂn Inflammation and
Complement tissue injury

activation

@ Opsonization and phagocytosis

Opsonized Fc receptor Phagocytosed
cell . cell
.',i.-r e
E——————
Phagocyte
Eﬂ:ﬁﬁiﬂm&nt
activation

@ Abnormal physiologic respunsns without cellftissue injury
: Merve

snding Analy;ciwline

Antibody against
(ACh

TSH receptor

TSH | Antibody 1o
receptor | ACh receptor

Thyroid i ACh
epithealial c-all'

]

Thyroid hormones L

Antibody stimulates : Antibody inhibits binding
receptor without hormone | of neurotransmitter
¥ to receptor

Figure 11-8 Effector mechanisms of antibody-mediated diseases. Antibodies may cause deease by nducing inflam.
malian al the site of deposstion (A). by opsonizing cells for phagocytosis (B), and by mlerlenng with narmal ceflular functions,
such as hormone receplor signaling (C}. All three mechanisms are seen with anlibodies thal bind directly 10 their arget anti-
gens, bul immune complexes cause disease mainly by nducing inllammaton (A). TSH, tmroid-stimulating hormona; ACh,
acetylcholing
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mvasthenin  gravis, antibodies against the aceryl-
choline recepror inhibit newromuscular ransmizsion
and cause paralysis. Ovher antibodies may activare
peceptors without their physologic hormone; moa
form of hyperthyroidism called Graves” disease, antis
Fodivs against the recepror for thyroid-stimulaning
hoemone stimulate theroid cells even in the absence
of the hormone.

Clinical Syndromes and Therapy

Sany chronie hvpersensitivity Jisorders in humans
are krowns to ke cagsed e, or are associnted with,
anti-tissue anribodies (Fie. 119 and immone come-
plexes (Fige 11=10). Therapy for these discases. i
intended mainly to limie inflammarion and is injur-
fous consequences, with Jrogs such a< corticosteroids,
In severe cases, plasmapheresis 15 wsed 10 reduce levels
of eircularing ancibodies or mmune complexes. There
is great interest in trying movel approaches for inhibit-
ing the production of autoaniibodies (e, by treating
ratients with antagonists thar block CD4D ligand
annd thus inhibit helper T cell<dependent B eell aeni-
vativn ). There isalwo grean nterest in inducing uler
awce In cases in owhich the awteantizen: are known,
These newer therapies are ar the stage of preclinical
restine and early clinmical wials.

Diseases Caused by
T Lymphocytes

The rnole of T lymphocytes in humon immunologic
diseases has been increasingly recomnized as methods
tor adenniving and solating these cells from lesions
have improvesd and animal models of human Jdiseases
have been developed in which a pathogenic role of T
cells can be estublished by experiments: In facr, much
ol the recent interest in the pathogenesis and treat-
ment of human autoimmune diseases is focused on
disorders in which tissue injury is caused mainly by T
Ivmphocyres.

Etiology of T Cell-Mediated
Diseases

Most T cell-mediated hypersensitivity diseases are
believed 1o be caused by autoimmunity. The autoe

Bassc Immanology: Functions and Disorders of 1he Immung System

immune reactions are wssnlly direcred ngainst cellular
antigens with restricted rissue distribution. Therefore,
T cellemediated autcimmune diseases tend o be
limired v a few oreans and are usually not systemic.
Tissue igury may also accompany entirely nommal T
cell responses o microbes. For instance, in tubercu-
losis, there is a4 T cell-mediared immune response
agaimst M. mberculisis, and the response becomes
chironic because the infection is difficult 1o erndicare.
The resultant grancbomatous inflammation s the
principal couse of injury to normal tissues ar the sive
of indecrion amd subsequent functional nmpairment.
In hepatitis virs infection, the virs itself may not
be highly cyropathic, bur the cyrolytic T lymphocyte
{CTLY response to infected hepatocyres may couse
liver injury.

Mechanisms of Tissue Injury

In different T cell-mediated diseases, tissue injury
is cawsed by a delaved-type hypersensitivity re-
sponse mediated by CD4° T cells or by lysis of
host eells by CDS CTLs (Fig. 11-11). The mecha-
mistms of Tissue injury are the same as the mechanisms
v by T cells wo eliminare cell-associared microbes.
CId T cells may react against cell or  tissue
antigens ol secrete eyokines thar induce  local
inflammation and acrivate macrophages, The actual
tissue injury fs cavsed by the macrophages and ather
inflimnmarory cells. T8 T cells specific for antigens
on autologous eells may directly kill these cells.
In many T cell-medired aumoimmuone  diseases,
both CI4° T cells and CD8° T cells specihc for self
antigens are present, and both contribure to tissue

iy,

Clinical Syndromes and Therapy

Many organ-specific autoimmune discases in humans
are believed o be caused by T cells, based on the
identificanion of these cells in lesions and sioilarities
with snimal models in which the diseases are known
to e T cell mediared (Fig. 11-12).

The therapy for T cell-mediared hypersensitivity
disorders is desipned o reduce inflammartion, using
corticosteroids and anponises against ovtokines such
as THE and waombibic T cell responses warh immuna-
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‘ : Mechanisms Clinicopathologic
Disease Target antigen of disease manifestations
| Autoimmune Erythrocyte membrane Opsonization and Hemaolysis,
! hemolytic anemia | proteins (Rh blood group | phagocytosis anemia
antigens, | antigen) of enythrocytes
Autoimmune Platelet membrane Opsonization and Bleeding
(idiopathic) proteins (gplib:liia phagocytosis
‘thrombocytopenic | ™egrin) of platelets
| purpura
'Pemphigus Proteins in intercellular Antibody-mediated Skin vesicles
vulgaris junctions of epidermal activation of proleases, | (bullag)
cells {epidermal cadhering | disruption of
imercellular adhesions
Goodpasture's : Moncollagenous protein Complement- and Nephritis,
syndrome | in basement membranas | Fc receptor-mediated | lung hemorrhages
| of kidney glomeruli and inflammation
| lung alveoli
Acute rheumatic : Streptococcal cell wall Inflammation, Myocardilis,
fever antigen; antibody cross- macrophage activation | arthrilis
reacts wilh myocardial
antigen
Myasthenia gravis | Acetylcholine receptor Antibody inhibits Muscle weakness,
acetycholine binding, paralysis
down-modulates
| receptors
Graves' disease | Thymid-stiménaling Antibﬂdy-mefiated Hyperthyroidism
(hyperthyroidism hormone {TSH) receptor stimulation o
(hyp y ) TSH receptors
, Pernicious anemia | Intrinsic factor of gastric MNeutralization of Abnormal
[ parietal cells intrinsic factor, erythropoiesis,
[ decreased absorption anamia
; of vitamin Bya

Figurge 11=2 Human antibody-mediated diseases. Examples of human diseases thal are causad by antibodies are listed
tn mos ol these diseases, he role ol antibodies iz inferred from the detection of antibodes in the biood or he legons, and
n some cases by similarities with experimental modals w which the invobvemen! of antibodies can b formally established by
tranater studies

against receprors for oyrokines such as [L-2, and
agents that block costimulators such as BT, There is
also grear hope for inducing tolernce in pathogenic
T cells, but no suecessiul clinieal trials have been
reported yer.

suppressive drugs such as cyclosporine. Antagonists
of THF have pmw:d to be benehcial in patients
with rheumatoid arthritis and inflammarory bowel
disease. Many newer agents are being developed w
inhibit T cell responses. These include antagonists
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) oy Mechanisms Clinicopathologic
Disease Antibody specificity of disease manifestations
Systemic lupus | DNA, nuelecproteins, Complement- and Fc Mephritis, arthritis,
erythematosus | cthers receplor-mediated vasculitis
| inflammaltion
| Polyarteritis ! Heﬁpalilis B virus %ﬂ;‘gm&,aa?gd& Vasculitis
! surface antigen o i
| nodosa i '9 inflammation
| Post-streptococcal | Streptococcal Complement- and Fc | Nephritis
glomerulonephritis | c&ll wall antigen(s) receptor-mediated
i inflammation

Figrg $9=-10

Human immune complex diseases, Examgples of numan diseases thal arg caused by 1he deposition of

immiune complaxes Bre isked In (hese oEeasas MMUng compipoes ang detected in the biood or in ihe lissues that ane the

385 o imury.

@ Delayed-type hypersensitivity

_?w
e il & = e E
Y et 3.~ o - e = Meutrophil
7 = (& -1 enzymes,

. & e\ D) reacive sxygen
e APG = Cylokines ~ :_,./‘" intermediates

or tissue .?DE.'I

antigen el

 C

I
[
|
| Mormal cellular tissus

@T cell-mediated cytolysis

L

-

»

E¥
P

Cell lysis and
tissue injury

i

Figure 11=-11  Mechanisms of T cell-mediated tissue injury. T cells may causo Nsswe inury and disease by two mech-

arsma: delayed hypersensitivly reactions (A). which may be wiggered by CO4° and CDE* T cells and in which lissue injury

E:Lﬂusnd by aclivales macrophages and inflammalony cedls, and direct killing of targel celis (B), which is modiated by CD8"
£
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Specificity of
Disease

pathogenic T cells

Human disease | Animal models

Insulin-dependent
(type 1) diabetes
mellitus

Islet cell antigens
(insulin, glutamic

others)

acid decarboxylase,

Specilicity of T cells

MNOD mouse, BB rat,
not established

transgenic mouse
models

Rheumatoid arthritis

Unknown antigen in

Specificity of T cells | Collagen-induced

joint synovium and role of antibody | arthritis, others
not established
Experimental allergic | Myelin basic protein, P-::;stula._tsd: multiple | Induced 4
iti proteolipid protein sclerosis immunization by
| encephalomyelitis CNS myalin

antigens; transgenic
mouse models

Unknown, ? role of

' Inflammato
ry intestinal microbes

| howel disease

Specificity of T cells

Induced by IL-2 or
not established

IL-10 gene knockoul
or lack of regulatory
T cells

figure 11=12 T cell-mediated diseases. Examples of T cell-mediated diseases in humans, and their corresponding
animal models, are listed In most af the numan diseases (ne role of T celis iz inferred from the detection and isolation of T
cells reactive with sell tissue anigens from the blood or fesions and from the semlarity with expermmental modeis in wiich the
involvement of T celis has been established by wansler siudies, In some autoimmune diseases. such a5 Myasihema graws
and [hyraiditis, 1he lesions are caused by ascantibodwes but the lesions may be transienred in experimeantal models by CO4"
T calls. It is beheved that n these discrders the T cells funclion as helper celis 10 stimulate the production of autoantibodias.
The specilicity of pathogenic T cells has been delned mainly in animal modeis

SUMMARY

= [iseases caused by immune responses, called
hypersensitivity diseases, may arise from uncontrolled
or abnormal responses to foreign antigens or auto-
immune responses against self antigens.

= Hypersensitivity diseases are classified aceording to
the mechanism of tissue injury.

B lmmediate hypersensitivity (type 1, commonly
called allergy) is caused by the production of [gE anti-
body against environmental antigens or drugs (aller-
pens), sensitization of mast cells by the IgE, and
degranulation of these mast cells on subsequent
encounter with the allergen.

B The clinical and pathologic manifestations of
immaediate hypersensitivity are due to the actions of
mediprors secreted by the mase cells. These include
amines, which dilate vessels and conrract smoorh

muscles, arachidonic acid metabaolites, which also
contract muscles, and cyrokines, which induce
inflammarion, the hallmark of the late phase reaction.
Treatment of allergies is designed to inhibic the pro-
duction of and antagonize the actions of mediators
and to counteract their effects on end Organs.

B Antibodies against cell and tissue antigens may
cause tissue injury and disease (rvpe 11 hypersensitiv-
iry). lgd and 1pG ancibodies promote the phagocyto-
sis of cells to which they bind, mduce inflammation
by complement- and Fe recepror-mediated leukocyte
recruitment, and may inrerfere with the functions of
cells by binding to essential molecules and recepiors.,
B Antibodies may bind to circulating antigens w
form immune complexes, which deposit in vessels
and cause tissue injury (type 1 hypersensitivity)
Injury is mainly due 1o leukocyre recruitment and
inflimmation.
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T cell-mediated diseases (ovpe IV hypersensitiv- 3 What are some examples of immediate hypersen-

ity) are caused by CPM T cell=mediated delaved-oype sitivity disorders, what is their pathogenesis, and

hypersensitivity reactions or by killing of bost cells by howe are they treared?

Chs” CTLs. 4 How do anvibodies couse tissue injury and disease?
What are 2ome of the differences in the manifes-
tations of diseases caus ¢ antibodies against

BB Review Questions ons of diseases caused by antibodies agn
extracellulir matris proteins and by immune com-

I Whar ropes of angigens may  indece immune plexes that deposic in tissues!

responses that cause hypersensitiviey diseases! 5 Whant are zome examples of diseases caused by anri-

2 Whae is the sequence of evenrs in a typical inne- bosdies or immune complexes, what is their patho-

diate hypemtensitivity reaction! What i the lare genesis, o what are their principal clinical and

phase reaction, and what is it caused by ! pachologic manifestations?



Congenital and

Acquired

) Immunodeficiencies

; i s Diseases Caused
- by Defective

Immune Responses

efects in the development and functions of the immune

system result in increased susceptibility to infections and
in an increased incidence of certain cancers. These conse-
quences of defective immunity are predictable because, as
emphasized throughout this book, the normal function of the
immune system is to defend individuals against infections and
some cancers. Disorders caused by defective immunity are
called immunodeficiency diseases. Some of these diseases may
result from genetic abnormalities in one of more components
of the immune system; these are called congenital (or primary)
immunodeficiencies. Other defects in the immune system may
result from infections, nutritional abnormalicies, or rmearments
that cause loss or inadequate function of various components
of the immune system; these are called acquired (or second-

Congenital (Primary) Immunodeficiencies

« Delects in Lymphocyle Maturation

+ Defects in Lymphocyte Activation and
Function

+ Defacts in Innate Immunity

* Lymphocyte Abnormalities Associated
with Other Diseases

Acquired (Secondary) Immunodeficiencies

Acquired Immunodeficiency Syndrome

(RIDS)

* The Human Immunodeficiency Virus
(HIV)

+ Pathogenesis of AIDS

+ Clinical Features of HIV Infections and
AIDS

+ Therapy and Vaccinalion Strategies

Summary

ary) immunodeficiencies. In this chaprer we will describe the causes and pathogenesis of
congeniral and acquired immunodeficiencies. Among the acquired diseases, this chaprer
cmphasizes the acquired immunodeficiency syndrome (AIDS), the discase thar resules
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from infection by the human immunodehciency viros
(HIVY and rhat is one of the most devastating health
problems worldwide, The following questions will be
auddressed:
What are the pathogenetic mechonisms of the
common  immunadencicney  Jiseases?  (Informa-
rion about the clinical fearures of these disorders
may be found in textbooks of pediatrics and
medicine. )
How duoes HIV cause the clinical and p:l:hu]u;_'ic
abnormalities of A1D&!
What approaches are being vsed ro rrear immuno-
denciency Jdizeases!

Congenital (Primary)
Immunodeficiencies

Congenital  immunodeficiencies are caused by
genetic defects that lead to blocks in the maturation
or functions of different components of the immune
svstem It is estimaned thar as many o511 in 300 indi-
viduals in the United Stures and Europe <utfer from
congeniral immune defciencies of vaming severity

Al congenital immunodelciencies share several fea-
tores, their hallmark being miections complications
(Fig. 12-1). However, dJifferent congenital immuno-
dencicney diseases may differ considerably in clinteal
and pathologie monifestations. Some of these disors
ders result in arearly incrensed susceptibility to infec-
tions thar mav be manifested early after birth and may
be taral unless the immunologic defects are corrected.
Other congenital immunodehciencies lead o mild
infections and may be derected in adule life. In
the following Jdiscussion, the pathogenesis of selected
immunodeiiciencies is summarized, several of which
were mentioned i carhier chapters o illusteare the
physiologic importance of various componenis of the
PR e Svaben.

Defects in
Lymphocyte Maturation

Many congenital immunadeficiencies are the result
of wenetic abnormalities thar couse blocks in the
materation of B lymphocyres, T lymphocyres, or both
(Figs., 12.2 and 12-3). Disorders manifesting as defecrs
in Both the B ocell and T eell arms of the ﬂdﬂpri!ﬂ.‘

Typeof Histopathology and Common infectious
immunodeficiency | laboratory abnormalities | consequences
'B cell deficiencies | Absent or reduced follicles Pyogenic bacterial infections

and germinal centers in

i | lymphoid organs

| Reduced serum Ig levels |

T cell deficiencies
{ in lymphoid organs

| Reduced DTH reactions to

| common antigens

| Defective T cell profliferative
responses o mitogens in wvilro

| May be reduced T cell zones

Viral and other imracellular
microbial infections (e.q.,
Fneumocystis carinii, atypical
mycobacteria, fungi)

Virus-associated malignancies
(e.g., EBV-associated lymphomas)

Innate immune

deficiencies , -
is defective

Variable, depending on which
component of innate immunily

Variable; pyogenic
bactenal infections

Figure 12-1 Features of immunodeficiency diseases. The anpoilant aageestic features and clincal manilesiations
of immune debciencies affecting ddferant componens o the menune system are summarized. Within each group, differam
Geeases, and even differen) patiems with the same disease, may SHow CONSIderache vanation
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(X-linked agamrnaginbulinamua}

Btk deficiency

maturation

L5VNE 8
Stem cell I / \ Immature B Malure B
cell cell

ADA, PNP deficiency || RAG UB‘IK:IHM%
(autosomal SCID) (aulosomal SCI

by .

|
maturation = 0 s
Stemn cell Pro-T t Pre-T Double Single
positive positive
« delicien “'",I’,“a"ﬁ'&} '[rg'lran;lr‘e}
ce P
(inked SCID)

Lack of thymus
(DiGeorge syndrome)

iqure 12-2 Congenital immunodeficiencies caused by defects In lymphocyle maluralion, Immunodedicencies
caused by genatic defects in lymphocyle maluration are shown, Lymphocyle Maturation pathiways ane described in mora detail
n Chapter 4. ADA, adenasine deaminase: PNP, purme nucleoside phosphorylase. AAG, recombination actvaling gene

immune system are classified as severe combined
immunodeficiency (SCID).

Several different  genetic  abnormalities  cause
severe combined immunodeficiencies. Abour half of
these cases are X-linked, affecting only male children.
About 50% of cases of X-linked SCID are caused by
mutations in a signaling subunit of a recepror for
cyrokines. This subunit is called the common ¥ chain
(yc). because it is a component of the receprors for
numerous cyrokines, mncluding interleukin (IL)-2,
IL-4, 1L-7, IL-9, and IL-15. (Because the e chain was
first identified as one of the three chains of the [1-2
receptor, it is often called the IL-2ZRy chain.) When
the e chain is not functional, immature lymphocyres
at the pro-T cell and pro-B cell stages cannor prolif-
erate in response o the major growth factor for these

cells, namely, 1L-7. Defective responses to IL-7 resulr
in reduced survival and maturation of lymphocyre
pmﬂtlm:‘ﬁ. ITI hllmﬂnﬁ. th‘." r.!cﬁ:ct ':'Ifﬂ:t[S T'I.'I.vl'l‘ll'i"!.' T 1.“':"-
maturation. The consequence of this block iz & pro-
found decrease in the numbers of mature T cells, defi-
cient cell-mediated immunity, ancd defective humaoral
immunity because of absent T cell help (even though
B cells may matuee almost normally).

Abour half the cases of autosomal SCID are
caused by murations i an enzyme called adenosine
deaminase {ADA), which is invelved in the break-
down of purines. Defciency of ADA leads o the
accumulation of texic purine metabolices inocells thar
are actively synthesizing DMA, namely, pn;ulifcm[iug
cells. Lymphocyres, which actively prolifesate during
their maturation, are injured by these aceumularing
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Severe combined immunodeficiency (SCID)

Disease Functional deficiencies l Mechanism of defect

: ¥-linked SCID Markedly decreased T cells: Cylokine receptor commaon
narmal or increased B calls; | chain gene mutations, defective

| | reduced serum lg T cell maturation due to lack of
| IL 7 sn_:; nals

Autusomal Progressive decreases in ADA or PNP deficiency leads to
recessive SCID T and B cells (mostly T), accumulation of toxic metabolites
due to ADA, reduced serum Ig in ADA ! in Iymphocyles

deficiency. normal B cells
and serum Ig in PP defIEIEI'III;"." |

|PNP u':!.alfn::leru:;.r

! Deiective maturation of T and
B cells; genetic basis unknown
in most cases; may be mutations
[ in RAG genes

Decreased T a:'u::l B cells.

Autosomal
reduced serum Ig

 recessive SCID
due to other causes

B cell immunodeficiencies

e —— e

Disease Functsmal def:clenmes | Mechanism of defect

Decrease in all serum Ig
isolypes: reauced
B cell numbers

]

| Block in maturation beyond pre-B
| cells, because of mutation in

i B cell lyrosine kinase

X-linked
agammaglobulinemia

| Chromosomal deletion at 14q32
5 (ig heavy chain locus)

IgGi, IguE. or lgG4 absent;
sometimeas associated with
absent IgA or IgE

Jg heaw chain
deletions

T cell immunodeficiencies

Disease Functional deficiencies Mechanism of defect

| Decreased T celis: normal
| B cells; normal or decreased
| serum g

Anomalous development of 3rd
and 4th branchial pouches,

leading to thymic hypoplasia

| DiGeorge syndrome

[ Features of congenital immuncdeficiencies caused by defects In lymphocyte maturation. The congeni-

1@t immunodalicienceds in which [he E}Ef‘ﬁl-ﬂ niocrs ang known, and ihes principal Iealunts, an summanzed

toxic merabolites. ADA deficiency results in o block
in T cell mawration more than in B eell maturation;

defective humoral immunity is largely a consequence

of the lack of T cell helper function. Another impor-
tant cause of autosomal SCID §s murations in an
enzyme that is involved in signaling by the e

eytokine recepror chain, These mutanons result in
the same abnormalities a5 X-linked SCID due 1o e
mutations, deseribed previously. Rare cases of autoso-
mal SCID are cowsed by mutations in RAG | or RAG2
penes, which encode the lymphocye specific com-
ponents of the VD recombinase thar are required for



immunoglobulin and T cell recepror gene recombi-
mations and lymphocyte maturation (see Chaprer 4).
The cause of about 50% of both X-linked and auto-
somal cases of SCID is not known.,

The most common clinical syndrome caused by a
Bock i B cell maruration is Xelinked agammaglob-
ulinemia. In this disorder, B cells in the bone marrow
il 1o mature beyond the pre-B cell stage, resulting in
asevere decrease or absence of mature B lymphocytes
sl serum immunoglobulins. The disease is caused by
mutations in the gene encoding a kinase called the B
cell tyrosine kinase (Bik), resulting in defective pro-
duction or function of the enzyme. The exact role of
Bk in B cell maruration 5 not known. The enzyme
i+ activated by the pre-B cell receptor expressed in
pre-B cells, and it is believed o participare in deliv-
crityg binchemical signals thar promote maturation
i these cells. The pene for this enzyme is located on
e X chromosome. Therefore, women who carry a
mutant allele of the Bik gene on one of their X chro-
pcsoimes are carrers of the disease, and male offspring
who inherit the abnormal X chromosome are atfected.
Paradoxically, abour a fourth of paticnts with X-
linked agammaglobulinemia  develop autoimmune
Jduseases, notably archricis. Why an immuene deficiency
should lead to a reaction typical of excessive or
uncontrolled immune responses is not known,

Selecrive defects in T cell maturation are quite
rare, The most frequent of these is the DiGeorge syn-
drome, which results from incomplete development
of the thymus (and the parathyroid glands) and a
failure of T cell maturation. Patients with this disease
tend ro improve with age, probably because the small
amount of thymic tissue thar docs develop is able w
support some T cell maturation.

SCID is fatal in early life unless the patient’s
immune system is reconstituted. The most widely used
treatment is bone marrow transplantation, with
careful matching of donor and recipient o aveid
potenially serious graft-versus-host disease. For selec-
tive B cell defeces, patients may be given antibodies
isolared from healthy donors to provide passive immu-
nity. Immunoplobulin replacement therapy has had
enormous benefit in X-linked agammaglobulinemia.
The ideal trearment for all congenital immunodefi-
ciencies is replacement gene therapy. This trearment,
however, remains a distant pnul for most diseases. The
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most impressive resules of successful gene thermpy
have been reported in patients with X-linked SCID,
be 20 far very few patients have been treated, and the
long-term effectiveness of the therapy s unknown, In
all patients with these diseases, infecrions are treated
with antibiorics as needed.

Defects in Lymphocyte Activation
and Function

As understanding of the molecules invelved in lym-
phocyte activarion and function has improved, muta-
rions and other abnormalities in these molecules that
result in immunodehciency disorders have also begun
10 be recopnized. Many such disorders are now known
{Fig. 12-4). The following secrion describes some of
the diseases in which lymphocytes mature normally
bur the activarion and cffector funcrions of the cells
are defecrive.

The X-linked hypee-Igh syndrome is characrer-
ized by defective B cell heavy chain elass (isorype)
switching, resulting in lghl being the major serum
antibody, and severe deficiency of cell-mediared
immunity against intracellular microbes. The disease
is caused by mutations m CD40 ligand (CD40L),
the helper T cell protein thar binds o CDY90 on B
cells and macrophages and thus mediages T eell-
dependent activation of B cells and macrophages.
Failure to express functional CD40 ligand leads o
defective T cell<dependent B cell responses, such
as class switching in humoral immunity, and defective
T cell-dependent macrophage activation in cell-
mediared immuniry.

Deneric dl;ﬁn:i.cn.citﬁ in the p-m-iiuctlon of selecred
lg isotypes are quite common; lpA deficiency is
believed o affect as many as 1 in 700 individuals, but
in most of these persons it causes no clinical problems.
The defect causing these deficiencies is not known in
the Majoriy of cases: mn:h‘. the dehciencies may e
caused by mutations of [g heavy chain constant region
penes. Common variable immunodeficiency is a het-
ETORENEOUS EroLp of disorders that comprise the most
common form of primary immunoedeficiency. These
disorders are characterized by poor antibody responses
w infections and reduced serum levels of lgh, leA,
and often IgM. The underlying couses of commen
variable disease are poorly understood bur include
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HBIpEr Macrophage Activated
@ T cell o macrophage
.
I
|
Activated "}“»._ = ‘%,
T cells
Naive -J](-‘_"x\l
T cell % - . X \
) Ny [ o = Tﬂ CD40 ligand mutations
| m— {0 (X-linked hyper-lghM syndrome)
8 el 7=
Antigen- I - x Q‘
esenting cel
pr ing R ¥?;Igl?r B cell
Deiects in TCH I :‘,‘% £
complex signaling; f wea |
Class || MHC deficiency s
A W
ot
Selective Ig isotype

| defects
B . o Mechanisms
?DISE‘-&EE Functional Deficiencies of Defect
| ;{-I'rrrkecl h}fper, Delects in helper T cell=dependent hMutations in
igM syndrome | B cell and macrophage aclivation CD40 ligand

Selective | Reduced or no production of selective | Unknown: may be
immunoglobulin isolypas or subtypes of immunoglobuling; | defect in B cell

| isotvpe deficiencies suscepliility to bacterial infeclions or dilferentiation

yP no clinical problems or T cell help

! Defective class Il MHC | Lack of class Il MHC expression Mutations in

expression: The bare
| lymphocyte syndrome

| and impaired CD4+ T cell activation;
| defective cell-mediated immunity
and T cell-depandent humoral immunily

genes encoding
transcription factors
required for class 1l
MHC gene expression

| Defects in T cel
| receptor complex
exprassion or signaling

Decreased T calls or abnormal ratios
of CD4+ and CD8* subsets;
decreased cell-mediated immunity

Rare cases due to

mutations or deletions

in genas encodin
proteins, -70

Figure 12-4 Congenital immunodeliciencies associated wilth delects in lymphocyte activation and effector funce
tons. Congenaa! immunodediciencees may be caused by genghic defeeis in the cxpression ol malocules requied far anfigen
prasentation to T cells, T or B ymphocyte anbigen receptor signahing, helper T cell actwaton of B cells and macrophages,
and defferentiation of antibody-producing B cells, Exampies Showng Ine Siies whond maune (esponses may be blocked are
fiustrated in A and the leatures of some of 1hese disorders are summarizad e B



defects in B call maturation and activation as well
as defecrs in helper T cell function. Patients suffer
froam recurrent infecrions, auroimmune disease, and
|:'m1|¥'|"|l.:|'||=.-15-.

Defective acrivation of T lymphocyres may result
from deficient expression of major histocompartibiliy
complex (MHC) molecules. The bare lymphocyte
syndrome is 2 disease coused by a failure o express
cliss 11 MHC molecules, as a result of mutations in
the transcription factors that normally induce class 11
MHC expression. Recall thar class [ MHC molecules
Jisplay pepnide antigens for recognition by CD4° T
vells amdd thar this recognition is critical for marura-
nem and activation of the T cells. The discase is
nanitested by a profound decrease in CD4* T cells,
because of defective mawration of these cells in
the thymus and defective activation in pﬁriphcml
|'.||||'\|||.1:|L| OTENS, Oecasional patients have been
Jeseribed in whom immunodeficiency is caused by
mutations i T cell signal transducing molecules,
cytokines, and various receprors.

Defects in Innate Immunity

Abnoermalities in two components of innate immu-
nity, phagocyees and the complement system, are
important causes of immunodeficiency (Fig. 12-5).
Chronic granulomatous disense is caused by muta-
tions in the enzyme phagoeyee oxidase, which cat-
alyzes the production of microbicidal reactive oxypen
intermedliates in lysosomes (see Chaprer 2). As a
result, neutrophils and macrophages thar phagocytose
microbes are unable o kill the microbes. The immune
system tries to compensate for this defecrive micro-
baal killing by calling in more and more macrophages,
and by activating T cells, which stimulare recruitment
and activation of even more phagocytes. Therefore,
collections of phagocyres accumulate around infec-
nons by intracellular microbes bur the microbes
cannot be destroyed effectively. These colleetions
resemble granulomas, giving rise to the name of this
disease. Leukocyre adhesion deficiency is caused by
mutations in genes encoding integrins or in enzymes
required for the expression of ligands for selectins.
Integrins and selectin ligands are involved in the
acdhesion of leukocyres to other eells. As a resulr of
these mutations, blosd leukocytes do not bind Rrmly
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to vascular endothelium and are not recruited nor-
mally o sites of infection.

Diehciencies of almost every complement protein,
and many complement regulatory proteins, have been
deseribed, and some of these were menrioned in
Chapter 8. C3 defciency results in severe infections
andd is usually faral. Deficiencies of C2 and C4,
two components of the classical pathway of comple-
ment activation, result not in immunodebciency
but in immune complex—mediated diseases resem-
bling lupus, A likely explanation for this association
berween complement dehciencics and  lupus-like
disease is thar the classical complement pathway is
involved in eliminating immune complexes thar are
constantly  being formed  during humoral  immune
responses. Failure 1o elear these immune compleses
results in their deposition in nssues and  immune
complex disease. The observation that CI and Cd
deficiencies do not make individuals susceptible o
infection suggests that the alternative pathway may
be adequate for host defense. Deficiencies of comple-
ment regulatory proteins lead o excesive comple-
ment acrivation and not o immunodehciencies (see
Chaprer 8).

The Chédiak-Higashi syndrome is an immune-
dehciency disease i which the lysosomal granules of
leukoeyres do nor funcrion normally. The immune
defect 15 thought to affect phagoeytes and nanaeal
killer {NK) cells and is manifested by increased sus-
cepribility to bacterial infections,

Lymphocyte Abnormalities
Associated with Other Diseases

Some systemic disenses that involve multiple organ
systems, and whose major manifestations are not
immunologic, may have a component of immune-
dehciency. The Wiskott-Aldrich syndrome is char-
actenized by eczema, reduced blood platelers, and
immunodefciency. It is an X-linked discease, caused by
a mutation ina gene thar encodes o protein thar binds
to various adaprer molecules and cytoskeletal compo-
nents in hematopoictic cells. 1t is believed that
because of the absence of this protein, platelets aiul
leukocyres are small, do not develop nomally, and
fail to migrare norally. Ataxis-telangicctasia is a
disease charcterized by gair abnonmalities {aaxial,
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Disease Functional Deficiencies Mechanisms of Defect
Chronic | Defective production of i Mutations in genes ;hnr:uding
reactive oxygen intermediates componeants of the phagocyte
g!'anuiumatous by phagocytes oxidase enzyme, most often
Isease cytochrome b558
| Leukocyte | Absent or deficient expression Mutations in gena encoding
' adhesion | of 2 integrins causing delective | the [§ chain (CD18) of
| deficiency-1 leukocyie adhesion-dependent 2 integrins
| y | functions
Leukocyte | Absent or deficient expression Mutations in gene enceding
| adhesion | of leukocyte ligands for a protein required for synthesis
' defici > endothealial E- and P-selecling, of the sialyl-Lewis X component
| deficiency- | causing failure of leukocyle of E- and P-seleclin ligands
| migration into tissues

Complement C3 | Defect in complement cascade |
| deficiency | activation .

(L= 5

iMutations in the C3 gene

I Complement C2, | Deficient activation of classical |
IC4 deficiency pathway of complement leading |
! 1o failura to clear immune |
complexes and developmen of
lupus-like disease

Chediak-Higashi | Defective !yaason{ai !i'rr'.t:‘.;-crn

Mutations in C2 or C4 genes

tiutation in a gene encoding a
lysosomal trafficking regulatory

| syndrom in nevirophils, macrophages
[ SY crome and dendritic cells, and defective | prolein

| killer cells

| granule function in natural

Congenital immuncdeficiencies caused by defects in innate immunily, Immungdeliciency digeases

causen by aelecls in vanous componants of ne

vascular malformarions (telangicctasia), and immuno-
Jdeticiency, The disease is caused by murations in o
pene whose product may be involved in DNA repair.
Defects in this protein may lead w abnormal DNA
repair (e, during recombination of antigen recepuor
gene segments), resulting in defective lymphoeyie
maturation.

Acquired (Secondary)
Immunodeficiencies

Denciencies of the immune system often develop
because of abnormalities thar are not generic but are

FIRELE IMmune System Sne Lelad

acguired during life (Fig. 12-6). The most important
of these abnormalities is HIV infection, and this
is deseribed later in the chaprer. Protein-calorie
malnutrition results in dehciencics of vircually afl
components of the immune system and 15 8 common
cause of immunodeficicncy in ullni;."rdc\rtlnpcd coun.
tries. Coancer  treatment  with  chemotherapeuric
dhrugs and irrdiation may damage proliferating cells,
including  bone  marrow  precursors and  mature
lymphocyres, resulting in immunodeficiency. Orher
treatments (eg., o prevent gmft n:i::criml} are
desipned 1o suppress immune responses. Therefore,
immunodehciency is a frequent complication of such
therapivs,
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Cause

]_Mechanism

virus infection

Human immunodeficiency

Depletion of CD4+ helper T cells

Protein-calorie

ez 12-6 Acquired (soc- rralnutrition

ondary) immunodeficiency dis-

Metabolic derangements inhibit
lymphocyle maturation and function

eas5es. The mosl COMMon Causes
of acquired immunodeliciencies,
and how hey lead o delecis in
Immaang Meponses, ane Esied

Irradiation and

for cancer

chemotherapy treatmeants

Decreased bone marrow
precursors for all leukocytes

bone marrow

Cancer metastases to

Reduced site of
leukocyte development

Removal of spleen

Decreased phagocytosis
of microbes

Acquired Immunodeficiency
Syndrome (AIDS)

It is a remarkable and tragic fact that although AIDS
was recognized as a distiner disease entity as recently
as the 19805, in this brief period it has become one
of the most devastating afflictions in the history
of mankind. AIDS is coused by infection with the
human mmmunodeficiency virus (HIV). It is estimated
that there are more than 42 million HIV-infecred
individuals in the world, more than 21 million deaths
atrributable o chis disease, and more than 3 million
deaths annually, The infection continues to spread,
cspecially in Africa and Asia; and in some countries
in Africa, more than 30% of the population has been
infecred with HIV. The following section describes
the important features of IV, how it infects humans,
and the disease it couses. The secrion concludes with
a brief discussion of the current status of therapy and
vaccine development,

The Human Immunodeficiency
Virus (HIV)

HIV is 2 retrovirus that infects cells of the immune
system, mainly CD4* T lymphocytes, and causes
propressive destruction of these cells. An infectious
HIV particle consists of two RNA strmmds within a
protein core, surrounded by o lipid envelope derived

from infected host cells but containing viral proteins
{Fig. 12-7). The viral RNA encodes scructural pro-
teins, various enzymes, and proteins thar regulate
rranscriprion of viral genes and the virl life cycle.
The life cycle of HIV consists of the following
sequential steps: infection of cells, production of
viral DINA and its integration into the host genome,
expression of viral genes, and production of viral
particles (Fig. 12-8). HIV infects cells by virtue of
itz major envelope glycoprotein, called ppl20 (for
120 kD glycoprotein), binding to CD4 and particular
chemokine receprors (CRCR4 and CCR3) on human
cells. Therefore, the virus can efficiently infect only
cells EXPressing CD4 anud these chemokine receplons.
The major cell rype thar may be infected by HIV is
the C4° T lymphocyee, but macrophages and den-
driric cells are also infected by the virus, Different cell
populations may use different chemokine receptors
to bind slightly different straing of the virus. Adter
binding o cellular receprors, the viral membrane fuses
with the host cell membrane and the virs enters the
cell’s cytoplasm. Here the vieus i3 uncoated by viral
prorease and its RMA is released. A DNA copy of the
viral RMA s synthesized by the vinus's reverse ton-
seriprase enzyme (a process thae is chamereristic of all
retroviruses), and the DNA integrates into the host
cell's DNA by the action of the integrase cnzyme.
The nregrted viml DNA s called a provins, If
the mfected T cell, maceophage, or demdritic cell is



218 Basic immunctogy: Functions and Disorders of the Immune System

®

— Protease
— Iniegrase

——— Chemokine
receplor

% ¢ lymphocyle -..ﬁ‘\ b
suriace

B
Tl ]
; pol | |ver|
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&t . Transcnplional activalor (pid): Promoles cell cycle arrest and enhances
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Uigtire 12=-T7 The structure
and genes of the human immun=
odeficiency virus [HIV)L A An
Hiv-1 viricn is shewn nexl 1o a T
cell surface. HIV-1 consists o
e edenlical strands of RNA (the
vital genome) and  associaled
enzymes, including réverse trans-
criptase, integrase, and pro-
legse, packaged in a cone-
shaped come composed of the p24d
capsid profein wilh & sufrounding
P17 protesn matne., all suirounded
by a phospholipd membrane
envelope derived lrom the host
coll, Virally encoded membrang
proleing {gpdl and gpi20) are
cound to the envelopa. CD4 and
chemoking recepions on the hosl
cell suwlace funciion as ihe recep-
lors lor HIV-1. (Adapled from ihe
front cover of “The Mew Face aof
AIDS” Scence 2721841-2102,
1996 © Terese Winslow.) B. The
HIV-1 genome consists ol Qenes
whose posilions are indicaled as
dillerenily colored blocks, Some
genes conlain sequences thal
overlap wilh sequences of olhgr
Genes, as shown by overlapping
blocks, but ane read differently by
hest cell AMA polymerase. Simi-
lafly shaded blocks separated by
lries (130, rev) indicale genes
whose coding Sequences ane Sep-
arated in ive genome and requirg
RMA sphcing to produce lunc-
lional messenger RMNA. The magjor
funcions of e proteing encoded
by different viral genes arg listed.
LTR, leng terminal repeat (Adapled
from Greene WC  AIDS and the
Irreresne Syt B 1983 by Sceen-
1ilic Amencan, Inc. All ights reseneed.)
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Ggure 12-8  The Hife cycle of HIV-1. The sequential steps in HIV reproduction are shown, from inatial infection of & host
call b release of a ngw vinus particle (virion). For the sake of clanly, he produchon and release of only one new fion g shown.,
an infecied cell aciually produces many virons., each capable ol infeciing nearoy cells, leading 1o spread of the infgction.

activated by some extrinsic stimulus, such as another
infiecrious microbe, the cell responds by turning on
the transeription of many of its own genes and
uften by producing cyrokines. An unformunate conse-
quence of this normal response is that the cyrokines,
and the process of cellular activation irself, may also
activate the provirus, leading to production of viral
REMAs and then proteins. The virus is now able w
form @ core structure, which migrates to the cell
membrane, acquires a lipid envelope from the host,
and is thed as an infectious viral particle, ready 1o
infiect another cell. It is possible that the integrared

HIV provirus remains latent within infected cells for
months o years, hidden from the patient’s immune
system (and even from antiviral therapies, discussed
larer).

Mast cases of AIDS are coused by HIV-1. A relared
virus, HIV-2, causes some cases of the disease,

Pathogenesis of AIDS

HIV establishes a latent infection in cells of the
immune system and may be reactivated to produce
infectious virus. This wiral production leads to
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death of infected cells, az well as to death of unin-
fected Iymphocyvtes, subsequent immune deficien-
cies, and clinical ATDS (Fig. 1295 HIV infecrion is
acguired by sesual intercourse, contaminared needles
wsed by intnvenows Jrug asers, trnsplcental toans-
fer, or transiusion of infeeted blood or blood proslucts.
Adter infection there moy be o briet, acure viremin,
whern the virus s Jerected in the Blood, and the host
may respond ainany mild vical infecrion. The virus
intects CD4° T eells, dendritic cells and macrophages
in the blood, sives of entre through epithelia, and,
most of all, lemphoid ormans such o= lvmph nodes,
Dendritic cells mav caprure the virus as i emers
through epithelin and rangport it o peripheral
lemphoid organs, where it infects T cells. The ine-
arated proairus mav be acrivared in infecned cells, as
described previowslv, leading oy preduction of viral
particles and spread of the inecoon, Durine the
comrse ol HIV anfection. the major source of in-
fectious viral parricles is activared G4 T wells
Jendritie cells and mocrophages ore reservoirs ol
TH o T

The depletion of CTD4* T cells after HIV infec-
tion i» due to a cviopathic effect of the virus, resulr-
ing from production of viral parzicles, as well as
death of uninfecred cells. Acrive viml pene expres-
pn and protemn production may  mterfere with
the svothetic machinery of the T cells. Therelore,

ittected T eells in which the vires is replicating are
balled duringe thes process The loss or T cells during
the progression o A = much greater than the
sumbers of infected cells. The mechanism of thas T
cell loss remunns powrle deined. Cne possibilivy is that
T cells are chromcally activated, perhaps by infec-
tions that are common in these parients, and o
chromie stimulation culminates in apoptoss, by the
pathway called acuvation-induced cell dearh.

Uither infected cells, such as dendritic cells und
macrophnges, may alo die, resulting in destroction of
the architecture of lymphond orgons. Mony studivs
have sugsested that immune Jcti:cu:nn:!; results from
varous funcrional abnormalities in T lymphocyres
and other immmune cells, in adkdition o destruction of
these cells. Flowever, the significance of these func-
tivnal defects has not been established, and loss of T
cells remains the most relinble indicaor of disease
PreREressin.

Clinical Features of HIV Infection
and AIDS

The clinical course of HIV infection is characterized
by several phiases, culminating in immune deficiency
(Fae 12-100. Early after HIV infection, parients may
experience amildacure illness wirh fever and malaise,
correlating with the imtinl viremio. This illness sub-
sindes wirhin a few Bavs, cand the discase enters a period
of clinical Litency. During this latency, there is usually
a progressive boss of GO T cells in lymphoid tissues
and destruction of the architecture of the lymphoid
Tisses, Eventwally, the Blswd CD4* T cell eount
Begins o declme, and when the count falls below 200
per i’ (b pormal being aloue 1500 cells per mm'),
paticnits become suscoprible o infections and are zaid
o be sulfering trom ALLDS,

The clinical amd pathologic manifestations of
full-blown AIDS are primarily the result of in-
creased susceptibility to infections and some cancers,
as a conscquence of immune deficiency. Parients
are often infected by intracellular microbes, such
as viruses, Poeumocysis carmil, and atypical myco-
bacreria, all of which are normally combared by T
cell-medinted  immunity. Moany of these microbes
are present in the environment, but they do nor in-
fect healthy individhals with intact immune systems,
Because rhese  infoctions are  seen  in immuno-
deficient individuals, in whom the microbes have
an upportunity to cstablish infection, these types of
inlections are said 1o be “opportunistic.” Many of the
opportunisiic infections are caused by viruses, such
as cyvtemegloviees. AIDS potients show defective
cytolvtic T lvmphocyee (CTL) FESPONSES [0 ViFuses,
even though HIV does not infece CO8™ T cells. 1o is
belicved that the defective CTL responses are because
CI” helper T cells {the main mrgets of HIV) are
required for full CD8' CTL responses againse many
viral antigens (see Chaprers 5 and 6). AIDS parients
are at increased nsk fur infections by extracellu-
lar bacreria, likely becouse of impaired helper T
cell-dependent antibody responses ro bacterial anei-
pens. Particnes also become susceprible to cancers thar
are cowsed by oncogenic vinoses. The two most
commmony types of cncers are B ocell lymphomas,
coused by the Epstein-Bare varus, and 0 tumor of small
Rlogsd vessels that is called Koposi's sarcoma and is
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caused by o herpesvirus, AIDS patients with sdvinced
disease ofren sufter from a wasting syndrome with a
argnificant liss af body mass, due to altered metabo-
lasm and reduced calosic intake. Some AIDS patients
develop dementia, believed to be caused by infection
of macrophages (microglia) in the brain.

The immune response to HIV is ineflective in
controlling spread of the virus and its patholopic
effects. Infecred individuals produce antibodies and
CTLs against viral antigens, and the responses help
e limat the early acure HIV syndrome. Bur these
immune responses uswally do not prevent chronic
progression of the disease. Antibodies agains enve-
lope glycoproteins, such as gpl 20, may be ineffective
because the vires mpidly mutates the resion of gpl20
thar is the target of most antibodies. CTLs are often
ineffective in killing infecred cells becauwse the vinus
inhibits the expression of class | MHC molecules by
the infected eells. Immune responses ro HIV may par-
adoxically promote spread of the infection. Antibody-
coated viral particles may bind w Fe receprors on

al ot adule H

£ g

vius [plasma virermia) |5 detected early aler mfection and

syndrome. The virus spreads o lymphoid organs, bl plasma
2 ranschplase polymerase chain reachon assays) and siays
ne gudeng thes chnical [atency period, because of acthee viral reph-
o CR4° T colls ahs, therg 15 INCrEaasng sk ol enbeclicn and

»m Pantalos G, C Graziosi, and A Fauci. The immenopalis-

Meo 328 327-335 1983

macrophages and follicolar dendritie cells m lym-
phoid organs, this increasing virus entry into these
cells and creating addinional reservoirs of mfection. If
CTLs are able to lyse infecred cells, this may result in
release of viral particles and infection of more cells.
And, of course, by infecning and thereby interfering
with the funcrion of immune cells, the virus is able to
prevent its own eradication,

Therapy and
Vaccination Strategies

The current treatment of AIDS is aimed at
conteolling replication of HIV and the infectiows
complications of the disease. Cockrails of drugs thar
block the activity of the viral reverse transcriptase,
protease, and inteprase enzymes are now being admin-
istered esrly in the course of the infection, with
considerable benciin. This rrearment, called “highly
active antiretnoviral thermpy (HAART)” 15 expen-
sive, and its long-term eficocy s nor known. The



virus is capable of mutations that may render it resise-
amt o these drugs, and the drug rreatments do not
crulicate reservoirs of latent virus,

The contrel of HIV worldwide will require the
development of effective vaccines. A successful
vaceine will likely have to induce an innate immune
response, hiph titers of nearralizing antibodies, a
srong T cell response, as well as mucosal immunity.
An addivional challenge 15 o be able to protect
awzinst all subrypes of HIV. Early efforts focused on
e b 20 as animmunogen, but these were largely unsuc-
cewful. More recent atremprs have involved com-
Pations of DNA immunization and recombinant
poxvinuses encoding several different HIV proteins.
[ will rake years to judge the cffectiveness of new
vaceings in clinical trials

IMARY

Inmunodehciency discases are cansed by defects in
various components of the immune system and resule
in inereased susceptibility o infections and some
cancers.  Congenital  (primary)  immunodeficiency
Jdiscases are caused by pencric abnormalities, and
sequired (secondary) immunodeficiencies are the result
of infections, malnutrition, or treatments for other
conditions that adversely affect the cells of the
TG SYALC .

© Some congenital immunodeficiency diseases are
the result of mutations that block the maturation of
lymphoeytes. Severe combined immunodehciency
(SCIDY may be cavsed by mutations in the cyrokine
receptor J¢ chain thar reduces the 1L-T—driven prolif-
eratien of immature lymphocyres, by mutations in
enzymes involved in purine merabolism, and by other
defeces in lymphocyte maturation. Selective B cell
maturation defects are seen in X-linked agammaglob-
ulinemia, caused by abnormalities in an enzyme
involved in B cell marurarion (Brk), and selective T
cell maturation defects are seen in the DiGeorpe
syndrome, in which the thymus does not develop
l'lmflﬂn}'..

B Some immunodehcieney diseases are caused by
defects in lymphocyre activation and  funcrions,
despite their nonmal matusmtion. The X-linked hyper-
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L syndrome is caused by mutations in CD40 ligand,
because of which helper T cell-dependent B cell
responses (eg, e heavy chain class swirching) and T
cell—dependent macrophage activarion are defecrive.
The bare ]#mph:}(‘.}'w wm[mn‘w 15 due o defective
expression of class 11 MHC proteins, resulting in
defecrive maturation and acrivation of D4 T cells.
B The acquired immunodeficiency  symulrome
(AIDS) is cavsed by the rerroviens humon simmuno-
deficiency virus (HIV)Y. HIV infects CD4° T cells,
macrophages, and dendritic cells by using an envelope
prown (gpl20) w hind o CD4 and chemokine
receptors, The viral DMA integrates into the host
genome and may be aetivared 1o produce infectious
virus. Infected cells die during thas proces: of virus
replication, and death of cells of the immune system
is the principal mechanism by which the virus couses
immune deficiency.

B The clinical course of HIV infection typically con-
ststs of an acute viremia, a perind of clinical larency
during which there is progressive destruction of CDY
T cells and dissolution of lymphoid tissues and, ulvi-
mately, AIDS, with severe immunodehciency with
opportunistic infections, some cancers, weight loss,
and, occasionally, dementia, Treatment of HIY infec-
tion is designed w intedfere with the life cyele of the
viris. Many attempis at vaccine development are
ONEoIgE.

B Review Questions

I What are the most common clinical and patho-
logic manifestations of immunodeheiency disenses!

2 What are some of the mutations thar may block
the maturation of T and B lymphocyres!

3 What are some of the mutations that may block
the activarion or cffector functions of CD4™ T
cells, and whae are the clinical and pathologic con-
sequences of these mutarions?

4 How does HIV infecr cells and replicone inside
infected cells?

5 What are the principal clinical manifestations of
HIV infection, and what is the pathopenesis of
these manifesrarions?
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CDib

CD1c

co1d

coz

| cD3y

R4

Ti1; I...F.ﬁ.--ﬂ:

sheep red
blood cell
receptor

"~ 45kD; class IMHG | Sama as CDia

Principal Features

of CD Molecules

| 49 KD; class |MHC | Thymocytes, dendritic
I family; [} microglobulin | cells (including |
| associated | Langerhans calls) [

| farnily; B; microgiobulin
| associated

| 43 kD; class | MHG

|
. |
Thymocytes, dendritic |
[}

| farmily: B microglobulin : cells (including
| associated ; Langerhans celis),
[ | some B cells

| 43 kD; class |MHC |
| tamily; B microglobulin | cells (including |
| associated | Langerhans cells),
f | intestinal epithelial

[ | calls

APPENDIX

Presantation of
nonpeptide (lipid
and glycolipid)
antigens 1o some T
cells

Same as CD1a

Same as cb ia

| Thymocytes, dendritic | Same as CD1a

50 kD; Ig superfamily; | T cells, thymocytes,
CD2/CD48/CDSS family | NK cells .

' T3; Leu-d

25-28 kD; associated T cells, thymocytes
with CD38 and CD3s in

TCR complax; Ig

superfamily; ITAM in

cytaplasmic tail

Adhasion molecule
(binds CD58); T
cell activation;
CTL- and MNK
call-mediated lysis

Cell surface
expression of and
signal transduction
by the T call
antigen receptor

belong to lamilies of struciurally related proteins. For instance, COta, COMDb, and CD1c are structurally related, bul
digtinct formes ol a fl-microglobulin-associaled nonpolymorphic protein.

*“The amall leliars alixed to some CD numbers reler o complex CD molecules that are encoded by multiple genas or that
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CD3d

cDar s Taileud
“cos T T4; Lews3;

L3T4

CDS T
Ch& ?12 .
co7 —

CDee TB _l.;eu;é:_L',rt;‘ £

Ta_ LEIJ-.-#

Basic Immunodagy: Functions and Disorders of the lmmune System

20 kD:; associated with |
CD35 and CD2¢ in |
TCR complex; Ig
superamily: ITAM in

| cyloplasmic lail

20 kD; associated with

CD36 and CD3¢ in TCA
complex: Ig superfamily; |
ITAM in cytoplasmic tail |

: '55 ED; I-g -s;.lpeﬂamily l

67 kD scavenger
raceptor farmuly

100-130 kD: scavenger |
subsel of B cells

receplor family

40 kD

T cells, thymocytes

T oall.s. thymocytes

Class Il MHC-
restricted T cells,
thymocyle subsels.
monocylas, and
maciophages

T cells, thymocyles,
B cail subset

T calls, Ihyﬁwn-n:-;ﬂ;s.

-. Ht;r_r.lalnpnieli;c-alem- i

¢ cells, thymocytes,

34 kD expressed as
hemodimer gr
hetarodimer with CD8[,;

' g superamily

subsel of T cells
Class | MHC-

| restricted T cells,

thymocyle subsels

Cell surface
expression of and
signal transduction

by ina T cell
| antigen recaplor

Requirad for cell |
surface exprassion

of and signal
transduction by the

| T cell antigen

raceplor !

Sanaﬁg an;i i
adhesion

| coreceptor in class

for HIV retroviruses

| developing

| cell activation
{binds o class |

| development

Il MHC=restricted
antigen-induced T
cell activation
{binds 1o class ||
MHC molaculas);
thymocyle
development; |
primary recephor

$ignaiing_ molecule;
binds CD72

Adhesion of

thymocytes with
thyric apithelial
cells; role in T eall
activation

gi?;nating -

Signaling and
adhesicn
coreceplor in class
| MHC~restricted
antigen-induced T

MHC molecules):
thymocyle
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CD11a

| cD1b

' cD1e

T8; Leu-2; Lyl2
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34 kD; expressed as
heterodimer with CD8ao;
Ig superfamily

|r Same as CD8x

e T

Same as CD8u

DRAP-27;
MRP-1

Common acute

24 kD, tetraspan
(TMASF) family

Platelets, pre-B and
immature B cells,
aclivated and
differentiating B cells,
activated T cells,
eosinaphils, basophils,
endothelial cells,
brain and paripharal
nerves, vascular
smooth muscle cells,
cardiac muscle cells,
epithelial cells

| migration

activation; cell

|
Role in platelet ‘
adhesion and I

100 kD

Immature and some

Metalloproteinase

lymphoblastic maiure B cells;

leukemia | lymphoid progenitars,

antigen granulocyles |

(CALLAY :

meutral | |

endopeptidase | :

metalioendo-

peptidase; |

enkephalinase |

LFA-1 @ chain; | 180 kD; noncovalenily Leukocytes Cell:cell adhasion;

oy integrin linked to CD18 to form binds to 1CAM-1

subunit LFA-1 integrin (CDE4), ICAM-2
(CD102), and
ICAM-3 (CDS0)

Magc-1; Mo1; 165 kD: noncovalently Granulocytes, Phagocytosis of

CR3 (iC3b linked to CO1E8 to form | manocyles/ iCap-coated

receplor); aM Mae-1 intagrin macrophages, NK particles: |

integrin chain cells neutrophil and
monocyte adhesion
to endothelium
{binds CD54) and
extracellular maltrix
proteing

p150; CR4 145 kD; noncovalently | Monocytes/ Similar functions to

o chain; oy linked to CD18 to form macrophages, CD11b; major

integrin chain p150,95 integrin granulocytes, MK cells | CDI1CD18 integrin
on macrophages
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cow'

cD13

CD14

CD15s

CD1B6a

CDigb

pa0-120
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80-120 kD

Aminopeptidaze 150 kD: paplida;a M1

M

Mo2; LFS
recepior

Lewis* (La'}

Siglyl Lewig X
{sLex)

ForRINA

FeyRIIB

tamily

53 kD: Pl linked

Triszecharide

(pohy-h-
acetyilaciosaming}
prasent gn saveral
membrana
glycoprotains and
glycolipigs

Poly-f-
acelyllaclosamineg;
terminat tetrasaccharide
on sevearal call surace
glycaproteins.

50-70 kD Ig
superfamily

50 kD: Pl linked:

lg superfamly

Monccyles.

granulocytes, MK cells

Monocytes.,
granulocytes,
endothelial cells

Manocyles,
macrophages,
granulocyies, soluble
form in serum

Granulocyles,
monocyles

Leukooyles,
endathelium

NK cells,
macrophages, mast
calls

M;ulrophﬂs

| invalved in
| trimming peplides

| neutrophil

Phosphoprotein; -
no known funclion

Anﬂnopeptla’ase

bound to class 1l
molecules and
cleaving MIP-1
chemokine to alter
larget cell
specilicity;
coronavirus
receplor

Binds complex of |
LPS and LPS-

binding protein;
required lor LPS-
mduced

macrophage

activation

Sea CD15s [

Leukocyte

adhesion o
endothelial cells;
ligand for CDBZE,
P (selectins)

Immune complex—
induced callular
aclivation;
antibody-
dependent cellular
cyltotoxicity
Synargy with
FoyRIl in immune
complex—-mediated

activation

"Antivodies thal have been submitied recently or whose reactivily has not bean fully confirmed are said to dentity
putative CD molecules, indicated with a “w” {lor “workshap”) designation,



CD20

ch21

cpz2

| cp2a

Appendix | + Principal Features of CD Malacutes

Laciosylceramide | Lactosy| disaccharide
group of the
ghycosphingolipid

| lactosylceramide

Maonocytes,
granulocyles, platelets,
subsal of B cells

? Phagocytosis of

bacleria

fi chain of
| LFA-1 family;
| Pz integrin
| subunit

95 kD; noncovalently
| linked to CD11a,
| cD11b, or CD11c to
| form @ integrins

Leukocytas

B4 . 95 kD; Ig superfamily

|

!
| B1 | 35-37 kD; tetraspan
| (TM4SF) family
|
|

Most B cells

Sea CO1a,
CD11b, CD1ic

B cell actvation;
lorms a coreceplor
complex with
CD21 and CDE1,
which delnvars
signals that
synergize with
signals from

| B cell antigen

_Mnsl or a.ll B cells

145 KD, regulators of
complement activation
I family

; CR2: C3d

| receplor; B2 |

Mature B cells,
follicular dendritc cells |

receplor complex

7 Role in B cell
aclivation or
regulation; calcium
ion channel

Recaplor for
complemeant
fragment C3d;
forms a coreceplor

| complex with

CD19 and CD81,
which delivers
aclivaling signals
in B cells; Epstein-
Barr virus receplor

' 130-140 kD; ITIM in
cytoplasmic tail;
Ig superfamily

| BL-CAM:; Lyb8

1
]

FeeRllb; low- | 45 KD; C-type lectin

receplor

|
|
|
|
|
|
|
|

affinity IgE |
|
|

B cells

ﬁ;cli;ualad B cn-lls.-
monocytes,
macrophages

|

Regulation of B call
activation, cross-
regulation with
cDig

Low-alinity Fee
receptor, induced
by IL-4;

¥ regulation of IgE
synihesis;

? triggering of

| manocyte cytokine
| release

e e —
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" D24

' coss

CD26

cD2v

CoRa

Coag

cDa1

Heat-stable
antigen (H3A)

IL-2 receptor o
chaln; TAC:
p33

Adenpsing
deaminase—

binding prolaen:

dipeplidyl-
peplidasze IV

Tpd4

fi chain of VLA

antigens: [
inlegein
subunit;
platelei GPlla

Ki-1; Ber-HZ
antigen

| PECAM-1

" 120 kD; TNF-R family

35—-—4.5 kD; Pl linked

55 kDy;, regulators of
complement activalion

family, noncovalantly

associates with IL-2R{

(CD122) and IL-2Ry

T

B cells, granulocyles

Activated T and B

. calls, activaled

| macrophages

{CD132) chains to form ¢

. high-affinity IL-2
recepior

110 kD; type Il
fransmembrane
moleculs

Homodimar of 55-kD
chains; TNF-R Tamily

Hemadimer of 44-kD

chafng; Ig superdamily

130 kD: noncovalantly

finked with CD4%a—d

chaing to form VLA [B.)

integrins

130-140 kD; Ig
superfamily

Activated T and B
cells, macrophages.
MK cells

Most T cells,

medullary thymocytes,

mamory B calls, MK
cells

T cells (mos! CD4,

some CDA cells)

-l:e.uhocy.ftés

cells, NK cells,

| monocytes, Reed-

Sternberg cells in
Hodgkin's disease

Flalahﬂs. munoc-ym._

granulocytes, B cells,
endolhelial cells

| Binds IL-2: subunit
of IL-2R

| Serina peptidase;
| 7 signaling in T
| calls

Binds CD70;
mediates
| costimulatory
| signals for T and B
cell activation;
involved in murine
T eall development

T cell receptor lor

| costimulator
matecules CDB0
(B7-1) and CDBB6

| (B7-2)

| Leukocyle

adhesion to

aextracellular malrix

| proteins and
endothellum (see
cD4g)
Role in activalion-
induced coll death
of COB" T cells;
binds to CD153
(CD30L) on
neutrophils,
aclivated T cells,

| and macrophages

| Adhesion molecule

| involved in the

| leukocyte

| diapedesis




cDa3

cDas

cDas

cDa7

FeyRIIB:
FeyRIIC

Sialoadhesin;
gialic acid-
dependent
cyteadhesion
molecule

| gp 105-120

| CR1;Cab
| receplor

|
——

| Platelet GPIIIb:
| GPIV

40 kD, Ig superfamily;
A, B, and C forms;

of B form, ITAM in
cyloplasmic tail of A
and C forms

67 kD; Ig superfamily;
sialic acid-binding
Ig-like lectin family;
ITIMs in cytoplasmic
tail

| 118 kD: slalomucin

| [eoeas 1D {four

| products of polymaorphic

| alleles); regulators of
| complament activation
| family

Appendix | -

Macrophages,
| granulocytes, B cells,

ITIM in cytoplasmic tail | eosinophils, platelels

|

Principal Features of CD Molecules
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Fe receptor for
aggregated 1gG;
binds C-reactive
protein; rale in

"85-90 kD

| phagocytosis,
ADCC: acts as
| inhibitory recaplor |
that terminates
activation signals
initiated by the B
cell antigen |
receptor
Monocﬂﬂs myeloid Binds sialic acid;
progenitor cells T regulation of
| signaling in i
| myeloid calls l
|
Precursars of | Celi-cell adhesion;
hematopoietic cells, binds CDG2L
endothelial cells in (L-selecting
high endathelial |
venules
Granulocytes, Binds C3b and
monacyles, Cab; promotes
enylhrocytes, B cells, phagocytosis of
follicular dendritic C3b- or Cdb-
cells coated particles
and immune
complexas;
requlates .
complement |
aclivation |
Platelets, mature Scavenger l
monocytes and recaptor for
macrophages, | oxidized low-

microvascular
endothelial calls

Composed of two or
three 40 to 52 kD
chains; tetraspan
[TM4SF) family

B cells, some T celis
and myeloid cells

platelet adhesion;
phagocylosis of

apoptotu: cells

Fn.rms complexes

in membrane with ‘

CDs3, CDa1,

CD8&2, and MHC |

class Il moleculas; |

? signal |
1

| density lipoprotein; |
|
|
1

lransducmn
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coa39

CD40

Char

CDage

CDazb

CDazc

CD4a2d

ENTPD1:
ectonuciegside
triphosphate
diphaspho-
hydrolasa 1

Glycoprotein
b (GPIbY: oy
integrin chain

Platelet GPIX

Platelel GPIbo

Platelet GPIbji
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T8 kD; eclo-apyrase
gene famiky

Homodimer of 44 to
48 kD chains; THNF-R
family

Heterodimer of GPilba
{120 kD) and GPllibb
{23 KD} noncovalenily
linked with GPilla
(CDE1) to lorm
GPlBAlla integrin

22 kDy; lorms complex
with CD42b, ¢, and d

145 kD; disullide linked
with CD42¢ and lorms
complex with CD42a
and d; mucin

25 kD, disulfide linked
with CD420 and forms
caomplex with CD42a
and d

I .ii'lalel.iem.

cells, plasma cels,
activated T cells

| Activated B celis.

aclivaled WK cells,
soma T calls,
endothelial cells

B cells. macrophages.
dendritic cells,
endothalial cells

Platelals,
megakaryocyles

megakaryocyles
See CD42a

See CD4Z2a

| Platelet GPV | 82 kD; forms complex | See CD42a
| with CD42a, b, and ¢

[ MAD
glycohydrolase,
ADF ribasyl
cyclase, and cyclic

| ADP ribose

| hydrolase activities

Ectoenzyme with
ADPase and

| ATPase activities;
regulation of
platelat
aggregation and
thrambaosis |
Binds CD154
(CDa0 ligand); role
in T cell-
dependent B cell,
macrophage,
dendritic cell, and
endothelial call

| actvation

Platelat
aggregation and |
activation; binds
fibrinogen,
fibronectin
| (recognizes RGD
| segquenca)

Platelet adhesion;
binds won
Willabrand factor,
I thrarmbin

| See CDa2a

i
| SGE-EEME_H AR
|
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| Sialopharin; 095-135 kD, sialomucin | Leukocyles (except Adnesive and anti-
| laukosialin circulating B celis) adheasive functions
| CDa4 Pgp-1; Hermes | 80 to >100 kD, highly | Leukocytes, Binds hyaluronan; |
_ glycosylated; cariilage | erythrocyles | invelved in |
| link protein family leukocyte adhesion
to endothelial cells ‘
and extracallular
matrix; leukocyte |
| aggregation |
CD45 | Leukocyle Mulliple isofarms, | Hematopoietic cells | Tyrosine :
| comman 180=220 kD (see phosphatase: plays |
antigen (LCA). | CD45R); protein | critical role in T |
T200; B220 tyrosing phosphatase | and B cell antigen |
| receptor family; | receptor-mediated
| fibronectin type Il | signaling |
| | family : !
CD4SR | Forms of CD45 | CD45RO: 180 kD | CDasRO: memory T | See CD45 '
| with restricted | CD45RA: 220 kD cells, subsetof B | [
| cellular | CD45RB: 190, 205, cells, monocytes, |
expression | and 220 KD iscforms macrophages i
| CD45RA: naive T |
[ cells, B cells, | |
| monocytes |
‘ | CD4SAB: B cells, i
[ | subset of T cells
CO46 | Membrane | 52-58 kD: regulators of | Leukocytes, epithelial | Regulation of !
cofactor protein | complement activation | cells, fibroblasts | somplement |
(MCP) | tamily activation I
| CO47A | RAh-associated | 45-60 kD; Ig Broad Thrombaspandin
[ | protein; superiamily | raceptor; adhesion |
| integrin- I| |
| associated | .
protein (LAP)
CDw149
| cD4s BCM1; Blast-1; | 45 kD Pl linked; Ig Leukocytes | Ligand for CD244;
| Hu; Lym3; superfamily; mouse receptor for
| OX-45 CD2/CO4RICDSE family CD2; ? role in
| | | laukecyle adhesion
' | and signaling
I CD49a @, integrin 210 kD; noncovalently Activated T cells, Leukecyte adhesion
| subunit linked to CD2% 1o form | monocytes to extracellular
'i VLA-1 (i Integrin) malrix; binds
L

j collagens, laminin
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CDagb

o integrin

170 kD: noncovalently

e —

subunit; linked 1o CD25 o form
platelet GPia VLA-2 (B, inlegrin)
 CD4ge T &, integrin Dimer of 130 and 25 kD
subunit chains; noncovalently
linked 1o CD29 to form
VLA-3 (B, integrin)
| El;had ] f u. in:egnrn__ 150 ﬁD: noncovalently
subunit linked 1o CD29 to form
VLA-4 (e f3,) integrin
or to B to form i
iAtegrin
CDage iy integrin Heteradimer of 135
subLnil and 25 kD chains:
 noncovalently linkad to
CD20 to form VLA-S
(B integrin)
CDant o integrin Hetarodimer of 125
subunit and 25 kD chains:
nencovatenily linked o
CD29 1o torm VLA-8
(f, integrin}
CD=0 ICAM-3 110=-140 kD; Ig
s«up&ﬂamuy
<051 i, integrin Heterodimer of 125
subunit: and 24 kD chains;
vilronectin noncovalently
FECApION o associates with CDE1
chain te farm witronectin
mcﬂptnr mlegrln
CDs2 — | 25-2'.9 kD
|
|
CD53 OX44 32-42 kD tetraspan

| (TM4SF) family

| O —

endothelium | CD11aCDis
Platelets, Adhesion: receptor
megakaryacyles | far vitronectin,
fibrinogen, von
Willebrand factor
(binds RGD
sequence)
Thymacytes, Function unknown;
Iymphocytes, anti-C052
monacyles, antibodies used lo
macrophages, male treatl lymphold
genital tract epithelial | malignant tumaors
celis
Hamalupmel-c cells 7 Signaling

Platelets, activaled T

cells, monocyles.
some B cells

T ealls, some B cells,
monocyles

T cells, monocytes, B
cells

T celts, igw B celis
and monocyles

Plaialeis,
megakarnrocyles.
aclivated T cells,
manooytes

Leukocytes, some

| matrix; binds

—r—

Leukﬂcyls adhesgion
o extraceliular

collagen, laminin

e ————

Leukacyte adhesion
o extracellular
matrix; binds
fibronectin,
collagens, laminin

Leukacyle adhasmn |
1o endeothelium and |
extracellular

malrix; binds to
YCAM-1 and

MAJCAM-1; binds |
fibranectin and [
collagens

Adhesion to |

| extracellular |
! matrix; binds

libronectin

Adhesign o

extraceliular

matrix; binds
fibronectin

Mhesmn hmds
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CDs4

| ICAM-1 75114 kD; Ig Endothelial celis, T | Cell-cell adhesion; i
superfamily cells, B cells, | ligand for
| monacyles, | CO11aCO18 (LFA- |
! endothelial cells 1) and CO116CD18
| {cytokine inducible} | (Mac-1); receptor |
| | tor rhinovirus |
CDSS Decay- 55=70 kD; Pl linked; Broad Reqgulation of l
| acceleraling regulators of complement I
| factor (DAF) complement activation aclivation; binds |
| family | C3b. Cab
CD56 | Lew-19; NKH1 | 175=220 kD; isolorm of | NK cells, subsel of T ! Homotypic
neural cell adhesion and B cells, brain adhesion |
molecule (N-CAM); Ig |
| suparfamily |
CDsY | HMK-1; Leu-7 Carbohydrate epitope WK cells, subset of T 7 Adhesion
on many cell surface calls, monocytes
giycoproteins and
. glycolipids
= — = — = —— S
CD58 | Lymphocyte 40-70 kDv; Pl linked or Broad Leukocyte |
| function- intagral membrane adhesion; T cell |
| associated protein; CO2CD48/ costimulation;
| antigen-3 CD5& family binds CD2
| (LFA-3) |
CDso | Membrane | 18-20 kD Pl linked, Broad Binds C8; inhibits
| inhibitor of | Ly-6 superfamily formation of
| reactive lysis complement
{MIRL}) | mambrane allack
l | complex
| COwso GD3 | 120 kD; g-C-acelylated | Subset of T cells, Unknown
! disialosyl group platelets, thymic |
| predominantly found epithelivm, activated l
| on ganglioside D3 keratinocytes |
| —— — !
| CD&1 B integrin | 110 kD; noncovalently | Platelets, See CD51, |
subunit; linkad to CDS1 1o form megakaryocyles, CDa1
vitronectin vitraneclin receptor endothelial celis, |
| raceptor fi (intagrin): noncovalantly | leukocytes |
chain; GFIlla linked to CD41 to form |
companent of GPIL/GPIa (integrin)
GPRIGPIa
integrin
CDE2E E-selectin; 115 kD; selectin family | Endothelial cells Leukocyte- (
ELAM-1 endothelial |
, adhasion |
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coe2L

CDazP

cDs3

CD64

CDEGa

CDEGED

CDS6c

CD&6d

L- sele«:lm
LAkE-1:
MEL-14

P-selectin:

gmp 140
PADGEM

Granulaphysin:

lysosome-
associated
membrane
protgin 3
(LANP-3)

EoyAl

Caramide-
dodecasac-
charnde: ViM-2

. NCA-160

bifiany
glycoprotein
(BGP)

CDE7: CGME;
NCA-95

NCA

. f:Gr;n

| 95-100kD: Ig

74=95 kD saleclm
family

120 kD: selectin family

40-60 KD: tetraspan
(THEASF) farmily

|
75 kD: Ig superlamily:
noncovalently
assacialed with the
cammon FoRy chain i

Carbohydrale epitope
on ceramide glycolipid

140-180 kix g
superiamily;
carcinoembryonic
antigen (CEA) family

supariamily;
carcinpembrycnic
anlug&n lGEAJ famiky

g0 kD Ig superfamily;
carcinoembryonic
antigan (CEA) family

35 kD, Ig superlamily;
carcincembryonic

- antigen (CEA) farmily

| Granulocyles

B calls. T cells,
Manocyles,
granulocyles, some
NEK celis

Platelals, endothelial

cells: (present in

granules, transiocated

to call surface upon
ar;:n.rahnn]

Actlivated plalalals
endothelial celis,
neutrophits,
monocyles,
macrophages

h-'lnnnn-;.dﬂ;.
macrophages,
aclivated neulrophils

Granuloocyles

éranaluaﬁas_
epithatial cells

: Granulocyles,

epithelial cells

Granulocyles

Laukocyle-
endothelial
adhesion; homing
af naive T cells to
peripharal lymph
nudes

Laultocyte

| adhesion to

| endothelium,
platelets; binds

chis2 (PSGL-1)
Unkrown {

High affinity Foy
receplor; roke in
phagocylosis,
| ADCC,
macrophage

activation

| Unknown

| Unknown; receptor
for Neissera

| gonorrhogae and
Neigsaria

| rmnmg.lb'u'is

]
I BRI

? Rale in cell-cell

| adhesign; 7 role in
| signaling

7 Role in cell-cell
adhasion;

| 7 regulates integrin
acluml,.r

' 7 Role in cell-cell

| adhesion;
7 regulates integrin
a::twnt‘y'

e



Carcinogm-

180-220 kD: Ig

Colonic and other
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? Adhesion; clinical

|
| bryanic antigan | superfamily; | epithelial cells marker of |
| (CEA) | carcinoembryonic i carcinoma burden |
' ' | antigen (CEA) family |
Coes! | Pregnancy- i 54-72 kD: Ig i Placental Unknown
| specific | superfamily; | syncyliotrophoblasis,
glycoprotein carcinoembryonic fetal liver |
| (PSG) | antigen (CEA) family |
COoGE . Macrosialin | 110 kD; mucin; Manocytes, Unknown
[ | lysosome-associated macraphages,
mambrane protein dendritic cells,
' | (LAMP) family; granulocytes, aclivaled |
. | scavenger receptor T cells, subset of B
| | family cells, intracellular
| | protein, weak surface
[ | BXQrEssion
CD&S Activation | Homodimer of 28 1o Activated leukocyles | Signaling in
inducer | a2 kD chains; C-type inclading T cells, B different cell types
molecule (AlM) | lectin calls, MK celis,
neutrophils, basophils, |
eosinophils, platelets, |
| Langerhans cells
CO70 Ki-24 | 75-170 kD; THF family | Activated T and B Binds CD27;
cells, macrophages provides
I costimulatory
l swgnals for T and B
| ! cell activation
co71 T9; transterrin | Homodimer of 95-kD | Activated T and B | Receplor for
receptor chaing | celis, macrophages, 1 transferrin; role in
praliferating cells iron metabolism,
call growth
co72 Lyb-2 (mouse) | Homodimer of 38 to B cells Ligand tor CDS5;
43 KD chains; C-lype T role in T cell-B
| lectin | cell imeractions
| cos Ecto-5"- 69-70 kD; Pl linked Subsets of T and B Ecto-5'-
' nuelestidase cells, germinal center | nucleatidase;
L fallicular dendritic cells | signaling in T celis
| CD74 Class Il MHC | 33-35 and 41 kD B cells, monocytes, Associates with
( imvariant {y) isoforms macrophage, other and direcis
chain; I class Il MHC— intracellular soring
expressing cells of nawly
synthesized class
. 'I Il MHC molecules |
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co75
CD75s

CO77

CD.T-"-Qa

LU ED

£
L
o
£

Cha2
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Lactosamings

Pk blood group
antigen:
Burkilt's
lymphoma
antigen (BLA):
ceramide
trinexosice
(CTHY); globotri-
aosylceramide
(GB3)

Igez, MEBA

Iof, B2S

B7-1; BB1

Target tor
antiproliferative
antigen-1
(TAPA-1)

| 4F9; C33; 1A4;
KAIT: R2

. Carbohydrate epumpa

Carbohydrate apnlcpa,
smlu-glycan

—

Carbohydrate epllnpe |

32-33 kD; iorms dimer
with CD73b; 1g
superfamify: 1TAKM in
cytoplasmic tail

37=39 kD; lorms dwmar
with CD79a: g
supariamily: ITAM in
cyloptasmic tail

60 kD lg supedamily

26 kD: fetré@pan '
{TMASF} family

| 45-80 kD; tetraspan

| (TMASF) tamily

| Mature B cells, subset
| of T cells

Garrmna1 cenh&r B
cells

Matlure B celis

Malure B calls

Dendritic cells,
activated B cells and
macrophages

‘Hematopoietic ceils,
| endothelium, apithalial
cells

| Broad

Unknnwn

ca“ adhesion;
blnds CDEE

| Unknuwn.
| 7 induces
i apoplosis

| Ftﬂqmred Inl cell
| surtace axpression
of and signal
transduction by the
B cell anligen

| receptor complax

Required for call
surlace expression
of and signal
transduction by the
B cell antigan
receplor complex

Costimulator for T
| lymphaocyte
activation; ligand
for GD28 and
cDis52 {CTLA—A}

B cell activation;
forms a eoreceptor
| compex with
CD19 and CD21,
| which delivers
| signals that
synergize with
signals from B cell
antigen receptor
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} Liﬁhno-vn

43 kD; g superamily Dendritic celis,
| Langerhans cells, | {
germinal center B |
cells
CDad -_— 68-80 kD; Ig Monocyles, Unknown ‘
superfamily; CD2f macrophages, subset
CD48/CDSE family of T cells, mature B |
cells, platelets
C0o8s | ley=Hke Mo kD, Ig MK cells, B cells, MK cell inhibitary |
transcripl {ILT) | superamily; killer plasma cells; receptor I
leukocyte Ig- cell Ig-like monocylas, T |
| like receptor receptors (KIR) cell subset |
(LIR) |
ZDss | B7-2 B0 kD; Ig supardamily B cells, monocyles, : Costimulator for T |
dendritic cells; sama | lymphocyte |
| Teells | activation; ligand |
i | for CD28 and |
| CD152 (CTLA-4) |
CDBeY Urokinase | 35=-59 kD; Pl linked Ir_T celis, NK cells, | Receplor lor
plasminogen | | monocylas, - urokinase
| activalor | neutrophils, | plasminogen
receptor | | endothelial cells activator; role in !
(UPAR) ! I | inflammatory cell |
| | | adhesion and
| migration
cDas CSa receplor 43 kD; G protein- I Granulocytes, dendritic| Recepter for GSa |
coupled, 7-membrana— | cells, mast cells complement .
spanning receplor fragment; rale in |
family complemeni- |
induced |
inflammation |
|t CDag Feo receptor 45=100 kD; Ig Granulocytes, Binds IgA; 1.
{FoaR) superfamily; monocytes, mediates IgA- [
noncovalently macrophages. T cells, | dependent celiular
‘ associated with the MK cells cytotoxicity |
common FcR y chain |
. COo0 Thy-1 25=35 kD; Pl linked; Ig | Thymocytes, Marker for T cells;
. suparfamily paripheral T cells ? role im T cell
(mice), neurans (all activation

species)
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coa1

i Gﬁé-z

CDwa3

CD36

coa7

CDoa

CDas
Chion

| CD101

o2

macroglobulin
receptorn, low-

density
lipoprotein
receplor—

related protein

(LRP)

CTLY

Kpa3; KIR

© Fas antigen,
APO-1

T call activation ' 160, 180, 240 kD lorms:

ﬁﬂﬂ- k_D i-DL_rEn-pm
family

RETT

increased late

expression
(TACTILE)

~ BL-KDD/F12

 4F2; FRP-1
E2MICZ
SEMAGD

P126; V7
|

aini

C10KD;
staloglycoprolein

-?;ﬁ-kt;:-c-{g;ﬁé_lév;un; ¢}. I

MK cells. covalently
assambles with other
C-type lectin molecules
{MKGEE)

Homotrimer of 45 kD
chains: TNF receplor
farmily

Ig superamily; mucin

74, 80, 89 kD forms;
G protein=coupled
receptor family

" Heterodimer of 40 and
BO-kD subunils

32 kD

| 120 kD; Ig superarmily;

| semaphaorin

| Homodimer of 120 kD
chaing; lg superamily

1
||

Basic Immonology: Funchions and Disorders ol the Immune System

| Monoeytes,

| Macrophages and
| monocytes

granulocyles,

endothelium

Meutrophils,
monecyles, andothelial
cells |

ﬂK cells: subset of
COoB" T calls

Mulliple cell types

T cells

Broad

Broad

| ransporter
| Unknown

Broad
Hematopoketic cells

Granulocyles,
monocytas, dendritic
cells, aclivated T cells

| leading o

| Unknown

7 Inhibitory

inds low-density
lipoproteins
| Unknown
U;'r;nnwn N :
COO4NKG2 |

complax functions
as an NK cell killer
inhibitory receptor;
binds HLA-E class
I MHC molecules

Binds Fas ligand,
mediatas signals

activation-induced
call death
Unknown

7 Aming acid

? Signﬁng

signaling in T cells

P o
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ICAM-2 55-65 kD: Ig | Endotheial cels, | Ligand for
suparfamily | monocyles, some | CD11aCD18 (LFA-
| lymphocytes | 1); cell-cell
| | | adhesion
HML-1; cte Dimer of 150 and 25 kD | Intraepithelial | Role in T cell
integrin subunit | subunits; noncovalently | lymphacytes, other homing 1o mucosa;
linked to [i; integrin | cell types | hinds E-cadherin
subunit to form ogf, | {
integrin {
o104 B integrin | 205-220 kD: Thymoeyles, epithelial | Adhesion; binds
subunit noncovalently linked to | cells laminin

CD491 (o) integrin
subunit 1o form o

| integrin | .
cO105 | Endoglin Homodimer of 90-kD | Endothelial cells, | Binds TGF-j;
subunits activated modulates celiular
| macrophages | responses lo
| ! | TGF-p
cooe | Wascular cell | 100-110 kD; Ig | Endothelial cells. | Adhesion; receptor
adhesion superfamily | macrophages, | for COM8dCD29
| molecule-1 | lollieular dendritic (WLA=-4) intagrim;
| (VCAM-1) cells, marrow siromal | role in lymphocyte |
INGAM-110 | cells | trafficking,
! | activation; role in
[ , hematopaiasis
CD107a | Lysosome- 110=-120 kD Activated platelets, | Lysosomal pratein
| associated | activated T cells, | translocated to cell
| membrane- | activated endothelium, | surface after
protain 1 | activated neutrophils | activation;
(LAMP-1) ! | 7 adhesion
CD107b Lysosome- 120 kD | Activated platelets, | Lysosomal protein
associated I | activated T cells, | ranslocated to cell
| membrane | activated endothelium, | surace after
| protein 2 | | activated neutrophils | activation;
(LAMP-2) | # adhesion
cDina John-Milton- 76 kD; Pl linked ’- Enylhrocyles, | Unknown
Hagen (JMH) | lymphocytes
human blood ' .
group antigen | |
cDio9 B8A3; E123 i 170 kD: Pl linked Endothelial cells, Unknown
| activated platelats,
| activated T
| | lymphocytes
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como

coinm

coviz

CDi4

COD115

Cone

CDi19

MPL: TPO-R;
C-MPL

PVRL1; PRAT;
HewvC: mectin:

FPVR2: HveB:
nectin-2

Granulacyte
colomny-
stimulating
factar (G-CSF)
receptor

Macrophage
colony-
stimulating
factor receptor
(M-CSFR)
CSF-1R

Granulocyte-
monocyte
colony-
stimulating
facior receptor
(GM-CSFR)
chain

c-Kit. stem c2il
factor recepior

Inlerferon
(IFM)ece,
receplor

Imaferon
{IFN)- recepior

Basic immuniobogy: Functions and Disosders of the Imemene System

B5-82 KD:
hematopoetin
receplor family

75 kD: lg superamily;
poliovirus receplor
tamily

B4-72 KD: Ig
superlamily; poliovirus
receptar family

150 kD: lg suparfamily:
type | cytokine recaplor
family

150 kD g superfamily;
Iwrosing kinase receptor
Tarmily

BO kD inmteracts wikth the
common § subunit
(CDw131) of the G-
CSF. IL-3, and IL-5
raceplors; ype |
cytokine receplor family

145 kD: Ig superfamily;
tyrosine Kinase receplor
family

Type Il cylokine
racaplor family

90-100 kD: type I
cyloking receptor family

Hemalnpniétir: -ce.llg.. :

Hematopoiatic cells;
epithelial cells;
neurans

Hemalopoiatic cells

Granulocyles,
monocytes, platelels,
endoinelial celis,
hematopoielic cells

Monacyles,
macmphages.
hematopoiatic cells

Myeloid celis and their
hematopoialic
pracurscms

Hermalopaiehc stem
and proganilor cells,
fissue mast cells

Broad

Macrophages,
manocyles, dendrtic
cells, B cells, T cells,
endainelium. apithelial
celis |

' Tm;rrﬂ:oépoiﬂﬁn

Adhesion

receplon
megakanyacyle
differantiation

molecule;
harpasvirus
receplor
Adhesion;
herpesvirug
receplor

Binds and
mediates biclogic
affects of G-C&F

Bindds and
mediates biclogic
effects of M-CSF

Binds and
mediates bialogic
eflects of GM-CSF

Binds and
mediates biclogic
effacls of c-Kit
ligand (stem call
factor)

Binds and
mediates biclogic
effects of IFN-cp

Binds and
mediates biologic
effects of IFN-y

___._!
|




CD120b

ci21a

cDi21b

chzz

cDi123

 CDw124

| cp1zs

Homotrimer of 55 kO
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CDw131 o form
functional IL-5 receplor

| biologic affects of
IL-5

55 kD) tumer | Broad | Binds and ;
necrosis facter | chains; TMNF-A family | | mediates most {
{TNF) receptor; | ; biclogic effects of :
THF-RI | | | TMF- Emd TNF |'l |
B (i 1. B - - Wil ;
| 75 kD twmer | Homolrimer of 75kD | Broad Binds and |
| necrosis factor | chaing; TNF-R family | mediates some |
(TMF) receptor; | | biologic eflects ol
| TNF-RIL f | | TNF-ce and TNF-}
Typn 1 IL 1 | 80 kD; lg superamily I Broad | Binds and |
| receptor | mediales blwc ;
\ [ | eflects of IL-1ox |
f | | and IL-1f |
Type 2 IL-1 | B0O-70 kD; Ig B cells i Demy- fmaplur |
receptor | superfamily | that binds IL-1c
| | and IL-1p but does
| l not mediate
| biclogic aﬁects
: IL-2 receplor [ ; TO-75 kiD; type | T cells, B calls, MK : Slgnahng and
| chain | cytokine receptor cefls, monocytes, | binding component |
family; associates with macrophages | of IL-2 and IL-15
| CD25 and CD132 to receplors; critical
| | form high-atfinity IL-2R for mediating
| biologic effects of
: | -2and IL-150n |
| | T ecells and NK |
| | cells
IL-3 receptor | 70 kD; type | cytokine | Monocytes, ' Binds IL-3 and in
| o chain | receptor family; | macrophages, associalion wilh
associates with the | megakaryocyles, CO131, mediales
| common CD131 | bone hematopoietic | biologic effects of
I signaling chaln | pracursor cells IL-3
| IL-4 receptor | 140 kD; type Icymkm | B cells, T cell, Cyloking binding
| @ chain | receptor family; endothelium, | subunit of 1L-4
| associates with CD132 hematopaietic | receptor; also
| | to form functional IL-4 precursor cells subunit of IL-13
| receptar | receptor
i IL-5 receplor 60 kD; type | cytokine Enﬁlnnpl'uls. activated Bmds IL- 5 and in
| o ehain raceptor family: B cells, basaphils association with
[ associates with | COW131 mediates

e ——
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CDn2é

cDzy

CDw128a

CDw128b

coas
CD130

cbi3

IL-6 recepior

e chain

IL-7 receptor
o cham

CXCR1; IL-8
receptor o

GXCRz; IL-8
receptor [

Unassigned

IL-6 recepior i
chain (IL-BR{):
IL-11 receplor
B chain
(IL-11RE):
oncosialin b
recepar fi
chain
(OSMRE):
leukemia
imhibitory factor
receptor [
(LIFR{}): ap
130

Common i
subunit of IL-3
receptor (IL-
3R), IL-&
receplar (IL-
5R}, and
granulocyte-
monocybe
calony-
stimulating

factor receplor |

(GM-CSFR)

80 kD: type | cytokine

receplor family; g
suparfamily; associates
with CDw130 o form
functional IL-6 receplor

65-70/90 kD; type |
cyloking receplor
family, associates with
CD132 1o form
functional IL-7 recaplor

58-67; G protein—
coupled, 7-membrans—
spanning receplor
family

G protein=couplad,
T-membrane-spanning
receptor family

130-140 kD: Ig
superfamily; type |
cytokine receplor
family; assoclatas with
ligand binding chains
of IL-6 {CD125). IL-11,
oncostatin M, and
leukemia inhibilony
factor receplors

120140 kD; Ig
superfamily; type |
cytoking receptor
family; associates with
w chains of 1L-3R
({CD123), IL-5R
(CD125), and GM-
CSFR (CD11g)

| Lymp-hocyt; -
precursors in bone
marrow, T cells

Activated B cells,

plasma cells, other

laukocytes

I
!

Binds IL-& and in |
association with :
| CDOw130 mediales |
biologic effects of |

| Binds IL-¥ and in
association with
CD132 mediates
| biclogic effects of
| =7

Nﬂu!mphuls_. I::asnph«il.s.-i_slnds an.ﬂ

mast cells, T cell
subsels

Né;u.umphil-s. mast"r.alls E_E.h&s and

Broad

* Myeloid cells and their  Signaling functions
progenilors, early B

cells

mediates bislogic
| effects of IL-8

mediates biologic
| effects of IL-8

I

| Signaling funclions
of receptars for IL-
&, IL-11, oncostatin
M, and LIF

I

of receptors for
| IL-3, IL-5, and
| GM-CSF
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65 kO, Ig superfamily; T cells, B cells, NK Some of the

chiaz2 | Common |
| ehain (y2) of type | cytokine receptor | cells, monocytes, | signaling functions
| IL-2 recaptor family; associates macrophages, | of receplors for IL-
{IL-2R], IL-4 | with other chaing of neutrophils 2, IL-4, IL-7, IL-9,
| receptor IL-2RA (CD2s, CO122), | and IL-15
| (IL-4R), IL-7 | IL-4R (CD124), IL-TR | |
| receptor | (CD127). IL-9R, and | '
| {IL-7R), IL-9 | IL-15R (IL-15Rc, | |
| receptor | €D122) | .
{IL-2R), and |
interleukin-15 | |
receptor [ I
(IL-15R) | [
20133 PROMLY; i 120 kD; pentaspan | Various stem cells | Unkrown
AC133; | transmembraneg |
| hematopoietic : glycoprotein family .
stern cell | [
anligen ! f
cD134 Qx40 | 50 KD; TNF receptor Activated T cells | Costimulatory

| family | signaling in T cells;
binds OX40 ligand

hepatocyte growlh
factor-like {(HGFL)

CDi3s FMS-like 130 kD; tyrosine kinase | Myeloid and B cell | Growih factor
wyrosing kinase | receptor family | progenitor cells | receptor invalved
3 (Flt-3); Flk-2; | | in hematopoiesis;
STH-1 | binds FIt-3
CDOw136 | Macrophage- Heterodimer of 150-k0 | Epithelial cells from | Role in cell
stimulating | and 40-kD chains; | various tissues | migration and
protein | tyrosine kinase ' | growth; binds
receplor (MSP | receplor famiky | incompletely
receplor); | [ characterized
Ron | | growth factors—
| macrophage
{ stimulating protein
[ (MSP) and
|
|

CDw137 | 4-1BB, induced | B85 kD: TNF-receptor l T lymphocyles, Costimulation of T
| by lymphocyte | family i B lymphocyles, | cells; binds an
| activation (ILA) monocytes, epithelial | incompletely
| cells characterized
| ligand on B cells
i | and macrophages
[ . sl e e e e e e e RSN teio
| CD138 Syndecan-1 Heparan sulfate | Antibody-secreting ! Unknown
proteoglycan B cells
— e — — — L




CDi3g

CD140a

CD140b

Coid

coaz

wd

s LA 1 08

e BE T |
Lol Eiadd

CO46

CDa7

Platelet-derived
grewth factor
receptor o
(PDGFR o)

Platelet-derivad
growih factor
recaptor B
(PDGFR i)

Fetornodulin:
thrombomodulin
(T™)

Coagulation
factor H1:
thromboplastin:
tissue facior
(TF)

Angiotensin:
convering
enzyme (AGE)

Cadherin-5;
VE-cadhernn

AZEZ; MCAM,
MUC18, Mel-
CAM, S-endo
5A11; basigin;
CED; HT7; ME:
neuratheling
Ox-47

209, 228 kD

180 kD; wyrosine kinase
recaptor family;
asseciales with [} chain
ol PDGFR

180 kD: lyrosine Kinase
receplor family;
associates with o chain
of PDGFR

75 kD. 105 kD: C-typa
fectin

Coagulation faclar 1)
thramboplastin: tissue
lacior (TF)

170-180 kD

139. 135 kD; cadherin
family

118, 139 kD;
Ig superfarmily

| 55-65 kD: Ig

superfamily

- B I:.rmph;:rc?les.

monocytes,
granulocyles

Broad

: Unknown

In. as:so-dation with
CD140b, binds

| and mediates

Broad

bialogic effects of
PDGF

In assocwation with

| CD140a, binds and

Endathedium

Epithelial cells and
siremal calls in
Varnous lissues.
activated endolhelial
calls

Endathelial cells,
epithelial calls,
neurons, activated
macrophages, some
T cells

mediates biologic
efects of PDGF
Regulalion of
coagulation

Binds factor Vila 1o
form an enzyme
that initiates the
blood clotting
cascade; regulates
factor Vila sering
protease activity
Peplidyl-dipeptide
hydrolage

invalved in
metabolism of
vasoaclive

| peplides

Endothelial calls

Endothelium, smooth
muscle, subpopulation
of activated T céils

Leukocyles, red I:Io-uct i
callz, platelets,
endothelial cells

angiotensin 11 and
bradykinin
Organizes
adherent junction
in endothelial cells,
which control cell-
cell adhesion,
permeability,

and migration

" 2 Cell junction

adhesion molecule

7 Adhesion




CD130

CD151

CD152

CD153

CO154

cD155

' CD156a

CO1560

Signaling
Iymphocyte
aclivation
molecule
(SLAMY); IPO-3

PETA-3; SFA-1

Cytotoxic

T lymphocyte=
associated
profain-d
(CTLA-4)

CD30 ligand
{CDaoL)

CD40 ligand
{CD9oL);
T-BAM; TMF-
related
activation
protein
{TRAPF); gp39

| Poliovirus

receplor

ADAMIT:
lumor necrasis
factor o
converting

| 240-260 KD; protein
Iyrogine phosphatase

| 7595 KkD; Ig
supearfamily

32 kiD: tetraspan
(TKI4SF) tamily

33, 50 kD; Ig
superfamily

40 kD; TNF lamily

Homotrimer of 32 1o

39 kD chains; TNF

| recaptor family

' 80-90 kD; Ig
| superlamily

| ADAMS; MS2 |

69 kD; metalloprolease

family; disintegrin family
100=-120 kD; disintegrin

and metalloproleasea

| families

anzyme (TACE)

Appendix | + Principal Features of CD Molecules

| Granulocytes,
monacytes, T calls,
dendrilic cells,
platelets, fibroblasts,
nenve cells

| Thymocytes, activated ;

lymphocytes, dendrtic
cells, endothelial cells

Plalalets,
megakaryocytes,
hematopoietic cells,
epithalial calls,
endothelium

Activated T
lymphocyles

Activated T cells,
rasting B cells,

. granulocytes,

thymocytes

Activated G049 T cells

. Broad

Neutraphils,
monocytas
Broad

Unknown

Regulation of B
cell=T cell
interactions and
proliferative signals
in B lymphocyles;
binds itzelf as a
self ligand

7 Adhesion,
platelat
aggregation

Inhibitory signaling
in T cells; binds
CD80 (B7-1) and
CDa6 (B7-2) on
antigen-presenting
calls

Aole in activation-
induced cell death
of CD8" T cells;
binds to COA0

Activates B cells,
macraphages, and
endothelial cells;
ligand for CD40

Unknown function;
used by poliovirus
to infect cells

' 7 Role in leukocyle
extravasation

Proteolysis and
release of aclive
farms of TMF and
TGFax
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CD158

CD158A

CD150

CDig1

CDig2

CO1e63

Chigs

CDi165

BP-3F-7;
BST-1: Mob

Killer cafl Ig-
like receptors
(KIR); KIR2D.
KIR3D

MNKG2A;
MKG2E:
KLRC1: kitlar
cell lectin-like
recepior
subfamily C

BYS5

MER-F1A:
KLRB1

PSGEL-

GHI/B1; M130

MUC-24;
multighycosyiated
core protein 24
(MGC-24v)

ADZ: gpa7

Basic Immunclpgy: Functions and Disorders of the Immme System

plecular structure,

42-45, 50 KD: P linked

50. 58, 7O kD Ig
superfamily; killer
cell lg-like
recepiors (KIR):
ITIMs or ITAMs in
cytoplasmic tail
C-type leclin;
ITiks in
cylosplasmic tails
ol NEKG2A:
WEE2E

Homodimer of

80 kD chains: 1g
superdamily;
glycosylphosphatidyl-
inositol-linked

Homodimer of 40 kD
chains; C-type lectin

Hemodimer of 120 kD
chaing; sialomucin

130 kD; scavenger
receplor cysigine-rich
family

80-20 kD; sialomucin

37, 42 kD

| Monocytes,

| Mature Iy-:nphmta-s, '

Granulocyles,
monocyles, Band T
cell progenitors,
bone marrow stremal
cells

MK cells, some T
cells

| ADP ribose

ADP ribasyl
cyclase and cyclic

hydrolase
activities; 7 role in
lymphocyle
devalopment

Inhi-bitiun- c; o
activation of NK

i cells upon binding

MK cells

MK cells, some T
cells

i
MK cells, subset of T
calis |

T cells, monocyles,
granulocyles, some
B cells }

macrophages

Hematopaietic
progenitor cells

'J' ﬁ_l.uhasiun

thymocytes, thymic
epithetial cells,
monocyles, platelets,
CMS neurcns

2 Adhesion of
! hematopoietic cells

calls

class | MHC {
malecules
Inhibition or
actvation of MK
cells

Binds to class | or

| class I-like MHC |

molecules

Raole in MK ceall
activation

Ligand for selactins
(CDE2E, CO&2P,
CDE2L): adhesion
of leukacytas o
andathelivm

Unknown

to Done marrow
slroma

between

thymocytes and
thymic epithelial




| coies BEN: DM-
' GRASP; KG-
CAM; SC-1;

Appendix | - Prncipal Features of CO Molecules

100-105 kD Ig |

superfamily |

Activated T cells,
activated monocyles,
epithelium, neurcns,

255

| Binds CDE;
| unkrown function

| activated | fibrablasts
| leukecyte cell f
| adhesion | |
| molecule |
| (ALCAM) | .
CD167a | DDRA1: trkEi 62 kD: tyrosing kinase Marmal and | Binds collagen |
i cak; eddr receptor family transformed epithelial | |
cells | |
!_ - ——— e S — P— |
CD168 HMMR; IHABP: | BB, 84, 80 kD Thymocytes, | Binds hyaluranan:
RHAMM | hematopoiatic stimulates callular
progenitors, malignant | motility |
| B cells, monocytes { {
CD169 | Sialoadhesin; | 180 kD; Ig superfamily; | Macrophages | Binds sialylated '
| siglec-1 | sialic acid-binding Ig- | ligands; cell-cell
like lectin (sigles) family | | and cell-matrix
| | adhesion |
—_—— —— — e - — —_— —— —— - - — —_——— - a I
CD170 Siglec-5; 70 kD homodimer; lg | Meulrophils, Binds sialylated [
| OBBP2, superfamily; sialic acid = monocyles, | ligands; cell-cell |
chasLz binding-lg-like lactin | macrophages and cell-matrix |
| (siglec) family | adhesion |
cD171 L1 LICAM: | 140220 kD depending | Neurons, Schwann cmm‘
| N-CAM L1 | on cell type; Ig cells, epithelial cells, | molecule required |
| superfarmily cDa' T cells, for normal |
i myelomonocytic cells 'I neurchistogenesis |
cD172a |_E!HP MYD-1, | lg superfamily, Meutrcphils, | Inhibitory receptor |
| SHPS1, signal-regulatony- manacyles [
SHPS-1, pratein (SIRF) family; |
protein tyrosing [ ITIM in cytoplasmic tail |
phosphatase, [
nanneceptor I [
type subsirate |
1 |
| con73 Blood group Carbohydrate epilope Broad Blood group 1
Htypa 2 antigen .
| co174 Lewis y Carbohydrate epitope Broad | Blood group i
| | antigen |
| cp17s n Carbohydrate epitope | Broad Blood group |
| antigen |
T - - — — — — —_— - _—t e = = |
CD175s Slalyl-Tn Carbohydrate epitope Broad Blood group
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D176

CDTT
cD178

CD172a

co1790

CDes

CD184

IGLLY;

" LvB4: RP105

" CXCRa: fusin:

- FB22

TF

MB1; HNA-2a

Fasl; CDa5L;
APO-1;
THESFE;
APTILGT;

VpreB; o
VPREB1:
IGVPB: la

lambdas:
Igomega:
IGVPB: 14.1
chgin

CXCR3: GPRS;
CKR-L2;
1P10-R:

Mig-R

LESTR; _
NPY3R; HMBY; |
i
|

Carbohydrate epilope

64-68 kD
40 kD: larms

homaotrimers; TNF
family

16=18 kD Ig
superfarmily

22 kD: Ig superamily

" 95-105 kD; Toll-like

receptor (TLR) family

40 kD: CXCR
chemokineg I'E'Eﬂplﬂr
family

| 40 kD; CXCR

chemokine receptor
family

Meutrophils

Activated T celis, NK
cells, tumar cells,
retinal cells,
endothelial cells;
broadiy inducible

Fro-B and early pre-B
cells

Associates

Blood group
| anfigen
| Unknown
Binds CD95 (Fas):
induces apoplosis
via Fas pathway

noncovalently with |
CD175b to form i

| surrogate light

chain componeant
of pre-B cell
receptor réguirad
for B cell

| development

Pro-B and early pre- | Associales

B calis

B cellz, monocytes,
dendritic calls

| T cells, subsets of B

cells and NK calls

Broadly expressed on
binod and tissue calls

noncovalently with

| CD179a to form

| surrogate light
chaln component
of pre-B-cedl
receptor required
for B cell
development

Associates with
MD-1 to form
RP10S/MD-1

| complex, which

| works with TLR-4

| in LPS-induced

| signaling

| Cell surface

| receplor for
chemokines,

| including IP10,

| Mig, and I-TAC

| Cell surface

| receptor for

! chemokine SOF1;

| eofactor for T cell-
tropic HIV entry

| into cells
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L1; L1CAM; 40 kD: CCR chemoking | T cells and Cell surface
M-CAaM L1 receptor family macrophages receptor for
chemokines MCP-
2, MIP-1e, MIP-1B, |
and BANTES:
| colactor for
macrophage-iropic
| HIV entry into cells
ChOwi1a7? | ccR7? 40 kD; CCR chamoking | T cells, dendritic cells | Cell surface
| CMKBRT: recaptor family receptor for
| BLR2; EBI1 chemokines ELC
| and SLC
CO200 | Ox-2 | 41 or47 kD; Ig B cells, CNS newrons, | Unknown |
| ' superdamily microghial cells
Ch2o1 EFPC R; CCCA; | a9 kD; CD1 MHC family | Endothelial cafls Binds protein C
CCD41; and mediates
bad4204.2 endothelial cell
| activation
chDz2o2b Tie2: tek ! 145 kD; Ig supedamily; | Endothelial cells, RAole in vascular
receptor tyrosine early hemalopoietic maturalion and
kinase family cells remodeling
CD203e MPP3; PDMNP3; | 270 kD; type || Basophils, mast cells | Ectoenzyme that
PO-1ii; B10; transmembrane cleaves
gp130RAB13-6; | molecule; phosphodiester
EMNPP3 ectonucleotide anzyme and phosphosuliate
family bonds, including
deaxynucleotides,
nuclealide sugars,
and NAD
CD204 Macrophage 220 kD, scavenger Myelaid cells Rala in callular
SCAvEnger receptor family; intermalization of
receplor 1; collagen-like domain axidized low-
MSR1 density lipoproteins
and many other
I maolecules
| — —
i CD205 DEC205; LY7S; | 205 kD; mannose Dendritic cells, B cells | Putative role in
GP200-MAB receptor family antigen uptake
CD206 Macrophage 162 kD; mannose Macrophages, Binds high-
mannose receptor family; C-type | immalture dendrilic mannose
rece lectin family cells oligosaccharides
(MMA); MRCT on microbes;

pattern recognition
receptor of innate

immune system
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CD207

CD208

cD209

Cone210

CD213a1

CD213a8

COw217

CD220

Langerin

Lysosoma-
associated
membrang
protein 3; DC-
LARP:
TSC403

Dendritic cell-
specific ICAMS-
grabbing
nonintegrin
(DESIGH,

IL-10 recaplor

a; IL10R

IL-12 receptar

B1: IL12R}s

IL=13 recepior
wl; IL-13Rw;
IL13RAT;
IL13RA

IL-13 racaptor
2 IL-13Rw2;
IL-13R; IL13BP
IL-17 receptor;
HIL-17R;
VDwa17:

- AWS38159 |
| 135 KD () and 90 kD

I;sulin_ a [
receplor; INSR .

Basic immunalogy: Functions and Disordars of the immune System

40 kD mannose
receptor family; C-lype
fectin lamily

' 70-90 kD: lysosome-

associaled membrang
protein {LAMP) family

44 kD: mannose

receplor family, C-lype
lectin

S0-110 kD: typa It

cylokine receplor family |

Type | cyiokine

receplor superlamily

65 KD; g superdamily

56 kD type | eylokine
receptor superfamily

120 kD; cylokine

| receptor

{B) subunits; tyrosine
kinase receplor family

| Langerhan; c-e_HS_

Hemalopoetic cells

Broad

Dendntic cells

Dendrific cells

Hematopoietic cellz

Broad

Hematopoetic cells

Broad

| Subunit of the

| Antigen capture
and routing to
nonclassical
anligen-processing
pathway
Role in transter of
peplide-MHC class
Il molecules to the
surface of dendritic
cells

=

Binds 1CAM-3 and
high-mannose
oligosaccharides:
cell adhesion
receplor mediating
dendritic cell
migration and T
cell activation; HIV
receplor

| Subunit of IL-10

receplor;
| associates with
| IL-10Rp

! IL-12 receptor
complax;
associales with

| IL-12Rp2

e sor

| Subunit of IL-13
| and IL-4 receplor
| complexes

| High-aHtinity,
| nonsignaling IL-13
decoy receptor

i Binds and
mediates biologic
| effects of IL-17

e

| Binds and mediates
many biologic
effects of insulin




Appendix | = Principal Features of GO Molegubes 259

| Insulin-like 80 kD (c) and 71 kD ]_Broad | Binds insulin and
growih factor 1 | (B) subunils; tyrosine | 1GF and induces
receptorn kinase recaplor family | DNA synthesis and
| IGFR1; JTK13 | differentiation;
| ' | delivers cell
| | | &uruwal sugnals
cpz222 Insulin-like [ 250 kD : lectin 1_EIrt:w:i Inlﬂmallza'llnn al
grawih factor 2 | MGF-II; internalization |
receptor; | ! | and sorting of
1GF2R; IGFIR; | | [ lysosomal
mannose-6 ' | enzymes and other
phosphata | { MEP-containing
receptor; I | proleins |
MEP-R: CIMPR; | |
CI MPR |
cD223 mehgc,,rm Ig superdamily; CD4 | Actwvated T cells and Binds class Il MHC,;
activation gene | related | NK cells unknaown funclion
3. LAG3 (
chz24 ¥ Glutamyl &2-63 kD and 22 I-:D Renal twbwlar cells, | Rale in y glutamyl |
| transpeplidase; | subunils; ectoenzyme, | pancreas, epididymis, | cycle involving the |
GGT, GGT1. | peplidase family T3 | seminal vesicles, | degradation and |
| EC2.3.22 vascular endothelium, | neosynlhesis of |
macrephages, glutathione l
activated T cells, |
subset of B cells |
CD225 Interferon- 17 kD Leukocytes, | Component of a
induced endothelial cells | mullimeric complex |
transmembrans | inwalved in the .
probein 1; | | transduction of
LEU13 | { | antiproliferative

and homotypic |
[ adhesion signals

CD226 | DNAM-1; 65 kD; Ig superfamily | T cells, NK cells, | Mediates cellular
| PTA1: TLISAT | | platelets, monocyles, | adhesion and
| subset of B cells, | activation; ligand

| thymecytes, aclivated | unknown
| endothelial cells ' |

= Cm— = —_— —— ke~ _———— =
| cozzy MUCH; 300-700 kD: mucin : Glandular and ductal | Cell-cell and cell- |

| episialing PUM; | epithelial cells, human | matrix adhesion;
PEM; EMA; | adenocarcinoma, signal fransduction; |

DF3 antigen; | activated T cells, target for
H23 antigen | aclivated monocytes,  immunolherapy of |
activated dendritic | tumors

! cells, some B cells : |
e ——e | | 1 - — ==
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‘cbzzs

cD228

cDz30

CD231

CLR33

CD234

Me]annnansa-
fernin:
melangma-
associated
antigen pa7v;
MTF1: MAPST

i

Prion protain

(pE7-30); CJD.

PrP. PRIF,
PrPs

TM4SF2; A15;
TALLA-1:
MXS1;
CCGE-BY:
TALLA

Plexin C1;
PLXN-C1;
semapharin
raceplor;
VESPR

Band 3;
erylhrocyte
membrang
protein band 3
AET; BLC4AT;
Diego blocd
group: EPB3

Fy-giycoprotein:

Dutiy antigen;
dufly antigen
receplor for
chamokines

a7 kD lransl‘amn
suparfamily

" 100, 120 kD: 1g

superfamily; CD2af
CD48/CD58 Iarml-y

27-30 kD; prion Lam.'lly;

neauranal
sialoglycoprotein

150 kD; tetraspan
(TREASF) family

200 kD: plexin family

5=110 kD: anion
exchanger family

35 kD; chemoking
receptor family

" B celis, T cells,

{ Meianomas

| Elruad

MNaurons,
nevroblasloma cellg,
T cell acute
lymphablastic
leukemic cells

Meourmons

Eryihrocyles, renal
tubular eplihelial cells

Erythrocyles,
endothelial cells

Iran transport
functions

_| Putative adhasm
functions

| Cellular protein of
unknown function;
structural isoform

| is the transmissible
agent causing
spongiform

| sncaphalnpalhms

Unknown

Receplor for virally
encoded
semapharing;
regulation of cell
dissociation and

| rﬂnulainn

' Anion exchanger;
attachment site for
underlying
cytoskeleton

| Bears the Dulfy

| blood group
antigens,
nonspecific

| nonsignaling
receplor for vanous
chemokines;

| Plagmodium wivax

| and Plasmodium
knowlesi receplor




| CD240CE

cD2ast

CD236

CO236R

CD238

CD23g
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|
|
|
u
||

and glycophaorin B

| 1o torm the Rh

| antigen; membrane
transpor lunehon

_—— e —a
|
|
|
|
|

Glycophorin A; | a1 kD;: glycophorin A Erythrocyles | Prevention of red '
MM GPA; family; sialoglycoprotein ! cell aggregation in
MMS | | the circulation;
| | bears the antigenic
| | determinanta lar
| | the MM and Ss
| | blood groups
| Glycopharin B: | 24 kD; glycophorin A Erythrocyles | Bears the antigenic
55; MNS family; sialoglycoprotein | determinants for
| | the MM and Ss
[ | blood groups
Glycopharin | 24 kD; sialoglycoprotein | Erythrocyles | Mutated form of
c/D | glycophorin D
| [ | bears Webb and
‘ | | Dutch blood group
| antigens;
| | Plasmodium
[ [ | falcipanem receaplor
Glycophorin C: | 32 kD: sialoglycoprotein | Erylhrocytes | Bears the Gerbich
GYPC; Gerbich | | | blood group
blood group | anligans: role in
| | maintenance of the
| | | enylhrocyte shape
Kell | 93 kD; zinc | Enthrocytes | Bears the Kel
i metalloglycoproteing | | blood group
family | | antigens |
B cell adhesion | 78-85 kD; Ig r Broad | Bears the Lutheran
molecule; suparfamily } blood group
| B-CAM; l | antigens
Lutheran blood | | | {
group; Auberger | |
| bloodgrowp | | N N
Rhesus blood | 30 kD Erythrocytes | Ah Ce and Ee
group; CcEe | blaod group
anligens; | antigens; associates
Rh30CE | with RhS0, CD47,
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Rha30D: Rh 30 kD Eryitirocyles Major antigen of

ChDzapD
profein, D the Rh system;
antigen associates with
Ahs0, D47, and |
glycopharin B 1o
form the RhiD
group; membrane i
transpon function
CDz#1 Ahesus blood 50 kD Enyihrocytes Role in transport of |
group— RAh antigen to cell
associated surface of red
glycoprotain blocd cells
RhAg: RHE0A
ChDa42 ICANM-4; 42 kD; 1ICAM family Envihrocyles Adhesion
Landsteiner- molecule; binds
Wiener blood LFA-1; bears
group Landsteiner-
Wiener blood
group anligen
CD243 Multidrug 1170 kD; ATP-binding Broad ATP-dependent |
resistance-1; cassetfie (ABC) efflux pump for i
MDR-1: P fransporier xencbiotic |
giycoprolain 1:  family; MDR/TAP hydrophobic .
P-GP, PGY1, sublamily compounds (e.g., |
ABC20. GP170 drugs); transporier |
in the blood-brain 1
barrier
Chzaa EB4: MAIL: p38 7O KD Ig superfamily; MK celis, ~50% ol High-atfinity
CD2/CD48/CD58 family « CD8' Tcells, 46 T receptor for CD48;
cells, subsat of CO4° | modulates various
T cells, monocyles, functions of NK
basophils | cells
CDass p220i240; 220240 kD T cells | Cell cycle
MPAT regulation
Cha4s Anaplastic 177 KD: tyrosine kinase  Brain, anaplastic | Unknawn; fusion
lymphoma receptor family; insulin | lymphomas protein with
kinase; Ki-1 receptor sublamily nucleclar
| phasphoprotein
| nuclecphosmin
, | (NPM) found in

| anaplastic
| lymphomas



Appendix | = Princapal Features of GO Molecules 263

CD247 Zeta chain; 21-23 kD, ITAMS in | T cells, NK cells Signaling chain of
TCRL cyloplasmic tail | TCR and MK cell-

| | | activating receplors

The complete isting of CD molecules is published in Mason D (ed). Leucocyte Typing VIl Oxlord Universily Press.
Cxlard, 2002

Current CO molecwle infarmation is also available in Shaw S, L Turni, and K Kaiz (eds). Protein Reviews on ive Web: An
International WWW Resourca/Journal. hitpswww,ncbinim_nih.gowprow’

Addilional details of the individual CD molecules may be found in Barclay AN, ML Birkeland, MH Brown, AD Beyers. 3J
Davis, © Somoza, and AF Wiliams {eds). The Leukocyte Anligen Facls Book, 2nd ed, Academic Press, Mew York, 1997,

Abbreviahions: ADCC, anlibody-dependent cell-mediated cyloloxicily, ADP, adenosing diphosphate; ATP, adenosing
liphosphate: CEA, carcinoembryonic antigen; CR1, type 1 complement recopior; CTL, cylolylic T ymphocyle: ELAM,
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ABO blood group antigens. Glycosphingelipud antigens
present on many cell tepes, including red Blood cells and
condothelinl cells, which differ berween different individ-
uals depending on inherited alleles encoding the enzymes
reguired for synthasis of the antigens. The ABO antigens

it as alloantizens responsible for blood tmnsfusion reac-
s el hyperscute rejection of allogralts.

."un;,r:ss-urf molecule. A hlmphl::-cytc n:r:II surface molecule
Jdistinet from the antigen recepror comples that mediares
audhesive or 5:];11.1“111; functions important for activation
or migration of the lymphocyte.

Aequired immunodeficiency. A deficiency  in the
immune system that is acquired after birth, becawse of
infections, malnutrition, and therapies that deplete
immune cells, and is not related o a gencric defect.

Acquired immunodeficiency syndrome (AIDS). A
disense caused |_'|l|r human innnunr_&dcﬁcicncr virus EH]V}
infecrion that is characterized by depletion of CD4° T
cells leading to n profound defect in cell-mediated inimu-
nity. Clinically, AIDS inchedes opportunistic infections,
malignancwes, wasting, and encephalopathy.

Activation phase. A phase of an adaptive immune
respanse that follows the recogniton of antigen and 1
chamererized by proliferation of lymphocyres and their
differentiation inte effector cells,

Active immunity. The form of adaptive immunity that is
induced by exposure 1o a foreign antigen and activation
of lymphocytes, in which the immunized individual plays
an active rale in responding to the antigen. Compare
with passive immunity.

Acute phase response. The increse in plasma concen-
trations of several proteing, called acure phase reactones,
that occurs as part of the innate immune response o
infections, These proteing, including C-reactive protein,
fibrinogen, amd serum amyloid A protem, are synthesized
by the liver in response to inflammarory cyrokines, espe-
cinlly 1L-6 and THE

APPENDIX

Glossary

Acute rejection. A form of praft rejection Invalving
vascular and parenchymal injury mediared by T cells,
macrophages, and antibodies, which usally begins afrer
the Arst week of crnsplaation. The differentiation
of the effecror T cells and the production of annbodies
thot medinte acute rejection aocur in response o gralt
antigens.

Adapter protein. Proteins involved in lymphascyie signal
cransduction pathways, which serve as bridge mobecules
o scaffolds for the recruniment of other sipnaling mole-
cules. Adaprer molecules invalved in T eell activanion
include LAT, SLP-76, anad Grb-2.

Adaptive immunity. The form of immaunioy thae is medi-
ated by lymphocytes and is stimulated by exposure to
infectious aperus. In contrast o innate immunicy, sdap-
tive immumity i chomererized by exquisite specificity
for distiner macromolecules, and “memory,” which s the
ability to respond more vigorously to repeared exposuncs
to the same microbe.

Adhesion molecule. A cell surface molecule whose func-
tion is to promete mlhesive intemctions with other cells or
the extracellular matrix. Leukocyoes express variows types
of adhesion molecules, such as selectins and integring, and
these molecules play important roles in cell migration ad
activation i inmate and sdaptive immune responses,

Adjuvant. A substance, distnct from antigen,  thor
enhances T cell scorvation by promoeting the scowmula-
vion of antigen-presenting cells at a site of antigen expo-
sure and by enhancing the expression of costimulators
and eyrokines by the antipen-presenuing eells.

Affinity. The strength of the binding between a single
binding site of 8 molecule (e.g.. an antibody ) ond a ligand
{e.g., an manigen), represented by the disociation cons
stamt (B, A smaller Ky indicates n stronger or higher
affinity interaction.

Affinity maturmtion. The process thar leads o increased
affinity of antdbodic: for a protein ontigen as 2 hamoral
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pespRe r»m;n.u-..-x Afinity maturation i the nesuh
of womiatse mutation of lp penes followed by selecrive
survival of the B cells procducing the highes
antibodies

Allele. One of Jdifterent ferms ol o gene prosent af g
F\“ncl,ﬁ.lr chromosomal ks An imdividual whe is
heterevgous at a bwus has owo dilfezent allebes, cach on
a Jisterent chromosome. one inherited from the mother
anad vme trom the Guher. [ there are many Jifferent alleles
IOF A AT ul.'lr Pttt Uhl-1 4 | F"|.lI"I.I'I.'ItII."I'I.I t!'ll.' I W II.H.LI"
i« satd po ke pelamorphic. The mujor hissocompatibility
Lowues = extremely polvmorphic.

Allelic exclusion. The expresion of cnly one of 1w
inherited allede: encoding mmuneglobalin hevy and
Ight chare and T cell recepror B chains, Allelic exclu-
=i vsgurs when the protemn produsct of one prosductively
recombined antigen recepior locus oa one chromasame
Blocks the rearsangement of the comespomding locus on
the vther chromaosome.

Allergen. An antigen that elicss an immediate hyper
wnsitivity (allergic) rescuion. Allergens are proteins, or
chemicals bound to proteins, that indece [gE antibody
rroducuen in atopic individuals.

Allergy. A form of atopy or tmmediate hvpersensnvity
N, siften referring to the tepe of amvigen that clichs
the Jeecose. such a+ food allenmy. boe sting allerey, and
penwcllin allerzv. All these conditions are related
T _.,'!'u-ll'l.il.l;'l,'.\,l riniesi l.'l,‘“ o I'\,Lmrlll.f aCTIvat K

Alloantigen. A cell or tissee anrigen that i presemt m

e aemibers o 6 species and mot others and which is
sed s toreign on an alloeradt. Alloantigens are the
rroducts o pelvoorphie penes.

.\1|i- rencic urﬂﬁ.. ]
A the sume species bur genetically not adentical
e thie gecipient Valbeo called an alloosafe ).

.-aliur:-'mllu.-. Reocrme o allodmuigens: describes T oellsor

andies from ome individual than will recounize amei-

~iics o ancther genetically nonidenti-

al iy

An oan o Bissue prall from o Jonore

wil

st it cells
| predevmbual

Altered peptide ligands {APLs). Peptrdes with alterad T
cell recepror comtaet residues ehan elicit responses differ-
ent from the responses 1o the mative peptide. APLs may
ke important in the regalation of T cell acvvarkon in
phvaokgi, patkslogic, or therapeutic situatons.

Alternative pathway of complement sctivation. An
antibudy-mdependent pathway of agtivation of the com-
plernent system that oceurs when the C3b protein binds
tor imecrobil cell surfaces. The aliemanive pathyway 5s
component of the innate immune system and medisres
indlmimatory eespaniises toiifect o i well as divect lyais
ol g r!'\'k.

Annphylntoxins, The 50, Cdo, and Cla complement

et thar are sencrated duning complement sctvas
tiorn. The anaphylasoxins bind specific cell surface recep-
tors el promote acete  imibmumstion: by sgimmlating
ncurrophil ehemorasis snd by acrivating mast cells.

Anaphylaxis. An extreimie systemic form of immedinte
Ivpersensnivity, ala called anaphylactic shock, in which
L] 85Y 4 ..'-cll iar l'u:-u:'.phil. |1|c\,||:thrn LI !;mm:hml EnnsIric.
o, mssive tissue edema, wnad cardiovascular collapse.

Anergy. A stte of unrespensiveness to antigenic stimula-
mom. Lymphocyte mnerey {alsoe called clonal anergy) is the
tatlure of clones of T or B eells wo repcr to antipen, and
this may ke a mechanisin of monaining immunologic
golerance 1o self antigens, In clinieal pracrice, anergy
refers to o peneralized defect in T cell-deperudent cuta-
neous delayed-rype hypersensiovity reactions m common
HITEPOL E

Antibody. A rvpe of glycoprotem molecule, aluw called
immuroglobulin (Igh, produced by B lymphocyues, thar
Binds antigens, often with a high degree of specificiry and
Bigh offmity, The basic strsctumal wnit of an antibody is
commposed of two identecal heavy chains and two identi-
cal Bight chains. Amino-terminal variable regions of the
heawy and light chsing form the anrigen binding sates,
swhereas the carkoxy-terminal constant regions of the
by chains l'||1'|-\;||-|'|n|:t||'g,I interact with other |1|L||l.:ﬂ|l|ll'5
m the immune system. Inany sdividual, there are mil-
liesms of dalierent .|nl:||'\1.|:ir:'~. I..'.'I.CII with o IRLjAE ;mr':;pcn—
Binudire st Secreted wtbodics perform vanmes effector

inchuling meutralizing  antgens, activating
complement, and promoting phagocytoss and destrue-
tiom ol microles.

Antihody-dependent cell-mediated eytotoxicity (ADCC).
A process by which marural killer (MK ) cells are mngeted
o D comstedd cells, resulting i the lysis of the antibody-
coated cells, A speciiic receptor for the constant region
of luts, called FeyRIN (CIM68), s expressed on the
WK cell membrmone and mediates the binding o the
s,

Antibody feedback. The downerepulation of antibody
prosduction by secreed leGoantibodies than occurs when
:|nt1;;_|.'n-;1|1lll‘u:d'|: 1.:I1I.'I1|'|I\'x¢h sumultaneously engEpe Beell
membrone o and Foy receprors, Under these condinions,
the  cytoplamic of the Foy receprors deliver
anhikitory signals to the B eell.

Antibody repertoire. The collection of different antibody
specificities exprossed inooan idividual.

Antibodyesccreting  cells. A B lymphocyte thar has
undergome  differentintion and pricduces the seerctory
P of Bpe Anthisdyeseereting cells are pi::ducml i
rospeste e antnzen anad reswde in lymphosd tellicles m

BRIMCE ROENS,




spleen and lymph node, as well as in the bone marmow.
Muasma cells are typical antibody-secreoing cells.

Amntigen. A molecule thar binds 1o an antibody or a T cell
antigen feceptor (TCR). Anngens that bind o ani-
Busdies inclede all classes of molecules. TCR: only bind
pepiide fragments of proteins complexed with mapor his-
recompatibilicy molecules; both the pepride ligand s
the native prostean from which it 15 derived are called T
cell antigens.

Antigen presentation. The display of peptides bownd by
[EEHITS S hu.uu.:l.:-l'llit.nlhﬂit'y n::sh.'v:llll.':- ol lhl." surl':u:c l.!'f an
antigenepresenting cell, permutting specific recognition
by T cell receprons and acuvation of T cells.

Antigen  processing. The intracellular  conversion of
proten antigens derived from the extracellular space or
the: eyosol inte peprides and loading of these peprides
cnte wagor hstocompatibilicy complex molecules for
display w0 T lymphocytes.

Sntigenspresenting eell (APC) A cell that displays
peptide frapments of protein antyens, in associaion with
majer  histocomparibility  (MHC) maolecules on s
suriace, and activares antgen-specific T oells. [n addinen
(T4 ..li.\pl;lying rlcpnl,h_uME'[f.: |:|:1r|1p|1..-:€|.-5. APCs must also
cxpress costimulatory molecules to optimally activare T
Ivmphiocytes.

Antiserum. Serum from an individual previously immu-
nized against an antigen that contains antibody specific
tuoe thae antigen.

Apoptosis. A process of cell death, which is characrerized
by DMA cleavage, nuclear condensarion and frgmenta-
tiom, and plasma membrane blebbing, leading to phago-
cytosis of the eell, withour inducing an inflammarory
response, This type of coll death is smportant an lymphao-
coyvie development. regulation of lymphocyte responses (o
foreign antyzens, and maintenance of tolerance o sell
antiEens,

Arthus reaction. A localized form of experimental
immune complex=mediated vasculitis induced by inject-
ing an antigen subcutancously inm o previously imma-
nized amimal o an andmal thar has been given
inrravenous antibody specific for the antigen. Circulaning
antibodies bind 1o the injecred anigen, formimg immuoe
complexes thar deposit in the walls of small areeries at
the injection site, giving rise o a local cutancous vas-
culitis with necrosis.

Atopy. The propensity of an individual o produce 1gE
antibodies in response to various environmental antigens
andd 1o develop strong immedinte hypersensitiviey (aller-
pic) responses. People who have allergies o environ-
mental antigens, such as pallen or house dusr, are said
be atopic.
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Autcantibody. An anribody specific for a sell antigen.
Autcantibodies con case damage 1o cells and tissues and
are produced inexcess in many sutoimmune diseases such
as systemic lupus ervihemarosus,

Autoimmune discase, A disease caused by a breakdown
i"F S¢|f-[|.'l||.'l‘:|1"|:|: iuﬂh thuae l!l:'u." ;.uJ:lhlu-'l: i R aysfem
responds to self antigens and medintes cell amd rissuce
domage. Auvtoimmune diseises can ke organ-specihc
{e.g., thyroidicis or dinberes) or sysremic (e.p., svstenue
Tupus erythematosus ).

Autoimmunity. The response of the adaptive immune
system to self antigens that occurs when mechanisms of
self-volerance Ful.

Autologous praft. A tissue or organ gratt i which the
donor and recipient are the same imdwidheal. Autologows
bone marrow and skin grafts are commoenly performed mn
clinseal medicine,

Avir.lih‘. Thie overall :\.l'n.-nj:lh of mnterachion between two
molecules, such s an annibody and ancigen, The avidicy
depends on both the affhnuy and the valency of intee-
pctions. Therefore, the avidiey of pentwmernc lphd ano-
body, with 10 anngen binding sites, for o multivalem
antigen may be much greaver than the avidiey of a dimerie
IgG molecule for the same antigen. Avidiey i also be
used to describe the strength of cellcell interactions,
which are medoted by many  binding  interactions
berween cell surdace molecules.

B lymphocyte. The only cell type capable of producing
antibody molecules and therefore the contral cellular
component of humoral immune respenses. B lympho-
eyres, or B eells, develop im the bore marrow, and macure
B cells are found mainly in lymphoad fallicles in second-
ary lvenphoid nssues, in bone marrow, and m low numbers
in the circulatwon,

B lymphocyte antigen receptor (BCR) complex. A
||'|u|ti|‘:|rc:|!¢i|'| I:'tnﬂp1|.!55 l,-sq'ln.'hmd o the surface of B I'rl:i-
phocytes thar recognizes antigen and transduces activat-
g signals. The BCR complex includes membrane lg.
which is responsible for binding antigen, and the ascci-
ated [pocand lpP proteins, which inioore signaling evenes,

Bare lymphocyte syndrome. An immunodehciency
disease characterized by the lack of class 11 majoe histo-
compatibility complex (MHC) molecule  expression,
leading 1o defecrs in anugen presentation anad cell-
mediated immunity. The discase is cawsed by mutations
in penwes encoding foros thar regulate class 1 MEC gene
tERnFCrpLion.

Basophil. A wpe of bone morrow-derived crculaeing

granulocyte with semecoural anad functional sionalaritics
womst cells, including gronules contaimng mony of
the same inflnmmanery mediotos a5 mose cells, el
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expression of 2 lngh-athniry Fe receptor for IgE. Basophals
thiat are recmuitesd inge gissse sipes whers antigen is present
Ay contbube Lo |:|I'||1'!|.\!|ft'||: ht'[‘{‘htlhllii"-'ll'r' 5 O IR

Bm:‘ INETTONY, -I-I'lll' |.'|.:|'|.Ir.|] wilveEy oM h‘lh‘ !h\.l' -3 1h.||.' sile
of wemeration of all circulsiinge Bload cells m the adult,
ncluding immanure lvmphocytes, and the site of B ool
mMaATLnt o,

Bone marrow transplantation. The mansplantaton of
bone marrow stem cells thar give rise to all mature Blissd
colls and lmphoeyies, performed elingcally we orear
hematopoictig/lymphopaicue disorders and - malignan-
vies: also wsed in varkws immunclegic expeniments m
|'|nlll'||'|IF-.

Bronchial asthma. An  indammorery disease  wsally
caused by repeated immediate hypemenstivity wactns
in the lung. leading 1o intermintens anad reversible airvay
abstrection, chrome  Bronchial  millammaton  wirth
k‘\\'\-inl\rhli\. .|'|'|l,! E\I’I."'I'Il.'hlul! P-I'Hl.'xﬂh I'I.I.L'HL"I: I.'l:” 11'\.[‘1.‘!'-
wrophy and hyper-reactiviny,

C3 convertase. A muoltiprocin encvme complex gencr-
ated by the varle steps of complement aetivation, which
cleaves 3, giving rise 1o owir protoolytic prodhects called
Chaand Cibk.

C3 convertase: A muloprotem ensyme complex pencr-
wed b O3k hinding ro O3 convernase, which clewes 5

1 mtianes the late steps of complement acrivation,

Caspases. [orracellulor eysteine protemses that cleave sub-
ifates ot the carboxy-terminal sides of aspartic scid

vi ol are compenents of encymatec cascides that
gt apoprotic dearh of cells. Lymphosvie caspises may
P oactivaited by rwo distiner pathways, one of which is
{ L .._..IIL.l \I:JI, n]l‘\.l\r'.ﬂlrhir]'ll r‘l.l'l'lllnt]"llll"' I:!\:ITIL',I.\ m
south Fector-Jeprived celb and the other with signals
iroenn Jeatly Tecu s in the r|.un'1'| 1 n'll'ﬁ!]l"l'..illl."

CD molecules. Cell sumice molecules expresed on
varsous well tvpes in the mmune system that arc desig-
mated by the “cluster of differentintion” or CD nomencla-
e, See Appetads | o a lise of CD muslecules.

Cell-medinted immunity. The form of adaprive anemau-
oty thot = medsared by T lomphoeyres and serves as the
Jetense mechanian ISt mecrobes that supvive u'll.l'ull
phseeyres or infect nonphagoeytie cells, Cell-medianed
e fesponses inglude G147 T cell=mediated setiva-
tien o meniphages thar hove phagocyiosed microbes
and CDE" cymolyric T |.l|1|||p|:||.1-|.'1_.'l1: killing of indectsd
cells,

Central tolerance. A form of swlicwlerance than s
nduced in penerative (“ceniml™) lymphoid organs as
a comsequence of imnuture seli-reactive Beniphascytes
recopmizing self antigens, leading W their Jdemh or
inagt vation, Cemnil wleramnce prevents the vinereence

i lvmaphovtes with high-athenity receptors for ubiguitous
=t antygens that are present in the bone mamow of
thwees aawd are likely 1o be presene throughout the body.

Cheédiak-Fligashi syndrome. A rare astosomal recessive
III'IIL'I'|I|'I|.\!I."|III."I.1.'I'II.'".' le:lw chie b s dr.-ﬁ.-ct (111 ﬂfmplasmic
granubes of varsas cell types that affects the ysosomes of
sentrophils and mecrophages, o5 well as the granules of
cytdvnae T Iymiphocytes and natral killer cells, Patients
show rediced  resistance to infections with pyogenic
boacterin,

Chemokine  receptors. Cell  surface  receprors for
chemakines thw  tensduce signals, whaieh  stimulane
migeaton of leukoeyies. These receprors are members of
the seven transmembeane @-helical, G proscin=linked
family of receprors.

Chemokines. A large fomily of structurally homolopous,
low malecular weighe cyiokines that sumulace leukocyte
morvenent and regulare dhe migeation of leukeocytes from
the Bloud to tissaes.

Chemotaxis. Movement of @ cell direcred by a chemical
concenteation geadient. The movement of lymplosevees,
pobymaorphonuchear leukocyies, monocytes, and other
leukocyies inro varlous rissaecs is often diecered by grndi-
erits o chemokines.

Chronic granulomatous disease (CGD). A rare inher-
ived ammnnssdeficieney due wea defect i the pene encoud-
N2 8 SOt o thye p'h;lgncl;tl; ovcnlnse SNIVIMe, which
v meedind for microbial killing by polymorphonuclear
leubsevies and mac rophges. Thee Jisease 15 charmererized
by recursens intrmcellulir bacrerial and fungal infections,
oiten secoinpanicd by chronie cell-medianed  immune
responses and the formanon of granulomas,

Chronic rejection. A form of allopeaft sejection char-
acterized }'].' fibgosis with bows of 1wormeal COFEIIy 3T
tures vcourning swer o prodonoed penod of time. In many
casgs, the e |=»|I|1-:1l|||;u.' cvent m chronie mepection
v el srterinl occleson thit ocours due o prolifers-
v of imwisl sooooth muscle cells and s ealled graft
arterisclerosds,

Class | MHC molecule. One of two furms of polymos-
phic, heterodimenic membrane proteins that bimd and
display pepride fragments of protein antigens on the
surface of amtigen-presenting cells for recognition by T
Iymphocytes, Cliss | MHC molecules display peprides
derved Trom the cytuplasm o the cell.

Class Il-associsied invariant chain peptide (CLIP). A
pepticke remeant of the invanant chun thae sits in the
clives [l MHC pepride-binding cleft and 15 remowved by
the aetiom of the HLAZDM molecule before the eleft
bwomics awoessble 1o peptides produced from emdocy-
o] protein antigens.



Class 11 MHC molecule. One of two forms of polymaor-
phic. heterodimertie membrane proteins that bind and
display pepride frgments of protein antigens on the
surface of amtigen-presenting cells for recognition by T
lymphecyres. Class 11 MHC molecules display peprides
Jerved from proteins that are internalized inta phago-
cyncfendocytic vesicles,

Classical pathway of complement activation. The
pethway of complement system activation that s initi-
ared by bindding of antigen-antibody complexes o the CL
mulecule, inducing o protealytic cascade involving mul-
tiple other complement proteins, The classical pathway
[EREE ] 1.'“’:.".'!(1! arm ol Il'u; humoral immune ystem that
penerates inflammatory mediators, opsonins for phagocy-
revsts of antigens, and lytic complexes that destroy cells.

Clonal ignorance. A form of lymphocye unresponsives
s in which self antigens are ignored by the immuone
watenm, even though lymphocytes specific for those ani-
cens remain viable and funetional.

Ulomal selection hypothesis, A fundamennal remer of the
e system (o longer a hypothesis) stating that
every incividual POEsOE TANMCROUS cl-clnall'r derved
lvmphocyres, each clone having arsen from o single
precursor and being capable of recognizing and respond-
i g o distinet AN determanant. When an anti-
wen enters, @t selects a specific preexisting clone and
JdcEviries it.

Collectins. A family of proteins, including mannose-
T leeting, that are charcterized by the presence of
A \.‘H“ilj,:l_'"a-hk;' domain amd o lecoin (e, t:lfh]h}\lﬁllﬂ'
Finding) domain. Collectins play a role i the innate
ImLUng Systems hg, ACLYE i mmcrobial ratiem recogni-
tom receprors, amd they my activite the complement
system by binding o Clq.

Colonv-stimulating  factors (CSFs). Cyrokines  that
promote the expansion and differentiation of bone
marrow progemitor ¢ells. C5Fs are essentinl for matura-
vion of ped Blood cells, grmulocytes, monocytes, amd lym-
phocytes. Examples of CSFs are granulocyte-monoeyte
colony-stimulating factor, c-ker ligand, and interleukine3.

Combinateral diversity. Describes the many differens
combinations of varable, diversity, and joining sepments
thar are possible a5 2 result of somatie recombination of
DMNA in the immunoglobulin and T cell receptor lock
dunng B cell or T cell development. This is one mecha-
nism for the generation of large numbers of differen
antigen receptor genes from a limited number of geme
SCRIMENTs.

Complement. A system of serum and cell surfoce prodemns
thar interact with one another and with other molecules
of the wmune system o genermite important effectors of
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innate amd adaptive immune sesponses. There are three

pathways of complement activation thar diffier i how

they are initiated. The classical pathway is activared by
antigen-antibody complexes, the altermative pachway by
microbial surfaces, and the lectin pathway by plsoa
lectins thar bind o microbes. Esch complement pathway
constils of a cascade of pcmlq.'-:llll'tlt enzymes that penente
inflammatory meditors o opsonins amd  leads 1o
the formation of a lyoe complex thar inserts i ecll
membeanes.

Complement receptor, type 2 (CRZ) A gecepror
expressed on B cells and follcular demdritic cells thar
bimuds proteolytic fempments of rthe C3 complement
prestenn, incheding C3d, Cldg, and o3k, CR2 funcions
o stimulate humoral immune responses by enhancing B
cell aceivation by antigen and by promoting dhe imapping
of anngen-antibody compleses in perminal centers. CR2
is also the receptor for Epstem-Barr vins,

Complementarity-determining  region (CDR). Shon
spgureeils of the |L1.'|||'|.|.1|||.|;'_||.Il'\ru||h amd T eell [{= el
({TCRY proteins in which most of the seoueence differ-
ences among different antibodies or TCRs are conhined
sl which make contact with antigen. There are three
CDRs in the variable domain of each antigen recepror
palypeptide chomn and six CORs in an incsen g or TCR
malecule. These "h'g'p:.:r-.'ill:lubl:" AppEIments assumne Lm:p
structures that rogether form a surfice that 15 comple-
mentary 1o the three-dimenswonal structune of the bound
antigen.

Constant (C) region. The pomion of immunoglobulin
(lg) or T cell recepror (TCR) polypepride chaing that
does nor vary in sequence among different clones of B
and T eells amd is not invelved in antigen baoding. The
C regions are encoded by DA sequences in the Lz and
TCR pene loci thar are spatially separate from che
seqquences that encode the vanable (V) reghons.

Contact sensitivity. The propensity o develop o T
cell-medinted, delayed-type hypersensativity reaction in
the skin on contact with o particular chemcal agent
Chermicals thae elicit contact sensinvity bind e and
medify self proteins or molecules on the surfaces of
antigen-presenting cells, which are then recopmized by
CD4" or CDS T cells

Corm:nplm-. A Ll,'nlp]'l.ﬂ\";tc erl’mtc oo Pbor lh:l! 'l"am.ls. tur
a part of an antigen ot the sume o s memboone
smmuroglobulin (lgd or T cell recepror (TCRY binds the
antigen s thine delwers signals meguited for oprimal lvin-
phocyte activation. G4 amad CDS are T ool coreceprors
that bind nenpolymorphic egons of o major hiseo-
compatibility complex molecule concurmently with the
TCR bindig to polymaorphie residues and the displayedd
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peptide. The wpe 2 complement recepter (CR2) o0
coreceptor on B cells thar binds w0 complement-coaned
antigens, at the seme time that membrne lg Riods an
epitepe of the wmuigen-
Costimulator. A mobecule on the surface of un antigen-
presenting cell that provides a seimulizs | secomd signal™)
resputred for activation of naive T cells, m addition 1o
antrgen (the s zignal”™). The best defined costimula-
s are the BY molecules on |"-:I'u!'r>:~m-n..|1 antagens
presenting cells that kind to the CD28 maolecule on T eells.
Crossmatching. A =creening tesr periomed oo minimaze
the change of gt rejection, in which the patient in
meed of an allogradn i wested tor the presence of preformed
annbodics apainst Joneor cell surface antigens (usually
major hiscocomparibility: antigens), The west involves
mixing the reciphent serum with leukocyres from poten-
tial domogs, adding complement, and exominime it to see
if cell Dtes oocues
Cross presentation. A mechonsm b owhich a profes-

sl anrigen-presenring ool GAPCY deplays the anei-
a witus-indeetiod o tmes celld
wikd et for promest aonave TS ovredvtie T v
rlivente. This ocurs, 1o example,
Vel momeested by o professwomal ARG
¢ othe nusnobial antigens sre processed und presented

when un infecied

camiation with mager Ristvcompatibiliy complex
s tied bk anw ouher phoveoyiosed sntigen. The

i Toaft il AP als r'.-.-'.lJ'-,.- R AT IR FLR A RT3 I;u the T
wle cubbed eross-priming.

Culanvous immune svsiem. [he components of the
mate and adaptive immane svtemn feund in the skin
thiot pemeten tesether ina specmlized way we derect and

o d o intipens that enter through the sban, Cor-
roments of the ourancous immune systeme include ker
umeires Langeshans cells, imtewepubelil lvinphocyies,

et dermal lemphooytes

Crvelosporine (Cyelosporin A). An immunosuppicssive
Lo weed to prevent allogran rejection. which functions

king T cell exwkine pene  tremscripiicon.

Caclosporme binds to a cviesolic  protein called
cvelophilm, and  eyelsporine-cyeluphilin | complexes
i 1o and inhibie the ]"|:nhp|1u|:|.u.- caleineurin, thereby
bkt acovation and nuclear translocation of the
transcnipton isctor MEAT.

Cyrokines. Secreted proteins thar funcrion as medianors of
mnmune and inlammatorn Feactions. In innate immune
respeaees, Cyiokines ane prosiuced by m;.:mph-.-.l-_-_._u amd
MK cells and, in adapiive immune responses, mainly by
T hymphaocyies.

Criolyiic lor eviotoxic) T lymphoeyte (CTL). A tvpe
of T lymphocyte whose major effector function is o

recognize and kill host cells infected with viruses or other
intEcellalar microbes. CTLs wually express CD8 and
recopnize microbial peprides displayed by class | major
histocompatibility complex molecubes, CTL killing of
infected cells involves release of eytoplasmic granules
whose contents include membrmne pore-forming proteins
il CIEYITES,

Defensins. Crsteine-rich peprides produced in epithelia
ansd neurrophil granules, which act as broad-specirum
antibiotics thar kill o wide vanety of bacreria and
fungi.

Delayed-type  hypersensitivity (DTH). An  imimune
reaction in which T cell-dependent macrophage activa:
tion and inflammarion cause tisae injury. A DTH renc-
tio to subcurameous. injeciion of antipen is often used o
an fessay for cell-mediated immumity {e.g., the PPD skim
et for immunitg to Mycobaceesinon idberceiloses ).

Dendritic eells, Bone marmow-derived cells, found m
t'|"it1'|1.'1|:.| .th Mot organs, :'n.n,u]ﬂ:mlngk;l.]]'y chiln'bdll:rih‘d
By thin membranous progections. Dendritic cells function
2 antigen-presenting eells for nadve T lymphocyies and
WrC imporant for i istion nI':u.I:ipuw PITHIUTE FespIses
Loy ProteIn anfigens.

Desensitization. A methad for rreaning immediate hyper-
sy disease {u.g.. .'|.|1ﬂgia:~} that involves l‘upuli[i'l."l:
wdmmistration of low doses of an anrigen 10 which
imadividuals are allergic. This process often prevents
severe dllergic meactions on sulsequent environmental
wapeaur b0 the antisen, but the mechanisms are not vell
understoomd,

Determinant. The portion of @ macromolecular antigen 1o
Ll'hll.'h 14 ] ﬂntl’ﬂ.klﬁ' or T CT.'IE r|.'|.'1.'|\l,m' l'ﬂl'ltds Ftﬂ' h T w"-.,
a determinant is the peptide poroon of a progein antgen
that binds 1o a major hissocompaibility eomplex mole-
cule and is recopmized by the T cell recepror. I is syn-
onymaos with epitope.

DiGeorpe svadrome. A T cell deficiency due to o con-
eeniral maliormation that results in defective develop-
mment of the thyme, poarsthyroid glands, and other
structures that arise from the thind and fourth pharyngeal
pouches.

Direct antigen presentation. Presentation of cell surface
allogeneic major  hisocompatibality complex (MHC)
molecules by graft antigen-presenting cells o the recipi-
ent’s T oells, leading 1o T cell activation, with no reguire-
ment for processing. Direct recognition of foreipn MEC
msleeules 15 a cross-reaction of a normal T cell recepLor,
which wos selected o recognize o selfl MHC molecule
ples forcign peprade, with an allogeneic MHC molecule
plus peptide. (Contrasts o “imdirect preenmtion” of
albsimuiguns. )




Diversity. The existence of a lorge number of lymphocytes
with different antigenic specificities in any individunal
{1, the lymphoeyte repertoire is large and diverse).
M ri.it',.- [E3- | 'I'um,lmmntul i:lmp-cr!y uf Il'n." ﬂdﬂp!it’t
wnrnueng system ard is the result of variability in the struc-
tures of the andlgen-binding sites of lymphocyte receptors
tor antigens (antibodies and T cell receprors).

Diversity (D segments. Short coding sequences between
the variable (W) and constant (C ) gene sepments in the
snmunoglobulin heavy chain and TCR B and & loci,
which, twgether with | scpments, are somatically recom-
Iipwsd with VY segments during lymphocyee development.
TII'E.' li.'r-ulluu: recormbined V—D_l DN.H. codc-s l'ur I‘I'H.'
witlgen receptor Y region,

DML See HLA-DM.

DMNA vaccine. A method for vaccination i which an
mdverdual is inoculated with o b.'l.¢l|:tm1 pl:lsm“l O
vaning o complementary DNA encoding a protein
ntigens. DA vaccines presumably work because profes-
avaisl antgenspresenting cells are cransfected in wive by
the plasanid snd express immunogenic peptades that clicir
specifte responses.  Furthermore, the  plasmid DNA
ingludes unmethylated CpG o nucleotides {ypical of
Facrerial DNAY thar sct as adjuvants,

Double-negative thymoeyte. A subsor of developing T
cells i the thymus chat express neither CD4 noe COS.
Most double-negative thymocytes are at an early devel-
vpmental stage and Jo por express antigen receprors,
They will larer express both CD4 ond CDS during the
intermedinne ";hlgl.'|1l|.--|:lnﬁ.i.|:i1.‘\c'“ srage before further mor-
wration to single-positive T cells expressing only CDY or
unly CIDE.

Double-positive thymoevte. A subser of developing T
cells i the chymus ar an intermediate developmental
stage, which express both CD4 and CD8, Double-positive
thymocyres also express T cell receprors and are subject
tor sebection processes, the survivors of which mature 1w
singlespositive T cells expressing only CD4 or only CDS.

Effector cells. The cells that perform effector functions
during an immune response, such as secreting cyrokines
(e, helper T oells), killing microbes (e, macrophages,
meutrophils, and eosinophils), killing microbe-infected
host cells (eg., CTLs), or secretng antibodies (e.p., dif-
ferentiaved B cells).

Effector phase. The phase of an immune response, fal-
lowing the recognition and activation phases, in which a
milcrabe or toxin is desoroved or innctivated. For example,
in o humoral immune response, the effector phase may
be charneterized by antibody-depemdent complement
actvarion and phagocyrosis of bacrerin opsonized wich
antibody andfor complement.
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Endosome. An  imtracellular  membrne-bownd  vesicle

imto which extracellular proteins are imernalized during
antigen progessing, Enadosomes have an acudic pH aml
contmin proteclytic encyvmes thar degeade peoteins into
peptides that bind 1o class 11 major hstocompatibility
complex (MHC) molecules. A subset of clas 1l MHC-
rich endosomes, called MIUC, plavs a special role n
antipen  processing and  presentation by the class 11
pathway.

Endotoxin. A component of the cell wall of gram-

negative bactenn, also called lipopolysaccharide, which
is released from dying bocteria and which stimulates
many innate immune responses, ichshng the secretion
of eytokines and mdwction of macrebicidal acrivities of
macrophages and the expression of adhesion molecules
for leukoeyies on endothelivm, Endotoxin contains both
lipid components and crbohydrte (polysiccharnide)
MHHELes.

Endotoxic shock. Sec Sepric shock.
Envelope glycoprotein {(Env). A membrne glycopros

win encoded by a retrovirus thar is expressed on the
plswa membrane of infected cells and on che host
cell=derviad membrane coar of viral particles. Env prao-
teins are often required for viral infectiviry, The Env pro-
tein of humon ||nn1|||1.su|¢li.n:i|,:n|:}' wirus e lude ;.11-” and
ppl 20, which bind to CD4 and chemokine recepions on
human T cells and mediae fusion of the viral and T cell
membranes,

Enzyme-linked immunosorbent assay (ELISA). A

meethod Ful' quanli.Fqu::‘u'L antigen immeokalized (RIR ] walid
surface usimg a specific antibosly with 2 covalenly
coupled enzyme. The amount of antibody that binds the
antigen i proportional to the amount of antigen present
and is determuned by specrrophotomerrically measuring
the conversion of a ¢lear subsditrate to o colored product
by the coupled enzyme.

Eosinophil. A bone marmow-derived gronulocyee thar iz

abundant i the inflammatory inflomees of immediace
hypersensitivity ke phise reactions and that contnbures
o many of the pathologic processes i allergie diseases,
Eosinopluls are important m dJefense against extmcellu-
lar parasites, such as helminths,

Epitope. The specific portion of o macromelecular antigen

e which an antibody binds, In the case of a protein
antigen recopnized by o T cell, an epitope is the peptide
partion that binds we a major histocomparibiliey complex
maolecule for recogmition by the T cell recepror. It is syne
onymous with determinant.

Epstein-Boarer viruz (EBV). A Joublestranded DA

virus of the herpesvirus family thae is the etiologic wgent
ol infearious mononueleosis and is asociated with some
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B cell malignancees anad nasopharviecal carcinema, EBY
in!-m.' £ B |'|.'l!'||"|"|.n'~|.'ll'l'|:> :|M EC T 1.']"'rl|:||.-||'.'|| wolls by sl
ically Painding to the complement receptor tvpe 2 (CR2
ar D21

Fiab'): frapgment. A proreclviic itsement of an leGoood.
eoule thar incluodes o complete lghe chains bu only
the varmble Jomoin, firse comstant Jomam. and hinge
regicn oF the pwe heavy chamns, Flaly') - frosnems retain
the entite Bavalene ill‘t!:ipl."l'lri"ll'ln.!lnj: Tt ol an intadi
le but cannt bind complement v TelG Fo mecepors.
They are used in rescarch and dherapeutic applications
when anrieen binding is Jdesired wdthour annibady eiee-
tor funetions.

Fab frapment. A proteabvie fragment o an lels amibody
mislecule thar incledes one complewe lighy chain paared
with vne heavy cham fragment containing the vannblke
domain and only the Arst constant Joain. A Fab frag-
ment retarns the ability to bind an amtipen but cannao
mteract with Jels Fo receptors om cells, mor wath com:-
plemens, Therctore, Fab preparatns are wsod inoresearch
st therapeatic applicantions when antisen Maddi
destred withoat activation of effector functions. (& Fab'
traement rerams the hinee region of the heavy <hain.)

Fas. A member of the numor nec fosis Ciotar receptor Ganily,
which 1 expressed om the suace of T cell and mony

e coll pepesand which initiznes o signaling casealde

+ the apoptatig Jdeath of the cell, The Jdeath

imireied when Foe binds to Fas ligomd

earfosed on activated T cells. Fascmedued killing of T

eolie, catbed scrvoton-induced cell Jenth. i< Tt

poe the mamtenanae of seli-tlerance. Muntivns in the

Fore vine Ciorse systemic amstoimmene Jisemse i mice ard

e Al called CENS.

rand. A membsme protein tlen is a member of the

t nevtosis factor Limily of proteins, which i

[ re=sed o activated T cells. Bas lHgand binds w Eis,

thereby stimularing o spmaling pathway lembing o apop-

totie Jeath ot the F-I‘--L"\ir'r\'-\-‘:llll..' cell. Murations in the

R L% S L 1

Fas lgmd pene like mutanons in Fis Gnase systenic
suncsnumuane disese i mice.

Fe tfragmemt crysualline). A proteclviie irgment of
amtiboady thor contmms emly the disulbide linked carbeoy-
termimal eegrons of the twao heavy chains. The Fe region
medianes effector functions by binding o coll surfisce
TeCelaies ol r'l'l.ll.:‘\(!fll.'b and ME cells or 1||:.: 2l tllllll"ll."-
ment protein. (R fragments are so named becasse they
tend o ervstallize vat o solutinn.)

Fe receptor (FeR) A cell surface receptor specie for the
carboxy-terminal  comstant region f an I molecule.
Fe receptors are iypically mulvichoin prowein complese
that el |:|,t--|."|'mh|u; COINPOnE LS el Lilm;,h““

companienits. Thewe are severl types of Fe pecepron,
imcliding these specibe for different 1g0 isotypes. 1B
and TeA, Fe seeeptons mediate many of the effecor func-
twars of annabodics, inclsding phagocytosis of antibody-
coannd opsomized) miceoles, antipen-indueed activation
of tast cells, mmd setivation of manueal killer cells,

FeeRL A high-afiiony receptor for the corbosy-termmal
coartant pevion of IeE moloonles, which is expressed on
mast cells and busopluls FeeRl molecules on mast cells
are wsually occupicd by 1pE and antigen-induced
crossbmbing ol elwse 1pE-FeeR) complexes  activaies
the mur ool and mitiores ammediae hypersensitiviey
TwIE b,

|rt'? receplor “:i!‘jﬂ.]'.- A spociie cell surface socepror fust
the corbvyeremminal constant reanon of lpG molecules.
There are several -;1i|'l|.-n.'|:| Ty al Fc'g FCCUPHOTS, el
ing the higheafniey FeyRE dhar medioes phagocyiosis by
macrophages and neurrophils, the ow-affiniy FoyR b
that eraneduces inhibiory sigmals i Boe ind the low-
altminy FeyRING char medinies vrpeting and actiation
of Antural Eiller cells.

Flow cytometry, A method of amalyas of the phenmype
al el ]Hh]'iLﬂ:lI!nlllh FULLIrELL -pc;inli;;_'..l. gl Ty e
(o cyrometer) tha can Jerear floorescence on imdic
vidual cells in o ssspenston amd therely derermine the
l'llrl'lil:"cl \li |.'1:||'~ [ RHEERT
fluorescent probe binds. Swepensions of cells are incu-
bated wich flucrescenily labeled antibodies or other
prodes, s the amoant of probe Bownd by ench cell an
the populativn i mewvsared by passing the cells one at a
time through o luoriveer with o bisergenerated inci-
dent beam.

Fluorescence-activated cell sorter (FACS), An adapia-
thom ol el thaw cvtomerer thar is wsed fur the purification
o] el b froam o mixed ]M"'ulilth:-n. dl:|‘1.-|'u|i.1"|g.'_ o whisch amld
bow imuch fleorescent probe the cells hind. Cells are first
stained with flucreseonely labohad probe, such as an ami-
bondy specine fur o surbice antigen al 2 cell poalintion,
The cells are then passed one ot a0 tinwe throagh o Mue-
rimeter with o Lsergencrared incident beam and are
differentially deflected by electromapnetic helds whose
strenathy and Jdircction are varied according w the mes-
ured Intensity of the Nuorescencoe sipnal.

Follicle. Sve Lymphoid follicle.

Follicular dendritic cells. Cells found an lympliokd folli-
cles than express complement receprors, Fe receprors, and
CIM0 Tigand and have ong extoplsmic processes el
form o meshasork then is integral o the architecione of
the I'T’“l’l'“"‘"[ fullicles. Follicular dendenic cells 1.]1#1!;.11'
antigens on their surdace for recognition by B ocells and
are ivolved i the sctvatin and schection of B cells

et |L1::||l,'|.'|.|||;' (T3] “‘]1;1.!!1 HI




expressing hagh-affinity membrane g during the process
of affity maturation,

G proteins. Proteins that bind guany] nueleotides and act
as exchange molecules, catalyzing the replacement of
Ioumd GDP by GTE G proacins with bound GTP ean
activate a variety of cellular enzymes in different signal-
mie coscodes, Teimene GTP-lending proteins are assoc-
ated with the eyroplomic portions of many cell surface
e epons, such o3 chemokine FCCEPLOTs, Chber small
solubsle G proveins, such ns Ras and Raf, are reonoed into
sipnaling: patlways by sdaprer proteing.

Generative lymphoid omgans. Organs where Iymphao-
wytes slevelop from immnture  precursors. The bonc
marnw and thymns are the mnjor generative lymphoid
virgmins where B eells and T cells develop, Tl.'h]‘ﬂ-"l-'ll‘-‘ﬂ't'p'-

Germinal center. A centrl, light-staining region within
1 lymplusd follicle in 1-[1I|I|.Ir..l'|. lymiph node, or mucosal
lvmploia]  tissue  than forms during T Wl-l-tl'l-i"!-l'ﬂli.l'll'
|I.||I|.v|l|'.,|| ||“|'|“H|l|_ ﬂ.,pf\l“'lﬂ'ﬁ :|I'||.I = ‘hl." =1e "i B--CL'“ iwrhn-
[ERRTEHITTR TN

Gilomerulonephritis. Inflammation of the  renal  glo-
meruli, often initiated by immunopathologic mecha-
pists, such as deposition of circulating antigen-antibody
complexes m the plomeralar basement membrne or
binding of antibodics o0 antigens cxprth:hl- o the
wloaneruluz. The wnolbsodies con acnvate complement amd
phawocyres, and the resulomg: u\li:m‘um:m'-q' TESPOISE Gy
lead vov venal Fablure,

Graft. A tissue or organ that i removed from one sie and
1= placed in another site, usually ma difterent individual.

Graft arterosclerosis. Ooclusion of graft arteries due o
proliferation of mtimal smocth muscle cells, This process
is evident within 6 months ro | year after srnsplangacion
and s respansible for chronic rejecnon of vascularized
angmn prafts, The mechanism is likely w Be a resule of o
chronic immune response o vessel wall alloantgens. n
15 alsa ealled accelemted arerioelerosis.

Graft rejection. A specific iImmune response to an organ
or tissue graft thar leads o inflammarion, damage, and
prossibly grale filuee.

Graft-versus-host disease. A disease cocurmng in bone
pwarrow transplant recipicnts thae i consed by the repc-
tion of mawre T cells in the marmow graft agains
alleantigens an host cells, The disease most often affects
skin, liver, and intestines.

Granuloeyte colony-stimulating factor (G-CSF). A
cytokme made by activared T cells, macrophages, and
endothelial cells ar sites of wfecrion thar acts on bone
marmow to indérease production of and maobilize neu-
prophils o replace thise comsumed  in inflammarory
PeRC TN
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Granulocyte-monocyte  colony-stimulating  factor
{GM-C5F). A cyokine made by acrivared T cells,
macrophiages, endothelial cells, and bone marrow stromal
fibroblnsts that scts on progenitos in the bone mareow
o imcremse production of neutrophils and monoeyies.

Granuloma. A nodule of inflammatony tssue composed of
clusters of aetivarad mocrophages amd T lymphocyees,
often with sssocited neceosis and Abroses, Granuloma-
rous inflammation s o form of chronie Jelaved-type
hyporsemsitivity, aften im response to persistent mignbss,
such as Mycobacterom tbesculosis and some fungi, or n
Feaponse iy ]'!:u:lll;ul:il!r.' anbigens that are ot ll.';lﬂli'r
phagocyroscd.

Granzyme. A serine protease eneyme toundd in the gran-
wles nFql;h:lh_l'lll: T 11_,'||q'ik'r|u:'plu> arnd matural killer cells
that is released by exocytons, enters et cells, mumly
through  perform-created  “holes” amd  proteolyncally
v;l\'.'il\.'l.,'a .|.11|.| DL DRIl Clspaises, Whiﬂ'l. (TR NLNRT CII:.I'I."L'
several substrates wnd induce target ol apopasis.

H-2 molecule. A major  histocompatibiling  complex
(MHC) molecule in the mouse. The mouse MHC was
origmally called the H-2 locus,

Haplotype. The ser of major hestocompanibilicy complex
alleles inherited from one et amal therefore on one
chromosome,

Hapten. A small chemical thar can bimd o an antibady
but must be actached o a macromolecule {carrierd 1o
stimulate an adaprive immune response specific for that
chemieal. For example, immumnization with diniteophenol
(DN alone does not stimulate an anti-DNP antibody
response, bur immunizatien with dhe DMP hopren
atached o a proten docs stimubinte anti-DNP antibody
|'|“H.I|.|I'_'|m.

Heavy chain. Sce Immunoglobulin heavy chain.

Heavy chain class {isotvpe) switching. The process by
which o B lymphocyte changes the isorype of the ann-
beslies it produces, from lehd ro [pG, RE. or lpd, without
chonging the specificary of the annbody. Heavy chain
cliss swirching is regulated by helper T cell evtokmnes and
CD40 ligand and inwolves recombination of heavy chain
W segments with downstream constant region gene
SN

Helminth. A parasitic worm. Helminthic mfections often
elieit Tyl responses with cosinophil-rich inflammatony
imfileranes and 1gE producrion,

Helper T lymphoeytes. The functional subser of T lym-
phocyies whose main effector functions are o activiane
macrophoges in cellamediared immune responses and
promone B eell antibody production in humoral immune
respores. These effector functions are mediated by
secrered u'g.'lukll:ll:a '.|.1'|.~1 I‘\q, T eell T Iig.n‘n‘ Hndh‘u; tes
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maceophase or B oell CD4E Mose helper T cells express
the O molecule.

Hmnhpﬂiﬂ:siuq The Jurg'luplnu:‘ll ab matuee Bloswd eolls,
i luding ervehrocyies, leskooyies, and platelets, trom
plunipotential stem cells i the bone marow amd feal
liver. Hemtopoess 1= regulated by several dafterent
..:'!,'h'ui.in.,-. T wuced by bome marnow aromal cells, T eclls,
and vther cell types

High endothelial venule (HEV). Specialized venulbe
that are the sibes of Inuplnh;'l:h' exifnGsaln [Rom thie
Flood into the stroma of a peripheral lbmph node o
mucosal bemphoad tisswes. HEVs are lined by plump
endothelial cells that protrude imto the vessel lumen and
express unigue adhesion mabecules imvolved i b
nakve T eells

Hinge region. A region of inmunaoglobulin heavy chaine
berween the I"|p| Ewer Ccon=Lank -.IL\I!I.IIH\ thar Cadh dsstiii
multipbe confurmarsns, thereby mpartag o thexibiliey in
the vrientation of the two antigen-binding sites, Because
of the hinge region, an antibody molecale can stmalia-
mevasly Bind twoepitopes thit are anvwhere within reach
of vife anather

Histamine. A vieoactive amine, stored i the granules of
miast cells. thar i one of the imporiant mediastons of
it diaty. hvpessersipvine Histamine bnds o specific
Fewe PR 0 Variaes tisaes and causes inereased vascular
senneabibiny and contraction of bronchial and intestinal

vk b maneg he

HLA. =vv Human leukocyie antigen.

HLADM (alse called DM). A peptide exchange mole-
cube that ;'! wer a critienl role i the class 11 g Tister-

mpatthaliy complex (MHC) pathway of anuogen
rresentations, HEADA - fomerzd imy the s[‘m.'iulljua.] sMIc
endesomisl compartment and facilicones the removad of
the imvareat chanederived CLIP pepride and the
il of other peptides 1o glass [l MHC molecules.
HLADM s encoded by o gene in the MHC amd is sonoc-
wneralle wmilar o chies 1 MEIC molecules, bar it s mw
podvmorphue. Called H-2M in the miouse.

Homeostasis. In the adoptive immune system, the nain-
e of a constant number and diverse repertorre of
|l.1|1|1||.n.'. b, .||'=p'1u' the emensence of new t11hphu;!|1.u>
and premendous expansions of irdividual clomes that may
vecut Juting responses to microbial annpens. Homessta-
ps i s heved by reguliseed pathwiys of lymphocyee death
and inacuvatem.

Homing of lvmphocytes. The direcied  migration of
subsets of circulating lomphocyres e particular tsue
sites. Lymphocyte homing 15 regulated by the selec-
tve CXPresiin ol adhision molecules, called hmlmlg
receptors, on the lymphocytes and the tissue-specific

L1

wxpression of endohelisl lizands for these homing recep-
{3 called ih!..lﬂ.'.‘-hlﬂ\. m ahifferent vascular beds, For
ex-.l:lli'la', oI T |.1_.'|t||'-'|1-:1q.:';'lt.'a Nu-l't.:uﬂ‘l.‘ti;j“'f IleL‘ ik
ntestinal Temphoid e (e.g, Pever’s patches), and this
is resulered by Binding of the a4l incegrin onthe T cells
v thie MAJCAM (Cmncesal addressin cell adhesion mol-
coule"d addeesan vn Pevers parch endothelium,

Homing receptor. Audhesion molecules expressed on the
surtace of lviphouytes thar are sesponsible for the differ-
et pathwins of lymphocyie recirculation and tisoe
Boaming. Hominge  oeceptors Bind  w Iygands  {called
sddressinsd expresed on endothelinl cells in particular
vastular beds,

Human immunodeficiency virus (HIV). The enologpe
apent of scquired immunidehciensy diseme (A1DS),
HIV i a removings shar ifeces a varniery of cell 1ypes,
|I'|1.'|.l|..i|l'|.|: '._-I.“'l.'ﬂ]'ll:l.'b‘llll: h.i.'1|\u|' T CL'H:.-, ||1d|cmph.mua.
and dendmic cells, mul couses o chrome progressive
destmection of the immune system

Human leukocyie antigens (HLA) Major histocom-
psll!||'|||i'|lf uul:l.1|‘-|-\'3c (MHCY msdeenles cxrr:.:am\l. on the
surfce of Buman cells. Human MHC molecules were first
wdentined as alloantigens on the surace of whive Mood
cells Hrulrn 1.1-;--] I|.|..|.1 !"uu“d Ll g1 [al] '.1|:l||‘|(n|i.n.-1s f:rl:rln i1'|.n||'
viduals previously cxpised s other individuals' cells
kg mtliers o Eramalisaan :'n:ulilwnh:l

Humanized antibody. A maomoclonal anibedy encoded
by o recombinann hybed pene and composed of the
anfipen-bioklinre sites Troan o murase monoclonal an-
bandy and the constamt region of a human angibosdy.
Humamzed wntibodies are les likely than mouse mono-
clunnal anoibodies voomdice sn ant-antibody response
Bumuns; ey are wsed clinically in the reament of
tusnars arsl tramsplant rejection.

Humoral immunity. The oype of adaprive  immune
uapsarsg IIIt'.iI.Il'l..'\-! i'n.' .|111||"mi|:¢-. ll:l:ll: fme FH'\',ldl,]l:L'd 1:‘|-'|' B
Tymiphoscyres. Flumworal sommminy is the principal defense
||||,-..h:||1|~m snnenst extracellular  moicrobes uml: :]"u!'i!'
[OTILS

Hybridoma, A coll hae denved by cell fusion, or somatic
cell hybradization, between a nermal lymphocyte and an
aninotalized ymphocyie wumor e, B eell hybridomas,
cremted by fusion of nomal B cells of defined antigen
speciticity with o myvelont cell line, are vsed o produce
menwsclonl antibodies. T cell hybradomas, created by
fuistom ol a mormal T cell of Jdennad specificitg with a T
cell wmww Bine, ane commonly wsed in research.

Hyperacute rejection. A torm ol allogeadt o senogralt
reprctiu that begine wathin minutes to hours after trans-
plntatiomn ad s charactenized by thrombotic eoclusion
ul thae gt vessels. Hypersoute repection is medioted by




preswsting antibodies in the host circulation that bind
te donor endothelial antigens such as blood group
IS OF mnjor hiat:xnm]'!:l!ll‘l:l:l',.' mmpltx [MHC]
miidecules.

Hypersensitivity diseases. Disorders caused by immune
nesponses, Hypersensitivity discases include autoimmune
Jdiseases, imowhich immune responses are directed against
el antipens, o diseases that result from unconrrolled
o exoessive responses aganst foreign antigens, such as
LTS hll‘r; '.1|'||.| '.1]];11:!.:”.\. The Fissiue tk‘ldl‘i:l].:\c I'Iil.ll: GRS i
Iiypersensitivity diseases is the result of the same offector
mechanisms used by the immune svitein to protect
usaimst mnicroles,

Hypervariable region. Short sepments of abour 10 amino
i restlees within the vorinble regions of anoibody or T
vell mecepror (TOR) protems, which form loop structurnes
i comntaci antigen, -|-|w;|; HigH !i'lrtl! J\\'p\‘n'iiriﬂll"lt‘

called  complementarity-determining
regions, i each antbody heavy chain and light chain

el vemch TCR o wred [ chaun, Most of the variability
Fretween different antibodies or TCRs is located within
thise fegions.

ldietope. A unigue determinant on an antibody or T cell
recepror molecule, usually formed by one or more of the
Iwvpervanable regions. Idiotopes may be recogmized as

foreipn im an mdividual becowse they ane wsually present
1 aguantites tess low w induce self-tolemnce.

Idivtype. The uneue strsctures present in the antigen-
Binding regions of the annbodies or T el recepross pro-
duseed by o singele elore of lymphocyres, A theory, called
II'I!,' rH_'['u\'l,'lrl; h?"'ll.hl"sli, Fh.'qﬂ.‘ |.||.,'||L'5- ‘11“: H n‘.'l“-'l.“h ‘.d-
complementary  interactions  involving  whiotypes  and
anti-idiotypes reach o steady state at which the immune
system (s ar homeostasis and that antigen pertuchs this
steaddy stare, The importance of such o network hos not
been established.

I and Igh. Proteins thar are requined for surface expres-
sion ol signaling functions of membrane immunoglob-
ulin (1) on B eells. lgec and Igf paies ore disulfle-linked
te one another and noncovalently associated with the
eytoplasmic tail of moembrone lg, forming the B cell
receptor complex. The cvtoplasmic domains of goe and
Igff conmain immunoreceptor tyrosine-hased acrivarion
matifs (ITAMs) that are invelved i early signaling
events during anngen-induced B cell actvation,

Immature B lymphoeyie. A membrane lphd’, 1g B
cell. recently derived from mareow precursors, thar docs
not proliferare or differentiate in response to antigens bug
rather may undergo apoprotic dearh or become funcron-
ally uneesponsive. Immature B cells thae are specifie for
self antigens present in the bone marrow are negarively

I WS, ..||'\|,l
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selected by encounter with these annpens and do nos
complete their maturation

Immediate hypersensitivity. The type of immune rencs
tien responsible for allergic diseases anad  depensbern
on IgE plus snoigen-mediaved stimulation of tssue mist
cells and basophils, The mast cells and 1.1:|mf||'|.i|~| releise
mricltors that cuse  inereased  viicular pcrrm':lhlh:}'.
visodilation,  bronchial and visceral smooth musele
contraction, and inflammation

Immune complex. A comples of ome or nuore antibsly
molecules with bound antigen. Pecouse cach antibaly
molecule has s minimum of two antigen-binding sives and
many antigens contain muliple epitopes, immune com-
plexes ean vary greatly in size. lmmune complexes act-
vate effector mechanisms of humoral immunity, such
as the classical complement pathway and Fe recepror—
medizated phagocyte activanion, Deposition of circulming
immane complexes in blood vessel walls, renal glomeruli,
arwd jorne symeovia con lemd v indlamoistion and disease,

Immune complex disease. An inflammatory  disease
cased by deposition of antipen-anubady complexes
blosnd wessel walls resulting in local complement acova-
tican and phagoeyveie recrutment. lmmune complexes may
form because of overproduction of antibodies o mecro-
bial antigens or because of autcantibody production in
the serring of an autoimmune disease such as systemic
lupass ervthematosus, [mmune complex deposition in
arteries, kidney glomeruli, and joint synovia may cause
visculits, glomerulonephrites, and arthngs, respectively.

Immune privileged site. A site in the body than is inac-
cesible o, or actively suppresses, immaone fesponses. The
anerior chamber of the eve, the testes, and the bran are
examples of immune privileged sives.

Immune response. A collecove  and  coordinated
response 1o the introduction of forcign substances in an
indivichaal mediated by the cells and molecules of the
immune system.

Immune surveillance. The concept that a physiologe
funerion of the immune system is to recopmize and desonoy
clones of transformed cells before they prow into tumons
amd to kill rumors after they are formed. This term is
sometimes used oo general sense o describe the fune-
tion of T lymphocyies in detecting and destroying any
cell, not necessanly o vumaor cell, thar i eXTesin
forcign antigen {e.g.. if it 1s infecred with an inteaceliu-
I:n‘ |1:=r_~|r4.-h:]-.

Immane system,. The molecules, cells, vissues, and organs
that collectively function to provide immunity, or pro-
rection, against infectious pathopens,

Immunodominant epitope. The pormon of an antigen
that & recopnized by the mmority of the lvmphocyies
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‘[‘\JL'II'-IL' r.lll' '[h.l! ill'l!:il.'l.'l'l.. Fﬂl’ T I.'L"“!-. ||'|'|||:|||n,1‘|i,|-||“g|'|,_'|“|
epitepes comrespond o the peprides goneraed within
antrgenspresenting cells thar Rind most avidly wo MEIC
maolecubes and are maost kel to stiulare T ocells.

Immunofluorescence. A techmague i which o melecule
i detected waing an antibody Iabeled with o fhsorescens
probe. For example. in immunotloofesconce micnscapy,
celbs that express a pamecular sumise antzen con v
>l.i|.[‘|.1:.| '|.'||l|'|. E I!u.1h.':-.'|.'||.|-|.‘m1:|n;:,'||\'J ,||1||h~.!1 spPeCiig
tor the antigen and then vieualized under a uorescene
MECTUsGOpe.

Immunogen. An anigen  that  indoces om0 immune
responee. Kot all aitizens are immunooens, For cximnple,
small molecular wereht compounds (haprens) may o
stimulare an immune response onbess they are linked
maromolecules,

Immunoglobuling Synonvmeass with sneibody (see Anti-
by ).

Immuneglobulin  {Ig) domain. A throeJimensional
plobabar strucrurad motf fowrd in: oy protcins in the
impwme systent,  inclieding  immumeglobulins, T eell
FoC o s, amid Tikesk h:-h'-uul'l'lr.llﬂ"lllh.' i-.-|.|1|"|a.'x FLE
wules, le Jimmamns are kot 119 amimar aeid residues i
Fenuth, imclude an o intemnal disulnde Bond, and conrain
v lavers o Bepleated sheer, cach Bwer compised
threw toe Bve strands of antiparalle] polvpeptide dhidn.

Invmeneslobulin (l=) superfamily. A Lirge Gmily o

at corituin o eloibaulor structural monr called

sbarling 1dg) domain, or Ip fold, somimalh
deseribed i annibodics. Many proteins of mnposiinee in
v amimune =vetem are miembers of this superiunl
reliding antibedies, T cell receprors, mapor histogaan-
[ (A -|:|s.r'in  meleenbe, A, and Cs.

Immunoglobulin (Ig) heavy chain. One od tao tvpes of

tde chains thae compase anantibody modecule.

The s strecramal umin of ananubody includes e

Laennical, Jeulade-Jinked heavy chains sawd pwaee sdentical

v Euch heavy chain is compuosed of a vanable

it it three or fowr constant () e domine.,

e Biferent anubody rrrpes. ine ludings Tedd. Tel ), T,

Lo ond 1. are Jistguishied by structural Jditterences

s, The heavy chain

cror functions, sach as

H2nt ,."

i
T

e et Ligavy o constant e
womLant regisns also mediae eil
\.~lr|||'|-r:|||1.'|1l sctivation and enpigement ol rt'!ﬂl.'l"'i"- Te=.
Immunoglobulin (1g) light chain, One of gwe oipes of
pelvpeptide chams that compese an antibody molecule.
Thee busic strucrural unie of an ontibody ncludes e
wlentical Lighe chains, each Jisultide-linked e ome of twe
wdemtical by chums. Each lighe clun is cu.rlll["l'ﬂ"lj aH
ome vartable (V)Y le Boamain and one consts () e
domain. There are two Dight chain isotypes, calhad € and

. both funcrionally whennical. About 60% of human anti-
Pondics Bave ® light cliains amd 40% have A light chains.

Inmmunohistochemistry. A wechnaue used 1w deteet the
Presence of an anticen i histologic tssue sections sing
An -;'n:t'mu-{mrplml antiabusly that s s.[N.'l:iFl': for the
amtigen, The e comverts @ cololess substrate o a
colored insoluble auibaance thar precipitates ot the site
where the annibedy, and thas the antigen, 5 localized,
The PositEn af the cubonad [rrecIplane, el 1h¢m‘l’ﬂ'¢ ihe
amtigens, i the Lissue sectsomn s observed by comventional
Iight meroscopy. Inmmunchistochemistey s a0 routinge
technigue in diagnestic patholiay and in vanous fiekls of
rescarch,

Immunoperoxidase. A common anmunahistochemical
I'I.'\'I‘tl'l'il::l.h;' in which o hogsersdish ]'n:l:l:h!h];.'lsl.‘—{l.ﬂ.ll"ld-‘it
antibondy i used o sdennify the presence of an antigen in
o A section, The peroxidise enzyme converts a ol
erbess siibateate tooan imeduble brawn pl'q.n]l.lﬂ that 1=
olservalble by ligha LTS Sty

Invmunoprecipitation. A redmigue for the isolation of o
wishecule frean o solstaon by bading i e an ancibody and
then remduring the antigen-antibody complex insaluble,
either by precipition with 2 second anti-antibody or
By conpliene the fien annibudy o an insoluble particle
ur el

Immunorcceptor  tyrosineshased  activation  motif
ITAML A comverved il composed of o copics
vt the sequence venosine-X-X-leueine (where X s an

pecitbed o agid) S in the cytopleEmx tavils o

Vatsous dombrate protems in the immune system thot

i invaslved ancsmnal transdoction. ITAMs are present in

the 2 amsd L0 proteine of the T el recepior complex,

i the D il el proteins i the B oeell FeCeplor

commiphen, amd inseen

aling sulunits of several lg receprors.
When these revepross bind thesr ligands, the tyrosine
restbies ool the TTAMS becoms phesphorvlaced, forming
diackiene sates for other malecnles involved in propagaE
iz cell-sentivoting sioal transduction Py,

Immunoreceplor  tyvrosine-based  inhibition  motif
(ITIM) A Dmnme acid [Iu\h:uuiﬁc-x-t'frminc-x-x-
lencime ) monid bl i the cytoplasmie wils of various
imhibitiry receprors i the mmune system, ncluding
Ft'gﬂ."ﬂ o B cells, anad thee Killer ||'|h'g'|-|'|u:r'.' FCCEOr Gn
manii] killer cells. When these receprors band their
B, the ITIMs bocome phosphorylated on their tyro-
st pesblues, faminag o docking sie for provein tyrosine
plaephatiees, which m wm function 10 inhibic other
siril temasducium I'\1II'|“';I!|':..

Immunosuppression. Lehibivion of one or mare compo-
nceits i the slaprive i e e sysiems, LI

m naewderlvene discose or imtenteomally iedsced by druges




fosr the purpase of preventing or treating graft rejection
or mumoimmune disease. A commonly used immuno-
suppressive drug 15 cyelosponne, which blocks T cell
cytokine prodection,

|ll::uuno':|'|crnw, The trentment of o disense [TEt i thir-
pentic mgents that promore immune responses. Cancer
immunatherapy, for example, involves promoting sctive
IR FUSPMMISes [ DUIMOF Dtigens of mlmumsmrin:u
anttumer antbodics or T cells 1o esmblish passive
Y

Immunotoxins. Remzents that may be used in the trear-
ment o cwncer that consist of covalent CON JuEElcs of @
potent cellubie wn, such s ricin or diphthena toxin,
with antibodies ‘-|H.'-',:|li.c b aacak Hecins :xpn:m:d on the
b of umor cells, lois hoped that such reagenis can
speciiically mrger and kill rumor cells withour damaging
twrirel L'|."”-'|-. bk L:tli- '.II1n;| l."ﬂ-i.!t,:l“'l.' ALY NS h:l't'l.'
et o b developed,

Inbred mouse steain. A staun of mice created by repeti-
tive st of siblings, chamcterized by homozyposity at
cvery genctic locus. Every mouse of an inbred strain is
sepetically wdenneal (syngeneic) w overy other mouse af
TEwe samme spraimn,

Indircet  antigen  presentation. In
mmunology, o pachway of preseatation of donor (alle
weneic) major histocomparibility complex (MHC) mole-
cilles by recipient  antigen-presenting cells  (APCs)
|:|'|1.'c'||.-.'ing the same mechamsms wed 1o pEcsent MKk
Bial proeins. The allogencic MEHC protems ane processed
by recipient professional APCs, arml [\'p[!l.ll:& derived
irom the allogencee MHC molecules ane presented. in
assoctation with reciprent (el MHC mobecules, oo host
T cells, This i i comtnast o dinect antigen presenuiion,
which involves reapient T cell recogmition of unpro-
cessed allogeneie MHC molecules on the surface of groft
cells.

Inflammation. A complex reacton of the innate imnwene
system in vascularized tisues that involves accunwlation
andd agctivaton of leukocyres and plisma protems ac asine
of infecrion, oxin exposure, or cell myuey. Inflammanon
i intiated by changes: in bloosd vessels that promote
leukocyre recrwitmant. Local aduptive immune responses
cant prosiote iellanumation. While inflammation serves a
protecrive funcrien in controlling infections and pro-
nictang issue reparr, it can also cause tissue damage and
dhscase,

Inflammatory bowel disease (IBD). A group of Jdisos-
ders. including ulcerntive eolitis and Croha's disease,

tenized by chronic inflammation in the gastrome

testmal tract, The etivlogy of IRD s not known, but there
is evidence thar wmmune mechonisms moy be involved,

trnsplantacion

char
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Gene knockout mice lacking 1L-2, 1L-10, of the T eell
receptor o ¢hain 1.h:|l1.:||.|11 1B,

Innate immunity. Protection agninst infections that relies
on mechanisms thar exist befone infection, are capable of
raphd responses o microbes, amd react in essentially the
same way o repeatl infections. The innate  immuone
system includes  epatheliol  barriers: phagocytic cells
(neucrophils, macrophages): naweml killer cells: the
complement system; and eyrobines, largely made by
monanuclear phinpocytes, thar repubue and coordinmte
mory of the actovities of che cells of nmane immunity.

Insulin-dependent  dinbetes  mellitus  (IDDM). A
disease characrerized by a lack of insuling, whach leads 1o
variows  metabolic amed vascular  aboormalivies. The
insulin debciency results from destmction of the insulin:
producing B eells of the islets of Langerhans in the pan-
erese, wuanlly a result of T cell-medinged matoimmuminy.

Integrins. Heterodimene cell surface proceins whose mapor
fumenions are to mediare adbesion of leukoeyres wo other
leukocyies, endothelial cells, amd extracellular mateix
proteins. Inwegnns are important for T cell interactions
with antigen-presconing cells and for migeation of beuko-
cyres from blood o tissues, The ligand-binding affinicy
of the imegrins can be repulaved by various stimwli,
andd the eytoplasme domans of integring bind w the
cytoskeleton, There are two subfamilics of integrins, aml
the members of each fmily express a conserved B cham
{ﬂl. ar DS, and {31. or CDE';! .'uMM:in.'rl'l.'d with diﬁur--
ent & chams, VLA is a Bl meegnn expresed on T cells,
and LEA-1 15 a B2 integrin expressed on T cells and
phagocytes.

Interferon-7 (IFN-y). A cyrokine produced by T Ivmphie-
ovies .|ru| natumtl lci“i..-r I:'..'HJ- whaose (il pul funtluﬂ
is o activare macrophages o both innare immune
responses and adaptive cell-mediared immune responses.
(In the past, IFN-y was alwo called immune or ovpe 11
interleron. )

Interleukin. Another name for a cytokine, originally used
1o deseribe a cytokine made by leukocyres, tha acts on
lewkocyres. Lt is now penerally used with o numerical
suffix o designate a strucrueally defined eveokine regand -
less of source or mrpet.

Interleukin-1 (IL-1). A eviokine produced monly by
activinied mons e lear phagocytes whivse principal func-
vien s o medine host inflammarory responses i innate
ey, There are owo forms of 1L-1 (o0 anad BY that
Bl o the same e Lo :mu.l l‘i:l'n;' whentieal biu'lngi.-l.'
effects, including induction of endothelial cell adbesion
modecules, stinmmlation of chemokine  production by
endinheliol cells and macrophages, stimulanen of sme-
thesis of acutesphase reactnns by the liver, and fever
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Interleukin- 10 (IL-10). A cveokine produced by acti-
viated macrophage and some helper T cells whase major
fursction o b kbt acbinvated l|.1:n.:r.1ﬂ'\:|¢g-5 anad there-
fore mmntan bBomeostatie conind of innore amd eell-
mediated ymmume reactions

Interleukin-12  {IL-12). A cviokine  produced by
merorebear plugoeyies and denddritic cells than serves
a3 masdiataor of the mmite immune response o inrecel-
lulir microbes and 12 2 ke mdocer o cell-medioned
Immdne fesponses o these miceobes, [L-12 activates
matural kabler (NK) cells, promotes imterferonsy produc-
tion by KK cells and T cells. enhances evialyric acviviny
of K cells and cvielviic T lvmphocyvies, andd promotes
the development of Tyl cells.

Interleukin-13 (IL-15) A cytokine produced by mon.
nuclear phagocyies and other colls mn response tooviral
inlections whose pr:rau.lr.ﬂ fumctzon 1= o sfimulate the
I"'J'i!l'll.l.'r.l‘“'ll:l I.||. n.i!:rr.ﬂ il”l.l I.'\'J]"-. !I = I-I‘,,|_'||,|r_||]|.

similar o anterbeskin- 2

Interleukin-18  (IL-18) A proheced  hy
:n.Jc'n'-_r!E:.u,'u.'\ I Tspasfie A5 |.['.'= |r;..i .|.t'.|,r in
prosduces, which fumctsoms tosgerd
inchecer of cell-mediare§ i

oo kin
LR TLRLY I T

roibial

wath =12 s an

I} -'--ur:I--'t"-'L'\-l'.||
mterleukin=1 2 in stimvobitme the procints o of Py
ratural killer cells and T celle. 1L-1= 2 strucewelly
Tenmelopous e Bur s Sumcebotatiie very dilferenr ok,
I 1

Inteeloukin.2 (IL-2). A corobm

J T eell= tlhun agz~ m

vmuiate T cell prolideragi:
worgs cell dearh of antieeractivan d

re.pnred tor both the inducrion o

ceil-medined immune fespoaises jLe2 al
et amed differenriaracn o peougal Bl

Interleukin-3 (IL-3). A ovickre prodoged B O T
o1l thint prommetes the capansbobs 4 Imniunce maro
proscntors o all Blood celis. I3 s alwo known e mul-
trhweae colimv-sumubaring faceor (mulo-CSF)

Imerlcukine4 (IL-4). A cvrokine produced maniy by ghe
Tol subeer of CIM° helper T oeells whose functione
e dude “'I-\.FHL'I“: Jitfetentiation f T L cells from vy
LM precursoes, stimubation of I2E production by Beells,
amsd suppressin of interfensn-y-dependent mascnphoge
SRETVC bisgis.,

Interdeukin-5 {!LS}. A C}'Iuli:l: W prnlm.;-.] 1"",' I T2
cells and sctvared most cells, which stimulares the
growth and differcnuiation of cosmophils and acuvares
muture eosinopliils.

Interleukin-g (1L-6). A cytokine produced by many cell

tvper including activated mononuclear  phugocynes,

endothelial cells, and ibroblasts, which funcrions in both
inmate ad adaptive immuonity. IL<6 stimulates the syn-
theesis of eute phise proteins by hepatocytes and stimu-
lates the orowrh ot annbody-producing B lymphocyres.

Interleukin-7 (IL-7). A cytokine secrered by bone
marrown steeanal cells that stimmilates survival and expan-
swne il immature precursors of Boand T lymphoeyres,

Intracellular bacterium, A bacterum that survives and
rephcates within cells, wanlly m phagolysosomes. The
|'~l'lr‘|-¢|;-u[ defense aominst mimcellular bactena, such as
Mycobacrerion inberciloses, is cell-mediaved immumnity.

Intracpidermal  lvmphocyte. T lymphocyres  found
warhin the eprdenmal Beer of the skin. In the mowse, most
of the intracpidermil T cells express the 36 form of T ol
recepton | See Inteasepithelial T lymphocytes.)

Intracpithelial T lymphocytes. T lymphocyies thar are
present w the epsdermis of the skin amd i mucosal
epithelia thar vpically express o very himived diversity of
anifimen receptors. Some of these lymphocyies may rec-
wizmze microbinl prodiscts, such as Elﬁnlipidh. assoacinped
with ponpolymorphec ¢las | major histocompatibilioy
complex-like muolecules. ||'||:|:u,'|s|t||:.-|m|. T lymphocytes
iy e conadened effector cells of innare immunary and
function in host detense by seereting eyrokines wnd scri-
vating phagocyvies s by killing infected cells.

Invariant chain (L) A nonpolymorphic protein that
Pk o newly syntheszed elass 1 major histocompati-
cilivy comples (MHE) molecules in the endoplasmic

nrn (ERDL The invariane ehain prevenes loading of
the clims 1] MHE peptide-binding cleft with peptides
present i the EIL beaving such peprides mo bind wo class
I sodecales, The invariam chain also promotes folding
ared ssscinbly of elas 11 molecules and directs newly
tramed chies 11 molecules to the specialized endosomal
MHC ComPartent wl"wm- Fu..-rrlid:: Iuading tukr:_h. planu:.

Isotype. A e of ontibody determined by which of five
bifterent forme of heavy chinin are present. Antibody iso-
wepes include TeM, leD, oG, 1gA, ond 1gE, and each
potype perorms a Jdiffercat set of effecror funceions.
Adkdivional seructural variations characterize distingt sub-
typos of Juls ond leA

1 chain. A protein produced in mature B cells thar binds
o secreted forms of leh oand IpA molecules and brings
togzether five of two of these molecules, respectively. (Mot
o b confused with the ] scument of antigen-receptor
penes, )

Joining (1) segpments. Shor coding sequences, between
the varmbbe (V) and constane (C ) gene segments in all
the smrnglobolin and T cell secepror loci, which
together with [ sepments ace somatieally reeombined
with ¥ seoments during lymphocyrte development. The

ol




resulting recombined V(D)) DRNA eodes for antigen
receptor W oregions.

Junctional diversity. The diversity in the antibody and T
cell receptor repertoires that 1s ateribured o the mndom
-Jul-.llln WO I|11..- r:.:|'|1.||1.'.|.| l,1f ﬂIICI.L'!'IIde SCURBCTICES BT illI'II:-
tine between ¥, [ and ] gene sepments.

Killer inhibitory receptor { KIRs). Receptors on natural
Eiller eclls thar recogumize self class 1 MHC molecules and
deliver inhibitory signals that prevent actvation of NE
cell cvrolbyric mechanisms, These receptors crsure thin
N colls do mor kill normal huose cells, which express class
I MO molecules, while penmitting bysis of vins-infocted
cells in which class | MHC expression is suppressed.
Severl inhilbiiory  receptors  have  been
diserbiad,  incluwding |L|11|1L|1u1|;!1|l:ulin aLIp-'.‘I'film”‘,.'
members, hererodimers of CR94 and 2 lectin and Ly4t,
All of these receptors contain cytoplasmic tails with
IR nOTEC P Or Eyrsine inhibinion morifs “Tl}k[:} that
are invaolved i iniaaring inhibaory signal parhways.,

Hinnse (protein kinase). An enzyme that adds phosphate
wronps 1o the sile chains of certmn anino acid residues
of proteins. Protem kinnses in lymphocytes, such as Lek,
are invalved in sipnal erssduction and the activation of
transriprion [acrers, Most protemn kinases are specific for
yTosiiie rl:'.‘-li.‘lll.i.'.‘\..

Knockout mice. Mice with a tarpered disruprion of one
or more genes, created by homologows recombination
technwpues. Knockour mece lacking funciwsnal  genes
encoding cytokines, cell surfnce receptors, signaling mol-
wenles, and tmscription Betors have provided extensive
iformation about the roles of these molecules in the
I system.

Langerhans cell, Immature dendritic cells found as aocon-
vinuous meshwork in the epidermal layer of the skin,
whose major function is o mrap and tmnsport protein
antigens o dramning |y||1.r||| nmoles. During their migraton
tos the Iymph nodes, Langerhans cells mature into lymph
nesde demdnne cells that can efficiently process and
present antigen o nave T cells,

Large granular lymphocyte (LGLY. Another ninne for a
marural killer (ME) cell based on the morphologic appear-
ance of this cell type in the blood,

Late phase reaction. A component of the immediso
hypersensitivity reaction that ensues several hours after
mast cell and basophil degranulation and is characerized
by an inflimmatory inflimee of eosinophils, basophils,
neutrophils, and lymphoeyees. Repeated bouts of late
phase reactions can couse tissue domage,

Lek. An Src fumily noarecepior tprosane kinase thae non-
eovalently associates with the cytoplsmic tils of CDY
anad CD8 molecules in T cells and s involved inothe carly

classes o
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sipnalmg events of antipen-induced T cell activaton. Lek
medintes tyrosine phosphorylation of the cytoplasme
wils of CD3 and € proteins of the T cell recepuw
complex.

Leetin pathway of complement activation. A pathwow
of complement activateon iriggersd, in the absenge of
antibody, by the binding of microbial polysaccharides wo
circulating lectins like plasnin mannose-binding lectn
{MBL). MBL s h!ruli.'l:.lm“',.' simitlar o {_:h. anil ackivaies
the CleCls enzyme complex (like Cly) or activaes
amother  serine called  manmuse-banding
proten=wsociated serne esterase. The remmming steps of
the lectin |J.:|1hn-.|-;.. |\|,';|y|1|1||||.: with q!g-.lv:lg.:l: of T4, nre
the swme ws the chssical patbwey,

Leishmania. An obligie ineacellular protosoan pansite
that  infeets macrophopes and con camse 2 chronic
dlammnanery diseie involving many tissases, Leishmania
ifeetion in mice has served as o mislel sypsiem far
the stwly of the elfvenr inctwons of several cyrokings
and the helper T cell subscts bt prodhece them. Tl
responses Wy Leishnweia magor anad issocined interfenon-y
pn.ahn.'um1 conbrol indeetmwy, wiherneas T“! T MM with
IL-4 production lead o disseminated bethal disease,

Leukemin, A malignancy of bone marrow precursors of
blowsd cells. Lorge numbers of leokemic cells wanlly
vecupy the bone marrow and often circulate in the bl
strenmy, Lymploeytic leakemias are derived from Boe T
cell precursors, myclogenous leukemins are derived from
pronulocyte ofF monocyie  precursors, amd  erythioal
beukemas are derived from red blowd cell precursons.

Leukocyie adhesion deficieney (LAD). A rore proup of
immunodeficiency dseases coused by defective expres-
ston of leukocyte adhesion molecules reguinal for tissue
recruitment of phagocyies and lymphocyres, LAD T is due
o muations i the gene encading the CDIES protein,
which 15 e ol E; :L‘l[uuti.l.'n. LAD Il i3 caused l"g,'
mitacions in o gene that encodes an ensyme involved in
the sythesis of levkocyre lipanads e endothelial
selectins.

Leukotrienes. A cliss of armchidome scid—derved lipad
milemmatory meditors prosdeced by the Lipoxypenase
pathway in many cell rypes, Mase cells make abundine
lewkotriene C, (LT and ws deprwdation produces LT,
amd LTE,, which bimd we specibe receprors on sl
mscle cells amd cause prolonged bromchoconsimconm.
Leukotrienes contribuie o the |\,|.1|:|.:-|n1._'1.' ol bromchial
asthimn, Collectively, LT, LT, amd LTE, constitute

CaleRe,

what was once ealled “showereacomg substimee of e
prhylaxis.”

Lipopalysaccharide  (LPS). Svnenvieows wih endo-
woxin.
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L}'ﬂ'lph node. Small nodular, 1.'11\':IF'aIJI.lh.'\J AgErCEes o
Iemphacite-rich tosue situaied abomg lemphatic channeks
throughour the body, where adaptive imimune responses
o lymphe-bome antigens are ininare.

Lymphatic systemi. A svetem ol vessels throughout the
bosdy thae collects t=sie dlusd called bymph, originally
derived o rhe Bliod, and retume it via the thorace
Juer, 1o the circalanien, Lymph naedes are imterspersaed
.1];'-|1.1." !I1|:-q.' r.;:-e-l.-l- .1|'|J b .'|I‘|J Feliun anbigens prosani
in the lkmph.

Lymphocyte. A cell tepe tound i the Bl Bpmphad
pisswes, and virmually all erpans, thin exprosses receplons
o Htigens and mediares immune L |.'!.'||1p'|1n-
evtes include Boand T cells (the cells of adaprive immu-
miry amd namural killer (MR cells {mediarors o some
nnate IMmune fesponses).

Lymphoid follicle. A B cell=rich region of o peripheral
Ivmpheoid organ. such as a lvmph noade or the spleen. thar
e ghar site of .|nlrm'n-ihdu€|:.] Bocell r"!l'l‘all-\.'t.llhlh aned
Jiferentianon. In T v:q,:]]--jn,-ﬁn.{unr B ocell FeApsias Lo
prodein antigens. o seminal center forms wathin the
tillac bes.

L'!.'mpholcint. An old memie for c@[nklnu- rn-..!l_-; ed b T
lwmphocvtes. Ir s now known that the <ame oviokmes

mav Be produced by other cell tvpes.

Lymphokine activated killer (LAK) eell. Marural Libler
wells wirh enhanced evtalyiic setivity i tuma e cebls s,
result o exposLre [ kgl Jl.:--u,'s wil imterleukim-2. LAK

rated movime have been adoprvele trm-erond

Mer COMCET Patients To treat their tam s

cehls g

Lymphoma. A malienant tomor of Boor T omphogvies,

g on ond spreading Perwesn lymphioid 10, Lyn

Mo TR e rl'.-:l:u'\-l\'rn. chatactenstics of the
v el phos vres i which they were Senved).

Lymphotoxin (LT, THNFE-Bl. A cviokine prodeced be T
celle, which is homebecas bs, and binds o the e
Fedw T as, Tutiber Bectoeds Bacor (TNF). Like TNE LT
[T r'.'--.'nH i etory welfedi=, |.m.:|u.|:|r|.|.: ul:'...fu!lw]l.ll .|I|.E
nwcwerophid ocoivation. LT is alsa cngical for the mwenl

i LTt o t',mr]'.uld LI,

Lysosome. A membrane-bound, acidic omanelle abun-
dant i plugoestie cells, which contains proeelyeic
envmies thai dul:rml-g- Proteins derived |:|:||nl'|' {rom Phae
extmcellular emy irongment. Lysosomes are snvolved inodhe
el I mujor  hiswcomparibiling  complex {3000
resthwsny of antigen processing.

Macrophage. A tisue-based phugocytic cell derved tnam
Blowsd memacyres, which plays imponam roles i inmone
amd adaprive mminune responses. Macrophages are -
vated by microbial products, such as endosoxing by meol-
ecules such as CIMO liggand, and by T cell evtokine such

.I\."L 'k
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as imereron-7. Activined macroploges phagocyrese arnd
kill microrsmisms, secrene proinllammatory. cyvtokines,
ansl Present anigens e |u'i[*\:r T eulls, MMH‘I\]'EIHFS may
asummie different morphaologic forms an different tissues,
incleding the microplin of the contral nervous system,
Kupder cells in the liver, alveolar macrophages in the
lume, nad cwtcoclnens dm b,

Major histocompatibility complex (MHC). A lorge
pemweire bocws Lon human chimomosome & amd mouse cliro-
musame 17 ohar isclsdes the highly polymorphic genes
encoding the pepride-binding molecules recogmized by T
Iyonphscyres. Thie MHC Locus also meludes genes encod-
g eytokines, mobecules ivvodved in AntEEen Processingg,
Al complenicnr proteins.

Major histocompatibility complex (MHC) molecule.
A heterodimere membrine protein encoded in the major
histocompacibsilioy comples ANHC)Y kocus that serves as
a pepride display mdecule for recogmtion by T lymplio-
evtes. Tworstpuenurally doviner eypes of MHEHC molbecubes
et Chies T AHC e decules are present on nucheed
colle, Find poptidis Jervad trom cyrosolic proteins, ol
e fecvemized e CIE T cells. Class 11 MHC molecubes
ane pestricied bornsely po |'-r:|l'c--|.||||i||[ :|n|ig.;-n.|1m:-|:l'lli1'|5'.
colbe, mumnophoees, nd B bemphocyres, bind peprides
Jerived trona vandoc v tesed progeins, and are recognized by
LI T el

Mannose  receptorn A cbolydrre-binding  receptor
et eupreaed by mucroplages that bisds mannose

al cell walls and medintes

apwd Bocose rosiduac om o micral

i

1y Rersts o B caPEnInsTINs:

inal zone. A periphes] regnn of splenic Bpnphosd
fllaches alin contains macnephages thar are paracularhy
clikciont & trapgm ]‘1"'_L"\-.h .I”\bl.' W IR, S'm:l‘l anti-
wens weny vt persist for produnged periods on the
pnarcimmil 2o |||'.'|-_‘n1]1||:|||.h.'=. where I!!"u‘:'p' are
by spewativ Boeells, or they may be ransported
s foallicles
Mast eell. The smopor eitecior cell of immediate hypersen-
sitivity Callessic) reactions. Mast cells are derived from
bone mortow precursors, reside i tisaes adpcemt o
blnsd vesels, express g high-affinity Fe recepuor for [gE,
amd contmn numenous mediator-alled granules. Antigen-
indiced crosadinking of [gE bowwd w the mast cell Fe
recepiors causws felease of ther pranule conrents as well
s synehiesis o] secretion of other mediarers, and ths
Bzaishs vaw abe imimmesdione hypersensitiviry reaction.
Maturstion of lymphocytes. The process by which
plinpotent bome marrow precursor cells develop into
Dz tecepior expressing nave Boor T lyme
plas yres tha populace peripheral lpnphoid tissics. This
prowess ke place in the specialized  environments

SREMTRCC
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cells)

Mature B cell. lgM and lgld expressing functionally com-
petent naive Beells that represent the final stape of B cell
s uration in the bone marrow and thar populace periph-
wral lymphand organs.

Membrane attnck complex (MAC) A lyoc complex of
the terminal components of the complement cascade,

leople copies of C9, which forms in the mem-

Prines of arger \'1,"”1 (%141 w‘]1i1.']'| 1.:i||r|.51|l.-n‘|l|.'l'|1. 1= :EEH‘."I.I!LHJ.
The MAC couses lethal ionic and ssmatic chamnzes of
L '.'”""u

Memory. The ability of the adaptive immune system o
miwanit mere rapid, langer, and meore effective responses 1o
repesl encounters with the sime ancigen,

Memory lymphocytes. Bor T lymphocytes thar modiane
rapid and enlanced (e, memory) responses o second
il subsesquent exposures we antigens, Memory B oand T
vells e |~ru;_h|<m| ]1',' ;L|1tiucn 1\I,|||'|.|||.'|Iiu|'| :nf iEsive |!'m'
phcytes and survive inca funcuonally quiescent state for
HRMAY Yesirs alfter the antigen is climinared.

MHC restriction. The chamscteristic of T lymphocyres
that thoey recogmize a foreign pepride antigen only when
115 bound g0 o panicular allelic fiserm of @ major hisro-
compatibility complex molecule.

E;*hii.crnglobulin. T|1li.: II[:II[ 12|:‘|:|||'|. ::-I' Hi cl:rss | I'I\Il'}ﬂl' ]1-I:h-"
weompatibilicy (MHCY maolecule. ie-Miceogtobulin is an
extracellular protein encoded by o nonpolymorphic gene
cutside the MHC complex and is structurally homolo-
s toan lg domain amd is invanont smong all class |
molecules,

Migration of lymphocyte. The movement of lympho-
cyres from the blood stream ineo tissucs,

Mitogensactivated protein (MAP) kinase cascade. A
signal rransducnon eascade initiated by the active form
of the Ras procein and vvolving the sequential scriva-
ten of three serinefthreonine kinases, the last one being
the MAP kinase, MAP kinase, in wm, phosphorylntes
amd acrivares other cnzymes or tmnseription factors. The
MAP kinnse pathway is one of several signal pathways
activated by antigen binding 1w the T eell recepror,

Mixed leukocyte reaction (MLR). An in witro reaction
of alloreactive T cells from one individual against major
histecompatibility comples antigens on blood cells from
another individual, The MLR involves proliferation of
amd cytokine scercrion by both CD4* and CD8° T cells
i.'|ﬂ-l.| 15 used ps o SCreening best [o issess the l:url'lrl.‘t[il\lli!}l
of & porential graft recipient with o potenteal donor.

Molecular mimicry. A postulaced mechanism of autoim-
muniry, which is triggered by infectnion with o macrobe
thar contains antigens thar cross-react with sell antigens,

e hucing om
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so thg immune responses o the microbe result in renc-
tions against self tissues,

Monoclonal antibody. An antibody thar s specihe foe
one antyen and s produced by a B cell hybedonma (acell
line derved by the fusen of o single ormal B el and
an immortal B eell rumeor line). Monoclonal antibodies
are widely cmployed in research and clinical diognoses
and therapy.

Monocyte. A type of bone marrow=derived circulming
bloca] cell thar is the precursor of gissue macrophages.
Monocyres are actively recruited o imflammatory sites,
w]'l.-um l]'u."y LIi'ITuﬂ.rl.'i!i:i!l.: (FREERY :IIIiI.ClIJ[‘;'I:ﬂm‘ﬁ..

Monocyte colony-stimulating  factor  (M-CSF). A
cytokine made by activared T cells, macrophages,
endothelial cells, and bone marrow stroma] flbroblases
that stimulistes the production of momscytes from bone
marrow precussar cells,

Monokines. An old name o 1.'1_|'|-ul:i|1:,'x produced by
mesnomulear plugrocytes, It s now known char the sme
cytokines are prostuced by many cell tppes.

Mnﬂmlu:lﬂ-:r plmgm:'.rh:-s. Cells with o common bone
marrow Timeage whose primary funcoon is phagoecytosis,
These cells function as antigen-presenting cells in the
recognition and activation phoses of sdaprive immune
responses and as effector cells in innate and adiprive
impmanity.  Mononuclear phagocytes  corculne in the
blixx] o oan incomplerely  differenonted form called
monocyres, and once they setile in tisues they matune
into cells enlled mocrophages.

Mucosal immunc system. A parz of the immune system
that responds to and protects against mcrobes that enrer
the bewly through mucosal surfaces, such us the gasere-
imtestingl and respirmtory traces, The mscosal e
system i composed of collections of lymplaocytes amd
antigen-presenting cells in the epithelia and Lunina
propria of mcosal sudfaces. The mueosal nmune system
includes imtmepithelial lymphocytes, mainly T cells, and

orpanized colleetions of lymphoeytes, often rch in B
cells, below mucosal epatheli, such as Peyer’s patches
the gmit of wonsils in the pharyns.

Mucosal immunity. The form of protective immanniey
thae acis an mweosal surfaces of the gmstronrestinal el
respiratory tricts i prevent colonizagion by ingesoed amld
inhaled microbes. The seeeetion of lpA antibody = an
imsportant component of mucosal mmiiny

Multiple myeloma. A malgmant mer of antibsody-
producing B cells that often seeretes an imnunoglobulin
or gt of an mmuneglobalin weolecule. The mones
clonal antibedies produced by muliple mvelomis wene
eritienl for the carly bischemical snalyss of ancibody
ST,
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Multivalency. The presence of multple dentical copies
of am epatope on a single antigen molecule, cell surface,
or partiele. Muluvalern antgens. such as bacwenial cap-
sutlar I’\'lll.'\.'b{\,‘l'lil.l‘“‘i:"ﬁ. are often -;upuhll.- of activabing B
lymphocytes independent of helper T cells.

Mycobacteria, A genus of bacteria, many species of which
can survive within phagocyies amd coase Jisease. The
l\nnup;ll hist defense against myeokactenn, such as
Mycohacrerm mberoudosis, is cell-medinted immunity.

MNaive lymphoevie. A mature Bor T lemphocyie thae has
sk rrﬂ:u\u\]g \‘Tli,'i.llll“f‘fL“! Antetef foF is I|'||.' Pogeny wif
an antigenestimalared mature lymphooyie. When manve
Ivmphoeyvtes are stimulated by antigen, they Jdiffereniiate
into effector venphacvies, such as annibody-secrering B
cells or eifector T lemphocytes. Mane lomphocytes have
surface muirkers and recirculation patterns that wre diss
tinct from those of previously scovated lmphocyoes.

MNatural antibodics. lehl anubodies, largely produced by
B-1 cells, specine for bacwria that are common in the
eavironment. Normal individuals contain nataral anei-
busdies without any evidence of infuction, and these ami-
Posdies serve us a preformed defense mechanism apaimns
microbes that succeed in penctrating epithelial barricers
Zome of these antibodies crosserenct with AR blowd
griasp antipens and  are responsible for  orensfusion
C e TR 0

Mameal  killee (WK)  cells. A :ubwt o0 bone
mortow=derived  bemphocyres, distimer from B oond T
callss that function 1 mnakte IMmone Fesprifides T Lall
microbesndected cells and o activate phazocvics by
secreting mterderon-y. MK cells do nor expeess eloqally
distributed antigen receprors Tike immunoziobahin o T
bl receprar, and their seivation 15 repulared by ooconme
Finatken of cell surface stimulatory and mbabiors recep-
vors. the latter recosnizing self MHC molecules

Negative selection. The process by which develogme
Ivmpincvees that express antisen recoptisns specific fur
ol untiens ane 1.'J:||||.|.rL."|I|.-|J, l!:l:l:ul‘q. contfibuting .
the maimenance of seli-wolerance. Megative selectn of
doveloping T lymphocyies {thymocytes) 15 bos under-
stexnd ind imvoldves high-avedity kinding of an imomstore
T cell rorschi MHC molecules with bound self peprades
en thymie antigen-presenting oclls. leading ro apoprotic
Jeath of the T cell.

Neonatal immunity. Passive humora] immmonity to ndees
i i meammals in the fese months of Dife, praos e full
dr\'t‘ll:‘]‘muﬂ! aof the immune system. Meapatal wmunay
= mediated by maremually produced antibodics, which ane
eramsparted actoss the phcents ino the feral circulation
before berth or are derived from ingested milk and rrans-
ported iomoss the gut epithelium.

Meutrophil. The must abundane circubating white Bloend
cell, abw culled o polvmorphonuclear leukocyre (FMND,
which = recrmited 1o inflvmosatory sives and is capable of
phagoeveosing amd cnzemancally digesting microbes.

Mitric oxide. A baolow eifector molecule with a brond mnge
of seniviies that, i macrophiges, functions as a potent
microbicidal e thar kills ingested onganisms. Produc-
ton of e oside [ ) TS tlepﬂlkiu’l'l.‘[ N An ensyme
callnd MO symihise, which converts L-arginine ingo NO.
Macrophages expres an inducible form of MO synthase on
activation by vaeious inicrobinl or cvtokine stimuli.

Menucleotides. The name given w necleotides ramdomly
whded to the punctzons beracen WD, and ] pene sepments
in immunoglobulin g T cell recepror (TCR) penes
during Enlq’lh.n.lu_.'lu Juruhmnwnl. The addition of g Lis
10 of these nuclemides, which is mediswed by the enzyme
rerminal deoxyribonuc e widy] iransfernse, contributes to
the diversity of the antibody and TCR repertoires.

Muclear factor of activated T cells {NFAT). A trane-
crprion factor peguired for the expression of 1L-2, 1L-4.
THE and veher cyiokine penes, There ane four different
MEAT=. each encoded by o seporate gene: NEATT and
MEATY are foursd im0 T eells. Cyroplasmic NFAT is
aepivaged '|'-5.' (_:.t:'-u.uhm \Jlrliﬂ—tll.‘mﬁdllﬂl. calcineurin:
wndiated  Jephosphorylation that  permits NFAT 1w
teinslocate b the mircleus and bind w consensus-
Pindimg sequences m the repulatory regions of 1L-2, IL-4,
wd other evioebine penes, usually in associauon with
i -I!'.n.r Pramscripiaca Lictors, auch HiY ﬁr"- |.

Muclear factor ¥B (NF-xB). A family of transcription

tactors composed of homodimers or heterodimers of pro-

weime hmaedogoes oo the coRel protem. MWF-kB protcins
sk unperant in the transcription of many genes in both
ety and laptive immune responses.

Uncofeial antigen. Mroteins that are expressed ot high
levels om same vpes of cancer cells and in nosmal devel-
e (fetal b lue nest sl issues. Antibodies specific for
the-e et are olicn wsed in hhmpn'rhulngic sdentifi-
catrom ol tameors of o follow the progression af tumor
growth in panents. Carcinoembryonie antigen (CEA,
CIWe) ard odetoprotein (AFP) are owo oncoferal anti-
pens tha ane commonly expressed by cerrain carcimomas.

Opsonin. A macsomolecule that becomes attached 1o the
siirface off 0 microbe that can be recognized by surfage
reC et ol nul.“l:uphil- amel mucmphaw.m ;m:l thar
increases vhae efficiency of phagoeyoosis of the microbe.
Olpmommns inchide 1o antibodies, which are n,.-{:l::!g.lﬂ:l.‘d
by Foy pecopins on phageeyees, and fragnients of com-
plement prodeins, which ore recognized by the type 1
complemient recepror (CRECES) and by the leukocyee
witezin Mac- 1.




Opsonization. The process of atcaching opsonins, such as
I or complement fragments, o microbisl surfaces 1o
Lifret the microbes for ph:lmu:fluﬁ'li.

Oral tolerance. The suppression of systemic humoral and
cell-mediared immune responses to an antigen after the
vl administration of that anngen, due o anengy of
antegenespecitic T cells or the production of immunosup-
pressive cytokines such as rransformumg growth facwor-fi.
Ul tolermnce s a possible mechanism for preventing
e responses to food antigens amdd 1o bacreria that
rommally reside as commensals in the intestinal lumen,

Passive immunity. The form of immunicy 0 an antigen
thast s established in one individual h}' rransfer of anti-
Fowdivs or lvmphocytes from another individual who is
i g that antigen. The recipient of such o tenster
winr |u-u|||1:: A mEEnas s rl1=,- ul"il':gul'l. Wllh.u.'»“[ EVET hzwim:
been exposed o or having responded 1o the anngen. An
wxmmple of passive immunity s the tander of buman seea
comtining antibodies specifc for certain micrebioal roxing
or stk venoms wo g previously unimmunized individual

UPathopenicity. The abidity of a microorganism to case
disease, Muluple mechanisms may e witribute 1o patho-
wenicity, including producrion of txins, the stimulation
of host inflammatory responses, and the pcrmrl\n.ﬁun al
host cell mitabalizm.

*attern recognition receptors. Roceprors of the mnate
unmune system that recognize frequently encountered
structures called  “moleculor  patterns™  produced by
microonganisms  and  thar  facilicee  innae  immone
responses against  the  microorganisms.  Examples of
partern recogrition reeeptors of phagocytes  include
M4 and Toll-like receptors, which bind bacrerial endio-
toxin, anad the mannose recepror, which binds microbial
|.:|3,-|:u||~n:t|;|n\ O gh‘a.ﬂhpida with resmanal  mannose
restdues,

Penraxing. A family of plasma proteins chat contain five
identical globular subunits; includes the acute phase reac-
tant C-reactive protein.

Peptide-binding cleft. The portion of @ major histocom-
patibility complex (MHC) molecule that binds peptides
for display to T cells. The cleft 15 composed of paired o-
helices resting upon a floor made up of an eght-stranded
Brplented sheet. The polymorphic residues, which are the
amina acids thar vary among different MHC allebes, are
locared in amd arcund chis clefe.

Perforin, A poreforming protem, homologous to the C9
complement protein, thae is present as a monemer in the
granules of cyralyric T lymphocytes (CTLs ) and sutural
killer {ME) cells. When perforin monomers are released
from pronules of activated CTLs or NK eells, they
uidergo polymerizatien in the lipid bilayer of the rarger
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eell plosma membrane, forming a laree agqueous channel.
This pore can serve ax a channel for mflux of enzymes
derived from the CTL pranules.

Periarteriolar lymphoid sheath (PALS) A cull of
lymiphocyres surrounding small amernoles in the spleen,
which contains mamly T Ilymphocyies, about two
thords of which are CID4° and one thied of which are
Chas".

Peripheral lymphoid organsiiissues. Orgranieed collec-
tioms of lymphocyies sl accessory cells, including the
spleen, lymph nede, aml mucosa-associated Iymphosd
rissues, where adaptive immune responses are imtiated.

Pcripl‘l.l:ﬂi tolerance. P‘I'Lymulw,.;i: lII'I.rl,'b-I'H1||ai'\'\l.'“L'.~\ ]
self mngigens that are present in peripheral tbsues and
wsually not in the gencerarive lymphoid vegans. Peripheral
tolerance b induced by the recopmition of the antigens
witlout swdegquate levels of the costimlaters thar are
required for lpmphocyre activation or by perssaent and
repeated stmulation by these sell antgens.

Peyver's patches. Onganied  lymphaosd  tisues in the
lamina propria of the small intestine where immine
rosponses fo |n||._-!.':1lq."r] anlipens may b IIIIIii.“i..‘\'. ]"l.r!,'-rr's.
patches are composed mostly of B cells. with smalber
numbers of T celk and antigen-preseming cells, all
arrnged w folbcles simalar o those foumd 0 lymph
nacles, often with germinal ceneers,

Phagocviosis. The peocess by which cortamn cells of the
innate immung system, mehading macrophages and neu-
rrophils, engull lagge parcicles {005 gm in diamerer) such
as intace microbes, The cell surrounds the particle with
extensions of its plasma membrane by an encrgy- and
cytoskeleton-depemdent process, leading 1o formatwn of
an intracellular vesicle called a phagosome, which con-
s the ingested particle.

Phagosome, A membrone-bound  intmcellular  vesicle
that contans microbes o particulate materal from the
extraccllular  environment.  Phogosomes  are formsd
during the process of phagocyresis amd fuse with other
vesicular structures such as lysosomes, leading o the
enzymatic degradaton of the ingested marerial.

Phosphatase {protein phosphatase). An enoyme tha
remwoves phosphate grougs from the side chns of certain
aomanes ackd resedues of proteing, Protein phosphacses in
Iymplweytes, such as CI45 o calomennn, repulate the
activity of various signoal trnsduction molecules and
(LR TH T ST A TRTHY Factors, Some keI |1hmpl1'.'|l_,;|:s|:3 mary T
specitic for phosphotyrosine residues and others foe phaos-
plwserine aod phosphothreonine reswlues.

l"hmphulipasn C {I’L(:.."l'l J. Aneniyme thin q,';.ll:ll.'!,':c:- the
Tpdeodysis o the plasma membeane phospholipil phaos-
phuntidylineesitol 4,5 bisphosphate (PP, pementing oo
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signaling molecules, meatol LA S-trsphosphate (I7)
and discylalyveend (DAGY, FLOCY! becomes activared in
Ivmphaevres by amigen kinding o the antigen secepror.

Phyviohemagplutinin  (PHAL A poelvmeric  carboby-
drare-himding protemn, or lecrin, produced e planes, tha
crosslinks humman T cell srface molecules, including the
T cell recepror thereby inductng acuvation and agglari-
[ERLE A b nl' 'E' {v]]-. H-ﬁ,:.:u:-' PHA acnvanes :n” T |.'1:||-.
regardless of antigen specibeiry, it 12 called o polvehonal
activator. In clinical medicine, PHA 5 used v i a
patient’s T ¢ells are functional vr oo induce T coll mitests
for the purpese of producing chromosomal speesds for
kamoryping.

Plasma cell. A terminally Jiffcrenunined antibody-secrer-
g B h:npllu.;\'m with o charcterit Ill-hl!u-_uln.' Apfear-
ance. incloding oval shope, cocentric nuchas, and a
perinuclear halo,

Pluripotent stem cell. An undifferentined Fone moenw
coell thar Jivides continuously anad gives rise tooadditional
stem cells and o cells of mulople ditesen Inegses, A
hematopobetic stem cell i the Bore moreoon wtll give rise
o cells of I',111p'|'|.|pd. mvelodd, and encibirocviie imeimes

Polvclonal activators. Agcrns that are copable of Guri-
vatine ey ©lones o |'L'h1r'|'uh.'1.h'-. fowmifdbess o thaclr
onngen specificities. Exnmples of podvclomal scievanors

e anti-lpht omeibodies for B ocolls and om0

wies s phyvtohemapelutinin roe T cclls.

Polv-lg receptor. An Fo recopior expresed by ool
\.'g':!:'.r||.|| cells that mediies the el alia T leA amd
ledd throwsh the epithelid cell inte the Bvenimal
futnen. A AL called secretor comps iene. b

Malvmorphism. The existence of taooor mone sliemative

op varangs, of & particular gene, which cee preacm

at stable frequencies e a population: Esch commen
varnant of a podvmomphiee gene is called an allele, ond vog
widivedual men corry twer ditferenn alleles (f a pene. cachi
berned trome g Jhifferent parent. The mapor histocome

ottty complex genes are the most polvmorphie sees

in

m the meemnalion ceriane.

Polvmorphonuclear leukocyte (PMN) A phosocvn
...a.'“. wlsan .;.|||-;'.i H] rlq.:ulpqsh':[. |:|\.|n'.|.'h:r|:|,.-.] by a EYLE
micied multilobed nucleus and oyroplasmic eranules
niled with dherradirive ey Imes. PMINS are this meor
sbamadint repe of circubiting white Blood cells and are the
IFlaiust cell Ry IIII."iI.IIII'IH Uty s P iy
fav bacternl imtectioms,

Polvvalemev, =ce Multivalency.

Positive selection. The process by which Jeveloping T
cells i dhe thymuos (chymoevees) whose antigen recep-
tors bind ot self major histocomparibiliy complex
AMHC) moleoules are fescued from programmed ool

Lll‘illl! u‘l’!ilc !||1'|||||c5'l1.-$ wlhose recepior Jﬂ HuaE l‘l‘.‘cdg',l'ii:l'll‘.‘
self MHC molecules die by defanlt. Positive selection
croures that mature T cells are seli MHC restricted amd
thar COE° T cells are speciie for complexes of peptides
watly elios 1 MHC pudeculbes and CO4"° T cells for come
pleses of peptides with cliess 11 MHC molecules.

Pre-B ocell, A developing B oecll present only in
heemataspoietae tissaes at o matuiational stape charocter-
e by expresswomn of oytoplosmic mmuneglobualin (Igh g
heaey chaims bar por by light chains, Pre-B cell receptors
composed of i ehueins amd surrogare light chains deliver
sl thit soimubione further maturation of the pre-B eell
angw an e B ocell

Pre-B cell receptor, A recepior expressed on maturing B
|'r|1||1hrm yiloes ol the |1r|.'-r'5 cell stag L\Hl‘q\uﬁl:d of o
s hobalin (leb i Baavy chain and an o mvariang sar-
evnane fibn <o, The susrosane light chain is composed
of two proteans, ochuding the A3 protein that is ool
sz 1o R hhe chain O domane snd the W pre-B protein
thear &5 il 1o Y domain, The pre-B cell neceps
ot assengantes with e Teg and ]d’- :igl'l:'ll pramsduction
rrsteins to o the pre-B eell receptor complex. Pre-B
cell receprors are reguined for stimulating the prodifes-
1oy e continued motamtion of il 1.{;:1.'-.:!::-|\|n|_' B el
It s maot ki the pre-Bcell secepror binds o specibe
Tzl

Pre-T cell. A developang T lymplascyte in the thyomus a
a mpanurat icnal stsge chamacrerized by expression of the T
sell receplior {TCR) ﬂ chinen, but notb the o 1.'|'|:t||'|. s
CIH or GRS In pre-Tcells; the TCR B chain s found
ot the cell surfice o part of the pre-T cell recepror,

PrwT cell receptor. A receptor expressed on the surfice
ail |':1.'-T wells, LnI:||'|h|:\.1 wd the T :1:“ reCepor {T’CR} I]
chiotn amd an imvarient presTee protein. This receptor
et with the C9 and £ molecules, forming the
pre-T  cell oMY ST ﬁ|||.1|1|.wi. The function ol this
comnphex e silar g thay of the pre-B cell receptor in B
vell .ln.'rcln]1||1|.'n!, |\.|:|u.'|'y, the ;k!iw;r"- of !I“I.'HIB thar
auppimelane tortheer proliferation, antigen receptor peng

angremcnts, and maturation, It s wor known if the
pre=T cell recepior binds a specibe ligand.

Primary  immune response. An o adaptive  ammuange
respotise that cocurs after the fiest exposure of an ndi-
waduial gar 2 Bt antipen. Primary TR ONALS T char-
acterized by relorvedy show kineties and small magnitude,
compared with responses alter @ secomd of sulseguent
LRI,

Primary immunodeficiency. A penetee defece thae
resalts an o dehcwency in somke component of the mnae
ot sdaprive innmie systems, leading w an imgreased sus-
copribility to infeciions that s frequently  manifested

(1]




carly in infancy and childhood ba is sometimes clinieally
Jetecred Tarer i life.

Pro-B cell. A developing B cell in the bone marrow chae
i+ the carliest cell committed o the B lymphooye
lmwezgee. ProeB cells do nor produece immunoglobuling Bue
they com b destinguished from other immamre cells by
the expression of Blineage—restneted surface molecules
such as CDUY ad CDIO.

Professional antigen-presenting cells. Antigen-present-
g eells for T lvmphocyres thae are capable of displaying
pepardes bl o major histocomparibility complex mol-
coules and expressing costimulators. The maost imporane
paofesswmal APCs for indtiating primary T eell responses
are demlntic cells.

Programmed eell death, A pathway of cell death by
apsptisis, which accurs in lymphoeytes deprived of nec-
weiry survival stimuli, such a5 groweh factors or costime-
uliaters, Programmed cell death, alse called “death by
negleer.” is characrerized by release of mitochandrial
cvichiane ¢ i the eyroplsm, sctivation of caspasee
Ao inetiaten of the apoprotic pn:hw&n‘-

Prostaglandins. A class of lipid inflimmatery. mediators
derived from armehidonic acid in many cell types vin the
cve b ygennse |'|;||;]1w:||l|'. Acrivared mast cells make
prosnalandin 1, (PG, which binds o receprors on
Aot muscle cells ard aicrs as o vasoddiliror amd 25 a
bronchoconstrictor,. PGDY  also promotes neutrophal
chiemotaxis ol accumulation ot inflammarory sites.

Pro-T cell. A dcv::iup:ug T cell biv the thymie corees thar
i5 o recent arnval from the Boae marmow ad Joes ot
CX[rEss T 1:1.:” OIS, C[ﬂ-, Oor l; chains, nor Ci
or CD% molecules. ProeT cells are abso called double-
negative thymoeyres.

Protensome. A lanee multiprotein eneyme comples witla
broad range of protealytic activity, which s found in the
cytoplim of most cells and which penerates from ey rosal-
ic progeins the peprides that bind o class [ major bisto-
compatibility complex molecules. Proteing are targeted
for proteasomal degradanion by covalent linkage of ubig-
witin maolecules.

Protein kinase C (PKC). Any of several soforms of an
enzyme that mediates the phosphorylation of serine and
threonine residues in many different prorein substrnes
aned therely serves w propagnte vanious signal pransduc-
rion pathwoys leading w ranscription fcter acrivation
In T amd B lymphocyres, PKC is activated by dincylglyc-
erol, which is gemerated in response o antigen receptor
ligation.

Protein tyrosine kinase (PTK). Sce Kinase,

Protozoa. Complex single-celled  cukaryotic organisms,
many of which are human parasites amd couse disenses.
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Exumples of pathopenic prorosea ineludie Entamiche his-
tebyrices, cavsing amebic dysenterys Plasmodien, cosing
|'||3E=|‘|'III: anid Levshmania CHALENEE leshmaninsis. Provosos
stimulate both innare and adaptive immune responses,

Provirus. A DINA copy of the penome of 2 reveovioes,
which is integrated into the host cell penome, and from
which viral genes are teanscnbed and the viral genome
is reprocheced. Human immunodeficiency vins {HIV)
prowvenses can remain inactve for long periods of time
amndd thereby represent a latent form of HIV infection that
15 ot iccessable to immune defense,

Purificd antigen (subumit) vaceine, Viccines compsmel
of punifcd antigens or subumis of microbes. Examples of
this type of wecine inclmle diphthena and weranus
roxaids, Pucvmococous and Heenephifies inflienzee poly-
saccharide vaccines, and purificd polypepride vaccines
agpnrnst heparitis B oamd sofluenza viess. Pueified antigen
vaccines may stomulote avtibody ond helper T oeell
respanses, but they do not penerate ovtalyric T bymphio.
CYTE PCS[RINSEs.

P}’ug\cniﬂ; hactena. Bactens, such as the ERMTe s
seaphybococci amd streprococci, than induce intflammaory
responses rich in polymorphonuclear leukocytes (giving
pise to pus). Antibody responses o these bacteria geeatly
enhance the eificacy of inmate immuone effecior mwcha-
nisEs fo elear inleetons.

Radioimmunoassay (RIA). A highly senstive and spe-
cific immunologic method for quantifying the concen-
trtion of an antigen o a solution, which relics on a
radicactively labeled antibady specihe for the anrigen.
Usamlly, two antibodics specific for the antigen are
emploved, The first antibody s unlabeled but ariaebwd w
a solid suppont where it binds amd immobilizes the
antigen whose concentration s being determened. Thee
amaount of the second, labeled ancibody that binds 6o
the mamobilized antigen, Jdetermped by sadioacrive-
decay derecrors, is propertional to the concentraton of
i,lI“i.jm!l"l Im !|11.: Test mﬂu!int‘l.

Reactive oxvgen intermediates {ROWs). Highly reactive
metabolites of oxypen, mcluding superoxide  anion,
hydroxyl rsdheal, and hydrogen  peroxide, which ane
pro<duced by activated  phagoeyies. RO are used by
the phoagocyees to form oxvhalides dhor Jamage ingesied
bacterin. RO may also be relemsed from the cells ol
prommote inflimmarery responses or cawse tissue Jdamage.

Receptor editing. A process by which some immature T
cells that recognize sell antigens m the bone marmow may
be induced 1o change their immuomoglobuln () speci-
heities, Recepror editing wvolves reactivation of the
RAG penes, addirional Lighe chain Vo] recombinat joas,
wnal prosluction of aonew lo hghe chan, allowine the cell
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b express o differens anticen recepror thar i aet sgli-
e L.

Recirculation of lvmphocvies, The contomms move-
mient of vmphoooies von the Bood stream and bemplu.
tics, Perwern lvenph nedes or spleen, and, o setivaneld,
to1 peripheral il ATy Sl

Recognition phase. The st phowe of an adaprive
imsmane fespaomse Junme which ontigensspeciiie lvmplus.
eyt bBind 1o aneigens, The mecogmitbon |*11_|=|.- wrinully
occurs in the specinlized envirmment of secondary bom-
phasd pissues, such as vmph newdes or spleen, wheee bot
antigerns and moive Ivmphocyvees are most likele 1 1
codocalized

Recombination activating gene | and 2 {RAG-1 and
RAG-2). The senes encoding RAG-1 and RAG-2 pro-
weins which are the hinphoeyte-speaiic components of
the Vi secombimise and are critical fa DINA recom-
Partation evenns thar form furctsenal immunoalobalin
ad T .,:r|| fedephof  defaes, Thn. R—\U PEoleinis e
expresod m deveboping Band T eells and band 10 regoan:
Prwation recosninon sequences. which consisi of o highly
corerved strereh of seven naclootides, called  the
bopatamen: bwated adicent o the Vo IW or | coding
scpeenee, fulliowed By o spacer ol exacely 12 or 23 none-
avmserd eclectides, folloawed by o highly consereed

by ot 4 ki v wailled thie nomamer. Therelore,
R protoine are cegquired for expression of the antigen
R el ol P13 ||-._|' Fir |h.¢ FRIR L gy and R .||:nr T h‘l:l!l]"ll.u;"l.'lq:'h.

Red pulp. An snatonse and funcisnol compartment of

comyposed i vasculor sinusodds, scatveresd

y site Lirse mmmbers o mocrophages, den-

ree Ivmphocvtes, and pliema cells. Red

o clear the Bliswd of microbes. other

{ o aind Jamnaged red Blisod cells,

Reperoire. The o -|n;'-|\-1..- colbegtion ol antigen feoepi
i therenore anngen specincities, expresaad by all the B
wid T lomaphe ovites of anae

Regulntory T cells. A populanon of T cells that segulae
thie actrvaton or effector functions of other T cells and
iy B meceeary b maintin sdernee Lo sell antigens.
W rogulanery T cells express CD4L CI25 ond Fox 3.

Reverne trmnserplase. An enzome encoded by netro-
ytrwrsacs, sanchy o homon smmuascedeiciene ¥ Vi, which
cithesises g PN A oy ad the verstl penoine from tl'l-l.-'
B A remphine of the viras, Purified reverse transcriptiss

|.1r-|.1."|.:|||.|:' I\inl-ng._'\' peparch for TR e
ol whorne complementary [ A enceding o gene of
mterest dnomy messeneer KMAL, Reverse  mranscriplio
it are v e Jrup.h i trear FIIV:] inllﬂ.'tj:lii.

Rheumatoid arthritis. An oo
rerzed promnly by anilammusone damoge to goines anad

u.rl \'hlllull 4

1= \I"l.‘:.i Wik

wrnmmury discise chor-

sometimnes inilamnation of Blsod vessels, lungs, and
other tissues, C04° T eolls, activared B lymphocytes,
annd plase cells are found in the inflamed joine linimg
(svnoviem), md mpnerons promflammagory cytokines,
including mterleubin-1 and wmer necrosis factor, ane
present i thic sviwovil Ceoinad aeidd,

Scavenger receptors, A Goumly of coll surface receptors
\'Nj"h'mn'l wit e roplinioes, -uu:lgll'r.l“',.' defined ne receprors
thist 11 e b vtosis of oxilized o8 m‘l".'h‘l-tl.'d Lo
dlensity lipoprotein pamicles bt ihat also bin omdl
meedinte phunceyosts of o varicy of microbes.

SCID mouse. A naee st i which B and T eells are

carly block in maturation from bone

Eaal fxary b Do

-II"."L'I.Il I‘L'l'..l'.l!vl.' i
me

W PO =S mke STy DB
ponent ol the enzvme 1 A-dependent protemn: Rinase,
whish o reguired for double-soamded DNA break repair.
Penciency of tls ensvime results i abnormal joing: of
mnnwmeoglobulin and T cell regepor pene segments
Jurenge recombinaticn, amd therefore o fmbare Bo express
SNLEZEN PECO s,

Sceondary immune response. An adaprive ymmee
respsotise that eccors on secomd EXposIne Lo S aniigen.

whiry resporee 15 chorcverzed by more tapid
kimetics wwd greser magninede rebive o the primary
i fesponse thie ecurs on first exposure.

Speretory  component. The  proteclutically  cleaved
perrgiony o thee extemcellalar domain of the poly-lg recep-
tor, which remiains s amd 1o leA molecules seerered into
thie imtestmal linen

Selectin. Any omeof three separie bun chosely related carbo-
Tydrte-Bindang proteins thar medinee adbesion of beuko-
eyvtes i ershnheliol cells. Enchoof the selectin molecubes 1o
simgzle-chan trmsmombeme |:|'|.'¢'uprmu||1. [ty i stmilar
marduber strcture, incheling an cxreacellular calciume
dependem lectin doanain, The selectine inclisde L-sclectin
(CTG2LY expressed om Dokascvees, Poselectin (G621
exprossed on phitelets and scnvaned endothelivm, aml E-
selecrin (CDO2EY expressed omvactivined enddothelium.

Sell major histocompatibility complex (MHC) restrie-
vonm. The bioration {or restrctson of annipens that can
be recopnized by an individual’s T cells 1o complexes of
pq.'|1l:i|j|:s Pownd o MHC meolecules thay were Present in
the thymus during T cell matusanon (e, sell MHC mol-
wcules). The T cell repertoire is sell MHC restricied as a
pestelt of the process of pesitive seleciaom,

Self-tolerance. Unresponsiveness of 1l whaptive imnene

aystemm b el amtigens, langely oo result of inactivation

o death ol selreacove limphocyies induced by expo.

are 0b Bhwse sell sntigens. Selfaolerance s o cardinal

feamurre of the normal mene sestem, s failure of soli-
tolerance Teads g oo Jiseises,




Septic shock. An ofien lethal complication of severe
pramenegative bacrerial infection with spread o the
blownd stream (sepsis), which is characternized by vascular
collapse, disseminated  intravascular coagulation, and
metabalic disturbances, This syndrome is due o effects
ol bacterial ]'irmfmll,'mpch:nril.lu (LPS) and cytoknes,
clinding tomor necrosis factor, interleukin=12 (IL-12),
and IL-1. Sepric shock s also called  endoroxin
shock.

Seroconversion. The production of detectable antibodics
it the serum spcific for a I FOOTEanism, l:ll-'ll'i-flj: the
comrse of an eCTion or in response Lo an iNmaEnEEton.

Serology, The study of Blood (serum) antibodies and their
reactrons with antigens, The term sevalogy is often used
1o mefer e the dingnosis of infections diseases by detec-
v of microbe-speciic annbodies in the serum.

-‘\:L'mt}'p-c. An :||'|||.|_-|g'|1|'c.:|l:ll|' distince subset of a species af
m infecticus osganism thar is distinguehed from other
subsers by serologic (i, serum antibody ) 1ests. Humcral
RTINS FESPOIscs G one serolype of microbes ':l.'--:l..'.-.
milenza virgs) may not be protective against another
SRy,

Serum. The cell-free fuid that remains when blood or
plasma forms a clor, Blood amibodies are foumd in the
weruin frction.

Serum sickness, A disease coused by ingection of langze
Joses of @ protein antigen o the blosd, charmererized
by the deposition of antigen-antibody (immunc) com-
plcx;‘g in blood vessel walls, u:-]'»m."r."l.”.j' in killlh"}'a il
joimes. The immune comples deposinen leads o com-
plement activation and leukocyie recrusiment, cauwsing
clomemlonephnis and arthritis. Serum sickness was orige
mally deseribed as o disorder thar occurred in patients
recerving npections of horse serum contmning annoxin
sntibedies to prevent dipheherna; these patients maode
antibodies against horse proteing sd immune complexes
compased of these antibodies and the injected angigens.

Severe  combined immunodeficiencies  (SCID}.
Immunedefcieney diseases in which both B amd T lym-
Ph“":'f':"““' o mat dct';'ll.l]:l ar do not functon properly;
therefore, both humoral immwnity and cell-mediated
imenunity are ampaited. Childeen with SCID wsually
present with infections during the fisst year of hife and
suiccumh to these infections unless the il'l!ll'tl.ll1i:|ll.|.!l..“ﬁtc|l.,'nclr"
is treared, There are several different penctic couses of
SCID.

Signal transducer and activator of transcription
(STAT). A membser of a family of proteins thas function
as signaling molecules and trnseription factors in
response o cytokines Bimding w type 1 and eype 11
cytokine recepiors. The STAT: are present as inactive
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moenomers in the eytoplasm of cells and are recruited 1o
the eymoplasmic tails of cross-linked cytokine recepross
where they are tyrosine:phosphorylated by Janus kimases,
The phosphorylated STAT proteins dimerize and move
1o the mucleus, where they band to specific sequences in
thie promoter replons of varioas penes and stimulate thewr
transcripbion. Different STATs are acvared by different
cyiokines,

Single-positive thymocyte. A mamrnng T cell PIECUrsOr
i the thymus thae expresses CE4 or CDS molecules bue
not both, Single positive chymocytes are found mamly in
the medulla and have marured from the double-positive
stope during which thymoeyees express both CD4
CD8 molecules.

Smallpox. A disease cansed by variola vinis, Soallpox was
the frst mfectious disease shown o ke preventable by
vaccimation, @l the brst disease o be completely eradi-
cated by a worldwide vaccinaion progrm,

Somatic hypermutation. High-frequeney  poimt muta-
rions i immsroglobuling heavy ol light choins thae
oceur in peeminal conter B cells, Mutations thar lead 1o
incrensed affiniey of onoibodios for antigen wpart a selec-
vive survival advantage o the B cells producing thaose
antibodics, leading o affiniey manuration of a humoral
ITIUnG respose.

Somatic recombination. The process of DNA recombi-
nation by which the genes encoding the vanable regions
of antigen receptogs are formed during lymphocyte devel-
opment. A relatively limived ser of inherived, or germline,
DMNA sequences that are mitmlly sepamted from one
another are brosght wpether by enzvmutic deletion of
INTErvening  sequences and 1'I.:"|1Hilliﬂ|:l. This PEGCeEs
oceurs only m developmg B and T lymphocyies.

Specificity. A candinal fearure of the adaprive immune
system, referring to the ability of mmune responses e
distinguish beoween distiner antigens or small parts of
magromolecular antygrens. This fine specineny is aterib-
uted to lymphooyie antigen receprors thar may bind vs
one madeeule but st another with only minor strue-
wural differences from the hrst.

Spleen. A peripheral lvmphoid orgon located in the left
upper quadrnt of the abdomen. The spleen s the major
site for adaprive mmmune responses to Blood-bome wn-
gens. The red pulp of the spleen i3 compused of Blood-
filled viscubiar sinnsonds lined by phagocyies that ingest
opsonized microbes and domaged el Blosd eells. The
white pulp of the splecn conrains lymphocytes and lom-
phiad fullicles,

Stem cell. An undifferentmted cell thar divides contimu-
""llf"l't‘ arud mves rise to additional stem cells and o cells
of mvuluple difforent lineages. For example, all Blood cells
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arise from a commoen hematopoietic stem cell in the bone
ITAETLW,

Superantigen. Protems thar bind w and acrivare all the T
cells in an individual thar express a 'Pil"bl.!lll_"lr W@l O
family of ¥B T cell meceptor (TCR) genes. Supermtigens
are presented to T cells by binding wo nonpolymorphic
regions of class I major histocompatbility complex mol-
ecules onantigen-presenting cells, and they interct wath
comservesd regons of TCR VB domains. Several staphy-
lococcal entenoxing are superantigens. Their impor-
ance lies in their abilicy o activate many T cells.
resulting in large amounts of cywokine production and a
climical syndrome called toxic shock syndrome thar o
similar ro sepric shaeck.

Suppressor T eell. T cells thar Mlock the acrivation and
functions of other efiector T lymphocyies. Some sup.
pressor cells may funcoion by producine cyiokines thae
imhabsit immiune responses,

Sunﬁgn‘u: !:ia;l'il ¢|‘}ﬁi|‘|. A :.:mnpie!n! I.:ll. e ponvarmble
proteins that asogiate with immuneglobulin g heavy
chains in pre-B cells vo form the pre-B cell recepror. The
twir surrogate light chan proteins mclude V' pre-B
proeein, which is homologoes po a light chain V' domain,
and &5 which B covalenaly anached w rhe p heavy
chmin by a dealiede bomd.

Switch recombination. The moleculasr  mechanism
neduerhving mmunogiobulin beavy chain cliss, or oLV,

whine, o which o rearraneged VD pene sexment in

ntibedv-producing B cell recombines with a down-

W .a|:|..] the II'I!-l.'I'\'q,':Hj“: B Aneres Gine d..-rum.J.

1A reconbmatien evenis in switch recombination are

Hi Pe T red by P40 liratbon and eviokines and involve

auebeorde sequences calbed swirch regions, located in the

tnerons aof the 5 end of cach L.'.. s

ctically rdentical. Al amimals of an inbred
SArEN G TSV EOEIE TWENS TS syNgeneic,

Svageneie graft. A e from o donor wha s resetieally
whentical to the recipwent. Syngencic graft= are not
repected.

Syatemic lupus ervthematosus (SLE). A chronic sys-
temic autcimmune disease thot affects predominantdy
wismen and 15 characterized by mshes, arthritis, glomerus
lonephritis, hemelytic anemia. thrombocytopenia, and
central mervous system  involvement. Many  different
aurcsntibodies are found in SLE patients, particularly
anti=DINA antibosdies. Many of the manifestations of SLE
are due oo fommarion of immune complexes composed
of auteantibodies and their antigens and deposition of
these complexes i small blood vessels in various tissues,
Thr um!.nrlﬂlm mﬂ!hul‘iuﬂi I‘nr lhl: I'\r:;.kd.-.wn uf y_-tF.-
wolerance in SLE bs not undersiood,

i
shreom I

Svageneic. L

'I'ETCI'-'"- A subser of T cells that express a form of angigen
receptor (TCRY that is distinet from the more common
o} TCR foumd on GO and GOS8 T cells, These T cells
are abundint i epithelia. They recopnize lipids and
vther monprotein antigens of microbes,

T cell receptor (TCRY. The clonally distributed antigen
meeepior on O and CD8™ T lymphocyues thae recog-
mizes complexes of forcign peptides bound 1o sell major
Illhllh.'lillt|‘.lri|*llil'f' complex molecules on the surface of
antigen-presenring cells. The most common form of TCR
is composed of o heterodimer of o disulfide-linked
transanembrmne polypepride chomes, designaned o and 3,
ech contaiming one somoo-temminal lg-lhike vanable (V)
domaim, ome lg-like constam (23 domain, » bydrophaobic
teamsnembeme region. and o shor cyroplasmic region.
{Another bess common type of TCR, composed of ¥ amd
6 l.'l'li“l-li-. i~ 1.~1|||n| ovrn ar sl .--||.'|'M;'| -ul:-T \1.-'“; :lnd reClaE-
mizes different torms of anogen, )

T eell receptor (TCR) complex. A mulupromcin plasma
membrane complex on T lmphocyvees composed of the
!11:.:|:||'| 'u'un'.'lmv. :||1ti|=:{-11-|'|:|:..|||1g TOR hererodimer |'IIH.|
the imveariant signaling proteins OO g, &, amd € and che
i chain.

T lymphocyte. The cell type thar meduces cell-medintel
mmune wesponses in the adoprive immune system. T
Iymphocytes mowre in the thymos, cireulate i the
blood, populate secondary lymphoid ossues, and are
recrwited to peripheral sites of snnigen exposure. They
express antigen receprors {T cell receprons) dhat recog-
nise |1|.'3'll|ill.- lli'.u.-uw:nh of I-un.-.p],m pnﬂﬂm\. bnund [ (%] Sl."H-
majar histocompatibility complex maolecules, Funcrional
subsers of T lymphocyies inclwde CU4® helper T eclls and
CDE" eviolytic T lvmphocytes.

Tdependent antigen. An amigen thar sequires both B
cells and helper T cells tostimuliee an antibody response.
Tedependent antigens are all protein antigens  thar
conuain some epitopes tecopnized by T cells and other
ST TL\#.‘tﬂnl!ml |.V|.' Beells. The I'u.'lpurTcu,:“s prisduce
cytokines and cell surface molecules that stimulate B cell
wrowrh and differentianen inte antibody-secreting cells.
Humoral immune sesponses o T-dependent antigens are
characterized by isotype switchimng, affinity maturation,
and mremoTy.

Tyl cells. A functional sulser of helper T cells thar
secretes a particular ser of cytokines, including inter-
feron-y, amd whose principal function i o stimulae
phagocyte-mediaved defense agans infeetions, especially
with intracellular microbes,

T2 cells. A functional subser of helper T cells tha
secreres o particuliar ser of eytokines, including [L-4 aid
1L-5, amd whiose p|'|m;rpi|| funetwms are o stimsilare lgE



and ensinophil/mast cell-mediated immune reactions and
to down-regulare Tyl responses.

Thymocyte. A precursor of a mamre T lymphocyte
present in the thymus.

Thymus. A bilobed organ situated in the anterior medi-
astinumy, which is the sire of maruration of T lymphoeyres
from bone marrow—derived precursors, The thymus s
Jivided imto an outer cortex and an inner medulla and
contuins epithelinl cells, macrophages, dendritie cells,
and numerous T cell precursors (thymocyres) at various
sLages ol maturateon.

Trindependent antigen. Monprotein ontigens, such as
polysaccharides and lipids, thar can stimulnte antibody
responses without a requirement  for antigen-specihc
helper T lymphooytes, T-independent antigens usually
contain mulviple identical epitopes thar can cross-link

witigen receptors of B cells and thereby activace the cells.
Humoral immone responses o Teindependent antigens
by relatively ligle heavy chain isotype switching of
alfimity maturtion, twe processes thar require signals
iroun helper T cells,

Tissue typing. The determination of the particular MHC
alleles expressed by an individual for the purposes of
matching allogrft donors and recipients. Tissue ryping,
alsn called HLA ryping, is wsenlly done by resting
whether sera known to be reactive with certain MHC
pene products mediate complement-dependent lysis of an
individuals lymphocytes. Polymerase chain  reaction
(MOR) techneques are now also used o determine if an
wdividual enrries a particular MEIC allele.

Tolerogen. An antigen that induces immunologic twler-
anee, in contrst to an immunogen, which induces an
immune response. Many antigens can be either tolero-
sens o immunagens, depending on how they are admin-
istered, Tolerogenic forms of antigens include large doses
of the proteins administered without adjuvants, alvered
peptide ligands, and orally administered antigens.

Toll-like receptors. Cell surface receprors on phagocytes
anel ather ccll types that act &z pattern recognition pecep-
pors important in the innate  immune  response  to
lipopolysaccharides and other microbial products. Toll-
like receprors share strectural homelogy and signal trans-
duction pathways with the rype | interleukin-1 recepror.

Toxic shock syndrome. An acute illness chameterized by
shack, skin exfoliation, conjuncivios, and durrhen, asso-
cinted with mmpon wse ond coused by o Saphyvlococeus
ANFCHE supcrantigen.

Transforming growth factor-f (TGF-f). A eyuwokine
produced by activated T cells. mononuclear phagocyres,
amd orher cells, whose pringipal actions are to inhibit the
prolifesation and differentiation of T cells, to inlubit the
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actvation of macrophages, and w counteract the effcors
of proinflamimatory cytokimes.

Transfusion. Transplaniation of circulating blood cells,
plarelers, or plasma from one individual o another,
Transiusions are performed to ereat blood loss due o hem-
orchage or to treat o deficieney i one or more blood eell
types due to inadeguare production or excess destrsction.

Transfusion reactions. An immunologie seaction mminse
tramsfused blood produces, usually medianed by pretormied
antibodies in the reciprent that bind to donor blood
cell antigens, such as ABD Mowd growp antigens or
histecompatibility antigens, Teansfusion reactions con
lead to imevascular lysis of red blood cells and, in severe
cases, kidney damage, fever, shock, and disseminaced
intravascular coagularion.

Transgenic mouse. A mouse (hat expresses an exogenons
gene that has been introduced nto the genome by injec-
tion of @ DNA scquence into the pronuclei of fertilized
mouse eprs. Transgenes insert mandomly ot cheomasomal
breakpoints and are subsequently inhenited os simple
menidelian traits. By designing transgenes wirth nissae-
s.rna(i.llu: l\!!‘,ll[il.[l:!f]‘ seijuenides, e Cai h’l! ;!ll:l.pjul:L\l
that cxpress o particular gene only i certamn tissues,
Transgenic mice are wsed cxrensively in immunology
research to study the funcuons of vanouws cytokines,
cell surface molecules, and  intmcellular  signaling
malecules.

Transporter associated with antigen processing (TAP).
An ATP-dependent peptide transporter that mediates
the active transport of peprides from the cytosol w dhe
site of assembly of clis | major histocomparibality
complex (MHC) molecules inside the endoplasmic retic-
ulum. TAP is a heterodimenic molecule composed of
TAP-1 and TAP-2 polypeptades, both encoded by genes
in the MEC. Becouse peptides are required for stable
assembly of class 1 MHC molecules, TAP-deficient
animals express very few cell surface class | MHC maole-
cules, lﬁulli!'l.ﬂ iy dumimushed develd et and activas
thon of CDE™ T cells.

Tumor immunity. Protection against the development of
umors mediated by the immune system. Strong immune
responses are induced by wmores thae expres immum-
genetic antigens {e.g., tumors that are coused by ongo-
genie viruses arud therefore express viral antipens).

Tumor necrosis factor (TNF-ce). A cyrokine produced
mainly by activated mononuclear plhagocytes that func-
tioms to stinwlate the recruitment of neutrophils and
monacyres to sites of infection and 1w activate these cells
o eradicate microbes. TNF stimulates vascular endothe-
lial cells o express adhesion molecules and induces
mavrophages and endothelial cells to secrene chemokines.
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In severe infections, THF is produced in large smounis
ared has systemse eifeens. ineluding induction of fever,
synthesic of acute-phase proteins by the liver, and
cachexer. When very Linge amoamis of THREF are produced,
it can case intrwcascular thrombosis and shaek (the clin-
ical symdnoane of sepric shoek ).

Tumor-infiltrating  lymphosvtes (TIls) Lymphooyies:
ssolated from the intsmmarone influaies present i aml
arowmnd surgcal eeseetion samples of solid temors, which
are enrsched tor tumor-specine evtodviie T lymphocyres
and matural killer cells, In an experimemal maode of
camcer treatment, TILs solaed from  patients with
twmors are expamkded motimo by coloere with high con-
centratsoms of interleukin-2 and are them transterred back
it the At

Tumorspecific transplantation antigen (TSTAL An
antigen expre=ed on experimental animal twmor cells
thar can be detecred by imduction of immunologic rejec-
tacan o EuEmoT I:r.||.'|.~|"|.'|r.|l=. TsTA were werrgrral v definaed
i chemically induced rodent sarcomas amd were shown
o stimmutlare. cvvolvric T lymphecvie-medioned wmaor
1r.|s:|-|"!:|r|.[ Fejecipomn of !r.||‘|.~|'|l:'|:|'|'I|.-J i,

Twoesignal hypothesis. A now proven hvpothesis thig
-rates that the acrivarion of lemphoeyies requires mwo dis-
it sigrnels, the Arst being antieen and the second either

ribdal products or compunents of inRate Immune

rospodises Lo pmicrobes, The seguitement for antigen {so-
colled sl 1) e that the ensuing  immune
repomse s speciie. The requirement for sdditionol
rerere d By macrobes of inpste immune reactions

fepsinil 20 emmures that immuone responses ore induced
whor they are needed (Le., agains microbes and ogher
1, K aas syl tanees b and net inst harmless substances,

s dudinee et angizens. Sienal 2 i often referred Bo as
coatnmulatien
I interferons (IFN-ce, IFN-B). A fomily of
cytokmmes, wiclmding several strucrurally related  inner-
teronegn EN e proteins and a single IPN-F progein, all
wh have [restanil annivitil actions. The I'I'|.1j:ll' I
A PN s mononuchear phisocvtes, omd IFM-J is pro-
duced by many colls, ancluding throblisws, Both IPN-o
annd IFNCB Bind o the some coll surface receplor @
sic peponses, Type 1 IFNs inhiba
viral replication, incrense the lytic potential of nomral
kaller colls, inercse expression of clivs | major
compatibiliiy comples mobecules v vine-infected cells,
and stamulane the JL'\‘-l,-]u]un.;-m of Tyl cells. especially m
Tansans.
Urticaria. Localized sransient saelling omd redness of the
shin dwe tar beakage of fluid and plsia proteins from

L]

|r|Ju-.r i} |||:1r I"

sl vessels e ihe Jermiie ‘luring i inimediare hnﬂ:f‘
STSHAY Y Coe T,

Vogene segments, A DRA sequence that encodes the
vanable dumain of an immunozlobulin heavy chain or
lish chasin wr 2 T coll receptor e, B, 4, or & chain. Each
NEERET (LW ol lescus comnioims e different WV e
segmments, any one of which may recombine with down-
stream IV or | seements durine lymphocyte mituration to
forms functional sntisen feceplon penes.

Vil recombinase. A collection of enzymes  than
toperhaer mediae the somutic recombimation events thar
form functivnal SMETY TOCCPLIor Benes i developing B
atd T Iemphocyres. Same of the cnzyimes. such s RAG-
Lamd RAG-2, e tound only in developing lymphosytes,
aiwd others are DNA repoir cncyoes found in. maost cell
s

Vaccine, A preparation of mecrobial antigen, often com-
Pamved with adpovanes. than i sdmimisened o individuals
to s protectve anmeny against nucrobial infec-

e

vivans: The antween moy be i the form of live |
bent microonzanisans, killed micnwrsanisms, or parnfied
e roane o deculir compomnents of ImroorsInEms,

Varable region. The cirrmcellubin annmoeterminal region
l'.‘ AR BRI ||I.'ll|||'| I!I.'.I'a'\' (1§ II’_"I‘ l.'hfl.lrl or a T l.'.ﬂ.'l.l
receptor €8, [5 % or & chiin thar contiins vanable amino
actd seguences thar Jdither between every elone of lym-
phiscyvie: and thie are responaable for specificity for
antagen. The antigen-binding  variable sEUEnCes  ane
loscalize] it |'|.1_|'|'|q,. ariable sepmienrs

Virus, A primianve cbligate mimcellulor parsitg organism

= Il' 1.h|‘|. Lo s I.q. wl hl.ll'lrlll.' nl.lch'l.c T‘Id
wemane packaged inoa protein copsid, sometimes sor-
roasnded by a lipid envelope. There are many pathogeme
andmal wiruses thar cmuse o wide range of discasces.
Humwaral immune responses o vituses con be effective in
Elocking mlection of cells, amd notugal killer cells and
cytolytic T lymphooytes are necessary 1o kil already
infected cells.

Western blot. An immunologic techrique 1o determine
the presence of o protein 2 biologe smple, The
method involves separation of proteins in the sample by
clectrapheoresis, transier of the protein areay from the
elecrrophorests gel to o support membrane by capillary
action (Momingh, and finally detection of the progein by
birwding of an enzymatically or adiosctvely Labseled anti-
Faby specific for thut proten.

Wheal and flare reaction. Local swelling amd rediess in
the skin o o site of an immedive hyperensitivity reac-
tion, The wheal meileers incrared sascular permeabilig
and the flare resules rom inereassd kcal blood ilow, bach

or infectiows pa




changes resulting from mediators, such as histmine,
released from actvared dermal mase cells.

White pulp. The part of the spleen that is composed pre-
dominantdy of lymphocyies, arranped in periareriolor
lymphoid sheaths (PALS) and folhcles. The remainder of
the spleen contains vascular sinusoids lined with phago-
evtic cells and Alled with Blood, ealled the red pulp.

Wiskott-Aldrich syndrome. An X-linked disease charac-
werized by eczeima, thrombocytopenia (reduced blood
platelers), and immunodeficiency manifested as suscepti-
Fility 1o bacrerial infections. The defective gene encodes
acytowolic protein involved in sipnaling cascades and reg-
ulagion of the acton cytoskeleton.

Nenoantigen. An antigen on a graft from another species.

Nenogeneic graft. An organ o tssue graft derived from
i different species than the recipient. Transplantation of
senogeneic grafts (e, from pig) o human is nat yer
|':.|c|!|i.:u| because of Wi“"l pmHums relared to immuno-
logic rejection.

Nelinked agammaglobulinemia, An immunodeficieney
dusense, also called Bruton's ;q.;.:mnmghlhulin.cmi.n, chaor-
acterized by a block in early B cell maturation and an
dbseree of serum immunoplobulin. Patients suffer from
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pyogenic bacterinl infections, The discase is caused by
mutations or deletions i the gene encoding B cell yro-
sine kimmse (Bik), om enzyme involved mosignal trans:
duction in developing B cells.

Xelinked hyper-lgM syndrome. A e immunodefi-
ciency discase coused by mutations in the CD40 ligand
rene ol characterized by a failuee of B eell beavye chain
isotype swuching and cell-mediated immunity. Patients
suffer from both pyopenic bactenal and inteacellular
mecrobial infections.

Zeta-associated protein of 70 kD (ZADP-T0). An Src
family cytoplasmiec protein tyosine Kinase that is critical
for early signaling steps in antigen-induced T cell acuva-
vion. ZAP-70 bimwds w0 phosphorylaed terosines i the
eytoplasmic tils of the § chnin of the T cell antigen-
receptor complex and, m turn, phosphorylates sdaprer
proteins thast recruit other components of the signaling
ciscade.

§ chain. A tronsmembrone protein expressed m T cells as
part of the T cell receptor complex, which contains
immunoreceptor tyrosine-based activation motifs in s
cytoplismic portion and which binds the ZAP-70 prowein
tyrosine kinase during T cell scovation,



APPENDIX

Clinical Cases

Ihas .||\|\-|1J|;~; melsdes hve :.:|1|'||c'.'|| COscs iH-l.lt-”Hl.I“H Various

diseses involving the immuone system. These cases are not
meant to tench climical skills bat mther o show how the
wasie sgience of immunolory contnbutes to our under-
tonding of human discases. Each case illustrates typcal
wivs o deease memafests, whar tests are usil in diﬂi.'l'l':‘:hib-
aned common meodes of rresoment. The appendix was com-
paled with the assistance of D Rachard Minchell, Degrart-
ment of Puthology, Brigham and Womeen's Hospanal, Boston,
Massachuserts, and Dr, James Faix, Department of Pathol-
vy, Seanford University School of Medicine, Palo Aleo,
Californea.

Case 1: Lymphoma

E.B. was a 3.year-ald chemical engineer who had been well
all of his life, One moming, he noticed o lump in his left
erodn while showering, It was ot tender, and the overlying
sk appeared normal. After a few weeks, he began to worry
about it because it did not “go away,” and he finally made
an appoinement with o doctor after 2 months, On physical
AR RO, the rlh'llrsin:illn noted o subcutancous firm,
imovable nodule, about 3 cm in dismeter in the left inguinal
reprm. The doctor asked E.B. if he had recently noticed any
||_'|.r|_-c|ium uF i1|: I.,-I'r ﬁ'ﬁﬁi o I;.-g l_'whmh E..“-. |'|:'|~i||'1.!. T]u.-
docror also found some slightly enlarged lymph nodes in
E.B.% right neck. Otherwise, the physical exominauon was
noemeal. The docoor explained that the nodule was prolsa.
by a lymph node that was enlorged due o a reaction o
wome infection. However, he advised E.B. to see 0 surpeon
whir would remove the lymph node so dhat a pathologise
could examine it 1o be sure thar it was nost malignant.
The lymph node was removed, and hastologic examina-
pion revealed an expansion of the node by fullicular surue-
pures composed of monotonous collections of enlyreed,
agnvated (“lymphoblisodd®) cells (Fig. A1), lmmunohis-
pechemistry revenbed that these cells expressed B eell susface

molecules. Alse, polymerase chan reaction (PCR) analysis
of DA from the lymph nosde showed a clomal rearrange-
ment of the immunoglobulin heavy chain gene. On ithes
basis, the dingnosss of follicular lymphoma was made.

1. Why does the presence of a clonal renrrangement of
immunoplobulin beavy chain genes in the lymph
misde indicate o neoplasm rther than o regponse o
an infection?

EB. was rreated wiuh chemothermpy, The lyme
phadenapathy in bis neck {which was due 1o his lymphoma)
repressed but, unfortunately, o new enlarged lemph node
appeared in his left cervical arca abour a year later. This
|.l|'|'|'|p'|'|. newle wis n.-muL'l.\], -.’il'l.d it showed follicular |',.'r|'|-
phoma, with the same histologic features of the origial.

2. If one developed on onti-idiotypic antibody against
the surface immunoglobulin peesent on EB.S onigi-
mal h-lnph::m:l cells, it n1'i;.'|'|l nol fecognize the cells
responsible for his recurrence, Why not?

The encologist caring for BB, i now planming to admin-
ister chemotherapy and radiation o kill all the temor cells,
followed by bone marrow transplaneagion.

3. Why would it be necessary to perdomm the bone
marrow transplantation, and whar will ke the stats
of the patient’s immune system after the recom-
mended rreatment?

Answers to Questions for Case 1

. Inan infecrion, many different clones of lvmphocyies ane
activated, More than one clome may be specific for the
samte micrabol antigen, and Jifferent clones may be
respoding  we Jdifferent antigens  produced by the
microbe. Furtbermore, even i rmph node deaining o
site of infecteon, there are many clones of normal B cells
nor specifiic for the micrbe, Beomee coch clone of B
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Flovre A=1 Lymph node biopsy with follicular lym:-
phoma. Tne micrcscopic appearance of the patent’s
nguisal lpmsh fode s shown. Tre folicular sinecloes are
abnormal, composas of & MoNQIoNous colecnon ol neg-
plastic calts. In confrast a lymph node wilh reacivie iyped-
piasia would neve follicies with germman center lormatson,
SOMBNING & helengenscus Mature of cals

cebls hasa [T IR R A TR of 1= immunoghobalin
heavy and highe chain cenes (see Chapter 4, pages 75
=20 e .||‘::L|1_.'-L- of heavy chain senes in the T;l!tx'lw'l..l!
mixture od B oeells in o lomph made desning aosne of
it by reveals many different (pedvelonn!! remmnge-
FEEC-nl 5 In ot F |.-r|| |'!.':|.||"h|'|||.|- (1 FETR b T | *-||'|;_':'-.'
well with 2 wmigue  immuenogtobehin beavy  cham
peasrangement, and alver the 14 I
fim 1 TeToehits the magority of cells im b leaoph neede
Phcrefone, analysis of heavy chain gorsan o lomph oy
with v Boeall |.'.'|:|.|.‘|!:u'-m:|. peveals o snele dommonn ey
chn reorrangement. The POR - .
wew oot ¢ boaliey of Boeell sumaors. Joy vks mictha b <puecin.
seuquences of the tumar EINA are anpline! By otk 4l
complementary TENA primers amd o DA p
The size of the amplified produces b anabyzed by ool oo
tropivwess,. Two primers e vpwally vl cnee o ares
spwiinding 0 @ Cumsersis SEQUECnTe COMENGIE Lo il

Tels 2E N TE P kg

b uegul doe ity

e

swepients. the other to o sequence commman
sweenients. The length of the smplined [0 R peo
deternuned iy the unigue sequences venerared durny
VI paming imeach clone of Beell. Wl omermal poge-
wlwtion of B eells, many PCR it i ts ool Jiflerene sise.
are penerated, and these appear as o sameae o the sel b
the cose of Tymphwmc, allvhe B cells hane ehe same VY
rearrangement and the PCR produce i of oo s,
appearing as o sengle band onodhe el

Ananti-idiotypic antibody would secogmaeze the postaoae
of the immunoghobalin thae are unigue e the agiil

ki

v that as, the bypervariable portions of the antigen
receptors of s clone of Bocells, During their lives, the
immunoglobulin gemes of B cells often underngo exten-
v SOmbe ikt ions: T Dol immene responses to
pratein antizens, this process secounts for affinity matu-
ratioft (see Chapter 70 pages 136-140). Somatic muta-
pivars of the b menes may oceur i the umer cells al,
n."qllhlu: il :|]1|'~|.-.|r.|l'||.'q o B l::.-“x I:h.l'l! eXpress B new
Iz thar a5 mot recogmizad by the antiswhotypic antibody.

. The chemotherapy and suliaton ereatment, which kills
the tmer cells, alsis desrroys the normal hematopoictic
cells i the lone marrsw. This would be Tethal beciwse
1l Fatien waonld ot be able o 'pnurl.n:q: red blowd cells
for veygen transport, leukocyres for immuniry, and
placelers e comred blevding, By injecring hemstapoietic
stem cells from another donor, hematopoiesis can be
restored. The steim colls muy be adminstered in the form
ol whole bome nurrow or stemn eells purified from the
periphernl Bloed of a donor. Sometimes, the patien’s
ewn margow is harvested before the chemotherapy and
iersduion, treated in siere to destroy wimor cells specil-
ically, amd then transplanted bagk into the patiene after
the antitumor teeatments. Early after bone mormoa
pransplintation,  potients  often  show  considerable
imimime deficiencies. Because B oand T lymphocvie
Prescnitegs arbe from bone marow stem cells, bone
marrowe transplantition can lesd to reconstivurion of
1ha patient s slaprive immune system over time.

Ceza 2! Heart Transplant
Counplicated by Allograft Rejection

b o compuater softwane silesman, was 48 years ald when
Fe wonee b his prisnary care physicion because of fatigue and
huisrmnees o Breath, Fle hd not seen a docror on 2 regular
Fraste priear tee this vesit and felt well wp unl 1 year ago when
B Fesar experencine Jithouley climbing stairs or playving
Fordoctball winh Bas clildren. Owver the past 6 months he had
bl Freathing when he lay down in bed, He did nor
semwendor cver exporiencing syenificant chest pain and had
e goenily history of hearnt disease. He Jdid recall thar aboue
15wt g b hod go rake 2 divs ofif from work becouse
o sevgre flulike illness,

Clineescanmmmat o, b il a pulse of 105, a respimtory re
of 52, nd o Bl pressure of 100060mmHg and was
alebribe, s doctor heand rales (evidenee of abnormal Muid
sovumulinon) o the bases of bath lumgs. His feer ad
ankles were swollen. A chese x-ray showe] pulmonary
wobetne aad |'l|t'l|rr:||‘ wilusmms amd o a.imul‘u:ﬂnl.h' L'I'nh‘llﬂL‘d leir
ventede, OO0 wos sdmitted o the cardiology service of
the Uiversity Hispatal, One the hosis of further wesis,




meluding coronary angiography ond echocandiography, o
diagnasis of dilaved cardiomyopathy was made. The doctors
wXf aamed o the pﬂtil.-nl. l:11.:1t his heart muscle had been
dimaged. The cause may have been an episaode of inflam-
mation as a2 complication of a viml infection some time
mgo, but they could not be sure. The only lifesnwing
treatment for his condition would be o receive w heart
transplant,

A panel-reactive ,'||1.1|h1|,|.1_,' (PRAY est was NTF*WIIM-'I'-I an
O serum 1o aderermine whether he had been previously
semsitized o alloantigens. This rest showed the patient hod
(1] n.lri.'ll.l..lllrll: anttbadies agrnst HLA nh!ij,h.'l'l!. T
Turther immmenolosic testinge was |'h:r|‘11rr|'|l|.'J. Two weeks later
e o nearby ciry, o donor heart was semoved from a victim
o G CoRstruchion-sike .u;g.i;kl'lt The domoer hiad I1H-‘ SN
AR Bhoen] type as S The trensplant surgery, performed
4 hwmies after I||.|: donaor hearr was removed, went well, and
the .||||l§_'r.|l'1 Wi I'L||1i;:|1|nir||.' pm]w:rly ru:rsmqwn!tiw.*h'.

1. What problems might arise of the patient and the
heant donor have differemn Blood types, or if the
e T |'|l|.'|'| lewels of anui-HLA antabsodics?

CM was plaeed on immunosuppressive theeapy the
chay after ornsplatation, which inclheded daily dhoses of
eyclimporine, mycophenalic acid, sl preduisone, Endomy-
veardial Biopsics were performed | week after surgery andd
showed no evidence of myccardial injury or nflammator
cells, Fle was sent home 10 days after surgery, and within a
month e was able w do |if,'|“' exercise without |"ﬂ"h|l-‘lllb-
Routinely scheduled endomyocardinl biopsics perfonmed
within the first 3 months after transplantition were mermal,
but o hopsy performed 14 weeks after surgery showed the
presence of pumerous lvmphocyres within the myocandiom
and a few apaptoric muscle Abers (Fig, A-2). The findings
were interpreted as evidence of ncute allograft rejeetion.

2. What was the patient’s immune system responding
tor, aned whar were the effector mechanisms w the
acute pejection episode!

O % sermm ereatinine level, an inglicaror of senal func-
o, was high {2.2 mgfelL; normal = 15 mygfdL). Flis docrors
therefore did not wani to mcrease his cyclosporine dose
because this doug can be toxic we the kidneys, He was given
three additional doses of a sterold drug over 18 hours, and
a repeat emdomyocardial biopsy | week later showed only a
few scartered macrophages and @ smoll focus of healing
pizsse, .0 went home feeling well, amd he was able po live
a relutively normal life, mking cyelosporine, mycophenolic
acid, sl prednisone daily.

3, Whar is the |.',|.==|1 of the ISP eSSV «ln.u:
therapy!
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Figure A=2 Endomyocardial biopsy showing acute cel-
lular rejection. The hean moescle s enliliraied by lympho-
cyles, and necrolic muscle Ibers arg prasant. (Courtasy o
Or Richard Mitchell, Department of Pathology. Brgham and
Women's Hospilal, Boston, MA )

{_-:uwt_umn' LRI (T P Th L Y |'I.'I"ll.hfIILIL'|.I '|.1.-'.||i',' aice the tais-
plane showed o grodual norrewing of the lmens of the
coronary artenes. o the sixth year alver oemsplangation,
CM, bepan experiencing some shortness of breath after
mihd exercise aml showed some left ventricular dilagation
o r'._an:lii'lgr.lphic exnmnmabion. An intrvscular alossound
exammation demonstrated signifcant thickening of the
wallz an marrowing of the lumen of the coronary arterics
{Fig. A-3) An endomyocanlial bopsy showed arcas of
vichemie necrosis. O and his physicians are now consid-
ering the posibility of o seeond candine transplane.

4, What process has led o failure of the grafo alter &
years!

Answers to Questions for Case 2

1. 1§ the patient amd the heart doner hisd different bl
types, of if the patient had high levels of anti-FILA anti-
busdics, o fwm aof rejection called hypemoute rejection
might oceur after transplangation (zec Choprer 10, pages
188-189). Iwdividwals with tepe AL B, or O Blood group
have circulaning Ledd anobodies aganse the antigens
they do mm poissers (B, AL or bosthy, eespectively). People
who have received provioss Blissd trmsiusions, tmmns-
1\|:lill$. AW WO M '|1n.',_'||1;1|1l LETHYS I::l\'q.' \'ifELL‘LIlI“H BERIA B
FiLA  angibesdios. Blowsd  growp omvigens and HLA
antigens e RSt o endothelion] cells. Prefonmed
antibodies, already present o the recipient ar the tinee
of rrmsplanttion, con bind we these antigens on
el epdothelial cells, cavnsmg complement scrvarion,
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Fig -2 Coronary arlery with transplant-associated
arteriosclercsis. This hisioiogic secton was taken from a
corcnary arsary of a cardiac aipgral tnat was removed lrom
a patient & years aliar ransplamatan Dacause o grah faibene,
The lumen is marsedly narroaed Oy the oresende of inlimal
smedin muscle celfs. (Courlesy of Dr Ricnard Mitchedl,
Deparrment of Patnology, Brigham and Women's Hospilal
Basion, A )

lewkovevie reenatment. and thrombesis. A o resln, the
prar Blocd supply becomes impaired and the orgom can
raprdly upderpo ischemic necrists, The pancl reactive
antiboady test is rypically perormed e duermine
whether a patent needing o transplant has pr
antibodivs specifc fir HLA antigens from o ramdian col
lecrivm of individuals, The test 15 performed by mmsing
the pateents serum with a panel of Iynphocires froam
Yalkhosls Jll!'n:lr\, .,|MII!|_" ilnt'llill|I'I'|'|]l!l'2:l\!"u!?|: |I|I||.=.'- -.‘I'n.'
{1 ampliy the reacrion ) and complement. and examm-
ing ol the homplocvie: are lesed, The results e
enpresied s the percentage of Jomor eells from o panl
ofs with which o peoronnial graft recipionr
reacts The hicher the PRA. the greater the ehunee thae
the peviptent will rejecr o grafr,

JisEime

T

2. In the acuie rejecton episide, the patient's srmmune
ssxtem o tosponding w alloantigens v the sroft (se
Clhupeer 10, pages 183-188), These antipens ane Tikely e
wichade dimor MHC modecules encoded by alleles nur
shared by the reciprent, as well as unshared allel van-
ants of other proteins (minor histocomparikiling anne-
gern )l These allaniigpens may be expresed om e gl
ethimhelial cells, leukocyees, and porenchymal cells
within the donor Bearr. The effector mechamisms i the
acute rejection cpisode include both cell-madinred omd
bumoral smmune responses. Recipient G145 T el
secrete oytokines thit prosote mocrophuee activatisn
anad inflammation, which couses myocyte or eandothelial

cell imjury and dysfuncoon, and CDS" eywolyic T lym-
phevyvies dircarly kil gt cells Recipient antibodies,
prosduced in respense o the gralt antigens, bind o gralt
wells, beading o complement activation and leukocyre
reCEi L.

i The poal of ehe immumnosippressive drug therapy 13 o
ampanr the recipient’s e response 1o alloantigens
prcacit el flacti [ 1E||.'n.-|.v,.- Preventing repEc o, The
drugs work By Blocking T cell acrivation (cyelosporine),
Iemphocvre proliferation (myeophenolic acid), and
mnilamnranary eyeokine prsduction (predaisone). An
attemnpt = masde 1o presere some immune funetion 1o
copbar mlecrions,

4. Thee grate has taibed o= o pesule of chronie rejection man-
ifesred as o thickening of the walls and narrowing of the
Tumens of the wralt arterees (oo Chapter 10, papes 185
189). This vascular change, culled graft arterwoselerosns,
or  traneplane-gssocied  anenosclerosis,  leads 6
pehemic damage 1o the heare and s the most fregquen
case of chromic groft Gailure. It may be coused by a
chronic delayed-type hypersensivivity reaction agamst
vessel wall allosntipens, resulting in evtokine-stmulned
smsith e le cell magration inee the incima and pro-
liferation of the smiooth muscle cells.

Case 3: Allergic Asthma

LE wasn 10-year-odd girl who was broughe to her pedintn-
chans shice i November becanse of frequent coughing for
the past 2 dbays, wheezing, and a fecling of tightness in her
chawst, Fler symproans hod been especially severe ar mighe. In
adbmiom 1o haer routine checkups, she had visived the docror
i the post dur occastonal car amd upper respiratory trck
srtections but hod noe previsusly l.-:\cpcrmnl:nf wheezing or
chest tightmess. She had eczemn, bun otherwise, she wis m
wocnd bl dnd was developmeneally noemal. Her immu-
mzations were up o date. She lived ar home with her
mietlier, tnber and two sisters, ages 12 and 4, and @ pet cai.
Euonhy her parents smokod cigaretes, her father suffered from
hay fever, amd her obder sister had a histery of sinus infec-
thesms aen Uhae puist.

At the time of her examination, LE, had o sempernture
of 37 O (98.6% F), Blood pressure of 10565 mm Hg, and
i respintory rte of 28 breaths per minute. She did nom
appear short of breath, There were mo signs of car infection
Wi pl'l:m_.'nulln. Aascultation of the chest revealed diffuse
whasezige i boahe lungs without signs of congestive heart
fadlire (rales), There wis o evidence of prcamonia. The
Jowtor mmde o presamprice dagmosis of Bronchespasm anad
retereed LE, v o pedionric allergist-immunalogise who wis



sssocited with his physicuns’ group. In the meantime,
the patient was given a prescoiption for a shori-acting .-
adrenergic agonist bronchodilawor haler, and the child
was instructed 1o administer it every & hours 1o relieve
symptoms, This drug binds 1o Beeadrencrgic seceptors on
bronchial smooth muscle cells amd cwmses them o relex,
resulting in dilagaion of the bronchioles.

I. Asthma is an example of "atopy.” What are the dif-
ferent ways in which “atopy™ may manifest clinically?

Ome week later, LE. was seen by the allergist, He aus-
euleared her lungs and confiemied the presence of wheezing.
ILE. was mstructed to blow into o Aowmeter, and the docror
determined thar her peak expimatory low rate was 65% of
nomnal, indicating atrway obstruction. The docwor then
admirestered a nebuhized bronchodilator, and 10 minues
larer performed the test again. The repeat flow rate was 85'%
ol o], indieating reversibilivy of the airway obstruction.
Bl was drawn and sent for toal and differential blood
cell count and [gE levels. In addition, a skin test was per-
fomued o determine hypersensitivity 1o vanious angigens
amd showed a pesitive result for car dander and howse dust
(Fig. A-4). The patent was insoruceed o begin using an
mbaled corticosteroid and to use her bronehodilaor HI‘II',' as
necded for respirarory syimproms, She was asked 1o make a
return appointment 2 weeks Liter for re-evaluatiom anad dis-
cussion ol blowd vest resulis,

2, What is the in1|r|.|:|||.r|n“bt; Tsis Tor a "[H'mtl!ih:" skin
wesef

When LE reoumed vo the allergists office, laboratory
et revealed thar she Bad a serum [gE level of 1200 1UfmlL

d .

Figure A=34 A positive skin test for environmental anti-
gens. Small doses of the antigens ang injected intradermally.
If mast cells are present wilh bowund IGE specils for the test
anligen, the antigen will crosshink the Fo receplons 1o which
Ihe IgE 15 bound. Thiz mduces degranulation of the mast
cells and the release of mediabors thal cause the wheal and
lare reacton
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(reormal rangze: 0 180) andd o waal white blood cell coune
of 7000 .fmm' with 3% L‘bil‘bﬁp"l'ilh {:ru:!rln:ll < 5%, When
she returmed o the allerpist’s office 2 week later, her physi-
cal examination was sigmificantly improved, with mo asdible
wheezing. LE's peak expiraory meflow had impeoved w
9% of pradicted. The family was wold thar LE. had
reversible airway abstruction, pirsibly trigpered by o vieal
illness and possibly relatied e car and dust allerpies, The
doctor advised the cat should cither be given o a frieod or
at lewst kepr out of LE s bedroom, The mother was told thae
smoking in the howse was probably contnbuting to LES
syrmptoms, The doctor recommended thar LE. continue 1o
use the short-ncting inhaler for acure episodes of wheezing
af :hnrl:nc# 1.'4' hN;trIi. [.E. L1 H :h:‘u.'\l Tos felufi in § ||'|.|:|n!|'|>.
sooner i she wsed the inhaler more than twice per month.

3. What s the mechansm for the increased IgE levels
SCENT 1 PAlents who suffer Trom ullerpic ;\.‘-mp:nms:'

The family cat wis piven toa neighbor, and LE. did well
o the therapy for about 6 months, only experiencing mild
wheezing a few times, The next spring, she began wo have
e frequent episides of coughing and wheezing, During
a soccer game one Satunky, she become very shart of
breath, and her parenrs brought her 1o the cmergency
department of the local hospital. After confirming thae she
was experiencing marked upper airvay constriction, the
emergeney department physician treated her with a nebu-
lized fyeagonist bronchodilator amd an ol comcosteroid.
Adter 6 hours, her symproms resolved, and she was semt
home. LE. was brought wo her allergist the nexr week, whao
changed her mnintenance medication to o different inhaled
conicosteroid, She has subsequently been well, with occa-
sional mild “nevscks™ thar are cleared by the Bronchodilavoer
inhaler

4. What are the thempeatic approaches o allergic
asthma’

Answers to Questions for Case 3

L. "Aropic” reactions to essentially hammles anrigens are
medimted by 1gE on ot cells bt may present in o
variery of ways (see Chaprer L, pages 198-200). The
symptoms wanlly rellect the site of entey of the allengen.
Hay fever (allergic chinitis) and asthma are wsaally
responses to inhabad allerpens, whemas urticorin sawl
cerema more commonly  ocour with skin exposure.
Although food allerpios moy comse gastrointestinal svmp-
wans i sl childeen, o adulis they wsaally cilso
proveke systemic urticaria, The nost Jromatic presenta-
vion of allerpies to msect venom, toesds, o Jdrugs i3 anae
phylasis, an allergic resction in which there s systemic
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visndilatation, moreased  vascular permeabiling. and
bronchowomstricrivon. Thas s leasd to aphyxia and car-
Jivwsnsculive collupae.

Y Dmmvedinee rebease of histmine from reiggened mst cells
prontuces o cemeal "wlhical™ of edema (due o beakage of
p'l.'.-nu.'l anad the strmeamading "Hace™ of visculier SOt
tian Gadue g vesse] dilation), However, it is the subse-
quent e pluse reaction,” characrerized by cellular
intlymmataen, that = more characreristie of the danoape
tor tessiie affeond by allereie Jdiseases. {See Chaprer |1,
pamzes 197-195), The alleroy skin rest dhoubd nin e con-
farses] warh the sbin test wsed W assess prior sensanizition
v cernnn infections agents such as Mycobasioriem mibr
cadisis. A powsitive aberculoses skim test i an example of
a debived-nvpe hypessensativiey (DTHY reaction, medi-
anedd by anvigen-atimulated helper T cells, which selease
evtokines such e interiena-3 Jeamling o nacrophi

(] {.'h.||~||.-r i, rags

icinvalwn ard |||I|.|'|||I||..|1.||-:'|
112113

For unknewn seasons, the trersts mewnt helper T eell
n—-]'!.ln\cn.nr'|h|:-r:-: BN TR VLTRGEY o e TEd 'I“'|' harm-
fess provein anogens, and the Tyl colls produce IL-4 and
IL-5. IL-4 induces IgE syshoesi- By B ocells, and IL-5
premotes assineophil prclucton and scovanen (see
{hapree 3, pages 9599 amd Chaprer 1, pages 1941971,
Bevaiuse ROy PP o m in Fammibies, <omie inhieriied
ilenermalivy in ammune meeelaion (pnokably k-
werie ] may bBe oapvolved, Artenten hos been bocused
epectally on genes.on chromiosome 3 G wnited with
LoE cliss swarching, cosinuphil growth, und the fo-adeen-
vz recepuw) and onco by (st warh the [eE
reca P .

P

4 A maper therapewtic approseh for allorgie = provennen
B oavendingee of  precipitoning ST R
Adthowugh therpy hie proviowsly bov 1o e
sz thic semptoms of bronchoconsamceion by
mrewellular evelic adenosire o ghosphone 0 AMD
levels (Bradrenergic agents anid mllwors o8 cAasd
Jegmadation), the balance of therapy T Difted 1o ann-
mflampmatory agents in recent years. Thase
Cvfticosteoids {ﬂ'lnu\!]'l Bhck eveokine  tebeaswd ol
cromsdyn (which may inbabit rebease o maee cell meds
ators). Newer approaches inchede recepror anzigs aus-
o lipad meediatiors amad inbobators o leakos yie s hw-em

allemens,

L% I'. LLE b b b

LT ATR %

Case 4: Systemic Lupus
Erythematosus (SLE)

NLEL wis i Pevearaold unmargied woman sho prosonned v
e Py Cane 1.\||-|.->|L,| ey 2 veurs apo with the compl

of jodne paiins anvodving ber wnists, hngers, and ankles.
When seen i the ofice, M2 had nomal body tempera-
e, hears rate, bl presure, and respiratory mre, There
war 2 nuotcenble red rsh on her cheeks, most macked
arcarrnd her mose, and om guestioning she sand the red-
s ol warse alter beings out in the sun for | or 2 hours.
The joants of her fmzers and ber wrists were swallen and
termder. The ressiinder of the physical exammation was
uireminrkisble.

Her doctor vk o Blinsd -'.|||.1|'l|.1.~ for warious tests. IHer
Tematocrin was 3535 (normal 37% 1o 468%). The total whine
Bl coll conmt wars 803 mm ' (within nosmal range) with
a nermal duferential count. The erpthrocyte sedimentagion
e was A0mmile (normal =200, Her senim antinuclear
antibady CANADY wst was positive ax 12256 dilution {(nor-
r|'|.I|.|.1|_.'1 poegative ot 1S Jilmion ). Ouher Iilhld".l!l."!'!,' Tl impe
wiere nnrennrkabli. Based oo these findings, o digasis of
sestemic lupas erviliomateeas was made, MZ, was it
W |lh ofal M‘tll'llhlbc". i u'-riluhh.ﬂml. ..‘||!||.| h-l.-r ]i!lltlt j'ﬂ.ll11
-\.ui-u.'pdp.'l_

I. What is the significonce of the posiove result for the
AMNA ten!

I'hr-_-r ||'|-.'\-|'|4|.|.- |:|1rr. \'z t‘w.'u.'ll'l il.-!.ﬂi.n.;q |||'|.1.|m:|“r urnl
arnd thought thit <he haed the “fu." For abour o week she
T omsced thi her ankles were swollen, amd she had Jit-
neilry putting om ber shovs, She returned 1o her pr:m.m
gore phivsician. Fler ankles imd foer showed severe «

Lewnrllom amn pesaelt o exte fuid in the tesee). Her ﬂl’\]ulm:n
appeared Jhady dissendid snd had w mild shifting dullness
ot et ii=saee L g ol o aboomally high amount of fuid
i 1w preritaieal cavaty ). Her physician ondered sevenil lab-
Hler AMA vesr sesuly was still positive, with a
ver ol 11230, and ber erpthrocyte sedimenttion rate was
S e Serwm albunin was 0.8 ghdL (normal 3.5-5.0).
surcinetin ol sermim complement proteins revealed a O3
ot 42 nrefdl (ool 231500 and o Cé of 5 mgldl (nonmal
[543 Uninly=ts shaowed 4+ proteinueia, red blood cells
arnd white Blhood colls, and sumerous hyaline il “runuiur
wiete A - hoar urioe sample contained 4 g of protein.

T T ol e |

20 Wit s the likely reason for the decreased comple-
et Bevels ond the abnosmalivies in Blood and
uriEny |'-r|m'|:|h:'

Prewiniiear oof thue sl “ru'l;lh-ag\. thee doscror recam-
swmded thiit worenal biopsy e ken. This was performed
aoweck Jarer indhe outpatient surpery deparement of the
cotinpunnly bsepatal pexe dosor to the docror’s office, The
Biopay spoctmen wan cxmined by routine  Bistologee
methads, immorotluorescence, amd electron micrscopy
(Fre. As5).
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Granular depasils of immunoglobulin
and complemant in the basement membrane

Floure A-5  Glomerulonephritis with immune complex deposition in systemic lupus erythematosus. A A gt micno-
graph of a renal biopsy specimen in which lhere 5 neulrophilic indifiration in a glomerulus. B. An immunalisorescence micna-
graph showing granular deposits of Igli along the basemeni membrane. {In this technigue, called immuncilucrescence
microscoy. a lriozen section of the kidney 15 ingubated with a Nuorescen-conjugaled antibody against IgG and the sie of
deposition of the 1gG is delined by delermining whene the fleorescence 1S localed ) C. An glecton micrograph of the same
tisaue revealing mmune complex deposition. (Courlesy of Dr. Helmut Rennke, Depariment of Pathology, Brigham and Waomen's
Hospital, Bosion, MAL)

¥, What is the explanation for the pathelopy seen in the
kidney?

prowluces detectable nuclear stining. Fatenes with SLE
often have antinuclear antibodscs, which may be specihe
foor histomes, ovher nuclear proteins, o double-sirnded
DA, These are sutiantibodics, and their production is
evidence of autoimmunity. Avtoantibodics may be pro-
duced aginst red blood cell membrane protwins amd
TR 4M her selif anirens.

The physician made the dignosis of proliferative lupas
neephiritis and trenred ML with 2 ligher dose af l“fL‘lIl'lI.\ll.F]'li.'
than she was mking previously, The proteinuria and edema
subsided over o 2-week perod, and serum C3 levels retumed
tes mormial, Her corticosterond dose was iapered down o a
lowver amount, Owver the nexe few vears, she his haad inter-
nnnkent ﬂ.l:rr-upﬁ. of her disese, with LRI aches, rissue
swielling, and laboratory tests indicating depressed C3 levels
anad protewnuria, These have been effectively treared with
corticosteroids, and she has been able to lead an serive lifke.

e

c Some of the autoantibodies form circulating imom
complexes by binding to antigens in the blood, When
thiese iunmune complexes deposit in the bisement mem-
branes of vessel walls, they mav acoivate the classacal
pathway of complement, lewding to depletion of com-
pEl:nwni proteins because of CONEUMPLINTL, Tt ion
cavsed by the immune complexes in the kidney Leads v
leakage of protein and red blood cells it the urine. The
loss of protein in the wine esults i reduced plasma
albumin, seduction of tsmotie presure of the plasnu,
aned Mued los neo the tissoes, lewling o edeni o the
feet sl abdominal distention.

"I. .5-\.“”{' AREEC P IVAEFIAA IR -\Ii\\'il'u_"\ e 1!!I."Ilph! ({3 E'q.' Lilu"’l.".{
by lymphocyres specific for microbes thar are acti-
vated by an mlection and that cross-rence with sell
antigens. Why is this not likely to be o valid expla-
natien for how SLE develops?

r Case 4 .
Anmvwans:to; Gusstions fv » 5. The kidney pachology is the resule of the deposition of

1. A positive antinuclear antibody test reveals the presence circulating immne complexes i the bascment mems

of serwm antibodies thar bind 1w components of cellular
nuclei. The test s |1q.'r|-=1n1||.-u| I",' |'ll:||.'|u|.: different Jilu-
tions of the paent’s serom on top of 8 monclayer of
human cells om o pglass sliwle. A secomd l|.|.||.:-n.'M.:1.~|'|I'|'!;
labeled anei-immmunoglobulio is then sdded, ood de cells
are examined with o luorescent microscope oo detect o
any serum antibocdies bouisd to the noclen, The ANA
tiver i% the maximum diluoon of the seram thae sl

branes of remal glomenali,. These deposies can be seen
'|1'p mmunolleorescenee o elecion 1T SRR The
e complexes activare complement, amd leako-
Lytes e rocrmites] |:v!.' \'nl.nl'\-l,\lnwl.\t l't'-'|1|n.\|.1n't:~ ti?’r.l.
Chad and by binding of leukooyte Fo receprors s the
antibuwlies oy the compleses. These leukooytes e acti-
varesd, andd they prosduce reactive oxyveen intcrmediones
] Dpsomonal encyiees the domoge the gloseralae
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Basement membrane. These andimgs are characienstic of
e complex=medited tesee inpere, o complexes
may depesie in joants and small bl vessels anywhere
in the boudv s well as in rthe kidnes. SLE is a protoaype
of an immune ooy s (s L.'11.l|rl1.'r I, poges
201-24)

4. The asrcanbiibocdies insLE fratneiits e spocific For a wiche
range of structorallv smrelated «olf amtigens, It is there-
fore anlikely thar this epresents o cross-reaction: with
ome of A lew macnibal antigens (so-called maobecular
mimicred bt pither implicates o fundamengad dyzeepula-
tion of the mechanisms of sellolerance that affecrs
many different clones of lvmphocytes (sec Chapaer 9,
rages 1661 760,

Case 5: HIV Infection and Acquired
Immunodeficiency Syndrome [AIDS)

JAC. e an 28 vear-old corpenter’s assistamt with o hestory of

HIN infection whe ciame to g} 1Y -.iq.-nllllnull.l wif
his Boscal hospial complanimz of Jitncaley in breadiome onad

chill, The porient had o hetory of travenous beron

LINeT

abaeee, with an admission te the same Boepaeal 7 vears carlior
becanse of o drui overdh e, A1 ehor o bae B testad pos-
itive for bonk amed-HIV sl b warus angis
Podivs by enovmeclinked s gyt sty (ELISAL
On discharge from the by we s reterred roam HIV
clinee, where Wetern bl me cotiniried the prescice
of o= HIV annibodio. Aeevers sranseriptioe PCR test for
vital RNA i the Bleod rey i wil o visul
cememe. His CIH T cell < el 300
e FAOYmm '), There wae o evidence of opportunistic

Ll iT s AT | A T i!.l! 4}

1. Wt major risk toctor dul ehis paiern have for
aequiring HIV mtecon? Wi ore other risk tionars
e HIV infechieon!

JAC began taking FHY medicatnns inchzdime ewo mocle-
vl fevierse [LATIENS R inhibiters amd o viral et
mhtbmon, He abo atiended o dog obuse ehablinsn
Pfodiain Ii.l.tL.J |1..|r- Fiak l:-L'J F“L‘ L.".Ii Jr'u.uw siECe II'h.- Ridree ol |1i=
wvendioe). He becime steadily cmplived amd  acquinald
health insurnee benetits. After o vear of his eriplendug
theerapy, O CI4 T cell count remmmand absour 520/mm’
and o vinel loed pest inadiciieed less than 100 eopaesfiml.
J !ul'.\.'l:'.'l:!..1 Wt Illc next 5 YLk, iu-(:i” : T q,:r“ (= Tpt] 5‘l|_|.,]-
willy dechned o 300mm'. He assured his doctors thar e
rarely missed o diee of his mL\J:ir...nt:mn. which was chomad
o ditterent reverse transcriprase infibicors thee tmes, and
aditferent provease inlibitor once, i an atempt o st the
decline in his C14 counn. He felt well and was able o wark

regularly, with the only symproms being multiple enlaned
lymph mosdes. He wae strted on antibione prophylaxis
far ﬁh‘l:lhrf;url'! COTINE PRCININS 3 yeaes after his niial
A,

2. Whm canzel the “l‘.!dlﬂll ;lun:linu i the C4° T el
count !

Adter 6 yeors from the time of initkal dingnosis, J.C.
e tan bose weighn, Axaclinie visie 6 months ago, he com-
plareed of o sore theor and hod white plsque esions in
his mwwinh. Flow cviomerey indcaned  his 04" count
was Ol (Fag. A6, and the vl Tood was mose thin
SO conpiesfml

BOWhat e the likely reason that the soti-FIY dees
given o this panient bocame incffcctive atter s
Rt !

In the Ity n.ln.'r'..lrtlll.l.'l"ll., the |'I:II1':'I'I! had
winpendure of Y5 O (102.2° F), Blood presure sl
55 mom Ha onad <halbow respimgions. ap o e ol
A0 Brearhs per inite. Me had losy 10 ke of weight <ince
severnl red skin pasdules were
prresent wn the s chest and anms. A chiest radivgrapd
showed o ditfuse pocumonia. [ntravenous ancibiotics wen
adminisgered for presaised Prennocysis caring PR,
and the patient was admined o the infections diseiee
TV RO

Thiat mihi, =putuen -"““T‘t’t Wils :n“uctl;d. amd the fisl-
lowcime by shin Bhopsy specimens were taken from bis chest.
The sputum sunple was stnmed for microonganisms and
reviabied mumerows Prommocysns carinii, The skin biopsy
spetimens showed Kapasi's sarcoma, Despite intensive ciane,
1 '|':|l||.'|11'- BT !'-nul‘wi_w\] ilnd ]'bl..'i.hl.!l] ]-1J.1';.':’- et

4. Why are AlYS poteents ot hagh risk for &_-w]upiﬂq‘:

cppuortumistic infections such s Prernocysts canit
prwomeonia ol mahgnances  such as Kaposi’s

S =T (AT

l'llb Il‘“l I.III'III.' VEsL,

Answers to Questions for Case 5

. lewwenons doog use b the R risk facror for HIV
mfeciion i this patient, Shared needles among drug
aklecrs pmnsmit bld-borme viml particles from one
||1.1-|.'|;hd |1'u.|i.1.'n||.|:||. tey othver PeTsOm, Dllw-r I'll:'lju.ll' risk
Fctors for FV infecrion imclude sexual intercouwrse sath
an imfected  individusl, tmnsfusion of conraminated
blowd prondisces, amd birth feoo an infec ted mother. (See
Chapaer 12, page 220.)

[27]

o Adver itk infection, the HIV copadly enters various
v o celle in ke Tasly, including P4 T Iymiplue-
eytes, msmiiiclear phagocytes, and others, Onee inoan
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HIV intected pationt

Pk E
gkl .

e

COo8-FE

1395 CD4 " T cells/mm3

66 CD4 " T cellzimm3

Figure A-G  Flow eytemaetry analysis of HiV-infected patient’s CD4" and CD8* T cells. & suspensan of tha palient’s white
blood calls was incubaled with monocional antibodies specilc for CD4 and CDE. The anti-CD4 anlibody was labelad wilh the
Huosrochrome allophycocyanin (APC), and the anti-CDB anlibody was labeled with the flucrochicme phwcoerythnn (PE). These
two fugrocheomes emil ght of different colors wihen excited by the appropriale wavelengihs. The cell suspensions were ana-
Iyzed in a low cylometer, which can enumerale the number of cells stained by each of the dillerenlly labeled antibodses. In
this way the number of CO4* and CDB' T cells can be determinad. Shown hane are two-coltd plots of a contral blood sampla
(A) and that of the palent (B). The CD4° T cells are shown in orange (upper leff quadrani). and the COB* T cells are shown
in grean {lower Aokl quadran), (These are nod the coloes of light emilted by the APC and PE liuorochromes. )

mtracellular locaron, the virus is safe from antibody 4. The deficiencies in T cell=mediated immunity in AIDS

neutealization. The graduil decline in CD4" T cells i
this patient wis caused by repetitive eveles of HIV infec-
tiom and death of C4° T cells in lymphoid organs, The
symproms of AIDS do not usually eccur untl the blood
count of C04" T cells is below 200mm', reflecting n
severe depletion of T eells in the lvmphoid orpans, (Sec
Chaprer 12, pages 220-222.)

. HIV has a very high mutation mte. Mutations in the
reverse transcriptioe gene that render the enzyme resis-
tant to nuclecssde inhibitors occur frequently in treated
paticos. Resistance 1o protease inhibitors may come
sibout by similor mechomisms.

patients lead w impaired immunity o vinses, fung,
and protocoans, whach ane casily controlled by normal
immune system. Priceanocysiis canndl is o parasite with
features of both fungi and protozoans amd o is
wanlly emdicated by the action of sctivaed CO4° T
cells. Many of the malipnancies thor are freguent in
AIDS patients are asociated with oncogenic viruses.
For example, Kaposi's sarcoma 5 associnted with humon
herpesvirus & infection. Many of the lymphomas thar
vecur in AlDS patients are associated with the Epstein-
Bare virus, and many of the skin and cervical carcimomas
that occur in AIDS patients are associnted with human
papillomavirus,



A

ABC Mot group antegens, 195, 265
i el gejoctaon, 295296
Acorssory molecules
defmition of, 26%
of T lyenphaocyies, 86, 877
Acetyleholine recepion, antibodies agains,
20000, 204, 2060
:\nllllml asmanunary, ¥, Seg el ,ﬁ,d,.pm,-;
ALY,
Awquirced |||1||1un|.u!|.'ﬁ|:||.'n.ry1w-.-j. N, 216,
21T, 265
Acouired immunodeiceency symbrone
{AIDS), 217, 219-210, 2210-222,
212-21%. See aliwe Humnn
immmodbeiciency vime (HIV),
climical case stwly of, 300-301, 301F
akelumition of, 265
Activanon phase, 8=9, B9, 163, See alo
Lymphocyres, activation of,
Acuvation protein-1 (AP-1), 1014, 102,
1270
Activation-induced cell death, 168, 163,
171
1 HIV infection, 230
Active immunity, 5, 263
Acute phase response, 36, 165
Aculc rejection, |88, 189F
cordine cnse sty of, 295=296, 295(
defniteon of, 265
of xenogmfs, 191
ADA {adenosine deaminnse) deficiency.
210=-212, 2106-212F
Addapuer proteins
definition of, 265
in B bymphascyres, 1270, 128
in T lymphoeytes, 100, 101, 102
Addaptive immunitg, See also Cell
nwedied imeenity; Homoml
ALY,

Index

Mote: Page numbers followed by the leteer [ refer to Agures.

Adaptive immamity (Continsed)
mynimat curmeds, 178, 17580
complemont and, See Classical paahway
ol eomplement activation,
CisPeTmLinn with innme immsimaey, 4, %,

21, =38, 38

by complement sctivation, 128-1219,
152

helper T cells und, 98

in macrephape aceivation, 113,
13

dehnitwon of, 265
homemrisis in, 272
phases of, 89, 8-97
rrincipal mechansms of, 3, 3, 4
ot off, =, Bf=71
types of, 4=5, 5
ADCC (antibody-depembent cell-mediaged
r:l.'lulmi.'iq", 146=149, 1497, 2oh. See
alsn Helminghs.
Addenosine deaminase (ADA)Y deficieney,
200-212, 20021 2F
Aulbecsion molecules
definition of, 265
in T eell scrivaron, 19, 86, 871 &9, 900,
100
on effecror T lymphocyes, 106, 108,
1091104, 111
cytolytic, 117
on endothelial oolls, 25, 26, 270, 108,
TORH- 1104, 103
on naive T lymphocytes, 108, 10K
Acljuvanes, 57, 9091, 130
definivion of, 265
Adoptive cellular immunotherpy, 182
Adoptive trmnafer, 112§
[y Anlrenergic agents, for mehma, 297,
Fitld

Adfiniy
antigen-binding, 68, 73
dehnition of, 26%

ﬁ.l'ﬁ.ml}' muduration, 68, 124125, | 245
1264, 1 30=1 99, L3TF-1404, 146
abefmition of, 265-266
Apmmmaglobilinemia, X-linked,
Z11-212f; 213, 191
AlDs {:u:q,uim-l immunmkﬁnﬂm;
synabronc), 217, 209-220, 2218-2221,
222223, See also Human
Ih‘lnl.ul'm\k'ﬁ:iqu' virus (HIVY.
clinical cose study of, 300=301, 3017
defimition of, 265
AIRE {smnsimmune regulatoc), 165
16
Allele, 266
Allelic exclusion, 79, 80, 266
Allergens, 197, 198, 200, 266, 297
Allergie asthma, 296298, 207
Allergic encephalomyeliis, experimental,
200
Allergy, 194, 266, Sev abo lmmediate
hy perscns ity
Alloantigen, 185, 266
Allogencic gralt, 185, 266, Sev alw Gralt
nojocinon.
Allopencic MHC mobecules, 185-136,
1B6L-1871, 187188, 170, 237
Alboprad. See Allogenen: graft
Allgrade rejection. Ser Gralt ecjection.
Alloreactive antibodics, 266
Allareactive T lymphascyies, 266
..4|||.1|:|.~|:ngn||:hm
dircer, 187, 18T, 188, 270
wnchirect, 197-188, 1871, 277
at chain
of class | MHC molecule, 48, 49§
of class 11 MHC maolecule, 45, 49
of T cell pecepioe, T0-71, TU-72(
poenwe boci foe, 75, 7060, 7581
in lymphecyte nasimstion, 50
i heavy chains, 68, 659
Alterad pepticle ligumds (APLs), 266

303



304 Ingdex

Alrernave pathwon of complemen
sctivatiers 10, Vi 115 A0 152
legrricy o, for buint Jdefense, 215
dennares on, 366
regalnton o, 157
fual=tancy tu 55

A paniin bear angibeds Vorgar, THA 208

Anaphylacic shisk, 26l
An '.rju Latooina, 2B
Anaphwbies, 194, 200, 20002000 Tol,
ST-2vs
Anchaot sestlues 31, 511
Arvmin
saitvemmaine hemoluie, 205
permcsones, SO0
Ancrey, 1621
denmigson of, 266
of B lvmphocsres, 172, 178
aT '|'\.mr|1q~:'rlc~. 166163, [6Tn 1T,
175
induced, bor allenne diseee. 303
Ancienoerote edenmsa, hereduar, 155
Ankelimimg spondylies, 174
Sntibnegees, natural, 4. 24, 2490 1T
Amrebasdn sk, 4, 608, 6850, B0, 6T, 6,
WD, S0 See e Immauri el kulin

sty manafirson of, B3 L2140 12400 125,
RN L LI by B A )
et o, 2680600

af i diy B 68, 74 203

Flewad ctoug amteens; 191,

L NS R TS ) |
il S U e swarchume

feanital Juncivfon i 205 204

L et bien by e

Bt

Flantaof weris ooy 144, 1455, [46

AL e 1= 450, 159

comnploment scnvanon s, 32, V4, 149,
PO AML IRE-155, 151060

i imacaseal iminumniy, 156=157, 1580

i e nated mimuanery, 157

nsitralizarion s, D46, 147¢

eprermazit i A phiag stons s, 146,
147, 142

helpee T lomplwsvies andl, 15, 17, 84,
5, S =081, 125, 110, 112

Aniabodypi Y i mmnead)
i compartments anad, 137, 1
in ARy o, |6, s
in el swinching, P33=0 34, 340, 146,
15
i Blossl 4, 135135 144
vy 2rll pepestaon, I8E, 180
o menottaneplands, 191
R o, B, B Sov alur Clins
swnitching.
compeninal Jencieneies of, 213, 21410
defiminnem o, 173
wlfvetos Bmctioas o, 1540 1450
matermal, 5 157
membrine-boand, 03, 650 66, 67 65,
Lo dbus Boeell recyprer (R
hagh dnniy o, 13
sappalime pesceenald B 125, 127125
1271
mwmesc loanal Sov Shasclonal
antaboJuleesh
mapneal, 23, 1x2
satsdtin-plantatn o and, 191
KN el mecuptons fur, 31
mfvered by, 50157, 2al
P bt D7 T AN
prrmany nepenes of, 125, 1266 144

foulidtn m ool S Ay esereting

Y HI AL

rhoscvie recey

coa D250 1264, 144

Tadir : oo ol §34=125, 132
Hid w Il |Ir:;'1 r T
e

L aminelealy presluigreon amd

mpdndom ok, Jad
Awidod i
Anile ody roperraing, 2
Aoty -depemdene cellonndiared
wulotumigty AL, L40-14%9, 149,
26de Moo udi s Helmamirhis.
Annbad, It whtecises, 194, 1934,
S22, I02e-20. 204, 206
Anebeadyeauneting wolls, 124
ety oo, s W7
dmtcecnria s inee, 147, 1806, 144
b momres, 137 134, 144
plasmi cebls s, 17, 137118, 144
el s of, 284
tumaies iof, 70
Annipeni=)l See adue |.1|-|.| RIS TE
Peprtde antigens: Bodysacchande
annpene; Procivin anogensg Sceli
antaais; Tomes i gens.

Antagendsb P oamped)
Fhasd g, 191, 265
0 pndE rchin, g MG
Blhinsl-lvame, 15, 45, 44=45
cell wall See oo Lipopolysaccharkbe
LIS, endosam b,
rewmiral anibasbics igapse, 23
eyt provesslig of, S4-550, 55, 5T
8-
Jutamignn od. 4. 267
epitopes ol See Epitopes (deremunanes).
brmaime beukocore (FILAY, 47, 48, 272
Rl e tisn, 295 106
vl Typemsensinving amd, 194,
199, 198
tammumegense, 162 1620, 1711, 274
m dymph, 44
i peripheral longphaad ompans, 15, 17,
9,123
snicrediul, See el Vil ammigens.
antibody-mcated discise caused by,
0
in bymaphs moakes, 15, 19
veo sl antigens, 170170, 170F
o ol o mecrohinl defense, 22,
157155, 158
monmngrobial, 21, 22
neheb achld, 64, 68, 171
revssmninnd by B lyophocytes, 60, 64,
125
recesmpized by T h-mplmc';“:s. 4243, 4N
spectlicity for See Speciliciny,
superantigens as, 50, 148
Tedependena, 124=125, 132, 137, 285,
S abus Helper T Dympluscynes,
anmibaady peoduscrion amd,
Temndependene, 124=125, 129, 139140,
142
el el amd, 157
JBehmition of, 289
sgli-nllenmece andd, 171
wdennneic, 162, 1620, 163, 1714, 287
irarsplantation and, 185186, 1867
Amtigen coptune, in epithelia, 14, 4544,
Sh-45
Anmteeen bos variants, 181, 182f
Amtigen prosentation. See alio Antipen-
presenting cells {APC): Major
rocuangun ibility comples (MHCY
IIH“IL’:“'I.'L
clise T amd 11 pontlvwrsys fror, 5850, 594
detmarias of, 167
i byph neades, 15, 4547, 456-464
Ualhssenere MHC wodecubes
dircr, 187, 15TH, 188, 270
wnlircce, 187=188, 187, 277




Antigen presenation (Contmued)
tor helper T lymphocyies, 46, 47, 58, 59,
b
by B lpmphocyes, 151, 1326=13%
il inhibinon of, 119
Antigen processing, §3-55, 546-574, 58
defimition of, 267
Antigen recepror(s), 10, 6364, 65, 66
See abse B cell recepror (BCRY, T cell
recepoe {TCRML
clonnl disteibugion of, 7, 7, 63
crums-linking of, 66, 101, 125, 129, 130
by Teinadependent anzigens, | 9140,
s
m immedinne I\“'\-w_-nqm-.r-,-, 14,
1970, 198, 199
shvwrsiey o, T2, T3, 75=76, T6i=T5(
combmmmonial, 75, 730 160
junctivaal, 73, TH, 279
Iynapdwscyre maturation and, 12, 13,
13-T4. 746
Anligen recepior penes, 72, 73, T5-76,
T6I=T8. See aler Imimunoelobulin ()
i
recoanbination of, 7576, T7=78f
congemtal Jefecrs im, 212-213
definireom of, 187
e B ool misturion, TR-50, 797
i B cell necepror editing, 171
in T cell munersion, 30
Anrigen recognition, 4, 849, 8-91 10, 11T,
13150 14
by amtibodies, 72, 750
elicctor funerivmns g, 144
by B lemphocyres, 14, 60, 64, 68, 125,
127
Iymphaid follicles and, 125, 147,
1 =0
by T lymphacytes. See T lpmphocyies,
AinnEen wmﬂ!!iﬂln h&'.
Ansipen-nanibody complexes. See Immune
comaplex{es).
Antigen-binding sie, 67, 68, TOf
Anchrenic variateon, 137-158, 1380
Antigen-prosenting cells (APCs), 10,
10f=117, 14, See olso Antipen
presentaron; Demdrnie cells,
antigen processing by, 53=55%, S4i=561
B lymphocyres neving as, 46, 48, 504, 58,
B3, 132
abefiniren of, 267
in graft rejecoon, FBT-188, 1874, 189f
in dymaph moades, 14, 15, 19
mancrophages oo, 100, 14, 46
IL=12 arul, ¥7-96
MIFC moleculs in, 48, 5040, 58

Anthpen-prescoting cells (APC)
(Comeinieed)
MHC molecules of, 42, 420
closa | amad cliss 11, 48, 50, 5550, 50
professional. See Professsonal annigen-
prescnting cells.
proten antigens and, 4347, 436-46(
secomald signils cupeessed by, 60, 86
surface molocules of, 876
T cell acvivimion xml, 86, BT-881, 85,
BO-92, S-920, 101
apnmat self antyzens, 175, 175
T cell aneny and, 167=168, 167, 170,
175
wmor andpEens presenned Iy, 180-151,
1804
wypes of, 46
Antihistamines, 200, 2000
Anti-diotypec antiboghies, 295, 204
Amvimsclear anabasdy (AMNAY 1ose, 198,
2%
Antiscrum, 267
AP {act eation perastean= 1§, 1014, 102,
127F
AP s See Annigen-prosenting celb
(APCs).
APECELD (i mmune
polvendocrinoparhy), 166
APLs Galeered peprske lygands), 266
."iﬁ-ptlnu
s progrmmed cell demh, 285
Beell roleranee amd, 172, 1721730
bemiteen of, 267
im acute graft nejection, 295
ol nctivated ynphascyees, B, 9, 140
of elffector lymphocyies, after infection,
"
of germinal center B cells, 1346
of immatuee lpnsphocyies, 75, 746, 79,
BD, 81, &1F
of infectad cells
CTLamshicedd, 117-118
MK coll-inducel, 32
af T eells, in HIV infeciion, 220
T eell toderanee and
contaal, LHIE 163, 166, 1660
penpherl, 168, 1697
Araghisbonic acnl, in mast cells, 198, 199¢
Avrrerioselerosis, grafr, 188, 271
cardiac case study of, 295, 196, 2960
Arterinis, S Vasculitis,
Arthnns
i immune comples diseoses, 2101, 2064
in X-lmked agommaglobalinenus, 213
theumatoil, 1740, 205, 2071, 256
Arilus peaction, 267

Index 305
Asthma, bronchial, 194, 200, 2000= 201§, 268
chimieal come of, M-8, 297
Arnxo-telngiectaun, 215=216
Avopy, 194, 267, 207-208. Sae alse
Immedione hypersensitivirg
Artemusied voccines, 158, 159
Anstoontiboudy{bes), 172
definitson of, 267
discise cousad by, 200, 204
S5LE as, 299, 300
Aamacringe actions, 14
Auaoammene diveases, 163, 1H5E
antibody-mediated, 94, 1954, 200-202,
20X-2034, 204, 205(
s hypersensitivay disosders, 195, 201
B ymphocytes and, 172
dhefinareon of, 267
ot Bctors in, 172=173, 1740
in Xehinked agmmaglobislinenia, 215
infecrions and, 163, 1650 173, 175-17a,
175
repulatory T eells and, 173
b |'r|1|q'l|1ul-q,'t|.-ﬁ. amd, J04=205, 206307V
s helper T cells, 172
as repuilatory T oeclls, 169-170
Autcimmunee hemolytie anemia, 2050
Autoimmune lymphoproliemive
.v,lhh'\rmu.'. 168
Auroimmune pelyosbocninopathy
[APECED), 166
Auvtmmmane regalator (AIRE), 165-166
Autoimmune thrombocmopenis pairpu,
2051
Aaseamamuniey, 162, 165, 165, 193, See alao
Autoimmune disenses; Sdfwn:qmm.
defimrion of, 267
T cell ancry and, 163, 175
Aoatoligous antigens, See Self antigena,
Auvologous prafi, 267
Auresomal SCID, 201-213, 210-218
Ay, 68
dhehition of, 267
T el selevtion and. 81

B

B, 876, 8990, 91, Y920 See abo
Comtimulitor(z)
B coll mcrivanion mmd, 129 130 131
IEM -y andd, 96
in comcer it herapy, 183, 184
principal featues of, 144, 245
T cell anergy ond, 167163, 1671
T cell signaling ard, 102-10%
T cellemmlioned discases and, 206



306 ingex
R ocell neCeptr {BCRY. Sec el
Anmiboadyiies b, membrancbamd,
alnpury nesturatsAa H'Eu t !?
clostenimg of, 125, 127
hagh afrery o, 15]
recepeor ediming o8, 152
amaling inzeered b 1250 127=129,
1270 s
B coll recepon (BCR Y complex. 64, 65,
66, 68, 127
deairution of. 267
B cell tvfomane kinase (Bak), 213
B-1 cells, 24=25, 157
natural antibodies produced by, 25, 282
i h.'mrhu;}u.—-.. 450 Iy HIE See oo
Antabodvioe Lymphavies
ST of
antioen roceserition amly 60 123, 127
Ey T—anu[\'an.'nl anfipens, HC'. T80
clonal expamseen and, 124, 124
complenicm peotgmne in, 37,380
1az-la9 D2ma 152
FOXs o, BS

s Baanal domsiguenoes o, 129-130,

evres 13 15 1T
e, B2% D R0-1020, L5Le=1500
ik en, b3

Laperal i, X735, 300, 125, 13
Sacrkdy i, 690, Ax 125,

e
Lt

tead by toedback, I40=141, 416

i,

i actehatnn and functiom, 213, 21410
215

e, JI0-200. ZR1E-21 21,

Jetinition of, 267

ettector vells us, 9,12, 130 17-18, 124,
1240

eaRarine, 1% 19, 80, 273

i Byenph neudes, 15, 16E, 1T=18, 181, 149
mrgranion of, 1 30=130, L3046, 137, 1 W

n spbeen, 15, 131, 19

wararation o, 11=-12, 14, T2-74, 741,
6, 7980, 79

B hmphocves (Conpmed)
comgemtd sbefects i, 210-211,
2IW-2020 210 205
surtogane bt chaan i, 285
manmre, defimition of, 151
memay cells o, 139, 1391, 144
naive, 5o gl B lymphoyres, sctiation
o,
anligen feceptors of, 63, 134, 125, 127,
113
in lvmphoid follicles, 137, 1397
seli-tolerance and
ceniral, IT1-172, 1720
peripheral, 1710172
ruEmors o, 152, 220
Bactoria. Sae alin Mecrobeic b
antigense varciken e, 35, 1530
extracellulbar
ansibodvemedimed phogocytons o,
138, 146, 148
HIV inleerion and, 220
nMate Immune repense o, M
s ivie. hee alus
Lipopetvacchande (LIPS,
waletonan ),
septac showk and. 36
inmate immansey and, 2227, 56
Inl:l:ll:n:||l:|]:
defininion of, 275
iRl sEimEhe fesfonee Bo, £
natural kilber cells anal. 31
restatance of, bo cell-mediared
wmemieniny, 118, 109, 120
sitvivang i phagocyies, 36, 371 61,
e 106
raatural antibodies and, 25
m.-mr:rrhpln amd, 3
ad mwrmal ot antibedics sz, 19
rsienic, il 1%
Basre bynpheocyte syndrome, 2146 215,
167
Bosophals, 198, 267264
BCR. See B coll recopsor (BCR)
BCR coanplex. Sev B ool gy plor (RCRDY
cumplex.
i cham
of ¢laes W MHC modegule, 45, 49
of T coll mocepeor, 7071 TH-TH
verw boch for, T3, ToF, 79, 80
Bliwnd
aneibasdics in, 4, 137035, 144
1'.1I|,|"d}|.‘|t'ﬂt circiabarme i [T <09, [
mecreay Booclls an. 159
mitcrsbinl amigens an. 15, 44, 44-45
Blimad growup anpigans, 191, 265
i gradt rejocten, 195206

Blose] rranstissiom, 191, 289
anei-HLA antilsoedies indheecd Irr. 205
HIN infectiun and, 220
mllﬂ.! I'\'w]:.
W imsrsedbline h"wm-lhllivilf, 196
i i complex diseonses, 301, 20270
Pasee moarmow, 1od
ansbsdy-scenctng eells ing 1 37=138
B Iymploscyre marameesn in, 1012, 121,
13 T, TW-g
wentea] rederinee developed ing 163,
171-075 1380
culomestimakatimg Tetons amd, 23
emphoscyie omgan i, 11, 124, 72, 75,
foal
plasana cells in, 12, 137-138, 144
Baome marnen trarspluaation, 268
for SUTIEY, 20 %
i vamger oreatmcn, 191, 193, 294
Freonchaal watlma, 194, 200, 2000-2000,
168
climicad cose of, 296=205, 297
Baon's apaenmuipebebulinemin See X-
linked sgamemoglobulinema.
Fak (B cell eymmine kiase) 213

c

C1 complement prorein, 13041511, 151
iy heredinary angioncarotic edema, 155
Ll anhilaear (C1 IMH), 154, 15501560
detcivngy of, 155
O compleisent pasteln, 1501506 151,
151
deficaeney of, 213, 266
Feomploment procing 136, 34, 149-152,
PR U510 1341551
demctency of, 132, 215, 2164
e sstemis lupus cepthemarosus, F98,
et
micevbisl abelenses agenst, 390
o cosmpleimeent protein, 336
L complanrent proveim, 34, 34,
F30-152, 1506-1510, 152i-1564, 153
steeptecoecnl slofense aginar, 30
L3 compleavent protein, 17, 381,
126129, 128f, 152
&4 complaens peoten, 1300=1511, 151,
152 15%
dvbwsency of, 215, 2106
i syetena lupas ervthematosus, 298
3 comveneeds), F3O-1500 151,
15511561
detannaon ad, 265
imscrob] ishibarwen of, 357



C5 convertasels), 1500-1510 131, 152, 153
definigson of, 268
msicrahanl imhibition of, 377
L {comstant ) regron gene segments, 75,
T6I-T8f
ehiss Lwl.r\ch'ing and, 134, 135§
C (constunt) eepeons, G
dehnition of, 260
ol antibodics, 66, 67F, 68
of T eell receptors, 70, TIF
Calcincuring in T cell acrivarion, 102
Calcium sons
in B cell signaling, 127¢
in peeforin polymerization, 117
0 T eell sipnaling, 101§, 102
Calmaduling in T cell acvivamion, 102
cAMP (evelic mlenosine monophosphiae ),
mahma and, 2958
Cncer. See albio Tumo(s),
HIV associnned, 220
treatment of
bone mareow eransplanianon in, 191
vmmanasdeficioncy camsed by, 216, 2190
with immunothermpy, 21, 3, 181=1582,
153M, 1584
Conslidianss, in APECED, 166
Crogbohvdiare sntepens. See alio
Palysacehanide antigens.
mntlh-nd',.' res paoases s, 4, 15
recogniteen of, by B ocells, 64
'|-:-’ll|‘~.4‘|'|-\|r.ll1.'-|'|ir'rdl.l1u l,h.thn:l d:lm:lm. 15,
M
Carcinogens, chemical, 178, 179
Cospases, 117-118, 168
i activation-induced cell dewmh, 163
in CTL-anduced apoptosis, | 17=118,
(R}
Cutalase, in reastance 1o phagocynnis, 177
CCRS, as HIV comceepon 217
CI {ehmier of differentinton) molecules.,
10, 268
principal feariees od, 231-263
CD3, 630, 71, STi-650, B5-8, 1001, 102,
Sec abio T cell recepror (TCRY complex.
maonoclonal amcibody apains:, 190§
principal features of, 231-232
D4, 87/-584, 88
HIV bindimg 1o, 217, 218(=2 19
in T cell moturacion, 30, 81, 811
e T cell sigrad teansducedon, 100, 101§
MHC bandug site for, 48
principal featunes of, 252
CO4* T cells, 10=01, L2 5S¢ abw Helper T
lymphocyres.
mctwvation of, B3, 86, BTI-884, 88, 92
weervat oni-imduced eell death of, 168

CU T cells {Cmpimeed)
anrigen proseneation o, 46, 47, 58, 5
clonal expamsion of, 95
conpenital defecs i, 2144, 215
eoopeaation with CDE" T cells, 108, 118
evtokines prsdieced by, 9304, 93,
LI2=105, 104F, 115, 106, D166
dendritic cell subsets and. 46
cifector funcuons of, 111-116,
LR2i=0 b4, 118, 1187
HIV indection v, 120, 217, 2094, 220,
22N-222f
in clinical case, 300=301, 3014
i grodt pejection, 296
in T cell-mabinned ciscases, 204, 2060
n nwmor eojection, 180, 180 151
maiuration of, S0=81, 81F
phagocyte activation by, 105106, 106(
repuilarory, 168
sellgolorance and, 163, 166, 168
CI8, BT, B8
binding ute for, 45
in T cell momimacion, 80=51, $1F
i T cell signal cransduction, 101, 101
prncipal feamses of, 212-113
CIE" T eells, 11, 12, See alin C'rmlftlc T
lymphocyres (CTLs)
sctivarion of, 851, 86, 8%, 91-92, 91
antigen peesentation to, 46, 58-59, 59
clas | MHC molecules ondd, 45
couperation with CI4° T cells, 118,
L 1&f
dhilferentiation of, into CTLs, 99
elfector functions of, 117=118, 1176=118f
in graft rejection, 296
0 T coll-medsnned discases, 204, 2066
Atk of, S0-81, S§F
[mbli'l'ﬂ:lliﬂn of, 94-95
seliaolerance in, 166
namar antigens recogniced by, 1796
summor klling by, 180=1581, 183
CDG, 146=147, 145-1491, 234
CDI9, 1281, 235
CDo
antibodies against, for B oell tumons,
161=182
paimecrpal fearures af, 135
CDEL (complement recepeor type 23, 38F,
128, 128, 152, 135, 160
s
v feilatony T cells, 168
principal featuees of, 236
CIDZE, 876, 90, ME-921, 103
CTLA-4 and, 1671, 168
principal features of, 216
CIA2, 1480 237

Indix 307

CD35 (eomplement recepror type 1), 152,
L34, 15344-156E 155, 237

OO, B0, 21, 95, 96
im B ocell activarion, 132, 134
im ¢lass switching, 135, 134
im macrophage acuvarion, LI2-115, L14F
principal features of, 238

COH0 ligarad (CEHOL, CD154). 90, 91, 95,

ko]

Hw:l-;m,u o, for ﬂnlihﬂp-mm]’l:llnl
disgase, 204
expresion of, 1004, 102
immunosuppressive thesspy and, WY
i B cell acoivarion, 132, 153
im closs swedtching, 133, 134, 1348
deloenive, D35, 203, 2146
(£1) In:n{tqlhmc activaniom, 112113, 114§
mutations of gene for, 133
primcipal features of, 153
CIM6 (membeane cofacior proteind, 153,
155, 155f-1546¢, 219
CPG2E (E-sclectin
at enfection sites, 25, 108, 1097
helper T lymphocytes and, 8(
prncipal Feasuncs of, 239
CDE2L {L-sclectind, 18, 108, 109, 242
CDGIM { Poselectind
at infection sites, 25, 108, 100
1"|n|p-;'r T Il,.w?gn amad, 98
principal feaguses of, 242
I, 146, 1456 142
CDS0, 244 Sev abio BT
CDEN, 1280, 244
CDE6, 243, e also BT,
Cd, 31, 246
CDA5. Sce Fas (CD¥5D,
CA5 higana. See Fas ligamd (FasL).
CIN52, See CTLAS (CDS2).
CDI54, See CIH0 ligand (CD0L,
CIM 540
CDRs (complemwntatsty-determining
regiond), 64
affinity mamration and, 1370
defnition of, 269
of antibody, 66
of T cell recepror, 70
CIRE, 66, 70, 73
Cell wall anigens. See s
Lipopodysaccharide (LTS, endotosind.
matural anmbodies azainse, 25
Crell-mediaead immunirg, 4, 58 So¢ abe
Aalaptive mmunity;, Cytolyeie T
Iymphoeyres (CTLsh: Helper T
lymphascyes.
ehiitbon of, 263
sliscvvry o, 111



308 Index
Celirmisinted ymmuniey (0 memed b
eltectes fungiions m
T T gl 10 1=080, 1120=114,
118, Fis
wb U T eollss FET 15, LhGe-115
W erEl nejes i nem, 156 Dan, 137, 15w
DIk |:.-|'l:|.|n.':= i, 26
macrodil resmtance e LB, 1190 123
rhuises ot BF
sevonad smnals in, 35, 80
stages o, 106, 1050
fissniv anpny o, D13
ppes o, 1OF- 106, 106
viscerration strategies anel. 139, 159
Celbulor immuney. See Cellemediated
EMINEAINT,
Ceneral sderance. 163, 1645, 265
i B hmphovares, 1TE-1T20 T2
i T lvasphascytes, 16E-166, bede, 170
Chédrak -Hazish svmdrome. 2015, b,
26
Chemical cargmaogen<, 175, 17
L lemaneaks; semall
mngibody nding e, 63
w27
wontion of, [25
L boemas arinag Eama s ok s 5oy

L P -

o, 44
Toandl=T rtcrectiuns, | 30-131
tearibeshn s porsensitany, 198

o pieErys o b= 20, 200 4L 4%

r md, =, Ry

vemiphe wsie et en ok 108 113,
g Teceprrs B3, 17, 19

HEH s

il Mnademe s, JEFL 2 18E-21%
tricatad B Dvnaphiocvres, 100

lper T lymphovstes, 931

LT
e REME Dejectoon, D58, TH9Y, 208,

4 Dspvmies weramadomsmons Jeasine, 28, 310,
=15, 2 led, I6s

Cllasa, anmibasly See Pastypes

e | MHC See Mujor hustocompanbility
compdes (AMHC) mobecule, clas 1

Coliwn J1 RAMCT 5w Major
st venpanbiliny complex (MHC)
e decules, class 11

Ul Hemscnated invamiant chamn peprisle
ALLIMY, 54, 564, 268

Ll sennching, 65, 183=1 54, 1 H46=1 350,
136, 135, 14y
anpibdy pesporse s 124, 1241, 125,
Loy
leteetve, in R-linked hyperudd
syindrome, 135, 213, 2140, 291
Jefinution of, 17%
eltector inctone asd, 44, D,
145- 149
Teamdepyndenn antieens and, 1407
v lpAL 130 136, 136
b BBl | BR, B540-1 354, 136, 145149,
ad, 197
At 5
to lo(3, 133, 1341=0354, 145
Clisacal pathway of comploment
porevanien, BI0RE0 VA 149 Fi,
150-152
Jetinateen of, 2649
BINMAINS €4 -'mprq.'m-- cleared e 215
i antibudyameduined dease, 202, hee
repmlutron o, 133
Climical ases, 223-1)
of alleneee asthana, 290= 24, 1T
ol Beeat i r.|r|r-'|'||:m|:. kR N T L T N
ol HIY imfecmion anad AT, 300301,
Wi
of lymphemaa, 293294, 294
o sy=dv g iur'u- wrvi lemiaicsns,
2un= 300, 2l
CLIF felass Memeogsatesd invarinne chiin
pepadel, 34, 360, 2638
Clomial wopansien, 86, 9
uf B |l.mq'lm-n'w.-.. 124, 0248, 126, 129,
132
of T 1““]"‘]1'.&'\“!\. H36, BA, 9405
Clonsl mmoranee, 269, Sec abe lpnegance,
Clonal seleciion '|'|'..'|\.|I|'n"||-.. TR YL,
169
Cluster off diffesenteation (CF) msolecules,
10, 266
prancipal featunes of, 231-263
CMY {oyemozibovious)
defense mechanisms of, 1191
m HIV infected et el s, 210
Calbecnins, 36, 269
Caldomy-stemulaging fecrors (0500, 25,
269
Combincroral diversuy, 75, 756, 260
Cummon gamnnas clewn (e, 200, 2100
212

Commaon varable immanosdebewenay, 215

215

Complement, 149-153
bacteral mbubivion od, 158, 1380
cancer mamanealrapy anal, 151

Complement (Cintimpcd)
womgenstal Jeterencies i, 215, 2160
L||.'|"II.'II'I.I-\.lI'I Llf. ,::ﬁ‘ﬂ
funcesene of, W, 4. 54 1450 149, 152,
154
i ity neaaracioa, |36, 14
i annibss bensodioned disease, 202, 200
i B ool awenveation, 57, 35, 38E
138129, 1281
i ordl repectin, 155, F8SH, 105, 194
i syt upors erpthemutonas, 298,
el
inhwnitad dhedvois in, 152, 174F
mcrobil evoeion of, 36, 377
mseruibiil virgets of, M
pothas dor acesatomn of, 32, 530 34,
9152, 500510 150
rhoasscyies sl 27--38
Preseine o, 1500
wowinlemt binding by, 149, 150, 152
encvimine cocindy aml, 149
i eely e, BRU-152, 151F 153
i Doge s, 152, 153
rembation of, 22, 149, 150, 152-155,
1537
Cosnplement receproris]
st ol liculor dendrinic cells, 1346, 138(
wvpe B ACREL 132, 154, 1340-1564, 155,
57
typw 2 URIN BRI 128, 128F 152, 215,
o8
e 3R ) See Munce 1 (RS,
b
Complememariny<kacemining regions
LCIR D, 64
almpaty mansston and, 1370
detipanman of, 269
of antabuedy, 66
of T well necepaos, 70
Combommuional duectnunants, 63
Clompuesate vaccines, |50, 159
Corstimt (1 region gene sepments, 75,
Thi-T6(
¢los swnnching and, 134, 1350
Comananr (00 regsons, 64
detiparen of, 269
off anbaledies, B, G671, 63
ot T eull necepaues, 70, TIF
e sersaivaty, 269
Claovvcupron{=h, 48, 59, T2, See oo G
s Usnplement recepaoris), eype 2
Ry
Jetinatioa of, 208270
i T el scewmnn, S, BTI-881, 88, 100,
[}
e T cell nuanuranion, BA-R], 81§



Camnicosterils
foe Mlergae asihma, 297, M08
tow i bodyemediaced diseases, 204
for immedione hypersensivivivg, 200, 200§
for systemac hupas eryehematosus, 198,
290
for T eell-imediabed Jm-.m-:n. _?‘I:M
For trameplant patienas, 1904, 295, 296
Constimulator(s). Se¢ adur BT Secomd
sipnal.
defunition of, 270
i pralt pojecioon, TRT, B
i T eell acrivarion, 36, 371, 5992,
Q=921 100
agminst =l antigens, 175, 175
i ol fejection, [50=181, 1800
lipospobysaccharide - indiced, 60
e activared B gells, 1290, 130
v demndninie colls amd macrophages, 37,
8, BN 44
T eell smerey and, 166165, 1675, 175
T coll-medinred diseases amd, 10%
Cpl nucleotades, unmethylanad, 22, 27
CRI {complement receptor type 1, CDE5),
132, 154, 1540=15064, 155, 237
CR2 (complement recepror type 2, CLI21D,
364, 128, 12484, 152, 235
CRY {complemuent receptor type 51 See
Muc-1 (CRY, CDILY
Crreactive protein (CRE), 36
Croamolym, D000, 298
Croms-linking, of antigen receptors, G,
100, 125, 129, 130
by Teindependent antigens, |39-140, 284
i imanediace hypesensatviny, 194, 1971
198, 199
Crosamarcheng, 1388, 270
Crosspresentation, 4647, 464, 9192
defimgion of, 270
of e anngens, 1804, 181, 184
Cross-priming. See (,:'nuq.-pwucn:mlm.
Cross-reaction, by angibodics, 68
CRIP {C-reactive pmh.'ln.!. i
CS5Fs (colony-sunmulating factors), 25, 267
CTLA-4 (CDISL), 8T, 167-168, 167F
Blocking of, i eanvcer therapy, 154
immunsuppressive therapy amd, 1900
primscipal Feanres of, 253
CTLs See Cyralyric T lymphaocytes
(CTLs)
Cutameous immune system, 15, See alio
Epithelmm(a).
-,m:m—u-pr\w:ing cells of, 4344,
441450
etimigion of, 270
wrepithelml T lpmphocyies of, T4, 240

Cyelic aderosine monophosphue
(e AMPY, asthma and, 298
Cyebosponine
for T cell-medited diseases, 203
for tansplana patenes, |59, 1900, 295,
2
mechanism of acton of, 102, 270
Cyteskang(s)
e i‘ﬂhmr-sllmuhﬂiru: racmn. 15
s secod signal, &0
chemoattrctant. See Chemokine(s),
defindvion of, 270
pencaal propertics of, 930
¥t it |i1|||||||'h|l|mr.:q1'|.'.. 184, 154
in cell-mredunted immamity, 93-04,
ERTE T
in glass swarching, 133, 134, | 340-1 351,
136
[£1) duraknr-h'rt' h“'\cmmutw:lt';. il
i grle nejection, 188, 1897
immasnosuppressive thenpy amd, 190,
1490f, 2%
in HIV snfection, 2149, 219
i invmeshaie 111.]*-.-n-u|nitn.'|'t'... 14, 1961,
L9, 198, 1997
i dndlemimateon, 34, 356, 113
i T cell activation, B, 91, 92, 91
in T cell=medinted dJiseoses, 204, 2061
in vird defense, 1194, 120
mechanisns of scrion of, 930
oo i memenity, 34, 356, 16
prsluction of
by scvivaned T lymphocyres, 856, 86,
92, 93-04, IH-04F, 1004, 102
by O T lymphocytes, 93-94, 934,
PI2=D0, L1406 105, 116, F1o6d
by dlemdrinie cells, 9798, #H
by helper T lymphocyres, 1 12, 14,
GE-0E, QE-98 132, 185, 1550 134,
156
by macrophapes. See Macnsphages,
eytokine produection by,
by regulatory T lemphocytes, 163,
170
tEnscaption Lctons for, 102
Cytoline receptors)
class swirching andl, |34
defective, in SCID, 200, 212
of activined Boclls, 1296, 130, 132
ol hielper T lymplvoeyres, 980
of maucrophages, 27
suluble, as viml defense, 1196, 120
STAT: wmd, 287
transgreptien facioes for, 102
Cyrolysis, complement-medined, Lo
Moembrane attack comples (RAC),

Indisx 30

Cyrolgtie T lymphocyees (CTLsY 10, 114,
12. Sev alvo CDE" T cells,
ANEIECE Prosenraeion e, 96, 59, $
CIM-cxpressing, 106
shchiavition o, 270
alifferentecion inte, 99
clieevor funceions o, 106, 1064, 117-1135,
L1TE=118
belper T colls and, $1-92, X
i graft rejectiam, 137-185, 29
in HIV infeevion, 92, 220, 221§, 222
m T ol -mediared disenses, 304, 206¢
liver injury coed by, in hepatins, 204
rummor killing by, 180-181, 130f
i immnotheropy, 182, 1836, 184
viral evasion of, 31, 32
C}'ltﬂnumlhwlnl- [ AT
sbelense mechonisaes of, |19
im HIV S infecnad parenes, 210
Cyreekeleron, megnns anl, 25, 26, 24
Cyrotenae T lymphoeytos, See Cytolytic T
Fyimphoeytes (CTLa)

(3]

D {dliversing} gene sopments, 75,
6= T84, 271. See alio Somatic
recombinarion.
DAG Wdiscylglycenol), 100 102, 1270
Diarh recepror. Sec Fas {C1R5).
Decay-accelerating factor (DAF), 155,
155, 15560564
Deiensins, 270
Dielayed-evpe hypemensiciviey (OTHY, 111
BLAE 114
befinition of, 270
i pEalt eepoction, 188, 189§, 16
in tubcreulosis skin test, 298
tissaie injury in. 105
i T eell-rediared discases, 204,
2066
Dielerion
of self-reactive B cells, 171, 1726
of selicreactive T cells, 165, 1o
& chains, of 38 TCR. 71, 80, 89
& heawy chas, 63, 691, 50
Demadenrse cells. See alio Antgen-
presenting cells (ADCS).
antigen presentation by, 10 14, 15,
Ad=45, 45 =461, 46
cancer immunotheropy with, 183, 154
CPHQ on, 95
1."|.1-|11rirn.' pn.\hwtim: Ty, 7, ORbf
detimitive of, 270
flbicnlar (RN, 105 14, 15, &2



310 Index
Pendrnie cells (Cmtmeedp
hetinitam o, 270
HIV infeconom m, 222
en iy snataeanion, e, 1380 152
helper T cell deffeecntuate and, 97-4=,
whly
HIA antecnon e, 20T, 220, 2219, 222
o wpitiebin 4 534, 440450
in dvenpds mosbos, d4-46, 45
wnosphoens 1543
MHC mulocales of, 48, 5%
sl apmals prodoced by 37, 180
sighairs of, i, W8
TLR~and, &4
Nesensatazation, 300, 200 270
utormunants. Soe Epitopes
{adete rminaind= 1.
Prubvies melliie, meulindependent
UDTNEY, [T 2070 255
Dioevlelveeral (IDAGY 1015 102, 117
T {dseeminated intrarcecular
weenpulitnond, 16
I eoree wndeome, 21162138, 215, 290
Mrern, Lo HIeR Seaien 26 159
alwrng tovcn snt thwedios Az, 146
L antnsany presentation. 157, 1876

i A

a o AR TR R JEei bl
O & 19 ote o0 S [ A0 A B
temesoney s,

| mtravipeielar gospularon

setar (KD
It . A L S T
i
L i
£
I-I.I
W ek i il P

TR Tl 269
juf. L, T THL 2T
avet=n b one oememis, 750 THITRFE,
o b A e =i Pecomtman.
U] PHLACDNY), 54, 5640, 27)
PINA
Facter sl inmate smmane respomoe o, 22
I hibattem oo, i dpoptises, §1E
A viwimes, 159, 159, 271
weaney HIV, 223
intignienad, 1580 154
[haua, 155
Pvaible-negative T wells, 53 810 271
vaiblerpummive T cells, 53, 81, 814, 271
I lleles, 471, 45, 155
I alleles, 471, 45, 185

PR allele-. 471, 48, 155
FITH. dec Delaved-ivpe hypeesensiviving
YTHL

E

ERBV (Epstein:Barr vinas), 271272
detense mechonems of, 1197
Iymphoms b an AIDS, 220, 301
Ecoema. 1946, 297
Edvma
heraditnre anpioneunsic, 155
v anaphylaxis, 200
i systemic lupis ervthemataosas, 95, 299
Effvenus Bt |'!.1'|-1|‘\]i|\\'l|.'1. LV J o BT e R
124, 1241
Efteerue colle, B, 14 Soc alur Effeenar
lemgphosures; Lenkooyies,
dunngtion of, 171
Erivetor lymplusevees, S0 10-1100 12, 130,
14. 15
revirculbaien of, 17, 150
Etdvenos phose, 569, 271
Eitvenea T limphascvres. 4 12, 18 Sec alo
Chaohie T leoghasvies (0T
| EL'E]'rr ‘- ||.'II'|r\'i'.|-."|I:|.'.-. T |.|.I:|r‘|:|-\'|lr-.
i e h-p it ool and, 43, 6
Jdiffuruntiation iRt 5F- 50, SH, UEARL
WE{ -1
tim feoms o
of CIW° T ol PH1=F16 11201140
of O T culls, F17-10n, LETE-115F
mreration of, tooanfeerion. 17, 19 19,
106 ICF, 108, IC9r-1000 111
ELISA lenzvm il mmmarnesoeient
ey, 271
Encephulomyalite, expenmental allergic,
i |
Endumpicardiol bueopev, 208, 203
Ereduplosmae eotwnlin, 34, B, 36/=571.
k]
viral residance mechanisms and, |, 150
Erdvesanis, 33, 54, 360, 33
denmagion o 271
uf B Ivogpluoscyees, 131
Enalotluclial cells. See o High enditbselial
vl {HEV:)
sdhesion moloowles om, 25, 26, 276 108,
L R i R N R ]
Jar anfectien abe, 23-20, J76 105, 109
Rlussd g ngh antigens on, [91
umslt pepectnm and, 295-206
complement acon un, 152
in th‘l-ﬂ'\nl-lﬂv inm'lhlln'll v 13K
10 geralt repection, 188, FN, 29%- 296

Embshelial colls (Conasicedh
it repain 115
leukowyte rolling on, 25-26. 270
T ewll TEETATET and, 108, 1001 108
Enabochlialin, in acute neecnion, 189F
Embiroxic shock. Sov Sepusc shack.
Enmloroxin. See Lipopolysiecharnde (LIPS,
vawloroxin.
Envelipe plycoprotein
deteminom o, 271
ppd 20, 158, 21T, 21862194, 222, 123
Enzvime-linkal mimuncsorben assay
(ELISA). 271
Evainasphils, 271
i uethima, 200, 97
i beelmomhy climinamon, 95, 96, 951,
113, b43, 1P
Wi "Ih'l-lt'hll'll: aawl, 1 'H.. | WG, 4845
e amencbte hyperensitiviy, 194, 198,
200, Ivs
Tyl colls unall, 115, 136
1:-.]"J|||.'rh|.1'r
Lanscilums eclls iy, 4%, 446-450
T linuplmsivtes in, 27
Epanephrine, foe anaphy lais, 200, 201F
!.'.'jwlu-lulhul:.l]
wlptave immuanity and, 4
A eneprIeciimg culls o, 14, 45-44,
F41-4%
18 T lemphocyees . 71, 89, 288
FIIN infvenion my, 2200
smmshiote lyprerensitivity and, 198
minate immonay and, =4, W, 24-25, 24f
Ivmphatic Jesinage of, 15, 18
micosal, Soe sl imamuminy,
restiral anstibaotios in, 4, 24, 24F
Epuntopes Ldeterminams), 63
15 coll binding of, 131
defmimssn of, 270, 271
mamsmesdominant, 5, 71, 9%, 275=276
muliple. See Crosslinking, of anvigen
FECEINTS,
£ leoy chains. 65, 69
chsa switchimg and, 1550
FerBl receprors aml, 197, 198
Epstean-Basr vanas (EBV'), 271-272
abehomse mvee hamisis of, 1190
lymphomas and, in AIDS, 220, 301
ERK texmmacelbulir sipnal repulsred
kimased, 0016, 102, 270
Eryahiroscytes, aponization and
[\lumrcfhhh o, X02, 20%F
E-selegrin (Cla2E)
ar anbectasn sites, 25, 108, 10W
helper T Dyengdwscytes amd, 9870
il beanunes of, 2410



Exocyross, of CTL granules, 117, 1176 118
Exotoxins, 146
Experimental allergic encephalomyclinis,
W0
Extracellular marns
antibaslics apmanar, 201, 202
T cell l'lu'ndinu: o, 110
Eves, sequestered antigens in, 176

F
Fab fragment, 66, 671, 144, 2172

Flab'). frugmiond, 272
FACS {iluornescence-merivaced cell sorrngl,
o
Facear B, 150, [510, 153
Faceor H, 1560
Factor 0, 153, 1554= 1564
Fas (C195)
sdefininion of, 271
penctic delects in, 168, 1744
in activatpen-endisoad cell death, 168,
LasH
in CTL functeon, 118
principal features of, 244
Fas |ig:|m| {Fasl.)
definition of, 272
e Eranscripdion for, [0OF
wenctic defects in, |40
in activation<induced cell dizach, 168, 1697
in CTL function, 118
Fe leagment, 272
Fe ToCe o {FeRs), 1481
defimition of, 272
in lgA tmnspont, 157, 15710
meonatal, 157
of B cells, in annbody feedback,
140-141, 1417, 266
of cossnophils, 95, 135, 148, 149F
of fedlicolar demalrivie cells, 136, 13870
HIV infecrion and, 222
of lewkocyies, in SLE, 299
of macrophages, 102
HIY mifcction and, 222
of mast cells, 194, 1966=1971, 197=198,
199f
of natueal killer eclls, 146147, 149
al m:ulruph'ﬂs. 202, 203
ol phagocytes, 96, 133, 134
opseniznon and, 146, 1487
Fe regtonis), 66, 67
defimition of, 272
elfector fumctions of, 144, 1450
in complement activation. elassieal, 151
in ogeonimtion, 146

Feyftl (CT64), 146, 148, 1480, 242, 272
Feyflll (CI32), 1484, 237, 272
FeyRINN (CD6D, 146-147, 1450=1491, 232,
in
FoeRl, 148, 1436-149¢
defirtion of, 272
i immediste hﬂmscmiiivitl{, | HEE=197F,
197-198, 199
om basophils, 198
Feln. 157
FIXCs. See Follicular dendritic cells
{FICs).
Fibrim, i delayed-type hypemensitiviny,
111
Fibroblasts, in tissue repair, 115
Fibronectin, T cell binding o, 111
Filbrosi 5 reaction. 115
FK-506, 190
Flagellin, 27
Flow eytomenry, 272
Fluorescence.activated cell sonting
{FACS), 272
Follicle(s}. See Lymphoid folliche(s).
Folliculiar dendritic cells (FDCs), 104, 14,
15, 60
abefimison of, 272-173
HIV infieection in, 222
in affmity matueion, |36, 1336, 152
Follicular lpmphoma, case susly of,
293104, I
Food allergics, 194, 200, 200f, 297

hii phagocyre recepoes

i g |

M-Formyl e,
for, 27, 26f
e-Foss, in T cells, 1004, 102
Froe rnlicals, phiagocyte oxidase and, 28
Fungi
in HIV infection, 301
innate immune fesponse to, 15, 36

G

G protcins (GTP-binding prodeins), 102,
273

 chains, of 96 TCR, 71, 80, &89

Gamma gholauline, S Melinked
agammaglobulinemi.

T heavy chuins, 63, 69
clas switching and, 1350

1 leememon gamma chain), 211, 2114,
212

16 T lymphocyres, 24, 71, 50, 89, 150

Crstrointestinal eact. See alo Intestine:

Muiemal iy,

antigen-presenting colls in, 14
o porgal for ncrobses, 43

Index: 31

Gascrointesinal mser (Continased)
mucosal immunity in, 4. 15, 156=157,
1370
Peyers patches of, 15, 183
neomarnl, angibosly teanspoen through, 157
penitoneal B-1 cells and, 25
G.C5F {granulocyie w||.u1.'|.'--|.|:irrnu|.n'||'m
factar), 271
Grene Il'hcmm'. 163, 191, 13
Generarive lymphasd ongans, 12, 12, 14,
273, See abio Bore marrows Cenrral
wwleramee; Thymas.
Germinal concer(s), 15, 166=1TF, Se¢ alo
Lymphaoid follicle{s),
affinicy mataraion in, [36-137, 138,
1 380-110, 152
elaa switching in, 138, 119
definition of, 273
follicular dendrivic cells in, 14, 136,
1 3861 ¥
Glomorulonephritis
definition of, 273
in Chosdpastune's symdrome. 2050
in systemic lupus erythematosus,
298-300, 299
post-streprococeal, 200, 206§
Glycalipid antigens, ME-T cells and, 71
Glycoproteins, microbial
complement activation and, 14
of HIVL 158, 217, 218f=21%, 222, 113
phapocyee receprors for, 12, 44
vorianes of, 158
Glyecosphingolipads, 191
GM-CSF {granubocyre-monocyie colony-
stimulating facier), 273
Godpastiare’s synadione, 2050
gl 20, of HIV, 158, 217, 2186=219¢, 222,
223
Grult, definition of, 173
Gieafe arterionelerosis, 188, 2173
canding ense :I:L'ull,' of, 295, 204, MsF
Cimalt rejrcrion
cardine case standy of, 194196, T95- 1046
definition of, 2731
historical evibence abour, 184=185%, 184
insletion of smnne fesponses in,
156-188, 1870
mechanisms of, 133, 159
MHC and, 47, 184, 185, 187-158
minsst histocompatibilicy anngens i,
186, 296
ol wenetraneplans, 191
PRA test and, 295, 196
prevention of, T9-191, 190
preanment of, R0-191, 1904
Chrait-versus-host dusease, 191, 213, 273



3z Index
Granubisyre colomystimulating tocer (0
(5Fh, 273
Uiramuloey e monaevie godonvestimadaging
tacror (CRMLTSFD, IV 3
Granshsvres, 108, 14, Sov alio Bacophils
Eomanophals Mot gelbs,
Cigemulomals)
sbenmition of, 273
in chromee eramdomates Fecase, 50
26n
i mvcsdbactemal indections. 115
taberculivg m, 39
Cipmadimaroes discase, chromie, I8, 3,
=13, 2166, 26>
Lrrapavmes, 117, DET0. 273
Uiraves disease, 204, 205
Giromih tactor, from macrophoges, W, 300
UTP-binding proreins (05 progeins), 102,

m

=2 conmples, 490
: I .-':\..ull:. .‘T"
YRT shilv meeave anmieet s ezl

vacceme n, 134

B { 41, [ TR o T
f gt Tia IR J00, G

s it Mo dibee LTl fojestim;

m

R O T P 20,

b, S Class

wal delr
Jdesirateen ol 276
wrie bt bor, 75, Th=F04
i B ooetl margranen, 79, T, =0
Feiminrhs
Jummteon of. 271
comanaphuls and, 95, W, 930 115, 145,
e
claes smarchung amd, 135, 136, 14-140

Helper T lymphocyies, W-E1L 186 15, 15

5\'&' ~|]!l L'l'h!' T lu'".'-
anttboddy prodsction and, 15, 17, 84, 95,
S, FTE-9EE 125, 130, 132
RN Copattmt s o, 3T, 13
i wEnay maturateen, |56, 10
i clans swrtchang, 1 §3=134, 1340, 1 46,
159

Hulpee T omphwsvies (Ciamaned)
AR ProscLarsen to, 40, 47, 35, 39,
S5
by B bomphocyies, 101, 1320=154F
Bocell menee ol 173, 173
compupate vacyines ansl, 154, 1597
cvrokiine producrsen by, e, 12,134,
G503, V643, 12, 1330
ela swinching and, 153, 154, 136
deption of, 275-274
differenintion inte ciector oclls, 9%,
iy
HIV infecrion aml. 220
in agtibodysmedaaned Jcae, 104
in Boell sevivanion, B2, 15 17, 65, 95,
OGE, 125, 130-052, 1R1E-130
m CRS T cell actvatmon, 91 =92, 93
im graft rejecnon, 157, 185
i mer repection, E30, 180, 151
seli-nlerance amal, 163, 166, 170 172
Tl subser of, F5-00, H7-00
cles swarching and, 134, 136
definitea of, 286
rrLb;n.‘-pd\.lpp scoivatan by 105=106,
JOGE, TOFE 100, R12=115, 1144, 1
e
Tod sulbsat aof, 95 -5, 971-99¢
definigion of, 288=240
fismsceions of, B15-0 16, | 160
t nmediate hypersensateviey, 194,
P9S0-1900, 197, 1946, 200, 295
unclmsahed into subses, 97
Hemoropaiesis, 274
Hemudobinuna, parosysmal noctunmal,
13
Hemolvtie anemia, autoimamense, 2050
Hepaninis, viral
IFM-u fior, 3
polvartentis nodosa and, 2060
T ceil-madired mpury in, 204
Heparinis B viccing, 2¢
Hereditary angroncaroie edema, 155
HER 2nen. monaclonal antibody agninsg,
=]
e simplex viruses, immune ovmsion
by, D%
High endutheliol venules (IHEV3), 18-19,
186=194, I{=N, 27
Himee region, &, 676, 68, 274
Histamine, 1948, 200, 274
in wdwal and Hare feaction, 298
H|'ll=-tnl1i,|"u!ﬂ1||l3' antigens. See Human
beukvevie antgens (HLAK Major
bastcongatilsliey complex (MHC)
mslegubess Mimor Risn wonmiant il=iliny
sEigTis

Histecompanibility genes. Soe Flunnn
Feukooyre onngen (HLA) penwes: Major
hnu-cum[mllhlhw complex {MHC‘F
KT,

IV S Human mmanodefciency vins
(HIVY.

HLA, S¢¢ Human 1Wh‘¢\'l\! iR
(HLAY.

HIL AR (D), 54, 561, 274

Himicosnsis, 274

Himamng of lymphocytes, 274, Sac alin
Lymaplwescyees, mbgrativon of

Fhosrome fecepiors, antibodics againa,
200, XM, 1M

Huwa, of prsd, 155

Human smmunodeBciency varas (HIV),

207, 218219, 219-220, 221§-222,
L ITH
ivbigenee variaton in, 158, 3132
eyvbolytic T lympdwscyies aml, 92, 220,
11, 2122
i climical cose snudy 500-301, 007
Flisian l&'lﬂilw“r ARk {HL.'\J BRI,
A7, 70 48, Sec abo Mapsr
histescompastibility complex (MHC)
Benes
oA e amd, 175, 1740
wrahy wopectioas and, 185, W= 111
Fluman beukoevie antizens (LAY, 47, 48,
274, Sev aluas Shajor hl\ll‘l\llllﬂl‘c“i"lll“l,‘
complex (MO molecules
Sl peject i il 295296
Heumanized maoneclonal anniboedics, 70,
174
Humenl wnenumary, 4, 5, 123124,
I 3= S b Adapiove immunity
Amtitedyiesks B lymphocpies.
INERBANIC T O s ul, 137=139,
(ELU
complement svstem and, 152
abefumition of, 274
evasbon o, by maceobes, 157158, 1586
e of, B 124, 1246, 125, 1261
resubatiom o, by antibiady feedback,
T4 140, 1414, 266
socord skgnols bn, 18, 186
T-dependemn, 124-125. 132, 157, 268,
See alse Helper T lymphascytes,
antibuly peodiscrive amd
Teimbependenn, 124125, 129, 159-140,
1401
Bl eelbs amal. 157
detinacem of, 259
selferolernmece and, 171
Hyaluponie wcisl, T ool bimding v, 111
Hq:hinlurn:l.\, o294



Hypermeute rejection. 188, 169
cardisg e sty of, 194-294G
detiniteon of, 274-275%
off Kenagrafis, 191
Hyper-lgdd syndrome, X-linked, 135, 213,
2i41, 19)
Hypormurnesion. somsanic, |36, 1371381
187
Hypenanstwvity, delayed-type. See
Pelayederype hypersensiving (OTH).
Hypersensativity discoses. See alio
Avitcianmung shacases,
antalssly-mediaeed, 194, 195§, 201-202,
200-20H, 204, 205
dehiniteen of, 275
smmssline hypesensitivity as, 194,
1951970 197=194, 199¢, 200,
H00-2010
i comphei-medzned, 152, 194,
1950, 200202, J02(-200, 204, 2061
T Iymphascyte—medianed, 194, 1954,
204205, 2066=2001
types of, 195, 194, 195(
Hypeathyeosdism, antebady-medinsal, 205,
204, I0S0
Hypervariable reguonds), 64, 66, 70, 136,
2175 See aleo Complementaring-
derermining reghons (CDRL).

1, Ginvaromn chaind, 54, 540, 178

I8 {inflammatory bowel disease), 205,
2000, 297

HEAM-1 Cinterecllslar adhesion nsolecule-
1), 870, 8%, 108, 1091

IDDM {insulin-dependent dinhetes
mellivs). 1745, 2000, 277

oo, 275

Lliotype. 275

1P, See Interferon-ti (IFMN-a); Interdeonon-
B (IFR-AY lrerferoney (IFN-y).

T S Aneibody(ies): Inmunoglobalin (Tg)

lpvorance, 162, 1628, 163
clonal, 269

%8 {inhibitor of kB, 102

IL. See Inrerleukin (IL).

Immsagure B cells. 79, 794, 80, 275

Immvediate hypersensitivary, 194, 1950
clinical syndmomes in, 198, 200,

J006-201¢
defimition of, 275
Ik production i, 194, 196, 197
st cell metivation in, 196E-197F 197,
198, 1991

lmimune n:mph‘:[ﬂ}
complement prowins bound 1o, 152, 215
definition of, 175
in offsary maturation, 136, 1380
i antibeoady feedback, 140141, 1414
i serum sickness, 287
Irvmune complex diseasels), 152, 194,
1954, 200-202, 202i-203, 204, 206d
complenyent deficioncies in, 215, 2166
definbiion of, 275
SLE as, 172, X0of, 288, 196-298, X0
lmmame indivedual, 5
| memaimse nriwll.:w:il siee, 75
lmmamee response
dbeeline of, T h‘mrlw-d.}'lus and, SR-100
definition of, 1, 4, 275
phases of, 89, $=9(
primary, &f, 7, 284
secondary, 6, 7-8
Immune seiveillance, 178, 1781 275
Immune system
cells of, D=4, 106=13f
deniion of, 1, 4, 275
fmctions of, 1, 2f
tessues of, 14=19, 16{=1N
Immenizagion. See alo Vaccinarion.
affiminy maruravion and, 137, 1397
Peassave, for cancer, 181-182
Imrmamwsbehciwency diseases, 2Rk
moquired, 209, 216, 2170, 265. See oo
Acupiaral sdehcsency syl
[AINS).
chronic gramadomatoss discase o, 18, 30,
215, 2160
compenital {peimary), 209, 264-183
i ataxe-telanpicesin, 215-216
in Wiskoti-Aldnch L}'I‘IIJIU“H:‘. 8,
el
inmnte immunicy and, 205
Iynaphocyte activation or function and,
208, 2144, 215
Iymphocyie monsmuon and, 210-213,
N2
rypes o, 210, 2006
Immaumesdominant epitope, 55, 71, 95,
175=2T6
Imsmedliorescence, 176
Immunesenie antipens, 62, 1624 1710,
176
Tavmunoglobalin (lg), 66, 276, See also
Antibodylies): Heavy (H) elhains:
Lighe (L} chains.
antibely againeg, 296, 299
comgenital deficiencies in, 213, 2140
Immsnenelobutin [ {leoflefh), 650, 65,
127, 127, 275

Index 313
Immunoghsbulin A (lgAd, 65, 60
closs switching o, 1340, 136, 156
congenitnl deficiency of, 213
congenital heavy chain deletions in.
2124, 213
i magosal lymphoisd issoes, 136, 1450
136-157, 157F
ol amunization ond, 158
lmmunoglobalin 13 (1glY), 68, 697
i antigen recogndeson, 125, 127
in B cell maturateen, 79, 30
of maive B lymphoeyies, 124, 1240
Immunoglobulin () domain, 66, 276, S
s Constant () regions; Variable (V)
regions.
losmunoplobualin E (1gE), 68, 69
eloss switchamg to, 133, 1340=1 854, 136,
148149
avoqyy nnwd, 293
congenital heavy chain deletions in, 2024
effecior Fmcuions of, 1340, 1450
i allergie asthma, 297
in helminily indections, 145- 149, 149
class switchang and, 135, 136, 143-149
helper T cells and, 95, 96, 971, 115
i uamediane hypersensinviry, 194,
T95I=1970, 197198, 200, 2001, 198
lmmunoglobulin G (1gG), 671 65, 697
class swarching v, 133, 1 340=1356, 1438
congenital heavy chamn deletions i,
FAK
elfector functions of, 1450
in ADCC, 146-147, 149
mm antbody feedback, 140=141, 1416, 166
i antibody-mediated disease, 202
in complement activateon, 1504 151
maternal, 157
MNE cell recoprors fog, 31
opsonization by, 146, 1450
Immnmeglobulin (1g) pemes, 75=76, T6I=T5E
Sec adio Antigen recepor genes.
i affiaey matusateon, 136, 1370
in B eell macuration, 79, 79, 50
i recepror ediving. 178
somatic hypermutivtion of, 136, 138, 287
somatic mernteon of, inoumor cells, 294
Imavuroglobalin & (leh ), 676, 65, 69¢
as naturnl angibodies, 282
Bl cell sewrenion of, 25
congenital detciency of, 213
clfecror fumction of, 1458
in ik yomeslivge] disease, 202
i e fecogrntion, 125, 127
m B cell mammnnmn, 79, TH
i complemsent activatisn, 151
in hyperacute gralt eejection, 295



B3 Indn

Tmmuneglobulin & (M) (Comtmued
in Melinked haper: e synadeome, 133,
213 2040 29
of acnivated Booells, 129, 119
of maive B cells, 124, 124
secrcted, 129, 129, B35 D 340- 1 2%
Immuneglobulin (I receptars. Soe o
Antibodyiies), membrone-bound.
in omabody feedback, 140141, 1410 Y66
sngnaling wrigpcred by, 125, 120-128,
125
Immuneglobulin raplacemene therapy dor
S0, 213
lmmuaoslobalia (l2) -u[\-rf'nmlig.'. b, 276
Immunchestochemiptoy, 276
Imimamnaolomic Jisesies. See Auroimmisne
diemesy Clinical casess Hypessensstnan
discancs: Inmmunodepciency Jiscases,
lmmunadosie tolcrance, o Tolerance.
il opic.
Iaarmalogieal SETHApse. 1M
Immuneperensdase technague, 276
Immumuprecipuatsen, 276
Imansnerecepsd tvhose-bosed agtivateh
il (ITAMs), IOI6 122, 127, 1250
dehinition of, 276
£ amant cells, 199
ratris oo Pear 1 presings hased inhibaron
bty (1T ENR)
q. 278
2 MK cellnecepton, 31

Irra R I OB, T TUTNE

b LETE o]

tu st i

nd s
M adrstend B, oacd
trareflont prtmenne JS0= 190 1oy,

v stEMn. 237
LR o T PRTTE PAT < EN,
e non. see alsie Miggobein)
stvimtune Jocase and, 165, 1656 173,
I75-0170. 175
EITITNIE dl.";.l; BNCY n.hb\'.l.""\ !II||d
A, 200 12
vongenial, 210, 2004 213, 215
wEmuRsupreseoe Jiugs and, 190
IR R AMATHENIAY fo, 21
scate phuse response i, 36
phagocsies i, 25-28, 27- 304, 10
Femphuseyte misratsen o, 17, 19, 19§,
106, 10T 108, I0W=-1000, 110,013

Indection (Cnmnsed)
opportaneg, 100, 113
proventsas of, See el Vacernation.
P ool bmmuniy. 145, 144
Trarlameation
complement-mduced, S, 54, 152, 1540
dhetmition of, 26, 177
evatnophil-nch, 115
wranulumatous, 104, See abin
Chranuloen.(s).
in antbodyemodioted divease, 202 203,
M. 190
im graft rejection, 154, 159, 294
in smmsediane Irrr;-h-q.'rl.-qllwl:l,'. |04, 158s,
20, 198
in meane complex Jiseases, 19, 204
an theusmatic fever, 201
T cell-medinted diseaies, 204, 2061
i T cell-mwedinned responses, 113=114,
115
rhapocyees and, 26, 138, W, 1064
Intlamemarery boniel disease {IBD). 203,
20ML 29V
Influcnza vimgs, antigenic varistion in, 138
Innate ummunary, 34, 56, 21-22
wigtadmmanunity inabissed by, 173
components of, 24-36
:-.unqﬂ'lmu.-m sistens as, 32, 334, 44, 152
cytokines as, 34, 154 36
cpihelia as, S=4, 3, 24=15, 24¢
maruenl killer eells as, 11, 30-32,
Mi-32r
phagocytes as. 3 4, 22, 25=28,
25i=305, 0
plasma protcing as, 36, Soc ol
Complenent,
congenital defciencies ing 2101, 215, 20ad
covperanon with adapive immunicy, 4,
9, 11, ¥6-38, i
by complement activition, 1281314,
152
helper T eells aml, 95
¥ h'lhrut"l‘umu activadion, [T3 115
dehmitive of, 277
wvaabon od, 22, V6, 3TF
sell-medited immuniey and, 83, 841,
1%
HIV vaccanution and. 213
beukuwvie citectas cells in, 14
et cells i, 300
recogmitiun of mecrobes by, 12-24, 24,
26- 25
sepuend sipnal provided by, 9, 9, 171,
1718
an Bcell activanion, 125
N dilfeecint Eypus ol m.}cml&-\, iy

Inesisl b5 tniphosphare (1P, 102
Irset veionm, 194, 297
Imtlhl‘l.-\lupcmfﬂ'l: alinberes mellines
(DAY, 1744, 2096, 297
Inecgrase, of HIV, 217, 2184, 222
Inteerins, 277
mutsiteens of, s LALL 215, M6
an heukogyios. W indection sites, 25-26,
176200, 108, 109
wa T lymphacyies
activation aml, 59, a0y
ab indeetion sites, 108, 1099, 111
eyvtalvtic, 117
receptors for, on plapocyto, 27
Inberceliutar mlhesion modeeule- 1 (CAM-
1), 870, 89, 106, 10N
Imterteron-ca (IFN-o), 356, 4o, 293
Ioaverteeon-fh (IFN-RY. 356 290
Inteeferon=y (IFM-), 351, 3, 93]
deBinition of, 277
functions o4, 96
i el swinchiing, |34, 136
o magroplisge activateon, 217
CIE" T cells andd, 174115, 113
NEK cellswmmd, 33, 30031, 32, 37
Tyl cells anal, 9, 97, 985, 112, 113,
Tid, 1S
Inrericokm (IL), ¥4 93, 277
Inerlenden-0 (IL- 1) 54, 350, 277
i tophageaderived, 25, 26, 176 44
eawlochelind colls aml, 105
Beubocvne recomstiment anmd, 115
Ineerhealion- | recepeor (IL-TRD, 05 viral
abeleiise, 1019
Interleukin:2 (1L-2), 278
Fas-medinned apsoptiis and, 168,
[
Trwn setivated T cells, 9394, 93044,
100, 102
penetic defect i, 1740
im cancet imoauiothenspy, 183 154
Intetleukin-2 recepeor (IL-2R), 9304, 94f,
104, 102
defeetivi, in X-linked SCID, 211
oo lonal aantibody aganse, 190f
regulaory T ool and, 163
T eeh-medioned discases and, 205
Interbeukin: 3 {IL-3), 2745
Ineerleukin.g {(IL-4), 93, 278
defective recoptorn lon in X-linked SCID,
211
in glass swirching, s IgE, 136, 197
in dmamediate hyporansitiviy, 198,
29y
Tud cells anl, e, 70 95, 99 105, 1166,
136



Inserleukin:5 (IL-5), 931, 970, 115. 136,
X [~
iy immediate hypersensinvity, 198, 198
Interleukin-G (IL-6), 35 278
Interlenkme T (IL-7), 72, 79, B0, 278
defective receproe for, i X-linked SCI0,
21
Imreeleukin-? {1L-9), dofective reCepior for,
211
Interbeukin: 10 (IL-10), 35, %6, 274
from regilaory T cells, 169, 1700
from Tyd colls, 115
i wiral defense, 1190
Interteukin-1 2 (IL-12), 35, 36, 278
in T cell scrivation. 37, 38, 38F 90
i Tigl ecll differentiatmom, 97-98, P,
P13, 1041
matural killer cells mmd, 31, 314, 32
Interleukind 3 (1L-1 31, 96
frown Tyl cells, 105, 197
Interlenkin- 15 {IL-15) 356 278
defective recepror for, in X-hinked SCID,
21
Imtcelewkin: 18 (IL- 15). 356, 278
Intestine, See also Gostrointestinal tract,
manar cells of, 198
normal bacrerin of, antibodses ogarmse,
191
I iacellular infections. See Bacteni,
intrecellular; Microbe{s), intmcellular;
Virusies).
Inraepidermal lymphocyres, 278
Inerscpithelial T lymphocyres, 24, 246 178
Invarant chain {1}, 34, 54§, 278
1Py Ginesigod 1,4, 5-triphosphate), 102
lsonype svemching. See Class swirching.
Isoaypes, 68, 69F, 5o abo Immuanoglobulin
{lgh
\:\ul'l,pi.'l'lll:lr deficiencies of, 215, 2147
defimion of, 278
elfecror funcdons of, 1341, 145¢
ITAMs (immunotecopror ryfosine-based
wcbuvat s ri'u:!!ll-s:l. ||}|F. 102, |H'.. 1231
definition of, 276
of mnst cells, 199§
ITIM: (imeunorecepror rprosine: based
inbabition motifs)
definition of, 276
of MK cell recepaoas, 31

]

} chain, 278

| Goining} gene sepments, 75, 760781,
278279, See also Somatic
recommbanition.

JHE {e-Jun Nererminal kenase), 1005, 102,
127

<-Jum, 102

Juncrional diversity, 75, 781, 279

K

K:lpml'l. sarcomia, 220, 232 3000 304
K light chains, 68

gene loci for, TOE, T8I 79, 79
K (dessociation constant)

of antibadees, 68, 730

of FeeRl recepror, 198

of T cell recepror, 73
Eidney. See Glomerlonepheits,
Kaller inhibitory recepron (KIRs), 31, 179
Kinase, defimition of, 279
Knackour mice, 279

L

LAD {leukocyte adhesion deficiency). 16,
215, 2166, 230

LAK {lymphokine-activarcd killer) cell,
280

K 1i,|.']u' chains, 68, 79, 79

Lanuna propria, 157, 1570

Lamgzerhans cells, 4344, 44f, 279

Large gronular lymphocytes (LGLs), 279
S alio Nawral killer (MK} cells.

Lare phase reacion, 194, 196F, 198, 279,
198

Lek tyrosine kinase, 101, 108, 102, 279

Lectin pathway of complement activation,
33, 34, 36, 149, 1504, 152, 270

Lectins
i MK eell receptor, 31
manmwme-binding, 336, 34, 36, 150f, 152

Lepanelly preumaphile, 115

Letshmanda mafer, 116, 1166 279

Lepeosy, 116, 166

Leukemia, 279

Leukecyee adhesion delfciency (LADY, 26,
215, 216, 279

Lewkocyre functivn=assogianad antigen- |
(LFA-L), 871, 59, 108, 1097

Levkocytes. See abio Eosnophils;

Lymphaoeytes: Phagocyres
s effector mlh., 14
chemokines produced by, 108
eomplement-induced recruitment of.
152, 154§
in systenic hepas eoythemanss,
29300

Index 315
Lewkocytes { Comninsied )
cytokines and, 34
in ADCC, 146
in antibody-mediated dhisce, 202
in grade rejecrion, 293, 2951, 294
wn immesdinte hypersensitiviry, 198
migration of, to infection site, 1076, 108,
113
Levkotricnes, 195, 1991, XX, 279
LFA-L {leubiocyre fanction—sociaied
antigen-1 ), 870, 89, 108, 109
LGLs (large peanulas lymphocyres), 279,
See also Watusal killer (KD cells.
Light (L) chains, &6, 671, 63
definition of, 276
gene boci for, 75, 764, T80
in B cell matsranon, 79, 79§, 80
surrogare, 288
receptor ediving amd, 80, 171-072, 1720
Lincar deccensinans, 63
Lipkd antigens
antibidy fesponses to, 4. 68, 110-140,
1400
inmmaepithelial lymphocyres and, 24
recognition of
by B lymphocyues, &0, 64, 115
by NE-T eclls, 71
by T lymphocytes, 42
by 48T lymphocytes, 89, 188
seli-eolerance and, 171
Lipid mediatons. See abio Leukotrenes:
Prostaglandins.
from mast cells, 1964, 195, 1994, 27958
Lipoglycans, 27
Lipopolysaccharicde (LPS. endotoxind, See
also Microbial toxins
defimvicion of, 271, 279-250
phagocyte receptors los, 12, 17, 184,
£l ]

cytokine secrenion and, 34, 36
resstant to peptide antibaoics, 370
second signal mduced by, 60
sepuic shock and, 36
Lipoproteins, phagocyie recepton for,

il
Listeria monocseopenes, 36, 1120 115
Losebecrin (CDSILY, 18, 108, 1094, 142
LT {lymphaotosin, THE-B), 280
Lump. See Asthmn: Respienory vee.
Lupus erythematosus, sytemic (SLEN, 172,

Hoaf, 158

climcal case of, 296- 300, oot
Lupuislike disese, in complement
debcieney, 215, 2t
Lymgph, 15
soluble antigens in, 44



ile Index

Lymph musdedsd, 130 Toe, 17, 186-190 Sec
ailaes Germnal eonger(s ) Lymphosd
follicled=).

B ocell sorivanon m, &0, 125, 130r
denaiticon of, 152
dendee cells in, 4486, $2-45
HIV mbectson in, 228, 2210
nave T lyvmphocytes and, 135, 106970
T cell sctivation m, &0
Lumph maosde by, 208, 205
Lumphone veeel, 15, 1o 17, 15, J8-19¢
aetrirmn of, 180
Jerdenie eoll migraten 44, S350
eifvctod T cells dn. 1004, 111

Lvmphascvte repetonre, 7. 63, 51, 256

Lymphocytes, 9=14, 100= 134 Se¢ alio B
hmphocsies; Effector homphosynes
AMenmay hmphocyes Maive
hemnphecvien: Marural kaller (NKY cells:
T hvmphos e

st i, B=4, 8197, 17
by immuneszenic anngen, 162, 162
mymunodenceeney dheeaes aml 213,
~ 146, 215
siccomnd sipmal i 37-F8, 35
CIY medecules of, 10
e B T

Phaay ool 2

2R Prfedtid, 295, 296, 294

1 taszular (LGLY, 279 R adia

Seatwral ller UNE D cells
nilad, Sa0=15]
s anal 161, I6H

I

L

shedudiis i,
P | Ee

pdbantes, PI-02, 126 T2-74.

wrt T emphisivies, 11=12. 131, Ti=T4,

s =l

mneeanion of, 170 19 P B0, LOTG 10S,
PN T L EY, Is]

rona gl duns T of, - 10

it of, 15 =19, 190 4534,

-5

it b v, o autoinnne Jiwse,
HEL T

aper i of, 7,06 12-2%

shovges i Dl Jusnoory oo, 120136, 64

sl Phtees of, #-10

Lataphond Rdlicleds), 15, Dii= 185 17, 60,

Sew alue Crermuinal gemeris),

alnnary maturton i, 1 36-1 57, 15

anwrgie Booelb and. 172, 178

antipen eocognateen ing 125, 187, 1

£hasn s |I-rh1|1|¢ i, | AE, 1y

definatsen od, 250

l}'mrhnd tollichels) (Comenmndb
mEgratseay amd

ol activaiod Boecllbs, F30-151 TR

137, 199
ol hebper T oeells, VR0, 136, 137,
1

Lymphiond organs. Sce Genensive
h'rnpl'uﬂd AR |‘u'r|r||.|.-r.|| h‘nq'liulc.l
organs.

Lvmiplskine, deamitisn of, 280

Lymphokine-nevivarad killer (LAKY cell,
I8l

Lyenghama
dehmition of, 280
fedlicubar, elimscal gose of, 205204, I04f
in ANS patients 2R, 00

Lymphorosen (LT, TMNF5) 250

Lysoncignes, 28, 196 55 560 112 115 S

b Pl pamommes.

detective, i Chediok isache sx il
215,004, 268

Senmirion i, J80

i annsbesl-gedingd discise, 202
lupus fephrstes o, 235

SPRCOCITI and, 146

M

A protein, 350
Muoc] (CRYL CIMIAEY, 27, 2%, 253
RMAC {meaialding ttack coanplex), 152,
3M=15494, 154, [oof, 281
Maceophage. X alv
Thamsvt s
TRV a e
aisainet tutmr cells, 18]
b G20 T el 12, 46, 05, 9,
DA, L 1060 ETE-11E,
TR0 0400 LIGe 115, 10
by C10° T colle, 106, 114115, 118
by Fe pecupior bandeng, 146, 302, 20%
Py DI M0, S, D02, 108, DI4=115, D4l
cytokane prodictnn indwoed by, 115
debective, i Xedmbad hypare-lebd
wyridroeme, 20, 2140
oy el repecten, 2
in T cell=-medinged Jicanes, 304
inhikited
b cytodkines, 115, 1166
by ERV, | 1%
by regulisosy T eells, 165 1707
sifface neceprtons and, 26-27, W
Hissare ingury concd by, 115
s i piesenting colls, 108, 14, 46
IL-02 o, 979
BHC mobeuules i, 45, 501, 5

|‘|'|.:;|\.I\"l||."...

Mascrophages (Conninaigd)
as eifector cells, 104, 14
ar bdectivm shres, 25-28, 26(-304, 10
chensding producreen by, 108
Clapeactive protein reeeptons of, 16
eytiking production by, 25-26, 271-258¢,
EIURE 0 1 R T ]
AN Capane amd, 44
endothelial colls ancd, 108
lelper T cell diffcaentianen and.
YT=NS, Ty
i wellamedied immuonity, 115
dhetasition o, 280
Fe tueceptors of, 140
fmactions of, 30, B0
m cellmeshinged immundeg, 115
i inaane insmuaniy, 14
HIN favleetion b, 217, 220, 222
1o iy cmedinted dlisemse, 202, 2030
o Broan, A dementin nml, 222
i apleen, 15
Kbl oo miceobes by, VI20 1045 115
nuaturateen of, 75, 260
||--1||"-|E I-CII'L" L".'lk :lml. m. !I.., !'1'-
roesident in tissugs, 25, 20600
sevoat] sapnals proshoced by, 37, 3860
Migea Busocoangpanibilivg complex (MHC)
vemies, 748, 471 501 260, See aluwr
Humon lﬁll.a:-r.g.'r\u SANLgen (HLA)Y TS,
anitoigiamene Jiseoses onal, 172173,
1740
wrill rvpection and, 47, 185
tissase 1y ping amd, 259
hlnp'\r hiun.'mnpni'nlul; :1“!1“ 1M]-H:',}
molecules, 10, 4748, 490-521, 51, 53.
New vy Andisen R TR T A.nlip.'_en
prewessiman M resmricaion.
ilbsrencic, 185-186, |86(-1871,
157-158, 170, 177
amizen recognition and, 42, 42F, 4745,
S04 50, 320 53, 5859, 59F
chass 1, 4743, 49521, 53
ANLECT [MrOrssnE for, 51, S4F=-551, 55,
571, 58
detavinion of, 268
witcensr T eclls and, 106, 114, 117
HIV inhilbsition of, 222
MNE cell recepross foe, 31, 32, 320
mompilyeorphic, 42
T coll mctivintion and, 88, 9]-52
T eell marurasion s, 50
rusmst antapens Jisplayed by, 180, 181
fumee cvimive strtegies ol 181,
1854
wiral ovoin o, §1, 32, 320, 58, 119,
11X



Mugor histogompmibilicy complex (MFC)
muolecules (Conameicd)
el 01, 47-48, 49-524, 53
ANEMTN rocesding o, 53=85, 54056
dehicient, in bare lpmphocyre
symdrome, 2140, 215
\.I'.'ﬁl'“l""l'l M’. lm
vifector T colls and, 106
]FN-T:mJ. Ly
in B Dymphwecyaes, 130, 1327
I'II-ILI'II|‘!I:||.:\' activation amd, 102, 114§,
15
T cell acrivarion wd, 88, 92
T cell muanuratam ansd. 80
vk antigens displayed by, 180-1581
Jdetimition of, 280
empty, depnsbaion o, 52, 33, 54
wapeession of, o A, 44
wialt rejection o, 1846, 18%, 187=185,
g
i peptice M complex, 550, Tl T20
ol
nonpalymorphac, 71
selll antgpens displayed by, 55, 163, 1o
T cell actvanon aml, 86, BT{-B81, 4559
T cell maturation and, 73-74, 80-81.
81f
Malnacritson, immunmsdehciency m, 216,
9
Monname receptors, 22, 23, 17, 284-2W
definition of, 280
of dendritic cells, 44
Marnose-binading legrin (MBL), 336, 34,
36, 1506, 152
MAP (mitogen-activited progom) kinases,
102, 281
Marginal zone, 280
Maost cells, T8O
i mmcdiate hypenensitivity, |96E-1971
197, 198, 1990, 196
Murernad nnnbodies, 5. 157
Maguee B oeell stoge, 281
MBL fmannose-baeding lecrind, 336 34,
3, 1504 152
MO {membmne colactor [roten, CIah),
153, 155, 1556=156F, 237
MACSF (monocyte colony-stimulating
factor), 281
Meashes, vaccination agaknse, 20
Membmmne atack n.'ﬂnpftﬂ. (MACH, 152,
15 34=154f, 154, 1566, 18]
Membrne colacior oot (MCE CD6),
153, 155, 155(=1564, 239
Memory, in sdaptive immune fesponse, G,
6, 78, 24, 281
Memsory B lymphocyres, 138, 139F, 144

Memory lymphocyes, 7-8, 8, 9, 12, 131,
4
definition of, 281
Memory T lymphocyres, 19, 850, 86, 99
MHLC, S Major histocomparibilscy
complex (MHC) penes: Majoe
hestocompatibility comples (MHC)
mobecules.
MHC restricrion, 42, 47, 58, 1585
defiminion of, 281
sell MHC restricrion, 73=74, 80, 185,
86
Mice
iabeed, 277
knockout, 279
SCI0, 286
renmsggenic, 289
Microbels), See also Bacrenia; Fuugii;
Progosoy; Vieev(es ).
antigens of. See Microbial antegens; Vil
ANTigEns,
evassan of immune system by
antigen matatsons for, 22, 157-158,
158¢
by viruses, 31, 32, 58, 1190, 120
T lymphocyres and, 118, 120
with humorsal immumity, 137-158,
158F
with innone ETHEELY, 22,36, 30
expracellubar, 4, 51 See ol
Antibadyliesh; Humoral immuniny.
closs 11 pachway and. 58, 59§, 100
internalizanon of, by APCs, 53, 54
mune responses 1o, 3-5, 3, 5¢
i Blood, See der Complement,
spft'niu Fespaise B, 15, 434, 4445
wrrmgellular, 4, 56, 106, S mlso Bacteria,
inermeelbulor; Cell-medizied
umavenity; Vins{es),
CD' T lymphaoeytes anad, 95, 116,
P64, 118, 118
CD8' T lymphocyres and, 11, 4647,
464, 118, 1I8F
class | pathoway and, $6=59, 596, 100
hsmoral UIIIINENET Y wrd, 143
in HIVeanfecred paiene, 220
rustisral killer cells and, 3052, 310-32¢
ypes of, 83, B4
vaccimation steoregies fur 159, 159
Killing of, by phagoeyres, 1E21, 114, 115
neutmlization of, by anibody, 146, 1476
I"I'lﬂlﬂﬂ}'lmi& of. See Mhagocytosis, of
microbes.
pottals of ernry for, 14, 43
recogmition by inmate immunny, 22-14,
25, 26-28

Index 317
Microbels) (Comeimped)
secoiad signal provided by, 9, 9, 12
specialization agaanst types of, 6F, B, 42
by ennate immunicy, 36
denslritic cells in, 46
|'|-t'|'|'lcr T cells in, 98, 116
supermtigens of, 5%
Micrabvial mntipens. See also Vieal
antEgens.
ot by mecdianed discase conmead by, 200
151 ||'r|'|rh. nodes, 15, 19
vi, aelf antggens, 1T0=01F1, 171f
Micrabial foxing. See alio
Lipopelysaccharide (LPS, endotsind;
Superantigens.
iz ion with, 159
nowmtralization of, by antibodves, 146,
1470
Microglin, HIV infecrion o, 222
B-_--h‘[h:mgh'lhﬂln. 45, 4, 281
Milk, marernal annbodics in. 137
Mimicey, mwlecubar, 175-176. 1754, 279
Minor histocompatibilicy antigens, 186,
06
Mitogen-activated protein (MAPY kinases,
102, 281
Mized lymiphocyte reaction (MLR), 188,
251
Molecular mimicry, 175=176, 1756, 281
Molecular patterms, in innate ipmuenity,
22, 13, I3, 26-27, 183
Sonoclonal antibody{iss), 70
chefinition of, 281
for Iyrnphucyu clossifcation, =10
for sranspdann rejection, 1Y
in cancer therapy, 181
Monocyie cobony-stimulating fuctor (M-
C5F), 261
Monoeyues, 1O, 25, 266
complement activation and, 54
dehniton of, 181
in debayed-type hypersensiviviy, 111
mgration of, o indection site, 10G, 115,
15
Momokines, 281
Mononuclear phagoeyies, 25, 260, 281, See
alw Macrophages: Monocyres:
Phingocyes.
HIV i, 300
Musie, See Mice.
1t by chains, 65, 691
chass swinching amd, |34, 135§
ene loci for, 75, TOE=TTE, 79, 79, 5
Mapcvsal epathelia
st cells in, 195
A TSy T cells i, ™



318 Indax

SMucoeal mmmuniey, 4, 15, 25, 1386,
F36-157, 1570
dehaition of, 181
Peyer’s patches in, 15, 283
Mulviple myeloma, 281 Sae alae Myelomia
gulls
Mulnple scloromm, 071
Multivalonn antigens, 129, 139-140 252
MMunnps, vadainal s agarmst. 28
Nvasthenia proves, 204, 205
celve protein
m antizen-amulaeed B cells, 1251
i angpenestamulared T celis, TO0F
Miycobacrerm, J57
atypical. in AIDS, 210
eranubemas associated with, 115, X4
FPOY akin test for, 1110, 304
resstant bo phagocytosis, 36, 118, 119,
B
Macohacrenama Leprae. 116, 1160
Mycohactertion saboroadosd
granubmatows indlammation coeed by,
M
resstange of, 1o phagecyies, 118
Alveophenodane mwdenil, 190
Mucoghenohe il 295, I
Mucliema cells. See alur Multiple

s dopiad apnibosdy posductien, 72

Rigches, B30, 159§

SR .| A I e T

itnn it 17, ER=19, D 4540
e deer parkeguber antigen. $1-42

-I"| 1,
Mg T lemphodytes
activatn of. Soe T Ivenphascyies,

ativate id,
antisem recopmatpn by, 42-4%
wonversian to offector cells, 85-86, 45§,
W, M ey
Lesclectin on, 108, 10N
Native nmmunsty. See Innate immunity,
Motural annbodies, 25, 182

wenotransplantation and, 191

Motuns] mamuoniy 3 See abio Innae
(L TR RITRS
Narural killer {NE) cells, 36, 4, 11, 11§
activied by class b=deficiens oells, 120
congenstal lpsosomal defeer in, 215, 2160
Jemninen of, 287
s ADCC, 146147, 1497
W inate immuonity 30=52, 1=, 36,
37
in tumsa rejection, 181
markcers of, on NE-T cells. 71
Neceosis, i granubomatous eaction, 115
Negative sehoction, 74
Aefinition of, 282
im B cell mamurmion, 80, 170, 172¢
in T cell momration, 81, 81, 163=166,
16l
defecnive, 163-166, 173
Mesrerie infections. complement ansl, 370
132
Seodeterminanis, 68
Meonaeal Fe recepror (FeRnd, 1537
Sevnaral immuniry, 5, 157, 282
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Pre-T gell, 30, S16, 254
Pre-T eell rocopaor, 80, 154
Pre-Tee protein, &3
Primmagy antiboly tespomse, 125, 1264,
144
Primary immuane cosponse, 6F, 7. 254
PI:II‘.!I-.“."F imm.rmﬂnr-n;i.\-m:!.'. Sew
Trmmrrondenic ey diseases, congenital
{[!ﬂ'm.ln_,-'b.
TPreo-B cell, 79, T, 285



320 Index

Protessonal antrgenspeesenting cells, 14,
19, 143, 4540 N i Dendoree
wells,

SARERLCT P ainig i -85, -y
continauliters om, 59, 111
crmsspresennaen b Ho=47, 400
hetiminien of, 785
nopral fopechon, 187=185, 157 18
AHU mdecules o, 45, 50
ter antigens BapLlved b 131
VACSHRAL L ~EEHenies and. 15U
Proszrammeed coll Jeanh, 285, Sor alas
.-'\I\'[‘I.u-l.l-.
Prostagtandins, 163
sn smmediate hpomenaniviy, 195, 199
Pro=T coll. 82, 21, 253
Protease(s) See alur Clspases.
endvsomial, 54, 54
i coneplemene sovivagion, 157
i pnmedie vperemsitivang 195, 19
Bl 28, 112, 115, 146
o HIV. 21T, 208 222

Prodwane snkabiicgs, ke HIL mfecinomn, k\"‘,

|

Privemoemw, 3%, 571, 255

veral inhibachom od, 119

Meotoin entrens, S abo Antigen

procesang Peptide antrgens.

s anes wnly, 941

ool neg

ARy matcrateon m, 0%, 114, 1240
1250 1260 Fie=biu 13001400 144,
145

bwiper T oodlh o §30=032, 1306=
(RET]

wap iy arad prosenitateen o, 14, 4 515,

s Ll

Y ECSCERT Dy,

Fi toatrets
abpormaliv expressed, 179150, 17H
digdayed by AN, |50
mutated, 135139, P
i viccimes, [in-199
procesm ol 535-55, 546-531, 58
PG SRR E G aly o
by B lmphosyres, 62, 64, 123, 110
by T lomphocyies, 4, 10042, 85
T stages 4 106, 10T
scli-tolerance umd, 163, =105, 17 I
B ymphocyees in, 171
Prostein kemase, 279 5e¢ alue Thtawine
lln.lu;n
Proein kamase C (PRCY, V01 102, 1271,
6%
Progein phospharioe, et of, 183

Proean ppaming phosphanses, i WK cells,
il
Protcen-cilorse malnaretion. 206, 2170
Prote alycina, of codothelial cells, 105
Prostarzos, 2538
AMCERCRE YU in, 155
Leichmuarda <, 116, 1164, 279
Pramocystis canmi as, 300
SUEV VAR 13 |"h.‘|m\f'ﬂn. E3, 8B40 106
Provinue, 217, 219, 155

Peselectin (CD62P)
ab imbectian sites, 25, 108, 10K
helper T lymphocyes o, 950

principal features of, 142
Picirboaneatas, antibiotic resistanes of, 370
Pugifced AniEen vadCines, 285
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