84 ACTIVATION OF T LYMPHOCYTES

The activation of T-lymphocytes refers to changes that occur in T-lymphocytes following antigen
recognition. Antigen recognition by naive T lymphocytes initiates cell proliferation as well as dif-
ferentiation while antigen recognition by T cells pre-exposed to antigen (effector T cells) triggers
the effector functions of respective T cells that tend to eliminate the pathogen. Effector function
of Ty is to specifically lyse the antigen-bearing cells and that of Ty cell is to secrete cytokines that
stimulate other T or B cells. Tha activation of T lymphocyte also generates memory T cells which
remain in circulation for a long time. The activation of T cells can be broadly divided into the fol-
lowing steps:

« Recognition of antigen-MHC complex by the T-cell receptor and signal transduction by
~ the TCR complex;

. Secretion of cytokines by the activated T cell;

« T-cell proliferation and division;

. Differentiation of newly divided cells into effector cells and memory cells; and

» Fall of T-cell response.

These steps are now discussed in detail.

841 RECOGNITION OF ANTIGEN-MHC COMPLEX

AND SIGNAL TRANSDUCTION BY TCR
The recognition of the peptide-MHC complex by the TCR and the co-receptors CD4 or CD8
Provides specificity to the subsequent T-cell response. 'The TCR recognizes specific peptide + MHC
complex while CD4 and CD8 co-receptors recognize class II and class | MHC molecules respectively.
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»The Ick protein tyrosine kinase is
a.member of the Src-family of tyro-
sine kinases that is involved in the
T-cell signal transduction pathway
Its gene is located on chromosome

1 in humans and on chromosome
4 in mice.

»Knockout mice lacking Ick show
defects in T-cell development, while
mice lacking both Ick and fyn show
more severe defects than Ick-
deficient mice.

» Two signalling proteins that are
involved in T-cell activation are LAT
(linker for activation of T cells) and
SLP-76 (SH2-domain-containing
leukocyte protein of 76 kDa) which
serves as the docking site and
activator of phospholipase C.

Figure 8.10
Line diagram showing intracellular
signalling in T-cell activation—an
overview. Activated Ick phosphorylates
ITAM:s of { chains of CD3 complex.
Phosphorylated ITAMs bind ZAP-70
which itself gets phosphorylated and
activated. ZAP-70 phosphorylates
adaptor proteins. These adaptor proteins
activate three main signal transductions
pathways leading to T-cell activation.
LAT-linker of activation of Tcells; SLP 76 -
SH2 domain containing lecocyte protein
of 78 kDa. ITAMs, immunoreceptor
tyrosine-based activation motifs. &>

The specificity for co-receptor for different MHC molecules accounts for differing Specificity o .

and CD8" T cells. CD4* cells recognize only class-1I-MHC-associated antigens while C[yg- ,r")d-
recognize class-I-MHC-associated antigens. The events that occur after antigen recognition n‘fll'
of two discrete stages: (a) Immediate events occurring within seconds, which include TCR ¢, t:'.‘“
and activation of protein tyrosine kinases (PTKs); (b) Early events occurring within Minutes wh{n,
involve cytoplasmic transduction pathways. ' 't

The TCR complex consists of ligand-binding a and B chains, MHC-binding CD4 or ¢
molecules and a signalling unit that includes a CD3 complex and a {{ (zet?) chain homgg,
The initiation of T-cell activation starts by ligand binding and TCR cluster}ng. The cluster;, b
receptors and co-receptors brings Ick, (an Src-family tyrosine kinase that' is aSS?Ciated Wit 0
cytoplasmic tail of CD4 and CD8) close to ITAMs (immuno-receptor tyrosine-activated Motif
the CD3 complex and zeta ({) chains. .

ITAMs are nine conserved peptide sequences present on the cytoplasmic portiong of ¢
proteins that include de, ey and {{ chains. Lck phosphorylates t.yrosines in the .ITAMs of the ¢y
complex and ¢ chains. Thus within seconds of receptor clustering, many ty.rosme residues Wilhii
the ITAMs are phosphorylated. Another protein, tyrosine kinase (fyn), that is associated with cp
plays a similar role as that of Ick.

The phosphorylated ITAMs in the { chain become specific “docking sites” for ZAP-70 (for g,
associated protein of molecular weight 70 kDa) kinase. ZAP-70 belongs to the Syk family of tyrogiy
kinases. ZAP-70 contains SH2 (Src-Homology-2) domains that binds to the phosphotymsin“(
ITAM:s of the { protein. Once bound to ITAM, ZAP-70 is tyrosine-phosphorylated by the Ick whic
acquires its own tyrosine kinase activity. Activated ZAP-70 can autophosphorylate itself as wel,
phosphorylate several other cytoplasmic signalling molecules such as adapter proteins LAT
SLP-76 which themselves do not have any enzymatic activity. Once these adapter proteins are ph,
phorylated, they serve as docking sites for other proteins that are involved in a variety of signalj;
pathways. A summary of the immediate activation events of T cells is shown in Figure 8.10.

The activation of signalling proteins by ZAP-70 proteins leads to the activation of several signally
pathways.These pathways include phospholipase-C-initiated pathways, and Ras and Rac pathways
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One of the signalling pathways that is initiated by phosphorylation is the phospholipase C,
PLC) pathway. Once ."."“"_d to the phosphorylated adapter proteins, PLC_is phosphorylated by
AP-70 kinase, thus flu'llvzftlng it. Once activated, PLC_hydrolyses phosph;tidylinositol (PIP,), a
membran¢ Phﬂsl’h"l‘P'd; into two mO’CCUICS-—diacylg{yceml (DAG) and inositol 1, 4, 5 triphos-
hate (1P,). These two signalling molecules initiate two important signalling pathways of T-cell
sctivation. In one pathway, 1P, triggers the release of Ca’* from the endoplasmic reticulum and

there is an i“C"eaS'-‘d‘ entry of Ca’* in T cells by an unidentified mechanism, which results in the
rise of intracellular (,af‘ (from a resting level of 100 nM to 1,000 nM). The free calcium acts as sig-
palling molecules by binding and subsequently activating calmodulin-dependent serine/threonine

hosphatase called calcineurin. Calcineurin has an “important” role in the activation of transcrip-
tion factor NE-AT(nuclear factor of activated T cells). The NF-AT transcription factor is required
for the expression of IL-2 and other cytokines needed for T-cell activation and differentiation. An
overview of the signalling pathway initiated by phospholipase C is shown in Figure 8.11.

In the other pathway, the DAG which is formed activates the enzyme protein kinase C which
phosphofylﬂ‘es various cellular substrate including the cytoplasmic inhibitor of NF-xB, called IxB.
The phosphorylated inhibitor can no longer bind the transcription factor NF-xB, hence the tran-
scription factor translocates into the nucleus.

In addition, the phosphorylated and activated adapter proteins also activate the Ras pro-
tein pathway. The Ras protein is a GTP-/GDP-binding protein that connects T-cell receptors
with downstream signalling pathways. When the ZAP-70 Kinase is activated, it phosphorylates
the adapter protein LAT. LAT binds another SH2-domain-containing the protein Grb-2. Once
bound to LAT, Grb-2 is phosphorylated by ZAP-70. Phosphorylated Grb-2 recruits a GTP/GDP
exchange factor Sos.

Sos catalyses the exchange of bound GDP to GTP, generating active Ras-GTP. Ras-GTP is an
allosteric activator of a cascade of enzymes called mitogen-activated protein (MAP) kinases. This
cascade involves the sequential phosphorylation and activation of three different kinases each of
which phosphorylates and activates the next. MAP kinase pathway which finally leads to the acti-

vation of the extracellular signal-regulated kinase (ERK) enzyme. ERK induction ultimately leads

Activated |

ol s To)

protein
/ Phospholipase Cy

ZAP-70 activation

Q_L \Proteln kinase C
1P, 9
|ode

1P, receptor

Intracellular Ca?** store VEnoplasmlc

e

poen
i ICaM Phosphorylation of
Ca? \ multiple cellular
l substrates

€& calcineurin

| /

Activation of transcription
factor, eg. NF, NF-xB, AT

|

Transcription and expression of cytokine and Cytokine-receptor genes
SEEEEENEEEEEEENEEENANEEREEERE N

Calcineurin is a calmodulin-
dependent phosphatase. Calcineurin
is responsible for activating the
transcription of the IL-2 gene

_ that stimulates the proliferation
and differentiation of T cefls. This
calcium~calmodulin controlled
protein was originally identified in !
the extracts of the mammalian brain,

Sos is the mammalian

homologue of the Drasophila
; Pprotein, son of sevenless.

Figure 8.11

Detailed diagram of intracellular
events following T-cell activation
showing involvement of ZAP-70, Ras
and Rac pathway. Phospholipase Cis
phosphorylated by adaptor proteins.
Active phospholipase Cy hydrolyses
PIP, to DAG and IP3. IP3 stimulates the
release of calcium from the ER. DAG
activates PKC-Ca2*.CaM and active
PKC stimulate various transcription
factors ( through two different
pathways) that activate T cells. (PIP,—
phosphatidylinositol 4,5-bisphosphate
DAG—diacyl glycerol, IP,—inositol
trisphospate, PKC—protein kinase C,
CaM—calmodulin, NF-AT—nuclear fa
of activated T cells.
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Figure 8.12

Activation of Ras pathway. Active ZAP-70
kinase phosphorylates adaptor proteins.
Phosphorylated adaptor protein binds
SH2 domain protein Grb2. Active Grb2,
through a series of reactions, activates
Ras-GDP to Ras-GTP. Ras-GTP activates
MAP-kinase leading to the activation

of the transcription factors NF-AT and
AP-1 that activates T cell. (LAT—linker of
activation of Tcells; ERK—extracellular
signal-regulated kinase, AP1 —activation
protein-1).

» c-Jun actually stabilizes the bind-
ing of NF-AT to DNA.

» IL-2 gene transcription, which is
a key event in the activation and
proliferation of T cells, is regulated
by the action of several factors,
including NF-AT, AP-1, NF «B.

Figure 8.13

Activation of Rac pathway. Active GDP/
GTP activation protein Vav stimulates Rac
protein. Rac-GDP is converted to Rac-
GTP, which initiates another MAP-kinase
cascade that activates JNK. Activated
JNK stimulates transcription factor AP1
which activates T cells. MAP—mitogen-
activated protein kinase.

» It is estimated that each naive

or virgin T cell circulates at least
once in 24 hours from blood to the
lymph nodes and back. This recircu-
Jation increases the chances of their
encounters with specific antigens.
Naive T cells usually survive for
about 4-6 weeks in the absence of
an encounter with antigen.

THE ELEMENTS OF IMMUNOLOGY
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ways initiated by ligand-binding to TCR, contri
fferentiation and, of course, their effector functions.

the gene coding for cytokines in T cells undergoes stimu-
ression and secretion of cytokines from activated T cell.
s is IL-2 which stimulates the growth and differen-

T-cell proliferation, di

Within hours of T-cell activation,
lated transcription. This results in the exp
The principal cytokine produced by naive T cell

ZAP-70 — l": Adaptor pfotéia o
kinase aa Vav
activation 1

Rac GDP — RacdGIRl
INK
Activates transcription factor

Transcription and activation of
cytokine and cytokine-receptor genes
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variety of cytokines. CD8" T cells differentiate into functional T.,, lymphocytes with the ability ®
lyse the target cell. CD4* and CD8" T cells leave the thymus and enter the circulation 35 re
cells in the G, stage of the cell cycle.

When naive T cells encounter antigen (with MHC) on an appropriate antigen-presen
a primary response is initiated. T cells enlarge in this response and undergo multiple ¢
sions. This multiplication and activation of T cells is brought about by the TCR and co-stim
signals. These signals push T cells in the G1 phase and induce the expression and secretion 0 ’

to the activation of transcription factor AP-) A
is a transcription factor that physically ass(;
with other factors such as NF-AT and stip,
cytokine synthesis. The details of the activag
Ras pathway are shown in Figure 8.12,

Another pathway, called Rac pathy,, .
also activated by the TCR-associated phoSPhZ '
lated adapter molecules. In this pathway anojt 3
GTP/GDP exchange protein, Vav, gets miVater
after binding to these activated adapter mOlecm'd
Vav acts on the GTP/GDP binding protein, R::
Rac-GTP once formed, initiates another My,
kinase cascade resulting in the activation of _
Jun-NH,-terminal kinase (JNK). Rac-GTP phq,
phorylates and activates c-Jun, a component Of the
AP-1 transcription factor. The activation of Ap |
activates the transcription of the cytokine a4
cytokine-receptor genes.

The activities of JNK and ERK are eventuay
shut off by tyrosine/theonine phosphatases. Th
activation of Rac pathway and related events js
shown in Figure 8.13.

Each of these four signal transduction path.
butes to the expression of proteins needed for

Ciates
Ulates
(1)) of

tiation of the T cells. Concomitant with the releas
of this cytokine from T cells, activated T cells alw
increase their expression of cytokine receptors
One such antigen is CD25 (a chain of IL-2). The
expression of both cytokine and its receptors after
the activation of the T cell makes the T cell more
receptive to the autocrine growth pathway.

The T-cell proliferation that occurs after ar
tigen recognition, is mediated primarily by the
autocrine growth pathway. The principal ¢/t
kine involved in T-cell proliferation is IL-2. The
responding T cell secretes its own cytokine whic
binds to its own cell surface receptor resulting it
the proliferation of T cells (clonal expansion)- This
clonal expansion generates a large number of anti
gen-specific T cells required to capture and elim’
nate the pathogen.

The progeny of antigen-stimulated CD
CD8"* T cells differentiate into effector (and/o"
memory) cells. CD4* T cells differentiate int?
cytokine-secreting T;; cells which may secre®
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lls also respond the to IL-2 by binding I1.-2 to the

. . receptors expressed on T cells themselves,

his results in the pfohfcratnon of clones of T cells (clonal Zpanm,’;, that g:r,::r;,::'; Jarge num-
¢ of antigen specxﬁf cells rcsyfred to capture and eliminate the pathogen. The progeny of anti

gen's‘imtf]a?ed CDfﬁ. or CD8 T cells differenlialc into effector (or memory) cells.

cp4* T cells d'l erentiate into cytokine-secreting T, cells, There could be two subpopulations
of T cells, d.cpendmg.on the panels of cytokines they secrete. T,,, subset secretes 11.-2, y-1FN and
INE-B, and is fefpof‘s'ble for a delayed type of hypersensitivity and other cell-mediated functions,
45 well as the actl‘\‘ralmn O”f Ten lymphocyte. T, subset secretes 1L-4, 11.-5, IL-6 and 11.-10. This sub-
et function as a helper for. B-cell activation. Cytokines secreted by T, cells also stimulate other
TH:-cell develoPment and stimulate a defence against parasitic infections. The two populations of
T, cells and their secreted cytokines are shown in Figure 8.14. About 5-8 per cent of cells T, do not
belong to either Tw, or Ty, cells. These cells, which are CD4* cells are called T regulatory (T..,) cells.
These regulatory cell‘s express the cell surface marker CD25 and Fox3, a transcription factor. T hese
cells suppress or inhibit the action of Ty, and T, cells. T, Tecognize antigen associated with class
1 MHC and receive costimulation from B7 molecules present on antigen-presenting cells.

CD8" T cells differentiate into T, cells.These cytotoxic T cells kill the host cells that are in-
fected with intracellular pathogens such as virus or intracellular bacteria. The T, cells make direct
contact with the target cell and lyse it in an antigen-specific manner. T, -mediated killing may
involve the secreted protein, perforin that “perforates” the target cell membrane or may involve the
stimulation of the target cell’s Fas receptor by T cells’ Fas ligand leading to the apoptosis of the tar-
get cell. Effector T cells, whether Ty or T, have a short lifespan, ranging from few days to weeks.

Some of the progeny of antigen-stimulated T cells develop into antigen-specific memory
T cells. (memory Ty or memory T, cells). Antigen-stimulated effector T cells last only for a few
days or a few weeks and their response quickly wanes as the antigen is eliminated. Memory T cells
survive for long periods, apparently without a need for continuous antigen exposure. The mecha-
nism of memory cell survival is not yet known. Memory cells accumulate with time, reflecting
encounters with varied pathogen and antigen. The memory T-cell population is responsible for
rapid and enhanced secondary immune response. Memory T cells express high levels of surface
molecules such as CD44 that help in homing these cells to peripheral sites were they encounter
antigen. These cells do not express receptors characteristic of activation, such as the IL-2 receptor.
Unlike naive T cells, which are activated by dendritic cells, memory T cells can be activated by
dendritic cells, macrophages and B cells. The underlying mechanism by which antigen-stimulated
CD4" or CD8" differentiates into effector cells or memory cells is not currently known.

842 COSTIMULATORS AND T-CELL ACTIVATION

T cells require two sets of extracellular signals for complete activation and differentiation. The first sig-
nal is the binding of the TCR complex (TCR, CD4~ or CD8", CD3 molecules) to the peptide-MHC
complex displayed on antigen-presenting cells. The second antigen-non-specific costimulatory signal
is provided by the interaction of the costimulator expressed on antigen-presenting cell.

The best characterized costimulatory molecules expressed on antigen-presenting cell include
B7-1 (CD80), B7-2 (CD86), CD58, CD40. B7-1 and B7-2 bind CD28 and CTLA-4 (cytotoxic
Tlymphocyte-associated molecule-4) present on the T-cell surface. CD58 binds CD2 of the T cell,
and CD40 binds CD40L on the surface of the T cell.

y-IFN B-cell L4
TNF-8 I IL-2 proliferation l IL-5
. and activation ™ /
Activatio Involved in N,
ofT % —— delayed-type N —1e
- - hypersensitivity
s > S LN
B-cell ~ Activation of syn':zzsdiesdoffolfge IL-10
i hages '
proliferation macrophag 1gM, IgA, 1gG
T,, cell and its functions T, cell and its functions

T.., cedls zee inmohved in ceii-
medigted ieneeunty winie T colly
“helgy” in hurmaonal imnemunity, 7.,
secrete LG, L-10 a0 the trars
forrning groth facror LAGFE,;
that inhie 7. and 7., cells

in the absence of costmuiation.
T cells that encounter antigens
fail to respond and die by
apoptosis or enter the state of
UNTeSpONSIVeness.

Figure 814
Two populations of T_ cells.
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»T-ge!l activation is initiated by
the interaction of the TCR-CD3
complex with antigen-MHC

molecules on the surface of the cell.

This interaction initiates a cascade
of biochemical events in the T cell,
occurring primarily through anin-
crease in IL-2 secretion by the T cell
and an increase in IL-2 receptors on
the T-cell surface.

*IL-2 is a potent T-cell growth
cytokine which, in T-cell activation,
acts in an autocrine fashion to pro-
mote the growth, proliferation and
differentiation of the T cell recently
stimulated by antigen.

» Dendritic cells express the highest
level of costimulators.

» It is estimated that the expanded
population of virus-specific CD8™ T
cells decreases (by apoptosis) by 95
per cent as the antigen is cleared.

» Fas knockout mice, as well as
children with Fas mutation develop
a lymphoproliferative disorder that
results in swollen lymph nodes and
early death, suggesting the impor-
tance of Fas in activated, induced
apoptosis.

» Superantigens show some T-cell
specificity even though it binc!s
outside the antigen-binding site.

Mls or MLS minor lymphocyte-

stimulating antigen are actually i
" cell-membrane proteins that are i
* encoded by certain viruses.

_ which are expressed on professional antigen-presenting cells such a5 deng...
cells.B ;Z?(l:;:}ﬂ;s and B Iympll:ocytes interact wi.th CD%S :‘md CTI:A-4 present on T g, ;';u
induce the production of IL-2, which induces the differentiation of naive T cells into effecto, Q"d
and augments T-cell response to the binding of B7 m?lecules. . )

The binding of CD58 (LFA-3) to CD2 which is a T-cell surface protein enhance T-Q“
response to antigens. The binding of CD40 to CD40L (present on the T-cell SUl'face). activate,
antigen-presenting cell (that bears CD40) to secrete IL-12 that promotes T-cell d'ﬁeremiation
However, the binding of costimulators to its ligand on the T-cell surface_ may not always i,
T-cell activation. Mature dendritic cells express the highest levels of costimulators and hep, Y
the most potent stimulators of naive T cells. ' |

Apart from dendritic cells, all other professional antigen-presenting cell‘s require activatio, ty
expression of costimulatory B7 on their surface. Resting macrophages ( tha.t is, Ot activated) 4
do not express these B7 molecules are unable to activate naive T cells. Activated macrophages (,
tivated by y-IFN, phagocytosis of bacteria) upregulates B7 (as well class II MHC) molecyles,
hence become the activator of naive T cells (as well as of effector and memory T cells), Similar,
resting B cells which do not express B7 molecules fail to activate the naive T-cell population, Upon
activation, B cells upregulates the expression of B7 molecules, and class II MHC molecules, ang
hence acquire the capability to activate the T-cell population.

Costimulation may function in T-cell activation by increasing the level of the same signal tryy,
duction pathway that is triggered by the TCR. Alternatively costimulators may activate distinc .
nalling pathways that ultimatly converge with those activated by the TCR, or they activate a Uniqee
signal transduction pathway that is totally unrelated to TCR signals. For example, CD28 molecue
T cells are connected to at least two pathways: Ras-activated MAP kinase pathway and Vav-activaty
Rac pathway. However, which of the two is actually used by T cells in vivo is not currently known

843 THE FALL OF T-CELL RESPONSE

The activation of mature T cells causes them to proliferate and differentiate into effector cell popu
lation. These large and expanded populations of T cells are no longer needed once the antigen s
eliminated by effector cells. The fall of T-cell population occurs because the majority of antigen-ac-
tivated T-cells die by apoptosis. The reason for this is that as the antigen is eliminated, lymphocyas
are deprived of survival stimuli that is provided by the presence of antigen as well as by cytokine
and costimulators.

Mature T cells, that are present in the peripheral blood are deleted by activation-induce
cell death (AICD). AICD,which is actually apoptosis, is induced through the Fas pathway whid
require the presence of Fas protein and ligand of Fas, FasL. The mechanism of Fas-FasL has bes
discussed in Chapter 12. AICD happens after repeated stimulation, when T cells secrete a solubk
form of FasL which binds to the Fas present on the same cell or adjacent T cells. This bindis¢
activates a cascade of intracellular cysteine proteases-caspases resulting in apoptotic cell deatho
T cells. Apoptotic cells are rapidly removed by phagocytes and do not elicit inflammation. It shouk

be remembered that, through AICD, T cells specific for the antigen is decreased, and there is®
general decrease in T-cell population.

8.5 SUPERANTIGEN-INDUCED
T-CELL ACTIVATION

Superantigens are usually bacterial or viral proteins that bind simultaneously to T-cell recepl®®
and class II MHC molecules. The cross-linking of T-cell receptors with class Il MHC molectl®
triggers T-cell activation and proliferation. These superantigens bind to the specific V, regi”
T-cell receptor (outside the antigen-binding site) and to the a chain of a class IT MHC molecul®

Their importance lies in their ability to activate many T cells, leading to the production ¢ ‘
large amount of cytokines and the induction of pathophysiological abnormalities that act si !
to septic shock. A variety of endogenous and exogenous superantigens are known. These ind
exogenous superantigens such as Staphylococcal enterotoxin (SEA, SEB, SEC), Streptoc
enterotoxin and Staphylococcal exfoliative toxin as well as endogenous superantigens s
proteins encoded by certain mammalian viruses inside the mammalian cells; for example: ™
mammary tumour virus (MMTYV) encodes protein Mls.

-
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Endogenous superantigens are not soluble proteins but they are usually membrane-bound
proteins such as Mls1 protein.

Different superantigens show different V,i regions of T cell specificity and do not indiscrimi-
pately bind to all TCRs. For this reason, these molecules are called antigens and should not be
called polyclonal T-cell activators. Since they induce a higher than normal antigen response
from responsive T cells, these proteins are called superantigens. Table 8.3 compares the immune
response of normal antigens and superantigens.

Superantigens bind to class Il MHC molecules outside the antigen-binding site (see Figure 8.15)
on antigen-presenting cells without a need for intracellular processing. This complex is then recog-
nized by the T cell expressing superantigen-specific V; segment on its TCR. In other words, the su-
perantigens bind to class Il MHC molecules, and this complex has an affinity for T-cell receptor’s
B chains. Superantigens are not only capable of inducing T-cell activation but can also induce
negative selection of thymocytes, if these are present at the time of T-cell maturation.

Superantigens will bind strongly (that is, with high affinity) to the specific V, domain of the
TCR and class II MHC on antigen-presenting cells and hence induce a negative selectlon of spe-
cific TCR-bearing thymocytes. If there is a massive deletion of a particular \/ -domain-expressing
T cells, these cells will not appear in the mature T cell population. This was easﬂy demonstrated
by the negative selection that occur in mice having endogenous superantigen minor lymphocyte-
stimulating antigen (Mls). The mouse strain (AMR strain) has a gene (in fact it is a retrovirus—
MMTV-7) that expresses MIs-1 superantigen and another strain (BIO.BR) has no MMTYV integra-
tion and does not express MIs superantigens. Since MIS-1 superantigen binds to V6, V7, V 8.1
and V 9 domains in different T cells, these cells are negatively selected and hence 50 not appear

as mature T cells. BIO.BR mice contain mature T cells bearing, among others, T cells having V 6
V7, V8l and V 9 domains.

SRR Antigens SIS Superantigens SHEREEGRGEGNG

Stimulates

Usually Band T cells Only T cells
Antigen processing Yes (for cell-mediated response) No
Binds Processed antigen, binds class | Binds only class Il MHC molecules
and class Il MHC molecules
Location of binding Antigenic determinant binds in Binds outside the antigen-binding
antigen-binding site of MHC site of TCR and with a chain of
class Il MHC, cross-linking them
Immune response Specific B- and T cell stimulated Only T cells, that too of particular

specificity (expressing particular Vv,
region) hyperstimulated

Can be involved in Negative selection

Examp|e5

Positive and negative selection

Proteins, polysaccharides Staphylococcal enterotoxin,

Minor lymphocyte stimulating
antigen-Mls

Figure 8.15

Superantigens and their mode of
action. Diagram showing binding of
normal antigens, and exogenous and
endogenous superantigen to the TCR
and class Il MHC molecules.

« Superantigens can induce the
negative selection of thymocytes.

« Staphylococcal enterotoxin B (SEB)
is classified as an exotoxin, since it
is secreted by a pathogen (Staphy-
lococcus aureus). Staphylococcus
species thrive and produce toxins
in unrefrigerated meat products,
dairy and bakery products. SEB
normally exerts its effect on the
intestines and, hence, is termed an
enterotoxin.

Table 8.3
Antigens and superantigens—a
comparison.
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