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The Thymus

. Thymocytes
X Cortical epithelial cells

A Medullary epithelial cells
% Dendritic cells (BM origin)
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18. Bilobed

19. Septa

20. Lobules

21. Cortex

22. Medulla

23. Hassal’s Corpuscle
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24. Mediastinum

25. Thymocyte

26. Major Histocompatibility Complex
27. Hemotopoiesis

28. lliac

29. Stem cell
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30. Bursa of Fabricius

31. Periarteriolar lymphoid sheaths
32. Marginal zone

33. Portal
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39. Keratinocytes
40. Melanocytes
41. cytokines

42. Monokine
43. Lymphokine
44, Interleukin
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45, Pleiotropism

46. Interferon-gamma

47. Tumour Necrosis Factor (TNF)
48. Endocrine

49, Paracrine

50. Autocrine

51. Hematopoiesis
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52. Acute Phase Response
53. C. Reactive Protein
54. Chemokines

55. Chemotaxis

56. Cachexia
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57. Septic Shock
58. Disseminated Intravascular Coagulation (DIC)
59. Lymphokine Activated Killer (LAK) cells
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60. Macrophage Activating Factor (MAF)
61. Costimulatory

62. Chemokine

63. Chemotactic Cytokine

64. Cysteine
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65. N-terminal

66. Macrophage Inflammatory Protein-1
67. Colony Stimulating Factors (CSFs)
68. Granulocyte Macrophage-CSF

69. Macrophage- CSF

70. Granulocyte-CSF

71. Multilineage-CSF

72. Progenitor cells
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73. Transforming Growth Factor-beta

74. Fibroblast Growth Factor (FGF)

75. Platelet Derived Growth Factor (PDGF)

76. Epidermal Growth Factor (EGF)

77. Vascular Endothelial Growth Factor (VEGF)
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78. Athero sclerosis

79. Multiple Sclerosis (MS)

80. Psoriasis

81. Chronic Granulomatous Disease

82. Systemic Lupus Erythematosus (SLE)
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Characteristics Innate Adaptive

For Structures shared by groups For antigens of microbes and for

Specificity ) . . .
of related microbes nonmicrobial antigens
Diversity Limited Very Large
Memory None Yes
Nonreactivity to self
Yes Yes

Components

Skin, mucosal epithelia;

) antimicrobial chemicals Lymphocytes in epithelia, antibodies
Physicl and chemical barriers v
Complement secreted at epithelial surfaces
Phyagocytes
Blood proteins (macrophages,neutrophils), Antibodies
Cells natural killer cells Lymphocytes
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1. isotypic 2. allotypic 3. idiotypic

Variability ofimmunoglobulin structure. All
immunoglobulins have the basic four-chain structure. The
variability of differentimmunoglobulins is of three types.

1. Isotypic variation is presentin the germline of allmembers
of a species, producing the heavy (i, d, v, €, @) and light chiﬁs
(%. ), and the V region frameworks (subgroups). 4

2. Allotypic variation is intraspecies allelic variability.

3. Idiotypic variation refers to the diversity atthe binding site
andin particular relates to the hypervariable segments of the
antibody-combining site (paratope).
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Chromosome location of MHC and antigen
receptor genes. The numbers refer to the chromosomal
location of the genes for the various peptides in man and
mouse. Note that all of the loci are completely separate, with
the single exception of the T cell receptor (TCR) & chain which
lies within the TCR a gene loci.
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Human - Y
organization of lg loci.
fEF])H chain locus (chromosome 14) | @i EEEE The human (A) and mouse (B)

heavy chain, x light chain, and A
{n = ~200) it il l / Iigmwchain loci are shown, as indi-
L1vul L”V"f" Dy (n >20) cated. Exons and introns are not
5 /—l"“" drawn to scale. Numbers in italics

refer to approximate lengths of
DNA segments in kilobases. Aster-
isks indicate nonfunctional pseudo-
genes. Each Cy gene is shown as
a single box but is composed of
several exons, as illustrated for G
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[ x chain locus (chromosome 2) | Gene segments are indicated as
(n =~100) follows: L, leader fusually called
L1Vd  LnVen J C, signal sequence); V, variable; D, di

versity; J, jpining; C, constant.
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Recombination

q This diagram shows the
sequencesofintrons next to the V
and J genes (kappa light chains) and
V,J and D genes (heavy chains)
whigh are involved in recombination
of thesegenes, The recombinational
events involved in VJ splicing and

\WDJ splicing are facilitated by the

base seguences of the introns
following the 3'end of Vand D
matching up with the bases
preceding the 5’ end of J and D. Base
pairing between these sequences
apposes the exons. Note that
individual base pair sequences may
vary slightly from the stated ones but
the heptamer/spacer/nonamer
pairing patterns remain. It is thought
that enzymes related to those
involved in DNA repair effect the join.

kappa chain heavy chain

heptamer

nonamer

R exons " EE cytosine D guanosine
=3 introns: unpaired sequences 3 adenosine > thymosine
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Maternal
chromosomes
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Paternal
chromosomes

Gene rearrangement

Maternal H chain

Maternal
H chain

Paternal
A chain

Because of allelic exclusion, the immunoglobulin heavy- and light-
chain genes of only one parental chromosome are expressed per cell.
This process ensures that a single B cell will be specific for a given
epitope. The selection of which allele of each pair is rearranged to
produce a functional gene is random. Thus the expressed immuno-
globulin may contain one maternal and one paternal chain or both
chains may derive from only one parent. Only B cells and T cells
exhibit allelic exclusion.
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L switching involves
secific signals. Repetitive DNﬁ saquanues are

of each of the immunoglobulin constant-region
 the exception of the & gene. Switching occurs by
between the swrt(ch sngna!s wihﬁaleuon of the

)
\
\

intervening DNA. The initial switching event takes place from the
1 switch region; switching to other isotypes can take place
subsequently from the recombinant switch region. § = switch
region.

Aed e, LB L;LQ),L» 5 haid a5 w8l o 3] MRNA mlaw > Switching IgD 5 IgM lojen aJg5)
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IgD expression is regulated
by RNA processing. Transcription of
the u and & genes can terminate at one
of two sites, either after the pu gene
segments (pA1) or after the & gene
segments (pA2), where PA stands for
polyadenylation site. For simplicity we
have not shown all the individual
constant-region exons. Transcripts that
terminate at pA2 are spliced to remove
the u constant-region exons, giving an
mANA encoding a & heavy chain. The mANA - AAA
relative amounts of IgM and IgD
produced can be varied by regulating
either RNA termination or the splicing of

the u-5 transcript.
IgM
vDJ i pA1 €5 pA2
ovt - A -
N\ |
N
o - ..

S 1

IgD
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Secreted Component (SC) .
Membrane Component (MC) ¥
D9 yitue Lid ) dalysy 05,8 e 4 IgM 31
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Transmembrane and
secreted forms of immunoglobulins
are derived from the same gene by
alternative RNA processing. Each
immunoglobulin gene has two exons
(MC; yellow) that encode the
transmembrane region and cytoplasmic
tail of the transmembrane form and an
SC sequence (orange) encoding the
carboxy-terminus of the secreted form. In
the case of IgD the sequencé is
[ 1 but for the

are contiguous
-domain exon. The
events that dictate whether an
immunoglobulin RNA will encode a

& secrated or fransmembrane
_\immunoglobulin occur during the

" processing of the initial transcript. Each

immuneglobulin gene has two potential

. transcription termination sites (shown as

PAs and pAm). In the upper panel, the
transcript terminates at the second site
(pAm). The transcript is spliced to an
occult splice donor site in the last
C-region exon to remove the'SC
sequences and to join the MC exons,
generating the transmembrane form of
immunoglobulin. In the lower panel, the
transcript terminates at the first site
{pAs), removing the transmembrane
exons and giving rise to the secreted
variant.
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Structural details of the
T-cell receptor. The T-cell receptor
heterodimer is composed of two
transmembrane glycoprotein chains, a
and p. The external portion of each chain
consists of two domains, resembling
immunoglobulin variable and constant
domains, respectively. chains have
carbohydrate side chains to
each domain. A short segment,
analogous to an imm obulin hinge
re/ﬁonl)@nects the immunoglobulin-like
( domains to the membrane and contains
the cysteine that forms the interchain
| disulfide bond. The transmembrane
\gli:: of both chains are unusual in
ining positively charged residues
the hydrophobic transmembrane
segment. The « chains carry two such
residues, while the B chains have one.

o chain B chain
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- constant region (C)
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Figure 7-6 Germline organization of TCR loci.
The human IM and mnusn ca: TI:R <, @, v, and & chain loci are shown, as indicated. Exons and introns are not drawn to scale.

E Each {C} gene is shown as a single box but is composed of several exons,
as illustrated for Gyl Gane 0 : are indi d as foll L, leader ( lly called signal sequence); V, variable; D, diversity; J,
joining; C, constant, E\nﬁ qllh&qll:ar. TCR. T cell recaptor.
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Pre-B cell Coding joints Signal joints
lines V21 .1 (RSS/RSS)
J
Cell line #1 E'ECACAGTGS'
J
Cell line #2 5GRETGIG CACAGTG3'

|

5 @RGIGHG CACAGTG
!

5-GRGIGIG CACAGTG S

Cell line #3

Cell line =4

Experimental evidence for junctional flexibility in immunoglobulin-  the signal joints contrasts with the sequence variability in the coding
gene rearrangement. The nucleotide sequences flanking the coding  joints. Pink and blde screens‘indicate nucleotides derived from V21
joints between V21 and ]! and of the corresponding signal joints  and ], respectively, arid greeft and yellow screens indicate nucleo-
were determined in four pre-B cell lines. The sequence constancy in  tides fromthe two CSSs.
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A summary of the
development of B cells. The stages in
B-cell development, their location, the
state of the Ig genes, the expression of
cell-surface molecules, and the

xpression of critical Hular p
are all shown.
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Transmembrane
immunoglobulins are found in a
complex with two other proteins, lg«
and Igp. The form of the « protein is
specific for the isotype of
immunoglobulin expressed, the i protein
is common to all.
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B cell antigen receptor complex.
Membrane IgM (and 1gD) on the surface of mature B cells
is associated with the invariant Igee and lgB8 molecules that
contain ITAMs in their cytoplasmic tails that mediate sig-
naling functions. Note the similarity to the T cell receptor
complex (see Fig. 6-5). lg, i globulin; ITAM, i
receptor tryosine-based activation motif.
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[ The development of B cells
proceeds through a number of stages
fharked by the rearrangement of the
Pre-B cell Immature immunoglobulin genes. The bone

B cell marrow stem cell that gives rise to the
B-lymphocite lineage has not yet begun to

l_ ¢ i rearrange its immunoglobulin genes; they
L [T gt are in germline configuration. The first
rearrangements of a D+ segment to a Ju
segment, occur in the early pro-B cells,
generating late pro-B cells. In the late

Stem cell me-’émuu‘ pro-8 cell

©
Q
O

— 9.
H-chain ‘ D-J V-l Vo VDJ pro-B cells, a Vi segment becomes joined
genes Germ rearrang rearrang d rearranged to the DJu segment, producing a pre-B cell
— | that is expressing both low levels of
L-chain V-l VJ' rearmiged surface and high levels of cytoplasmic p
genes sl Betne Gemine | | rgarangement | |~ 7 heavy chain. Finally, the light-chain genes
u H chain in

are rearranged andthe cell, now an
Su b I.E:;d immature B cell, expresses both light
rface Ig Absent Absent Absent cyloplasm and | | expressed on chains (L chaifis) and y heavy chains (H
on cell suface | | cell surface !
___J chains) as surface IgM molecules.
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YA o5l S

|Pre— B cell receptorl

* Inhibition of H chain recombination
(allelic exclusion)

= Proliferation of pre—B cells

» Stimulation of x light chain
recombination

Pre—B cell and pre-T cell
The pre—B cell receptor (A) and the pre—T cell receptor (B) are expressed during the pre-B or pre-T
stages of maturation, respectively, and both receptors share similar structures and functions. The pre-B
cell receptor is composed of the p heavy chain and an invariant surrogate light chain. The surrogate light
chain is composed of two proteins, the variable (V) pre—B protein, which is homologous to a light chain V
domain, and a A5 protein that is covalently attached to the p heavy chain by a disulfide bond. The pre-T
cell receptor is composed of the TCR 8 chain and the invariant pre—T « chain. The pre—B cell receptor
is associated with the Ige and 198 signaling molecules that are part of the B cell receptor complex in
mature B cells (see Chapter 9), and the pre=T cell receptor associates with the CD3 and ¢ proteins that
are part of the TCR complex in mature T cells {see Chapter 8). Both pre—B cell and pre-T cell receptors
transduce signals required for further antigen receptor r bination and maturation. lg, immunoglobulin;
TCR, T cell receptor.
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I The celiulor bsis for the

generation of effector and memory cells after
primary contoct with anfigen. A fraction of the
progeny of the original antigen-reactive \

lymphocytes become nondividing memory

cells and ofhers the effector cells of either \l
humoral or, as we shall see subsequently,

cell-mediated immunity. Memory cells require @ @ 0
fewer cycles before they develop inlo effectors

and this shorens the reaction fime for the

secondary response. The expanded clone of
cells with memory for the original antigen
provides the basis for the greafer secondary
relative fo the primary immune response.
Priming with low doses of ontigen can often
stimulate effective memory without producing
very adequate anfibody synthesis,
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A comparison of the i g " i
properties of CD5 B cells and Property CD5' B cells Conventional B cells;

conventional B cells.
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Primary and secondary antibody responses.
In comparison with the antibody response following primary
antigenic challenge, the antibody level following secondary
antigenic challenge in a typicalimmune response:
1. appears more quickly and persists for longer
2. attains ahigher titre
3. consists predominantly of IgG.
In the primary response the appearance of IgG is preceded
by IgM.
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I Plasmatells secrete antibody
| at a high rate but can no longer
. Property | respond to antigen or helper T cells.
] p 7 . B cel:s :a; :al:le u;ﬂhan':lge; andﬁfrﬁSfm it
. | Surface -rate to helper T cells, which induce them to
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Unimmunized Donor Immunized donor secondary
primary response response
Frequency of specific B cell 1:10%1:10° 1:10°
Isotype of antibody producet IgM>IgG IgG, IgA
Affinity of Ab low high
Somatic hyper mulation low high
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The outline structure of the
T-cell receptor:CD3 complex. The
receptor for antigens on the surface of T
cells is composed of seven polypeptide
chains. Two are the disulfide-bonded
chains of the T-cell receptor that
recognizes antigen (TCR). The other five
chains, collectively called CD3, signal to
the interior of the cell that
antigen-binding has occurred. These
chains are co-ordinately expressed at the
T-cell surface.
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Components of the TCR complex.
The TCR complex of MHC-restricted T cells consists of the «8 TCR noncovalently linked to the CD3 proteins and the £ chain.
One possible stoichiometric combination is shown; but this may vary. The associations of these proteins are mediated by
charged residues in their transmembrane regions, which are not shown. MHC, major histocompatibility complex; TCR, T cell
receptor.
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The outline structures of
the CD4 and CD8 molecules. The CD4
molecule exists as a monomer (panel a)
and contains four immunoglobulin-like
domains. The crystal structure of the
first two domains of human CD4 has
been obtained and is shown here in
panel b. The amino-terminal domain, D1,
in white, is similar in structure to an
immunoglobulin variable domain. The
second domain, Dz, in purple, although it
is clearly related to immunoglobulin
domains, is different from both V and C
domains and has been termed a Cz
domain. The first two domains form a
rigid rod-like structure that is linked to
the two carboxy-terminal domains by a
flexible link. The binding site for MHC
class Il molecules is thought to involve __>
both the D1 and Dz domains of CD4.
The CD8 co-receptor molecule is a
heterodimer of an « and a i chain that
are covalently associated by a disulfide
band (panel a) . The two chains of the
dimer have very similar structures, each
having a single domain resembling an
immunoglobulin variable domain and a
stretch of peptide believedtobe ina
relatively extended conformation that
links the variable region-like domain to
the cell membrane. The structure,
shown in panel ¢, is that of a homodimer
of CDBa chains, which both resembles
and functions like the a: heterodimer.
Photographs courtesy of C Thorpe.
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Overview of thymic maturation.
Precursors of af T cell receptor (TCR)-expressing T cells travel from the bone marrow via the blood to the thymus. In the thymic cortex, these cells,
now called thymocytes, express TCRs and CD4 and CD8 coreceptors. Selaction processes eliminate self-reactive thymocytes and promote survival of
thymocytes whose TCRs bind self-MHC with low affinity. Functional and phenotypic differentiation into CD4*CD8~ or CD8*CD4~ T cells occurs in the
medulla, and mature T cells are released into the circulation. The 5 TCR-expressing T cells ars a[so denvad fmrn hone Marrow precursors and
mature in the thymus as a separate lineage. MHC, major histocompatibility complex; TdT, ;
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Changes in cell-surface
molecules allow thymocyte
populations at different stages of
maturation to be distinguished. The
most important cell-surface molecules in
identifying thymocyte subpopulations
have been the CD4, CD8 and T-cell
receptor molecules. The earliest cell
population in the thymus does not
express any of these molecules. Since
these cells do not express CD4 or CD8,
they are called ‘double-negative’. (In the
thymus; 8 T cells do not express CD4
or CD8, but these are a minor
population.) Maturation of a:p T cells
occurs through a stage where both CD4
and CD8, as well as low levels of the
T-cell receptor are expressed by the
same cell. These cells are known as
‘double-positive’ thymocytes. Most of
these cells become small double-positive
cells and die in the thymus. Those
whose receptors bind self MHC
molecules lose expression of either CD4
or CD8 and increase the level of
expression of the T-cell receptor. The
outcome of this process is the mature,
‘single-positive’ T cell that is exported
from the thymus.
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Positive and negative selection on the thymus

CD4°CD8* selected cell
thymic stroma lati

thymocytes

high affinity
for self
MHC class |

low affinity
for self
MHC class |

no binding
to self MHC

low affinity
for self
MHC class I

high affinity
for self
MHC class Il

cD4a*CD8* th% interact with thymic stroma
expressing MHC class land M lass Il molecules complexed to
self- pept:daszClones with h@n affinity for self-MHC class | or class
Il are deleted, ‘as aredpnes that have no ability to recognize self-
MHC. C&unes with low affi inity for self-MHC class | are positively
selected anﬂ *ose their CD4, to become CD8* T cells. Conversely,
tl(osb that i interact weakly with self-MHC class II molecules,
mature rnto the CD4" population.

b Tcell gaw 9 CDg g CDy 9 (Sigie

Gide ezl jae > St adsad a ol Natural Killer ls Jsho § B slacuuwsadl wilen s Teell
o 4 43b o CDg g CDy ola S )le 186 08 o S 5 wgess b & 1y loscianl 3o JUUT cawgad 89 9 oo
65 . Double negative (DN) Jsko o151y 18l 95 opl 5 Sioen 8T g

22ly Sy sl TCR 3 CD3 LCDy sla S ke 386 s wn g <ol CDg 9 CDyg (sla )85l 186 Joboo o8 ol L
sl Jobos 09,5 ol (ols 45 canl oS Lo
g5 o JolSio bn TCEIL 5 oaas 03y 95 4 DN (gla Jshoo

2l o (3L DN “ULE ¢ 058 o 5,b 395 oo |, TCR S o bl 51 glaos =)

(Double positive) Jolo 4 Lol JolSs (b y3 g &5 0 5,0 395 gdaw yu |, TCRy 850 a5 glasuws -

(Y8 JSCs) 335 o JolSza (single positive)SP Jsho 4 s s DP
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Thymocytes of different
developmental stages are found in
distinct parts of the thymus. The
earliest cells to enter the thymus are
found in the subcapsular region of the
cortex. As these cells proliferate and SUMW{:"
mature into double-positive thymocytes, Jegion
they migrate deeper into the thymic
cortex. Finally, the medulla contains only
mature single-positive T cells, which Cortex
aventually leave the thymus and enter
the bloodstream.

82§50

Immature CD3'4'8"
double-negative thymocytes

B
oo &f
Immature CD3*4*8"
double-positive thymocytes

Cortico-
medullary ‘O
junction \ ® ® 0 O
()
Mature CD4°8" and CD8"4
Medulla ¥

epithelial
t; cell
macrophage

:TCR1+ g Jglw

Lo sk ol 5351 a8 o TCRIT 1y S)ke o) sly (sladsbo conl oas JuS5 Y 5 8 0,555 93 5 TCRy 5k
3935) sl 5l i 2oy Jg 458 0w |y CDg g CDy (6la S o | Sizmns 4 Uixo oyl @ i5lo o (36 DN &0
g5 0 0300l CDg 53,8 S 1, CDg 5 Le (07
ULl Job 53 ¢ aizan CDg" S TCRy (ol Jobu My lod,S S 1y CDg 55k STCR; el Joko 2,535
TCR," (el Jsbo aSb > losis JolSzo (CDg)SP 4y DN 5l “lagiitans ing 363,56 S |y €Dy 8 )l cdgomen
o 9035 S |y CDg S o om K90 0 JolSioSP & s § K555 0 JolSze Double positive DN i L
SR o Cawd

o gl j asbeie (3L DN g 1S i S 1, CDg 5 CDys (sl )l (] 407 3905) TCR;™ (sla sk 51
5 295000 el cute (S sl il ) eaen Cute (S sl (ol slaysS CDg 5 CDy oSl
223k 5395 ol sl ssimy bl & TORYT (o Jsbo 51 s o &5 bns (ol & 930 ool it i35
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EXTRA THYMIC

THYMIC

MEDULLA

PERIPHERY

I Differentiation of T-oe!/ts ‘within the thymus gland. Numbers
refer to CD designation. TCR1 = v& receplors; TCRZ = aff recepors;
TdT = ferminal deoxynuc fransferase. Negatively selected cells in
gray. The diogram is partly simplified for the sake of clarity. Autoreactive
cells with specificity for self-antigens nol expressed in the thymus may be
lolerized by extrathymic peripheral confoct with antigen. Some b cells ore

antigen. A significant_population of slowly expanding, octivated, double
negative (CD4~8~) or CD4 -8 of T-cells Is present in the periphery and
might be generated in the thymus; their function is unknown but such cells
bearing a transgenic ouforeactive TCR were not downregulated and this
raises the possibility that they represent the T-cell analog of the self-
reactive CDS B-cell which porticipates in an idiotype network,

restricled by nonclassieal MHC closs Ib, some by class Il ond others by

:TCR," slaJghu

O 0,555 9 5 S ko o) S oo TCRY ™ o Jsks 51 Cosmas (1l 45 950 TCRy 5 )lo snly DN gl Jsks 407
aDN b j) oy« 5 o oS 1, CDg 5 CDy oSl lojon ysbs TCRY ™ (sl Jobs ol o St B
<l TCR; 3 CD3 « CD3. CDgCDy sla S o (sl )ls DP Jolo G 505 0 a5 (Double positive) DP

LTCR s2ly 55 o5k 51 50 oS sien glatwd Cumes opl g o i i DP (claJoho 51 A7 90
g jougl sl I ghe cplalord (036 slacys sl slp YU (il

el sk jl03) 93 @ ogars 008 > JolS5 1 Ly Il o) Nigde cute 135 DP gl sk 5107,
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izen CDyg 5o 186 3 CDyg S 5lo (ol 45 CDygy slo sk )
izen CDy 5 )le 186 5 CDg S lo ol 45 CDgy gla sk ¥
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2 Cuto G5 by | 095 Cute G5 silgiee il Lo 1) CDg LCD4 Sk 93 51 (S o8 bl 5l o Jgbo
e Ghigel ogess 53 s ul ¢ Cute (S b 53 [l Johos sy S g cul Jl (St 3929 TCR2 cnos
S bols ey ) o9 TTL T oM MHC egb sy CDy b CDg sl S jlo oS b a5
s et (B i) (311 o MHC e 250 a0 o sisbioo Gbjsel sizn CDa” &8 o Jskos
oo g hate (0 Lise ) o393 T ,odS MHC e ise & o5 anly o Lijsel aizes CDg " a8 la sk
(7Y JSs) 295 L T oM MHC JgSUg0 003 oo 45 cul 3B B o555 45 canl B g 0L 0,505 95 slyls CDg
SP I, wSe 5k 28 ghwp 1, CDg L CDg sk o 5l (S0 & obadsls ipge &S
sk wisu o 1y 36 MHC a0 Jlasl @)ué sl & SP cla Joho cute (i35 4065 (single positive)
g gos OBl Kgs fuate [T LI (oM cla MHC | S 4 aiilgss o8
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154  Section Il MATURATION, ACTIVATION, AND REGULATION OF LYMPHOCYTES N\
® Thymic :
epithelial cell # Dd
pLg:iI:i:; cbs . Apoptotic
B cell death
selection
Failure to recognize peptide-MHC
complex on thymic epithelial cell
B) Thymic CD4'CD8*
epithelial cell thymocyte A Mature y
CD4*CD8
; ’ thymocyte Rescue from
- - Tha programmed
Positive r & e cell death;
selection conversion to
: single positive
Low-affinity/avidity recognition of peptide-MHC
complex on thymic epithelial cell
@ NyeREen-  cDa'oDs*
presenting ce th
6T CDaATocHe
Negative ' s CDE =D Apoptotic
selection . = S cell death
MHC
High-avidity recognition of peptide-MHC
plex on thymic antigen- ing cell

Selection processes in the thymus.

A. Lack of positive selection. If the thymocyte T cell receptor (TCR) does not engage in any interactions with peptide—
major histocompatibility complex (MHC) molecule complexes on thymic epithelial cells, it will die by a default pathway
of programmed cell death.

B. Positive selection. If the thymocyte TCR engages in a low-affinity interaction with a self-MHC molecule on a thymic

epithelial cell, it is rescued from programmed cell death and continues to mature. Lack of recognition of MHC on

thymic epithelial cells leads to programmed cell death.

Negati If the thymocyte TCR binds peptide-MHC complexes on any thymic antigen-presenting cell with

C. Neg
high affinity or avidity, it is induced to underg ic cell death.
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sl curer 81 5 sl e (T helper) oacs oS T lacuuwsid s3> sizan CDy' o8 o sl i8]
(FY US3)azel o (CYtOtoXics SUPPIESSOr) SuwsS sisulo 5 01 sS oo T slacuuwsis) |, CDg

¥Y o )l.o.«:} IS
marrow us
 fetal liver o Medulla i gl

lymphocyte
CD4a-
cos*

? Function

Stages of T cell maturation.
Events corresponding to each stage of T cell maturation from a bane marrow stem cell to a mature T lymphocyte are illustrated. Several surface
markers in addition to those shown in the figure have been used to define distinct stages of T cell maturation. TCR, T cell receptor.

CD;
| CDy
053) Gl i) i 55 Jld g 4 0)lgen 4o e - Gl 005 LS p T slacuusit) il 93 Do oS SaS
(sl (ol it 04 8 o (sla sk I ity (il g 08" JUb (sl Jols
A g 0193 el gl 4sSon g (T helper) TH iy 0 T (clacamwsad slasi im 390 wsSas o ol )3

+ A b .. .
Jos i ohgd 0 Jsbe el s (nlple col CD_fi ~ o by ol » el e ] > ey > byl
CD
4

T LlaJole cures ;500 &yl il o ¥ 2905 o0 lgen Cos &Sl 6955 4TCRo+ slo Jobo JolS5

+
e ¥ 335 4 Jloi 258 )3 sb 0lej 13 6 3950 35 b5 D8 s s Al an oS
CD
4

ot |y s ] el 35 48 e 31 05 talgd Jobo ter] 5,Skes 3 s Yl s XS e e ol 5]
iy o6l (olaw 4 Ml 5l ool o a5,

(MHC-Restriction)MHC a4 cudgue
i dalys siejls o5 8 oot cas TCR," slacawsid 9 B lacawgiad S TCR," slacwgil
: dlos



r'Med.1r
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TCR) by wolais! o 5] ololis -
APC sk o 5 9368 MHC Loy (5 il asye -
o el TCR2 (T cgish aisio pgo by Jy 3,15 Cungos iumgis) (s (ool (5T b 398 by
oS adye Joho Lawgi g s bato 9358 MHCay Slos (ol |, 030551 wlgice s 5o e TCR ™ sk
(MHC Restriction Recognition) MHC « sgume olulis (Sig cpl a9 as,e o & (APC) (5 5
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The peptide:MHC complex
is recognized simultaneously by the
T-cell antigen receptor and by
co-receptor molecules. The
co-receptor molecules CD4 and CDB8,
on the surface of distinct sets of T
lymphocytes, assist the T-cell réceptor
in recognizing target cells bﬁhding to
| MHC molecules on the #
rcepit target cell. When the T- reeeptw

recognizes a peptide:M| plex on
cos another co-receptor e al
L binds to the MHC portion of plex,
thus iom'd;g the receptor and
MHC helping to'activate the T cell. The two
types of édmcsptof‘ nguish between
f the two lasses of MHC molecule.
CD4, which is found on the surface of
halper and inflammatory T cells, binds
only to MHC class Il molecules; CD8,

cell presanting antigen | which is found on the surface of cytotoxic
%

lis, binds only to MHC class |
les.

: (Antige Presenting Cell) APC

Lawgi 5 A3k o Juate (630 MHC & 557 o N{R ol 1y o3l 6,06 sl sy b T lacauwgad
APC 545 as,e Ll 4 (APC) (551 a8 asye Jolo
(VP USS) ables e aye cell

T AJu.wLuo ID)B » |) U)L;u‘ASML;’LbJ

& - \g3 D)MN

peptide-binding
cleft
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olyn 4 el Wb ¢ 398 bt TCR lawg olais! o501 “Vl cul p3¥ T cell jus Jlb ly oiS
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T-cell recognition of
antigens is MHC-restricted. The
antigen-specific receptor of T cells (TCR)
recognizes the complex of antigenic
peptide and MHC. One consequence of
this is that a T cell that is specific for
peptide X and a particular MHC allele,
MHC?, as shown in the left-hand panel,
will not recognize the complex of peptide
X with a different MHC allele, MHC®, as
shown in the middle panel, or the
complex of antigen Y with MHC?, as
shown in the right-hand panel. The
] co-recognition of peptide and MHC
molecule is known as MHC restriction,

X
A e & 6l
because the MHC molecule is said to
| D . restrict the ability of the T cell to
| T recognize antigen. This restriction may
— _ result either from direct contact between
! | MHC molecule and T-cell receptor, or
presenting cel

antigen-presenting cel antigen-presenting cell antgen- indirectly through an effect of MHC
i polymorphism on peptide binding.

X

Recognition Mo recognition No recognition

Glyp S cwip ol w4 )b s bl 4 paie MHC L ol cAPC. Teell o (slaog)S 15 sly
35955 slags sl “W b APC iyl ol 35 TT oM MHC (415 APC & (505 oS T J2o) CDs” (slgpsisd
aspe ) 5enl il 8 T Lo MHC sly sAPC 4 CDg  lacausid slp 5 suloi o adys |
Gy 3555 b s shes (oolod 11513 3939 3 sl sk plod a5 1 oM MHC & bl 5l ccanl 5l e oo
Jio ) iog) i 3 Ui sl 51 oy TT Lo MHC &S & dagily 5 550 gl APC. Teell CDg”
MHC 186 colpl Jb 3 T Ghcgusid ] oas Jub T olacawsi) 5 Sinymis b sl dajbysle B cell
&y 35305 sk ol 1 5550 5, ([a2500 oy 1y TT (oM MHC (o5 jlaie s JWT cell Jg wzen TT (oS
Slacgugi) waw p 11 oS MHC  jlaie o nis 595 b o 5l g adly APC. T cell CD4" cunes
g e 013 0k Jd T slacumwgis) pdaw p o Jlade oy 4ieS 9 5 1> 3955B

T cell fud Jad g1y o3 byl gl
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wolan] 5l as,e )
36> MHC el o 4, ()5 5l as e ¥
ol g5 5y8 45 sl 4Lild dg3g Wb o (6,500 blys T (clacuwsad) yipy culled (ol Lolg
laJolo gaw , (Co-stimulatory molecule) < yxe S8 sla JoSIg0 3939 =Y
b 3508 oo gl sl Sl @0 Sgo ol T Cell 5 ol oisS e (sloJsbo w2 o J5Slso ol
A5 o S ¢ 2gd b odiner sl J5Sge
b p ICAM-1 JsSUge 58S . oy pb (CDS8)LFA-3 y ICAM-1 I wilgi o ot slaJsSg0 oo 5l
<wlCD2 LFA-3 55J 5 cwsl LFA-1 . T cell

o) S8 sigi e sl APC o ¢ sitd (clotimws sl JsSlpn ICAM-3 , ICAM-2 . ICAM-1 : &

RBC L 1) jilejl 550 3,3 55 gy ol 0 oS odlistl €9, g,y » 5l wailgion b T cell Liyles (slyy 2 )50
25 asgesme opl ol 5l b g Juate T Cell 4y conl 2B LitwsS 30,5 JgulS oS o yglme (SRBC) widwss
o> STy T cell b sl 3 winseS RBC aSiy) s puiled assloeo |y 1 T Cell s 15 3as5 mailii oo opSasg S
Sy i Sy sy 3 i w3 se STy T Cell aw CDy b o cosl SRBC a5 LFA-3 4 JsSUse 395

(Y5 JS5) 54 0 o3l CTOSS TEACtION

I cell-surface molecules of the
immunoglobulin superfamily are
important in the interactions of
lymphocytes with antigen-presenting
cells. In the initial encounter of T cells
with antigen-presenting cells, CD2
binding to LFA-3 on the antigen-
presenting cell synergizes with LFA-1
binding to ICAMs 1, 2, and 3 on the
antigen-presenting cell. Similar adhesive
interactions occur between effector T
cells and their targets (not shown).

ICAM-3

]
ICAM-1

antigen-presenting
oell

i by sslS gisas] o3l ol guae CD2 § LFA-3 . ICAM-1 ales 5§l (SoS sl JsS0g0 5 (&plons
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9 Byl o0 Jos 4 Cuiles SOMAtic mutation s, 5l dacwsid B M5« o T cell puuis “Ué &5 johailen

cplply sl coloylgen 3050 gl TCR Jlasl @)ud Sod @)le 4 5 Xgi o0 affinity maturation k> 13
Crgo & ol 55 (yMigm 00118 s Joloe alans] &S sl 6,505 olse 4 5l WAPC 5 o Teell Jlasl pols ool

il odimr (sl 5850 393 00 il Jlal polas i

YY.



r'Med. ir

NG APC < sy cwlAPC hw p g35 MHC ol yope u)utj A ye ¢ T cell od Jld dejY &S il e
0 95 5 ) 3 a3ble 15b i s s sy LG 53 ol oY 5051 sy o3l 5 b, T cell adl
-l B couositd T (o sk sl APC (00 02l S 52l i 5 355

Hys 5 Cawl T CEll (510 APC (3 yige Bl

o> 4 1y 3l 2k L L sl pB ey cl (3T sl (2Lt sl gige] (i ) polad] 02,8 (ol
T @ 38 MHC Luwg 151 L g 203 plsl o] (g4, |, PrOCESSING Joo (s 9 3y 39, 4 (trapping) sl
3 oo 2ilen) TL oM 5 (0 ot sl sk plas J2o) T oM MHC 385 1ls b B sbo yles s pecell
S8 gla T ol 2Bl iy wsslod 4y 1) (5900 o0 9 039351 05 (5] o sl 2B (ol s 1> b sl Jshes
(Y JS5) (0558l &89 o 2 Jatlos Jlad 1) 068 s g 018

Y o lows JSU

Cell surface molecules involved in the interactions
between B cells and TH cells

T cell
C mmmmm CD28

CD5

CD40L

|
| MHC class 1

A g TCR

4

. =
AT

_ g

Membrane-immunoglobulin (mlg) takes up antigen (Ag)
into an intracellular compartment where it is degraded and
peptides combine with MHC class Il molecules. Other arrows
show the discrete signal-transduction events that have been
established. A and B are the antigen-receptor signal-transduction
events involving tyrosine phosphorylation and phosphoinositide
breakdown. The antigen receptors also regulate LFA-1 affinity for
ICAM-1, possibly through the signal transduction events. In the T
cell, CD28 also sends a unique signal to the T cell (C). In the B cell
stimulation via CD40 is the most potent activating signal (D).
Additionally, class Il MHC molecules and CD72 appear to induce
distinct signalling events (E and F). Not shown is the exchange of
soluble interleukins and binding to the corresponding receptors
on the other cell. (Adapted, with permission, from DeFranco,
Nature 1991;351: 603.
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