Chapter 9

T cell Receptor

The af TCR is similar in size and structure to an antibody Fab fragment
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The of T cell receptor
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- Some T cells express a TCR made

of two alternate chains - yand §

tchain - B-chain - The y3 TCR is structurally similar
NH, NH,

to the af TCR.
Wy l\\ ) - 0.5-15% of peripheral blood T cells
— use the ¥ TCR. A higher proportion
@ /( \, of T cells in the skin and intestinal
Connecting 2 epithelium use the ¥ TCR.
sequence { 541
1_”_?:;;“;;.";""‘"‘ { BB+ —8 T cells seem to be biased
sontm S toward recognition of specific
Cytoplasmic COOH microbial antigens.
tail (CT) ::);)H (282)
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—v3 T cells are thought to represent
a different lineage of T cells with
specialized functions.

Kuby Figure 9-9 (modified)

Comparison of TCR

op T cells YO T cells
e % CD3* 90-99% 1-10%
e TCRV gene Large Small
in germline
* CD4/CD8
CD4 60% <1%
CDS8 30% 30%
CD4-CD8" <1% 60%
e MHC restriction Yes No
« Ligands Peptide+ MHC  Phospholipid antigen

Intact protein

The TCR complex includes CD3 - 3 heterodimers: e, €5 and {{

- 1) TCR is not expressed without CD3. It is required to bring
TCR to surface

- 2) All chains of CD3 possess ITAM motifs. (Immunoreceptor
tyrosine-based activation motif) - Signal Transduction
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TCR Receptor Complex- CD3
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RECAP:

-The BCR consists of IgM or IgD plus Ig-a/lg-p
heterodimers. The Ig binds the antigen while the Ig-o/lg-B
heterodimers are involved in activation of the B cell.

- The TCR consists of either the o./  chains or the y/ §
chains plus CD3. The af or y3 chains bind the antigen
while CD3 is involved in activation of the T cell.

The signaling components possess ITAM motifs.
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So, Which one is the “light”
chain?

Which one is the “heavy” chain?

Kuby Figure 9-9

W:IA Y TCR Multigene families in humans

NO. OF GENE SEGMENTS

Chromosome
Gene location v D J (o
a Chain 14 50 70 1
3 Chain® 14 3 3 3 1
B Chain® 7 57 2 13 2
~ Chaint 7 14 5 2

X “The 3-chain gene segments are located between the V, and |, segments.
There are two repeats, each containing 1 DB, 6o0r7 Jor and 1 CB'
There are two repeats, each containing 2 or 3 Jyand 1C.

SOURCE: Data from P. A. H. Moss et al., 1992, Annu. Rev. Immunol. 10:71.
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Figure 4-12 Immunobiology, 6/e. (© Garland Science 2005)

Mouse TCR a-chain and §-chain DNA (chromosome 14)
(Vgn=~100;V5n=~10) 1 (Jyn=~50)
LVl LV LVn LVl LV DyIDR Jill2 G5 LV J1J2J3 i €
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Mouse TCR B-chain DNA (chromosome 6)

(Vgn=20-30) 2 ——
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Mouse TCR y-chain DNA (chromosome 13)
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Germ-line o-chain DNA SHI}--- HI—HT ] - >
Y
Rearranged o-chain DNA 3
Protein product o heterodimer
I
Lvgl LVgDglp Cg Dg2 — Jp  Cg2 Lvgla
Rearanged - chain ONA il - HET- - 000000 - Ml
2
LVg LVgn Dy —Jp—= Cp1 Dp2 Jp——  Cp2 LVpl4
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J{Tvanscn’pnon 2, RNA transcript

L vDJ [
Primary RNA transcript 5" - 4
Vo oS<e— o I
l?olyadenyla!\on 3, Post-transcriptional modifications
RNA splicing
LVDIG, LVDJ G
mRNA e, o o, 4, mature mRNA
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Nascent polypeptide o [EIT_] 5, polypeptide
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Rearrangement of TCR genes

¢ TCR Genes are also composed of V, D, J and C gene
segments

¢ Genes are located in different chromosomes

¢ The B and 6 chains contain D segments (like Ig Heavy
chains!) while the o and y chains do not.

¢ o and ychains - V] rearrangement only
* P and 9 chains - V-DJ rearrangement

* Segments of the § chain are embedded within the
segments encoding the o chain

¢ When the a chain rearranges, 6 segments are deleted
¢ T cells express only af or yd TCR
¢ Rearrangement involves RAG-1 and RAG-2 and TdT

* Rearrangement is governed by the one turn-two turn
rule
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Generation of antibody diversity

1. Multiple germline V, D and J gene segments
2. Combinatorial V-J and V-D-J joining

3. Somatic hypermutation

4. Junctional flexibility

5. P-nucleotide addition

6. N-nucleotide addition

7. Combinatorial association of heavy and light chains




Generation of TCR diversity
- Combinatorial V-J and V-D-J joining

- Combination of two chains to make the antigen-binding site

T-CELL RECEFTOR
(1) Combinatorial V-J and V-D-J joining

IMMUNOGLOBULIN

VD) VD)
m i and d chains [m H chain
V]

V)
EU wand y chains [ﬂ L chain

Generation of TCR diversity

-Varying number of D segments in the delta (and beta) chain, why?
(arrangement of RSS sequences differs from that in Ig loci to allow
this)

(b) Alternative joining of D gene segments Antibody

L Vy D Dy Iy L VH Dy Ju

D-0—0-(— ) -
\L = One-turn \L

RSS
Vo-Jo, ‘ = Two-turm V1-Dyy-Jjy only
Vi-Dg-Ja. RSS
VDo Dy Jo V-D-J
V-D-D-J

Generation of TCR diversity

- N-region nucleotide addition
- Occurs in all chains -

- Antibodies ONLY in Heavy chain

(d) N-region nucleotide addition

v I o, y, and [ = Addition nt‘
l:l] 5 chains 0-6 nucleotides
T (5461 permutations)
34611 =5.5x 103

V. DJ V. DJ
fandd Heavy
l:!:l:' chains :m chain
(53461)% = 3.0 x 107 (5461)% = 3.0 x 107
liﬁﬂj s chai 1.6x10" VS 3x107
chain

1 Note: Increased diversity in TCR!
(54613 = 1.6 x 1011

MAJOR DIFFERENCES
BETWEEN TCR AND Ig GENES

¢ Somatic hyper-mutation (affinity maturation)

- During an antibody response, mutations accumulate at a
rapid rate in the VDJ gene segments encoding the BCR.

- Thus, as an immune response proceeds, the affinity of the
antibody produced (i.e. its ability to bind to the antigen)
increases.

¢ Alternative joining of D segments (B, 3)

QLUGIEERY Sources of possible diversity in mouse immunoglobulin and TCR genes

IMMUNOGLOBULINS of T-CELL RECEPTOR 5 T-CELL RECEPTOR

Mechanism of diversity H Chain « Chain « Chain 3 Chain y Chain 5 Chain

ESTIMATED NUMB{R OF SEGMENTS

Multiple germ-line gene
segments

v 134 8 100 2 7 10
[} 3 0 0 2 0 2
) 4 4 50 12 3 2

POSSIBLE NUMBER JF COMBINATIONS

Combinatorial V-J 13413 %4 854 100X50  25x2x12 7x3 10x2x%2
and V-D-) joining =7x10° =3ax10t [ =s5x100 =6x 10! =2 =40
* Alternative joining - - - + - +
of D gene segments (some) (often)
Junctional flexibility + + + + + +
N-region nucleotide addition + C) + + + +
P.region nucleotide addition + + + + + +
* Somatic mutation + +
Combinatorial
association of chains + + +
A plus sign (+) indicates mechanism makes a signifcant contribution o diversty but to an unknown extent
A minus sign () indicates mechanism does not operate.

TSee Figure 984 for theoretical number of combinations generated by N-region addition.

Immunoglobulin «:p T-cell receptors
Element
H | K4 B I (3
Variable segments (V) | 40 m 70 m 52 m ~70 |
Diversity segments (D) | 25 | | 0 | | 2 | | 0 |

D segments read in three frames rarely - often -

Joining segments (J) 6 5(1c) 4(\) 13 61

Joints with N- and P-nucleotides| 2 50% of joints 2 1
Number of V gene pairs 1.9x 108 5.8x 108

Junctional diversity | ~3x107 | | ~2x 10" |

Total diversity | ~5x10% ”J ~1018 |

Figure 4-13 Immunobiology, 6/e. (© Garland Science 2005)




TCR Receptor Complex- CD3
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WHY ACCESSORY MOLECULES?

1) Due to low affinity of TCR with peptide MHC
complex

2) Provide:

- Adhesion, Activation and Co-stimulation
- Some show increased expression in response to

cytokines
(@ -
Weak Strong binding
Affinity
T T T T T T T T constant
104 107 10 107 108 109 10710 1071 (moli)
[ Tcellreceptors | [ AdhesionMolecules | [ Growth Factor Receptors

[ Antibodies

A7 :IRER  Selected T-cell accessory molecules

FUNCTION
T cell APC Signal Member of

Name Ligand Adhesion transduction Ig superfamily
D4 Class Il MHC + + +
D8 Class | MHC + + +
CD2 (LFA-2) CD58 (LFA-3) + + +
LFA-1 (CD11a/CD18) ICAM-1 (CD54) 4 ? +/(-)
cD28 87 ? + +
CTLA-4 B7 ? + -
CD45R cp22 + + +
D5 D72 2 & &

Accessory Molecules Involved

in Cell-Cell Interactions
Cell Adhesion:

T Cell Ligand on APC
CD2(LFA-2) LFA-3
LFA-1 ICAM-1, ICAM-2

LFA = Leukocyte Function-associated
Antigen
ICAM = InterCellular Adhesion Molecule

Accessory Molecules Involved
in Cell-Cell Interactions

T Cytotoxic

Antigen-presenting cell Tc cell Target cell

(

Thcell

(b) T Helper

SN A ntigen)
!

o0 ICAM-1 @
Peptide

""" Class | MHC

D22

Interactions of Th Cell and APC

CD4+ T cell | CD-2|  [LFA-

T '| TTTTITTIT m TITTTTITTITITT T

TITTTETTTTTTTerT

APC 3| |ICAM-1| |Class I B7-1/B7-2
MHC (CD80/CD86




Interactions of Tc Cell and Target Cell

Class Il MHC

Class Il MHC

TCR-CD3 TCR-CD3 binds class Il MHC Afsociation of p56ick
with CD4 and {{
homodimer stabilizes
CD4-MHC interaction

T-cell Accessory molecules

CD4 and CDS8 are co-receptors because they
recognize the peptide-MHC complex

* CD8 recognizes the a3 MHC-I domain; while
CD4 interacts with 02 MHC-II domain

Both CD4 and CD8 act in signal transduction
OTHER

Costimulatory Molecules

* Molecules on T cell and 2™ cell that engage

to deliver 2" signal required for activation of
T cell

* Most important co-stimulatory molecules:
T cell Ligand on 2" cell

CD28  B7-1(CDS80), B7-2 (CDS6)
CTLA-4  B7-1(CD80), B7-2 (CD$6)

CD45R CD22
CD4/CD8 MHC-I/1I

Direct allorecognition Indirect allorecognition

Allogeneic  Allogeneic
classMHC class Il MHC

Foreign
cell

CD4+ Self
antigen-
presenting

cell

CD4+

o

Allogeneic MHC taken
up and processed

by self antigen-
presenting cell
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Self-MHC restriction of the T cell
receptor (TCR)

¢ Self restriction- T cell can only be
activated by a unique peptide associated
with self-MHC.

e Two models:

— A) Dual receptor model: two receptors, one
for the antigen and one for the MHC molecule

— B) Altered self model: One receptor that
recognizes both antigen and MHC molecule

Ticell clone Syecen
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Use as probes in Southern
blots of genomic DNA

Self-MHC restriction of the TCR

(a) (b) (c)
H-2k H-2k
(@l CTL
TCR ~_ TR
Viral Viral Viral
\ \
peptide A g peptide B W peptide A 0

target cell

! v l

Killing No killing No killing

target cell target cell




