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Teaching objectives

» 1o give an overview of role of MHC in immune
response

> T0 describe structure & function of MHC
> T0 describe structure & function of TCR

» 10 describe the nature of immunological synapse
and requirements for T cell activation

» 10 give a short view of humoral and cellular
immune response and their memory
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Discovery of Human MHC

» Gorer (1930s):

Rejection of foreign tissue is the result of an immune response to cell-surface molecules.
Identification of I, I, 111 and 1V groups of genes.

» Gorer and Snell (1940s & 1950s):

Antigens encoded by the genes in the group Il took part in the rejection of transplanted
tumors and other tissues.

2. Snell called these genes “histocompatibility genes” (currently called H-2 genes)

Snell was awarded the Nobel Prize in 1980.
H(Opriadl Al ClyaiD) s
AR o il Sad Ao liall Alaiul) e Ay jal) el =i mi
ol il 5 SEN 5 J ) il e sana yyaa
(ealal) Ol Slisad s Sl ) iy 58
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Discovery of Human MHC

| Transplantation |

[Seinora] £7

Recipient

(MHCR) =7

Graft
rejection

Immunize with
protein antigen

Antibody
response

Recipient ¥

| immunization |

MHC2 __

Yes

>

>

MHCDP
- >

No

Recognition of a graft as self or foreign is an inherited trait

histocompatibility genes: differences between self and
foreign were attributed to their genetic polymorphisms

Mouse study: identification of MHC locus
H{Jymgﬁs;iei@\suigs&jﬁd\ﬁgﬁuﬂ\&qﬂ\)@
JEY) aaad ) dia) s Coldl (o @AY (5 3ah  oanall i1 6l il
MHC a8 50 s ;JBJ\ a5
s MHC

Human MHC

In study with transplanted patients discovered ,,human
leukocyte antigens® HLAS

HLA-A, HLA-B, HLA-C (class | MHC genes)

In study of mixed leukocyte reaction identified HLA-DR,
HLA-DP, HLA-DQ (class Il MHC genes

ol il KU il |55 age ) ad Al oaa all g Al all b
HLAs "4l

(Sl (ol G5l e (1531 2380 i) HLA-C <HLA-B. ¢HLA-A
5 HLA-DP 5 HLA-DR a3 i ¢ Lalisall (anll <y SI Jelis 4l 5o b
Al 45 e Sl sl 381 53 aiee i) HLA-DQ
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Classes of MHC

> Class | MHC:

Expressed on the surface of nearly all nucleated cells; the major function of the
class | gene products is presentation of peptide Ags to CD8+ T cells.

> Class Il MHC:

Expressed primarily on Ag-presenting cells (macrophages, dendritic cells, and B
cells), where they present processed antigenic peptides to CD4+ T cells.

> Class 11l MHC:

Generally encode various secreted proteins that have immune functions,
Including components of the complement system and molecules involved

in inflammation. IMHC (1 5¥) 4l
a0 Al g i ¢ U8 31 il LA e e Sl Ui el

T+ACD WA U Ags asiadl w3 Vo) 24l G Tpad) Cilainall

:MHC 438 2l

LSl 5 dalall) Ag a3l LAY e ol (S Lgie il S5

¢ CD LAl Aallaall Fpacivnall Cilagiall 0 Cua ¢ (Al LAY 5 diasil

T+

‘MHC AL 4aal)

o Loy ¢ e lia Cailla s Ll Ll 53 kel i l) (e daall iy ¢ ole S

ALl 84S jLiall iy hall 5 aial) aUaill il e el
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Major Histocompatibility Complex (MHC)

The MHC is a closely linked complex of genes that govern production of
the major histocompatibility

> In humans, MHC resides on the short arm of chromosome 6

Three genes (HLA-A, HLA-B, HLA-C) code for the class | MHC proteins

» Several HLA-D loci determine the class 11 MHC proteins

I.e. DP, DQ and DR HLA-DP; HLA-DQ and HLA-DR

HLA genes are very diverse (polymorphic) i.e. thereare many alleles of the
class I and 11 genes

il ol 38 gl L) A aSai Al Cliad) e dlall G5 S e e 3 oke (MHC) S el (38 6il) d8xs ()
oo sa s SU 8 il g1 )M o MHC 250 ¢ 8 8

| MHC 4l cilisi 5yl (HLA-C ¢HLA-B <HLA-A ) <lisa 2530 5 S

Al 45l e paSll oaail) (380 gl Maae Ciligis p HLA-D a8) 50 (e 2=l 20a3

HLA-DR s HLA-DQ ¢ DR HLA-DP 5 DQ s DP !

Sl s Y Gl cliva e SO e 2l @llia G 6 (DY) 3a2x0) Alall de s HLA Sl
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Human MHC: human leukocyte antigen

the MHC regions.

Chlomoeomee

Long arm

NN NN EEEDE (DD

g
e

g
"

-,,’-"'

Class i

Bf
DR C4 C2Hzp70TNF

HHH

Class Il

highly polymorphic peptid binding groove

of the HLA-molecule

Different presentation of antigen peptids of
periodontopathogenic bacteria in patients

with periodontitis

|

[ Individual HLA genotype I

HLA-DP

HLA-DQ HLA-DR
—

Class |

C4B, C4A, B, C2

HSP 70, TNF

HLA-B  HLA-Cw

HLA-A

C

C

(HLA) Genetic map of

KEY
Gene
C2, C4A, C48, Bf
CYP21,CYP21P
GZa/b

Encoded protein
Complement components
Sterold 21-hydroxylases
Valyl-tRNA synthetase

HSP Heat-shock protein

LMP2, LMPY Proteasome-like subunits

TAPI, TAP2 Peptide-transporter subunits
TNF-t, TNF-3 Tumor necrosis factors « and p

200 genes on chromosome 6

3 clusters:

s MHC class I: HLA-A, HLA-B,
HLA-C

» MHC class Il: HLA-DRE, HLA-Q,
HLA-DR

« MHC class lll: soluble comonents

Vasmsas Sl e cpa Yo

Ale gaaa ¥

HLA-C <HLA-B <MHC class I: HLA-A

HLA-DR ¢HLA-Q ¢HLA-DP :4glill dx il e MHC
ObsA ALE b S :MHC class 11



Role of MHC In immune response

» TCR recognizes Ag presented in MHC
Context Is important
Binding of Ag peptides in non-covalent

» Two types of MHC (class | and class 1]) are
recognized by different subsets of T cells

CTL recognizes Ag peptide in MHC class /
T-helper recognizes Ag peptide in MHC class 1/

MHC # a3l Ag e TCR <oty

e Bl

daaludll ye 8 Gladnll Ag alas

Al LAl (e ddlise Lo b il pane Aaud g (A 22l 5 YV L8ll) MIHC (e O 58 e o=l a3y
oS ol (380 5 e e SV ASE A sl Ag e CTL <aay

nSl ) (880 gl Meaa (he AB) A58 8 ol Ag e T-helper <%
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Major Histocompatibility Complex (MHC)

Between the class I and class II gene loci, there is a third
locus (Class IIT)

This locus contains genes encoding tumor necrosis factor(TNF)
lymphotoxin and two complement components (C2 and C4)

Class III antigens do not participate in MHC restriction or graft
rejection

AN 2580 Y) CalE aia ge A gr ¢ Al dadl) V1Al pe Caluall bl ga oy
Qg A 51 ¢ A 5SS O Qluadl a8 sa G0
(£C 5 YC) OlaSe isSas (Aalll o sall (TNF) sl )30 dale e i Glis o aa sall 18 5 5

& s piall ye oSl b ) o MHC i o8 4G Ll Claaine & s Y
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MHC Molecules and Genes

Mouse H-2 complex (chromosome 17)

Complex
MHC class
Region

Gene
products

Human HLA complex (chromosome 6)

Complex
MHC class
Region

Gene
products
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TABLE 7-1

A Comparison of MHC Class | and Class Il Structure

Class |

Class |l

[Loci include
Distribution

Function

Result

Typically A, B, and C

Most nucleated cells

Present antigen to
cytotoxic T cells

T-cell-mediated
toxicity

DP, DQ, and DR
B cells, macrophages,
and dendritic cells
Present antigen to
T helper cells
T-cell-mediated

help

12
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"~ MHC-1 and MHC-1I molecules

MHC-I and MHC-II molecules have a very similar structure
In each case, a cleft or groove is formed that cradles the pep-tide. The charge
characteristics of the groove determine which peptides can be presented.

R dgliiie 3 Ld MHCHIT 5 MHCH &l s
Leanati €y Al lagiall 523 ad (ailiad aaad ) dall sl agay 29080 ol 38 JiSa a5 ¢ Al JS 8

MHC-I MHC-II
molecule molecule
Peptide

A i binding cleft
Membrane-distal ' C@
domains oy s o o B
Membrane-proximal Y /
domains o Bo-microgobulin oy By

(Ig-fold structure)

L
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MHC Class | Antigens

Class I MHC antigens are : HLA-A, HLA-B and HLA-C

i : HLA-C 5 HLA-B 5 HLA-A (& | MHC <aiall s
These antigens are glycoproteins found on surfaces of all nucleated human

cells and on platelets
A seall pmilinall e g 8l sial) 4yl LAY aen pdand e aa g4y S s g g 0 5 lbe Colamiv) o3

HLA-A contains 24 different antigenic specificities, HLA-B contains 52 and
HLA-C contains 11

AR ujsgsjhﬁHLA-cjom;sHLA-Bg)@j‘a\w\mﬁhg&jﬂigsHLA-AL“;)L;‘

Class I MHC antigens are involved of MHC restriction of cell mediated

cytotoxqu, o o R
Lol ‘&L&ﬁ@#\%ﬂ)ﬁﬁ\@;@\é&\jﬂ\MM@M\M\&SU}“\M&JY\M\Q\W&J\.&J}
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Structure of MHC class |

> Two polypeptide

chains Mot
~ Long a chain and (@)
short 8 .

A A so bl : Plasma membrane
B el g dlysh o dlulus

Cytoplasm

COOH
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Structure of MHC class |

> Four regions

Cytoplasmic contains sites for phosphorylation A"y
and binding to cytoskeleton

Transmembrane contains hydrophobic AAs \a2)
Highly conserved a3 domain binds CD8
Highly polymorphic peptide binding region
formed by al and a2

NN
Plasma membrane
| msnnInmInnn

Ghlie &)l

(s JSaedly Lol Y1 5 3 jdudl) adl o (Ao o 53 sinall (5 sing
el 4a SIS AAs Ao plall cLiall S sy

ACD Ly le 2y s sindll T Jlne

Ya s \awm)ﬁ:\,}wd&‘ﬁ\ 3adxie Aindl Jay y dahia




Structure of MHC class |
Ag-binding groove '

» Groove composed of
a helix on 2 opposite walls
Eight B sheets as floor
» Resiaues lining floor are most
polymorphic

» Groove binds peptides 8-10 AA
fong

(= Groove «allyy
Cldie ()l e a gyl
dua JIS Gl ) (Sl
JEY) aams SV & dpia yY) (e cililag
AA Y A Jshay claginll Lay 5 3 503l
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Structure of MHC class |
Ag-binding groove

» Specific amino acias on peptide are required for
‘anchor site” in the groove

Many peptides can bind

Interactions at N and C-terminus are critical and ‘fock”
peptide in grove

Center of peptide bulges out for presentation
Consideration in vaccine development

3502 & "ol a8 sa Jal e 4 sl i) e sadaall deY) (alea)
L\,ﬂ)‘ﬂ\ Glatind) e Baell Sy

Olisall (& 2l "Guand 5 da ja C 5 N Ol vie SOle ] s

ol Ziiy Al S e

gl ki & kil



Structure of MHC class |
Ag-binding groove

Class | molecule Class Il molecule

Peptide-binding e
Cleft /_ﬁ [/ <8

Membrane-distal
domains

Membrane-proximal o3
domains
(Ig-fold structure)

Ba-

microglobulin

=

Transmembrane
segment

~

Cytoplasmic tail
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Structure of MHC class Il

> Two polypeptide chains A\ ™ o -

» aandf
~ approximal equal length v e o

\
' | Plasma membrane
RN Inn
ATER g e

sa ‘Cytoplasm]
Lﬁj\-“‘l“h L.s“ﬁ)ﬂ‘ djjah COOH CooOH




" I
Structure of MHC class Il

H,  NH,
CHO 01 o CHO
» Four regions
Cytoplasmic contains sites for CHo e 0
phosphorylation and binding to
cytoskeleton
Transmembrane contains
hydrophobic AAs 11 || {| | [LLLELLEELLEEEETTTEETLL |
Highly conserved a2 and 52 BRI e |
domains binds CD4
: , : _ , ‘ Cytoplasm ’
Highly polymorphic peptide binding region <3
formed by al and 1 s

hlie )l

(5 51801 ISl Lo Y15 5 sl 815 (e o530 sl (5 st
§CD oy alall dds gaadll ¥ g Yo cliUag

B sV e S Al JISEY) 3a0eie il Loy ) dilais
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Structure of MHC class Il

Ag-binding groove

» Groove composed of
a helix on 2 opposite walls
Eight B sheets as floor
Both al and 1 make up groove

» Residues lining floor are most polymorphic

» Groove binds peptides 13-25 AA long (some
outside groove)

o= Groove <l

OilEie (polas e a0l

a8 3yl Al

3938V 5 Vo (e JS IS

JIKEY) aad FCY) o dsca )Y cplas culalag

(o el 35081 () AA YOI T Jshay cilasiadl Jay 53 2 58Y)
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Important aspects of MHC

> Inaividuals have a limited number of MHC alleles for
each class

> High polymorphism in MHC for a species

» MHC polymorphism is determined in germline
NQO recombination mechanisms for creating diversity in MHC

» Alleles for MHC genes are co-dominant

Each MHC gene product is expressed on surface of

individual cell
45 JS MHC <Ol (e 13 gana 130c o) 3y elliag
&) 50 Sl ) (380 1) dea 8 JISEY) 22ed ¢ L )
daa i yal) A 8 5l sl (380 gil) Niea JISEY) a2e3 3283 S0
MHC & ¢ siill Glal S yisale) Sl aa 5 Y
AS yisiall 3 hanaadl & Sl sl 53 g sdee el GO
A 8l Glal) mhas o Sl ool (380 51l) Soaa s miie IS e el Sy
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Antigen Processing: How do epitope get into MHC groove ?
Endgenousspathway, Exogenous pathway

(class | MHC) I (class Il MHCQ)
Endogenous :
i antigen
® H

Endogenous antigen is

degraded by proteasome. / Rough Ie ndoplasmic

Proteasome @ reticulum (RER)

1
Invariant “ Class Il MHC o and B bind
chain invariant chain, blocking

©)

Peptide is transported to o

RERVIATAP. binding of endogenous
TAP antigen.
Tapasin 2
B,-microglobulin ﬂ;‘?l o Class i MHC complex is routed
1 i MHC through Golgi to endocytic
nexin ¥

@\ Peptide \ : pathway compartments.
7 Class | MHC o chain @ | @
[

b'Pds calnex.m, then B 2 Sl Invariant chain is degraded,
microglobulin. Calnexin 1 Golgi complex | leaving CLIP fragment.

dissociates. Calreticulin,
tapasin, and ERp57 bind.

l exchange of CLIP for
antigenic peptide.

: : Digested (3

MHC captures. pep?lde, 1 invariant Exogenous antigen is taken up,

chaperones dissociate. : CLIP |  chain degraded, routed to endocytic
: % ’7 pathway compartments.

® a0

Class | MHC-peptide is | (_ %

transported from RER to : l £ Exogenous

Golgi complex to plasma 1 < C\ antigen

membrane. ! m 5
: 2 HLA-DM mediates
1
1
1
1

Class Il MHC-peptide is
Class| Class I transported to plasma

MHC MHC membrane.
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Differential distribution of MHC molecules

Tissue MHC class I\ MHC class I/
T cells +++ +/-
B cells +++ +++
Macrophages +++ ++
OtherAPC +++ +++
Thymus epithelium + +++
Neutrophils +++ -
Hepatocytes + -
Kidney + -
Brain + -
Erythrocytes - -

Cell activation affects the N el
level of MHC expression.

The pattern of expression reflects the
function of MHC molecules:
« Class | is involved in the regulation
of anti-viral immune responses
» Class Il involved in regulation of the
cells of the immune system
oSl (el (380 gil) dhaa iy A g jpadl) Jaad (uSay
il g_pill Salidaal) e lial) cillaia) addaii 8 1 6¥) 4l & jLas
deliadl jlga LA anlati b ol jLas 4l 44

Anucleate erythrocytes can not support
virus replication
- hence no MHC class . Some
pathogens exploit this -
e.g. Plasmodium species.

sl SIS ac i (o ¢ yaal) aall iy S aakais Y

e il iy | S agel) (38 53 S 38 2 5 Y N -

_ \.JA j... -
) seaiall ) gl Jall Jaas e
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Important aspects of MHC

> MHC molecules are membrane-bound
Recognition by T requires cell-cell contact

> Mature T must have TCR that recognizes
particular MHC

» Cytokines (especially IFN-y) increase expression
of MHC

sldally ddagi yo Sl aail) (380 5l adea Dy Ja

A Al ATl Yot T iassd g3 o yail) oy

Oze MHC e Gz 3 Mature T TCR el ¢sSo o o

oSl eaal) (38 gl d8ra e panil) e (<IFN daala) Gl giaad) 3 3
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Organization of class | MHC gene

@ L al o2 «3 Fa- 1€ G CLASS I
s HHIDH. —BHEHH Y - K

peptide-binding @
- groove C
L al o2 a3 Ty C C

/\*

r\

|
Class TMHC |
molecule |

f, - microglobulin

Class 1 HLA molecules contain two separate polypeptide chains
HLA-encoded alpha (or heavy) chain

Non-HLA-encoded beta chain (beta2 microglobulin,2m)---15 hromosome
Only alpha chain is trans-membrane

Interacts with CD8 (TC) molecule

il daxie (piliadie bl Je ALH T 428l Gl (g giad

HLA Dae i (AL ) W 4Ll

psmusas S V0 - (o VB« Clsosle 5 e ¥ L) HLA 28 8 Uiy Al
e Lzl e A ) alil Jaad

(CT)A CD e g Jeliy
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Organization of class Il MHC gene

ous | HES—E—EHE] s = [AB CLASS |l peptide-binding
; =
g;:: groove
RNA [:-_]'_Dm,.
| i —Jrap1an|—
- el ; i """"
lJ\l\ﬂ"I‘Il"{ - .+Ilu l..«HLI'_ ¥ = IA(X, e ))

®* Class I HLA molecules consist of a non-covalent complex of two chains: o. and 3
*  Botha and B chain span the membrane.
*  Botha and chain are HLA-encoded
* Interacts with CD8 (TC) molecule
S B oilede e oatlid e S e e ALH T 408l il ja () oSS
slaall o aluld) SIS g

HLA 3 )ada ¢ aluludl o JS
(CT)A CD s> ao Jeliy
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Polymorphism in MHC genes

The diversity of the MHC within a species stems from polymorphism, the presence of
multiple alleles at a given genetic locus within the species.

The MHC possesses an extraordinarily large number of different alleles at each locus
and is one of the most polymorphic genetic complexes known in higher vertebrates.

_&\jf‘z!\ JAN Gara Sl g pada se (A Badwia O 2 ga g s ¢ JIEY) AMQA&\);‘Y\ JA MHC g 5% s

JIEY) 3axxite Al Cilranall ST aa) 58 5 auia e JS 8 Adbiaal) Y] (e 138 1508 1200 50l sl 380 6l diee Gl

HLA-A 780 alleles H-2K 55 alleles ; ;
Gl oK YH- Wl YA CHLA-A
HLA-C 650 alleles 10 HLA-C <o\

-The theoretical class | diversity possible for the human Iis ;
Y P Gl (Saall & gl g8 Jg¥) (o kil caall -
V\O\i~~~~=-‘0~*\h\‘~*\f/\h

7807*1020%650=715140000



I cell receptor

antigen-binding

site
I—J_I .
VL vy antibody ( ; ‘ R)

Fab
CL

T cell contact
residue of

antigen-binding peptide
site

T cell receptor

I'_I—I
Polymorphic
residue

Vo V8 T.cell of MHG

Ca Gy TEEepIar Anchor
3 residue
[ ] of peptide

B “ "Pocket"
T cell of MHC

Peptide

© Elsevier. Abbas et al: Cellular and Molecular Inmunology 6e - www.studentconsult.com




Role of TCR In Immune response

> Surface molecule on T cells surface is similar to the
F(ab) of Ab but only located on the surface of T
cells

Recognize Ag presented in MHC context

Two types of TCR
a B: predominant in lymphoid tissues
y 0. enriched at mucosal surfaces

» Ag recognition by ab TCR requires Ag presented by
Mayjor Histocompatibility Complex (MHC).
=> consider both Ag peptide & MHC
=> Cell-Cell interaction

A1 LAY e e L ay 405 Ab e F (ab) Al LAY ada e 3 sm pall o) 5 3 4ui
MHC (b (8 patall ma e i pail)

antigen-binding
site

antibody

antigen-binding
site
l_lﬁ

Ve V8 T_cell

Co Cg receptor

3

)

T cell

TC R L')A L.JL‘:Jj Figure 3-11 Immunobiology, 6/e. (© Garland Science 2005)

A glaalll dasl) 8 2l i o

dpbalaall sl e 5y

(MHC) (i ) oaudll (38) gl aasna Aol 51 238all gb TCR Ag 4ol 20 Ag (Ao s il il
MHC 5 28l Ag (e JS & Jlie) (8 pa <=

4 lal) Adal) Jelss <=



Structure of the TCR (af§)

> Heterodimer with

one a and one B chain of
roughly equal length

A short cytoplamic tall not
capable of transducing an
activation signal Connecting

: ) sequence
A transmembrane region WItA Transmembrane
hydrophobic amino acids region (Tpy)
Cytoplasmic
tail (CT)

&= Heterodimer
%iw@i&é#;ﬁcMMBngdﬁjﬂ& JJG
Sl ds IS

o T-cell receptor

o-chain  B-chain
NH, NH,

«
(s
{ B
+ 8
o)

COOH
{ coor (20
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Structure of the TCR (af)

» Regions

Short cytoplasmic tail- cannot transauce activation si

Transmembrane with hydrophobic AAs

Both a and B have a variable (V) and constant (C) re
V' region is hypervariable, determines Ag specificity

shbidll

M\SJME@MY'M\@JMM‘ Jal)

(C) Ay (V) bmia dshaia 5 (0 I
Ag dpa pad 2aad 5 ¢ Gl 5 jaie V Addaidll

residue of
peptide

Polymorphic
residue
of MHC

Anchor
residue
of peptide

"Pocket"
of MHC

T cell contact

T cell receptor

Peptide

Elsevier. Abbas et al: Cellular and Molecular Inmunology 6e - www.studentconsult.com

o T-cell receptor

o-chain  B-chain

NH, NH,
a
Connecting
sequence { >
Transmembrane +8 8+
region (T,) +§ §
Cytoplasmic COOH
tail (CT COOH
(€T (ag) (282)
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Important aspects of TCR

» Each T cell has TCR of only ONE specificity
Allelic exclusion

» aB TCR recognizes Ag only in the conitext of cell-cell
/nteraction and in correct MHC context: MHC
restriction

» YO TCR recognizes Ag in MHC-independent manner
Response to certain viral and bacterial Ag

dadd gaa 5 dualAl TCR Ll T 4ls (S

YT ey

2 tmaall MHC Glaw (A5 40l L) Jela 3l 8 ki Ag e RCT Baw <ok
MHC

MHC oo i 38 ylay Ag Ao TCR < ek 8y

A i) 5 A g pdll Ag (ard il



. . MHC restriction
T cell T cell
T cell

TCR TCR TCR
b X X \ _y

MHC® MHC" . MHC®

antigen-p;resenting cell antigen-presenting cell antigen-p'resenting cell

Recognition No recognition No recognition

Antigen recognition

T cell response

CD4+

T cell Antigen
=

+@+

(Y
—@%é@

2
Antigen- _ :
presenting Petptlde epltop? %‘
Il (APC antigen presente
S by APC
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TCR and CD3 complex

» TCR Is closely associated with CD3 TCR Complex
complex T
antlgen recogmtlon

Group of 5 proteins

Commonly called ‘invariant” chains of cos cp3

TCR
» Role of CD3 complex ¢

CD3 necessary for cell surface e
expression of TCR S

transauces signal after Ag Interaction
with TCR

signal transduction

YCD g 13_\_, P Uam ) TCR s 5 Figure 3-6 The Immune System, 2/ (© Garland Science 2005)
Clisig 31 © (e Ae gana
TCR e 48" Judll aud
YCD aane 2
TCR J 4dall mhass e juaill (5 55 02 YCD
TCR & Ag Jelii 2y 3 LAY Jsny
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TCR Accessory Molecules:

» Accessory Molecules

- Help T cells in response to a specific Ag
1.CD3 (e, g, d ) and z chains . associates with TCR =>

intracellular signaling transauction
2. CD4/CD8: CD4 <= MHC-I/
& -
CD8 MHC-/ el i o
O Ag J Alaind Al LAY sae L -
Ll Jata cl i) disai <= TCR = b yiiz 5d) «g < e)¥ CD Jud
II-CHM B¢ DC :ADC /¢ CD

3. CDZ28: a co-stimulatory receptor
4. Integrin: Adhesion & co-stimulation

A il st Jilee 1YACD
A yidall jaaaill g Slai) z g yai)

Principal function

Specific
recognition
% of antigen
TCR & ¢
Signal
transduction
CD4/CD8 ==
CD28ext ¢
Integrin g &
Adhesion
© Elsevier. Abbas et al: Cellular and Molecular Immunology 6e - www.studentconsult.com
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TCR Accessory Molecules: 4
\ CD8
GET
» Accessory molecules stabilize the interaction @ C “’D
» Act as co-receptors
CD4: Monomer, four domains @
CD8. Heterodimer; one domain each
Dy &
Jdelall Hl,aul Jde clialal) il ja Jand G ]
A< e COLELS Jazl) 5 L
C¥laa dasf ¢ sagise 1£CD 5 B
Lagie JSJ aal s Jlas ¢ plaa :ACD N ‘g’ >
Each accessory molecule reacts with a ligand on the SAPC or target
cell
CD4/Class Il MHC Aaagiusdl) LA S APC (e ding ae ke s 5 JS deliy
CD8/Class | MHC Y-AFL /Y MHC CD J5¥) 4l / AMHC CD 4sl) 4l / £CD
CD2Z/LFA-3

LFA-1/ICAM-1
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TCR Accessory Molecules:

(b)
Th cell

Antigen-presenting cel

Ny

Peptide
LFA-3

ICAM-1

Class Il
MHC

Tc cell

CD2 — oot .-.(’-.

Target cell

T7EY Antigen)

LFA-1—[0000 IcAM-1 @
0000 5 Peptide
———~0000 £ v
~ 000
s — ooy ( W00~ Class | MHC
CD3 0000
0000
CcD8 %
CD45R 0000 T cD22

WY :1N-R--W Selected T-cell accessory molecules

FUNCTION
Signal Member of

Name Ligand Adhesion transduction Ig superfamily
CcD4 Class Il MHC -+ =+ +
CD8 Class | MHC + + +
CD2 (LFA-2) CD58 (LFA-3) =+ 7t =
LFA-1 (CD11a/CD18) ICAM-1 (CD54) + p +/(—)
CD28 B7 ? < +
CTLA-4 B7 ? + —
CD45R CD22 = 53 <t
CD5 CD72 ? ok =
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Interactions of Accessory molecules between
T cells & APCs: The “Immunological synapse”

(A) ®

CD4+ helper T lymphocyte CD8+ CTL
T —

-
> 0 S
. " i

...
"""""

| bbb iy
| Class Il R Class |
ICAM-1 MHC  FAS B7.1/| |icAM-1 MHC LFA3 g7y
B7-2 .
Class Il MHC— Class | MHC— | B72
expressing APC expressing target cell

© Elsevier. Abbas et al: Cellular and Molecular Immunology 6e - www.studentconsult.com
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"
Key steps in T cell activation

» APC must process and present peptides to Ts
» 1S must receive co-stimulatory signal
» Accessory adhesion molecules stabilize binding of

TCR and MHC
» Signal from cell surface is transmitted to nucleus
Cell cycle
Proliferation Ts o)) Clasiull aiiy dallay APC a8 O o
differentiation A jidall il 5 5Lal Ts Al Of g

Cytokine production ~ MHC 5 TCR B s Jle &8Lay) GLatl iy sa Jons
Immune response 15 ) Al edane g B_LEY) Ji
“\T}H‘ 3)}.3
oy
BAN|

S gl L)
4o lie Al
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T Cell Activation: Consequence of costimulation by cd28

Antigen recognition T cell response
CD28

"Resting" ‘
(costimulator- 2 A o 2>
deficient) Naive

T Cell

APC
. f , No response
Activation of APCs by microbes, or anergy
~Innate Immune response e

Activated Effector

APCs: ‘ 4 Tcells_

increased __Q == 'Y =

expression of | ‘

costimulators,

secretion of Cytokines T cell survival,
cytokines (e.g, IL-12) proliferation
and differentiation

Induction of antigen-specific T cell anergy



Adaptive Immune response

Characteristics:
» Not rapid
> does generate immunological memory

> The strength of the iImmune response increases
with the second infection (same infection).

» The cells of adaptive immunity need an
activation by other cells

Lelia s K13 Al g
(s saxd) () Al LaY) ae doeLiall AainY) 5 68 ol 3
LAY LAY Ao g Japis ) 48l deliall LA s
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FIRIEm Yy DNeypuine STLLULAA Y ANEYPUTIMT
= IgG
—
Blood
Antibody [~
Level Immunologic
Memory gVl
y—
K 1 1 1 1 |
0 14 28 42 56
T T Days
First Ag X Second Ag X
exposure exposure
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Adaptive Immune response
1 Cellular immune response

2 Humoral iImmune response

~ Innate _ Adaptive
immune response immune response

3. Effector
phase

1. Establishment | 2. Inductive
of infection phase

Level of
microorganism

Threshold
level of
antigen to
activate — >
adaptive
immune
response

Entry of microorganism Duration of infection

Pathogen cleared

Figure 11.1 Janeway’s Immunobiology, 9th ed. (© Garland Science 2017)



I lymphocyte

T-Imphocytes migrate from bon marrow to enter
thymus

1) In the outer cortex of thymus.
- T-lymphocytes acquire specific receptors (TCRS)

- They differentiate to express CD3, both CD4 and CD8
coreceptors (double positive cells)

g _yimal) 58] Ja aliall 185 ¢y Al A gialll LAY ales

3 i) 3aal (e dan LAl 5 ) s
(TCRs) 523ae < Uiionn bl A slialll LAY Cani€s

(A 50 30 4o 50 LIR) ACD 5 €CD (0 IS ¢« YCD e watll (5 3l



I lymphocyte

2) In the meadulla of thymus:
- TCRs recognize MHC molecules, loaded with normal self-peptides (p-MHC)

- TCRs capable of binding with low affinity to p-MHC will receive positive selection signals to
divide and establish clones

- TCRs that bind too strongly to p-MHC undergo (negative selection)

- This selection process will eliminate the potentially most harmfiul self reactive T-cells
(central self tolerance)

i || <2 (Y
p-MHC)) 4aladl 451l Clagnlly AleaciMHC <l i (JeTCRs o -

Al Gl gad) Gunali g asdil dlag) sl &l L) p-MHC ae paddie e dals YY) e 3 )0l TCRs (Al <8 g
(e JWa)) p-MHC = 828 s 3 Al TCRs posads

(S oall A alucill) 15 puim SSY Al linl) Al GAY e sladl) 1) s2a JLaaY) dilee (52 5iu
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I lymphocyte

3)Immature T-cells express both CD4 and CD8 (DP)

As they mature

*T-cell with TCRs that have affinity to bind to MHC class Il will
become helper T-cells with CD4

molecule only

*T-cell with TCRs that have affinity to bind with MHC class
| will become cyrtotoxic T-cells with CD8 molecule only

(PD)A CD 5 £CD e axalill pe 406l LOIAL) juad

§CD aw baclue T LIA 430l 44 (0 MHC ae bl YL dla L Al TCRs (Ao (s 53t Al 46l L) ~uatu
L o5 3

s o e LIAN Lol T LA zenain (¥ 4 jall (e MHC ae bl ¥4 dla Ld 3l TCRs ae 430 LDIAN
ki ACD



I lymphocyte
4) Mature positively selected T-cells are MHC restricted

* CD4 T-cells are MHC [/ restricted and only recognize specific foreign
peptide only when they are presented in association with specific
MHC Il molecules

* CD8 T-cells are MHC | restricted and recognize specific foreign
peptidees only when they are presented in association with
specific MHC | molecules

MHC g (lag) JS5 5 jldal) Aaalal) 50l LOIAY) s o5
333a0 MHC 1l &l i xe O BYL Leaast o Laxie Jasd daa Ll :",_u;.'.;‘i\ il e V) e =B Y s MHC I = 328 T CD LA

el (3 gil) daa il Ja ae G EYL Lean o Ladie T Lima Lpial Cilagiy e i ey MHC | = 338« TA CD LD
3aasall Y
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T-cell subpopulation

1) CD4 T helper lymphocytes (TH)

- TH lymphocytes recognize antigen on the surface of APC in association with
class Il MHC molecules

- They are activated and secrete several cytokines
- There are two main subsets of TH cells (THI and TH2)
- The two subsets are differentiated on basis of the cytokine they produce
T (TH) ¢ CD sacbuall 4 slaadll LA

LS gl (e el ) ) 5 Ledardis o3

(YTH 5 THI) TH LIS (e Q) Glie B (e gana cllia

adlaiiy Al oS il el e e Hal) e seaall G Sl A



CD4 T helper l[ymphocyites Subsets

Th1 produce mainly .
- Cytokines of CM/I and inflammation
e.qg. IFN-y, TNF- 5, IL-3 and IL-2

i S5V Th gy

Th2 producg mainly: | S5 CMI s i) -

- Cytokines that stimulate B-cells  YIL- 5 ¥IL- 5 TNF-B s IFN-y Jial Jus e

- Suppressor cyrtokines oty JS YT

e.qg. /-4, IL-5, IL-6 and [L-1 Al LA i i) s gl

Thirz ALl LS giud
YIL- ¢ VL- - g ¢]- WA

-proa’uce/L-17 IL- 5 VIL- 5 °IL- 5 €1- J dua:vuTi;

YVIL- Ctb) -
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Extra.cellular bacteria Intracellular pathogens
Fungi Autoimmunity
Autoimmunity

IL-21 ey

IL-17a " j W-2

IL-17f G -

lL'22 (~ ﬂ//(~ (IL‘1 0)

/ / \\;\’L
> 7 X
(IL-10) = 27 2 /2 o .
RORyt/Stat3 T-bet/Stat4

Foxp3/Stat5 o GATA-3/Stat5
Ve Yy IL-4
<% 2

TGFB <0 IL-5
IL-35 IL-13
IL-10 IL-25
Amphiregulin
= | IL-10
Immune tolerance . Extracellular parasites
Lymphocyte homeostasis Allergy and asthma

Regulation of immune responses



CD8 Cyrtotoxic T-lymphocytes (CTLS)

» They constitute 35% of peripheral T-cells

» CTLs recognize antigen on surface of target cells (infected
APC or other infected nucleated cell) in association with MHC-/

- They are activated and kill the virus infected cell or tumor cell
ddasall A0l LA e Z Y0 JS4

MHC- ge &l 18Y0 (s AT Lban 3l 5 408§ Lladl APC) ddagiual LAY xhu e aaival e CTLs <o

Al yuall 20800 gf g il Aliaall AlA) i  Ledapdis o3
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CD8* cytotoxic T lymphocytes (CTLs

Cytotoxic T cell :
Surface ap TCR, CD3, CD8 TCR CDS8
ol [ Tcr [ CD8
Transcription EOMES, T-bet, BLIMP1
factors ‘l '
Effector Perforin, granzyme, IFNy
molecules
secreted
Function Cytotoxic; kill infected and

transformed cells and thereby
protect the host from viral
infections and cancer. Direct
killing is mediated by secretion of
perforin and granzymes, which
cause apoptosis of target cells.

Other In humans, mainly CD45RO*. Some
features terminally differentiated CTLs in
humans re-express CD45RA.

Cytotoxic

56



CD8* cytotoxic T lymphocytes (CTLS)

The CTL-mediated immune system can be divided into two

phases.

> In the first phase, functional effector CTLs are generated
from naive T.cells through activation and differentiation.

» In the second phase, effector CTLs destroy target cells by
recognizing the antigen-MHC class | complex.

Ofila e ) CTL Al s oo bial) Slead) anadi (K

Te WA (e iuda sl cunivsall CTL L) o ¢ (I oY) Als all

ekl g Tl JSA e AL

A (e Aagiunall LAY Cumdivsall CTL e ¢ 4001 dls all
i)l (58 gill Siaa IV A5 (e diaitie (S e o G gl
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CD38* C totoxic T lymphocytes (CTLS)
Phase 1

There are three sequential signals that are required to complete this process.

First, there is TCR recognition of the peptide-MHC class | complex. This step allows the cell to become
licensed to an antigen presenting cell.

Second, a costimulatory signal is transmitted by the interaction between CD28 and B7 of the
precursor cell and the licensed antigen presenting cell.

Last, a signal is induced by the interaction between IL-2 and the high-affinity IL-2 receptor. This
results in proliferation and differentiation of the antigen-activated precursor cell into a functional
effector CTL. Y Ada )

Aleall oda JLSY 4 slae Alidicie ol La) SOl Sl

Aalieg 2038 4080 Hiad e et ol 1A 5 adl) o3a a5V Aa ol e MHC -2l S e TCR ol yie ) @llia « Y
Foad pall dcatiall a1 5 401 BN VB 5 YACD o delaill 5 e e 48l 5 5li) Jla ) o ¢ Gl

Ay A Al LAl silaiy IS e iy clEl e Y- diiee s YIL- op deldil) (5 5k o 3L Colas) oy ¢ ) Al

CTL by cuntion ) aatios ddaui g Lglaniss
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Mechanisms of CTL Action
Phadt T

In this phase two, the now functional effector CTLs destroy the target cells. This can be done in two
ways:

- These pathways are the cytotoxic protein pathway

- and the Fas ligand pathway.
Apoptosis is the primary mechanism for both of these pathways.

Cytotoxic Protein Pathway. In this pathway perforins and granzymes are taken up by the target cell.
In this pathway, the perforins facilitate the entry of granule contents into the cell. The granzymes then
activate the endogenous apoptosis pathway, which induces cell death without necrosis. This leaves
packages of fragmented DNA material from the target cell for the macrophages to dispose of.

Fas Ligand Pathway[edit]
The other pathway is the Fas ligand pathway. In this pathway, a Fas ligand (FasL) on the CTL binds to
Fas receptor (FasR) on the target cell. This pathway is independent of granzymes. Instead it involves
Interleukin-1 converting enzyme (ICE; also known as Caspase 1) activation, which is similar to

granzyme B. This ultimately leads to DNA

A Ada yal)

Oty phay I3 oy 0 Sy Abagrianal) USAD) ety ) Alladl) CTLs p g ¢ Al Ala jal) oda (B
QM eu\ O.-.‘:J.):"“ Ja 7] Cibw\ T

g Gald s g

Ol (33 Cpa IS Ayl A1 90 e all LAY s

Ja Japiiiy cilag 350 a0 2 g8 A5 AN L) Cilal) Gl giaa J 93 el Jgudi ¢ Jlesall 138 B ABagioeal) LAY ddaid gy i) sadl g gl (alialial aly ¢ jlecall 138 B LA alud) (i gl leaa
Aalal) e paliill ddagioal) 4080 (e 31 Jaa DNA 33ta e aja & 130 | AT 093 LOAY Ciga ) sy Laa ¢ AN Adlaia)

[J=] Fas Ligand lwe
i ey ¢ el (o Yy laa 3 al (8 Jlia Jluall 138 Abagiaal) L4 e Fas (FasR) s CTL (1o 35254l Fas (FasL) ) B ¢ Jbaal) 138 (2 Fas ligand Jbes 2 AY)
(S9N Gaaal) ) gl B 535 1y B il all Aildia a5 ¢ (Y Caspase awby Ll cigrall ¢ ICE) V- (S ol AU Jgaall ay i)
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Mechanisms of CTL Action

Cytotoxic
T cell

\e 0 ¢
Sl g
; ' Target cell
; membrane
Q i

-
&o
' 3 Target cell
nucleus
L Perforin

molecules
inserted in
target cell

membrane

Cytotoxic T cell Cancer cell

(a) (b)
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Mechanisms of CTL Action

Phase 2

Fas Ligand Pathway: In this pathway, a Fas ligand (FasL) on the CTL binds to
Fas receptor (FasR) on the target cell. This pathway is independent of
granzymes. Instead it involves Interleukin-15 converting enzyme (ICE, also

known as caspase 1) activation, which is similar to granzyme B. This ultimately
leads to DNA fragmentation.

Target ceHl

Fn!
FasL»

CytotoXic
T cell

One method by which cytotoxic T cells
Induce thelirtargets {e.g., virus- 61
infected GI“I] to commit sulcide

(apoptoals)

LAl Al )

Istocompatibility 55,0, CTL e 9 sall Fas (Fasl) )y ks ¢ sluall 138 4 :Fas Ligand Ll
¢ Sl e Y g Gl ¥l jall e Joie ) 18 ddagiwadl 418N e Fas (FasR)

auly Wil s jaall ¢ ICE) ¢V Interleukin- 3 Jssall a 33¥) Jandis e (g shiy 4ila
(S5 Gaeall 4 a0 ) Al 8 sam 1aa s B il sl 4lde a5 ¢ (Y Caspase

“*= T cell raceptor
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B lymphocyte

» B lymphocytes are formed within the bone marrow and undergo their
development there

» They have the following functions.
10 Interact with antigenic epitopes, using their immunoglobulin receptors
1o subsequently develop into plasma cells, secreting large amounts of
specific antiboady, or
1o circulate as memory cells

1o present antigenic peptides to T cells, consequent upon interiorization
and processing of the original antigen

lia W skl amdi s allaall g5 Jals B i sliadll LAY (<

) Cailds gl aga

; =il (il sIal s oty ¢ i) o) s e Jelil
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_Clonal Selection SO
e ~ L 1
> Stimulated B cell growth forms clones P

bearing the same antigen-specific Q @ Q , .

* < Ak

receptors it

> A naive, immunocompetent B cell is lv \ \\
activated when antigens bind to its a T
surface receptors and cross-link adjacent
receptors

> Antigen binding is followed by receptor- i“: A
mediated endocytosis of the cross-linked ...
antigen- receptor complexes

» These activating events, plus T cell

Interactions, trigger clonal selection , ‘Q ’ ‘Q 9\ , Q‘ Q ’ Q
Acatsalls Daalall COEiall it Jead Cilitive 3 jasall 45Ul LAY gai (S B l' —_r
il g 5 Losie deial) 86l b Al 4000 el gt oy, A RRT Ap A R 0 AR
Aadaliial 5 enall i isdly Lgakans CEne 5 4 A A Al AX T & i
St Gilrasal Lt ddalu g g;ju\ e\.ﬁ.ﬂ‘){\ Latually Lol HY A
A LA Clacatosdll
s Ll e dptl LAl aleli ) Al ¢ ddadiall Galaal) sl a5
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B lymphocyte

. B cells become plasma cells, which
proaduce antibodies when a foreign
antigen triggers the immune response

» Plasma cells secrete specific antibody
at the rate of 2000 molecules per
second

Leaie saliae Lluad g il 5 ¢ Lo 30k LA 4L LAY s
Ao liall Alain¥) sty cu o8 dalis a5l
Al s ia Yo Jaray 13ans 13liaa s Lo 0 DA 5 8



Antibody effector functions

' Variable regions (Fab)
] Constant regions (Fc)

e

(1) Virus and toxin

neutralization
Macrophage
(2) Opsonization {(4) Antibody-Dependent

Cell-mediated
Cytotoxicity (ADCC)

- (3) Complement fixation

pathogen-host and formation of the

binding Phisgoiytois membrane attack complex

l NK-induced
Phagocytosis APOPLOSIS

or lysis



Immunological Memory

Primary immune response — cellular differentiation and

proliferation, which occurs on the first exposure to a specific
antigen

Lag period: 3 to 6 days after antigen challenge
Peak levels of plasma antibody are achieved in 10 days Antibody levels then decline

Secondary immune response — re-exposure o the same
antigen

Sensitized memory cells respond within hours

Antibody levels peak in 2 to 3 days at much higher levels than in the primary response

Omne datusad J V) (el die Gy sl ¢ ISl 5 o A il - A Y1 Ao L) AlaiY)
Aaiisall gand ey Al T Y ez sl 3 53
3alal) (,u;y\ Q\,Umu'aésﬁez‘egi Vo Ot 4Ll A sabiadll eu;SZ\QAs”M\ b e A J g dll S
Acaisall il g el Bale ] - A il dueliall Alaind)
Glelu G pae A dulanall 3 SIAN LIS Cuaind
A0V i) e S el Gl gie die GUE Y Y L8 L0 dliaddl auall Gl i @l

Antibodies bind with greater affinity, and their levels in the blood can remain high

for weeks to months
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Primary and Secondary Humoral

104

S
W

Antibody titer (antibody concentration)
in serum (arbitrary units)
3, 2

100

Second exposure
to antigen x, first
exposure to antigen y

— First exposure

to antigen x

Primary immune

response to
antigen x
Anti-
bodies
to x
7 14 21

Secondary immune
response to antigen x

Primary immune

response to
antigeny
Anti-
bodies
v toy
28 35 42 49 56
Time (days)

Figure 21.10



Importance of Adaptative iImmune

Response
Importance of Humoral Response

> Soluble antibodies

» The simplest ammunition (tool) of the immune response

» Interact in extracellular environments such as body secretions, tissue fluid, blood, and
lymph

Importance of Cellular Response

» T cells recognize and respond only to processed fragments of antigen
displayed on the surface of boady cells

» T cells are best suited for cell-to-cell interactions, and target:
» Cells infected with viruses, bacteria, or intracellular parasites

» Abnormal or cancerous cells Ol g3t ALAY Babaal) alay)

. . . Ao Uial) Ll (3120) 5 _udd Jacd

> Cells of infused or transplanted foreign tissue il 1 ) g el S0 o ol @t-'s(auzwgédeu’ﬁ
451 Alatiay) dan]
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Decline of the Immune Response

» Clonal expansion and differentiation occurs in  peripheral
lymphoid organs

» As Infection Is cleared and stimuli for lymph activation
disappears and the response will decline

» Cells are deprived of survival factors — die by apoptosis, 1-2
WKs after infection cleared

» only memory T-cells that remains

odanall 4 glaalll eliac ) 8 bl 5 el s gill Gaaa,
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