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Review question on MHC/HLA

� What is MHC and HLA?

� Where MHC genes are located? How many classes 
are there? 

� How many types of HLA? Use and methods for 
HLA typing?

� Biological significance of MHC.� Biological significance of MHC.

� How many classes of  MHC are there? Role in 
antigen presentation?

� What is MHC restriction? What is Rule of 8?

� Which class of MHC presents endogenous and 
which class exogenous antigens? And where?
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History

�1950 – serum of multiparous women have 

antibodies against leukocytes. So named as human 
leukocyte antigen.

� Later found to be present on all nucleated cells. 
And play important role in immune response.And play important role in immune response.

�1970 – Association with many disease and role in 

transplantation  has been established.
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�HLA – Human leukocyte antigen

�MHC – Major histocompatibility �MHC – Major histocompatibility 

complex
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Human Leukocyte Antigens (HLA)

� HLA proteins are produced by major
histocompatibility complex (MHC) class I and II
genes.genes.

� HLA can be defined as product genes of the MHC.

12/21/2013 5Prof. Md. Akram Hossain



12/21/2013 6Prof. Md. Akram Hossain



12/21/2013 7Prof. Md. Akram Hossain



MHC Molecules

MHC molecules, also known as human leukocyte

antigens or HLA, are the products of a cluster of

genes in the human DNA known as the major

histocompatibility complex (MHC). These Protein

(antigens) are present on various human cells and

enable T-lymphocytes to recognize epitopes

and discriminate self from nonself.
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Classes of MHC molecules /HLA types

There are 2 major classes of MHC molecules: MHC-I
and MHC-II.

1. MHC-I Molecules (Class I HLA Molecules)

� HLA-A, HLA-B, and HLA-C with multiple alleles� HLA-A, HLA-B, and HLA-C with multiple alleles

2. MHC-II Molecules (Class II HLA Molecules)

� HLA-DR, HLA-DQ, and HLA-DP with multiple alleles

� ? Class –III
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Distribution of MHC

Class I MHC: expressed on all somatic cells;
classic “transplantation antigens”

Class II MHC: expressed on immune cells (B,T,Class II MHC: expressed on immune cells (B,T,
macrophages, thymus epithelium); immune
associated (IA) antigens; important in immune
regulation, cell-cell communication
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Uses of HLA typing

1. For determination of compatibility prior 

transplantation

2. Paternity testing

3. Anthropologic studies

4. Establishment  of HLA and disease association
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Methods of HLA typing

1. Serotyping-

� Class 1 MHC (HLA -A, HLA-B, HLA –C) HLA -DR, 
HLA-DQ

2. Mixed lymphocytic reaction( MLR) – HLA DP2. Mixed lymphocytic reaction( MLR) – HLA DP

3. Gene sequencing – both MHC 1 and MHC 2
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Biological significance of MHCBiological significance of MHC

1.1. T cell recognition of macrophage processed T cell recognition of macrophage processed 

antigenantigen

2.2. T cell collaboration with B cellsT cell collaboration with B cells

3.3. Killing of virally infected cellsKilling of virally infected cells3.3. Killing of virally infected cellsKilling of virally infected cells

4.4. Recognition of foreign antigens during graft Recognition of foreign antigens during graft 

rejectionrejection

5.5. Related with complement systemRelated with complement system

6.6. Associated with many diseasesAssociated with many diseases

7.7. Survival advantages due to polymorphism.Survival advantages due to polymorphism.
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Diseases associated with  MHCDiseases associated with  MHC

There are many diseases of which following are importantThere are many diseases of which following are important

•• Ankylosing spondylitis (RR 80%)  B27Ankylosing spondylitis (RR 80%)  B27

•• Juvenile rheumatoid arthritis (RR 47%)  Dw 14Juvenile rheumatoid arthritis (RR 47%)  Dw 14

•• Reiters syndrome (RR 40%)  B27Reiters syndrome (RR 40%)  B27

•• Insulin dependant diabetes mellitus (RR 32%)  Dqw8Insulin dependant diabetes mellitus (RR 32%)  Dqw8

•• Acute anterior uveitis (RR 8%)  B27Acute anterior uveitis (RR 8%)  B27

•• Sjogrens syndrome (RR  06%)  DR3Sjogrens syndrome (RR  06%)  DR3

•• Graves disease ( RR 04%) DR3Graves disease ( RR 04%) DR3

•• SLE ( RR 03%) DR2SLE ( RR 03%) DR2
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Classes 1 of MHC moleculesClasses 1 of MHC molecules

MHCMHC--II moleculesmolecules areare mademade byby allall nucleatednucleated cellscells
inin thethe bodybody andand possesspossess aa deepdeep groovegroove thatthat
cancan bindbind peptidepeptide epitopesepitopes,, typicallytypically 88--1111
aminoamino acidsacids long,long, fromfrom endogenousendogenous antigensantigens
EndogenousEndogenous antigensantigens areare proteinsproteins foundfound
withinwithin thethe cytosolcytosol ofof humanhuman cellscells..

EnodgenousEnodgenous antigensantigens includeinclude::
aa.. viralviral proteinsproteins producedproduced duringduring viralviralaa.. viralviral proteinsproteins producedproduced duringduring viralviral

replication,replication,
bb.. proteinsproteins producedproduced byby intracellularintracellular bacteriabacteria
suchsuch asas RickettsiasRickettsias andand ChlamydiasChlamydias duringduring
theirtheir replication,replication,
cc.. proteinsproteins thatthat havehave escapedescaped intointo thethe cytosolcytosol
fromfrom thethe phagosomephagosome ofof phagocytesphagocytes suchsuch asas
antigenantigen--presentingpresenting cells,cells,
dd.. tumortumor antigensantigens producedproduced byby cancercancer cells,cells,
ee.. andand selfself peptidespeptides fromfrom humanhuman cellcell
proteinsproteins..
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MHC-I Molecules

MHC-I molecules bind

peptides from endogenous

antigens and present them to

T-cell receptors/CD8T-cell receptors/CD8

molecules on T8-

lymphocytes. MHC-I

molecules are produced by

all nucleated cells in the

body.
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Classes 1 of MHC molecules…

One of the body's major defenses against viruses, intracellular

bacteria, and cancers is the destruction of infected cells and

tumor cells by cytotoxic T-lymphocytes or CTLs . These CTLs are

effector cells derived from T8-lymphocytes during cell-mediated

immunity. Both T8-lymphocytes and CTLs produce T-cell receptors

(TCRs) and CD8 molecules which are anchored to their surface. The

TCRs and CD8 molecules on the surface of T8-lymphocytes and

CTLs are designed to recognize peptide epitopes bound to MHC-I

molecules.
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DuringDuring thethe replicationreplication ofof virusesviruses andand
intracellularintracellular bacteriabacteria withinwithin theirtheir hosthost cell,cell,
asas wellwell asas duringduring thethe replicationreplication ofof tumortumor
cells,cells, viral,viral, bacterial,bacterial, oror tumortumor proteinsproteins areare
degradeddegraded intointo aa varietyvariety ofof peptidepeptide epitopesepitopes
byby cylindricalcylindrical organellesorganelles calledcalled
proteasomesproteasomes.. OtherOther endogenousendogenous antigensantigens

Processing of endogenous antigensProcessing of endogenous antigens

proteasomesproteasomes.. OtherOther endogenousendogenous antigensantigens
suchsuch asas proteinsproteins releasedreleased intointo thethe cytosolcytosol
fromfrom thethe phagosomesphagosomes ofof antigenantigen--presentingpresenting
cellscells suchsuch asas macrophagesmacrophages andand dendriticdendritic
cellscells asas wellwell asas aa varietyvariety ofof thethe humanhuman cell'scell's
ownown proteinsproteins (self(self--proteins)proteins) areare alsoalso
degradeddegraded byby proteasomesproteasomes.. AsAs thesethese variousvarious
endogenousendogenous antigensantigens passpass throughthrough
proteasomes,proteasomes, proteasesproteases andand peptidasespeptidases
chopchop thethe proteinprotein upup intointo aa seriesseries ofof
peptidespeptides,, typicallytypically 88--1111 aminoamino acidsacids longlong
(see(see FigFig.. 22)).. (Animation(Animation ofof proteosomeproteosome))12/21/2013 18Prof. Md. Akram Hossain



Binding of Peptide Epitopes from Endogenous Antigens to MHC-I 

Molecules
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Animation of A Proteasome Degrading Proteins into Peptides 
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Processing of Endogenous antigens

A transporter protein called TAP located in the
membrane of the cell's endoplasmic reticulum then
transports these peptide epitopes into the
endoplasmic reticulum where they bind to the
grooves of various newly made MHC-I
molecules. The MHC-I molecules with bound
peptides are then transported to the Golgi complex
and placed in exocytic vesicles. The exocytic
vesicles carry the MHC-I/peptide complexes to
the cytoplasmic membrane of the cell wherethe cytoplasmic membrane of the cell where
they become anchored to its surface (see Fig. 2).
A single cell may have up to 250,000 molecules of
MHC-I with bound epitope on its surface.

The MHC-I molecule with bound peptide on the
surface of antigen-presenting cells such as
macrophages and dendritic cells can be
recognized by a complementary-shaped
TCR/CD8 on the surface of a naive T8-
lymphocyte (see Fig. 3) to initiate cell-mediated
immunity

.
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Fig. 3: An Antigen-Presenting Cell Presenting MHC-I with Bound Peptide to a 

Naive T8-lymphocyte having a Complementary T-Cell Receptor

See description
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Description of fig 3

Antigen-presenting cells (APCs) such as dendritic cells and macrophages

produce both MHC-I and MHC-II molecules. These APCs can

phagocytose infected cells and tumor cells, place them in phagosomes,

and degrade them with lysosomes. During this process, some of the

proteins escape from the phagosome into the surrounding cytosol.proteins escape from the phagosome into the surrounding cytosol.

Here they can be degraded into peptides by proteasomes, bound to

MHC-I molecules, and placed on the surface of the APC. Now the

peptide/MHC-I complexes can be recognized by a naive T8-

lymphocyte having a complementary shaped T-cell receptor (TCR) and

CD8 molecule. This activates the naive T8-lymphocyte enabling it to

eventually proliferate and differentiate into cytotoxic T-lymphocytes

(CTLs).
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Processing of Endogenous antigensProcessing of Endogenous antigens

Likewise,Likewise, MHCMHC--II moleculemolecule withwith boundbound

peptidepeptide onon thethe surfacesurface ofof infectedinfected

cellscells andand tumortumor cellscells cancan bebe

recognizedrecognized byby aa complementarycomplementary--

shapedshaped TCR/CDTCR/CD88 onon thethe surfacesurface ofofshapedshaped TCR/CDTCR/CD88 onon thethe surfacesurface ofof

aa cytotoxiccytotoxic TT--lymphocytelymphocyte (CTL)(CTL) toto

initiateinitiate destructiondestruction ofof thethe cellcell

containingcontaining thethe endogenousendogenous antigenantigen

(see(see FigFig.. 44)).. TheThe TCRTCR recognizesrecognizes thethe

peptidepeptide whilewhile thethe CDCD88 moleculemolecule

recognizesrecognizes thethe MHCMHC--II moleculemolecule..

(Animation(Animation ofof endogenousendogenous antigens)antigens)
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Cytotoxic T-lymphocyte Recognizing a Virus-Infected Cell

Endogenous antigens are those
being produced within cells of
the body. Examples include
proteins from replicating
viruses, proteins from
intracellular bacteria, and
tumor antigens. The body
marks infected cells and tumor
cells for destruction by placing

Go Back

cells for destruction by placing
peptide epitopes from these
endogenous antigens on their
surface by way of MHC-I
molecules. Cytotoxic T-
lymphocytes (CTLs) are then
able to recognize
peptide/MHC-I complexes by
means of their T-cell receptors
(TCRs) and CD8 molecules
and kill the cells to which they
bind.
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Animation of An MHC- I Molecule on a Virus-Infected Cell Presenting a Peptide Viral 

Epitope to a Cytotoxic T-Lymphocyte (CTL) Having a Matching TCR/CD8 on its Surface

(See (See 
description)
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Description of animation of MHC1 with virus infected 

cells

Both naive T8-lymphocytes and their effector cells, the cytotoxic T-

lymphocytes (CTLs), use the unique T-cell receptors and CD8 molecules

on their surface to recognize epitopes from endogenous antigens boundon their surface to recognize epitopes from endogenous antigens bound

to MHC-I molecules. Different T-cell receptors recognize different

epitopes. All nucleated cells produce MHC-I molecules and in this way

the body can use CTLs to destroy infected cells and tumor cells.
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Animation of Binding of Epitopes from Endogenous Antigens to 

MHC- I Molecules in a Virus-Infected Cell
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Animation of An MHC- I Molecule on an APC Presenting a Bound Viral Epitope 

to a Naive T4 Lymphocyte with a Matching TCR/CD4 on its Surface 

Naive T4-lymphocytes via
the unique T-cell
receptors and CD4
molecules on their
surface recognize peptide
epitopes from exogenousepitopes from exogenous
antigens bound to MHC-
II molecules on antigen
presenting cells (APCs).
Different T-cell receptors
recognize different
epitopes.
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B. MHC-II Molecules (Class II HLA Molecules)

MHC-II molecules are made primarily

by antigen-presenting cells or APCs .

APCs include macrophages,

dendritic cells, and B-lymphocytes .

MHC-II molecules have a deep grooveMHC-II molecules have a deep groove

that can bind peptide epitopes, from

10-30 but optimally from 12-16 amino

acids long, from exogenous antigens

(see Fig. 5). Exogenous antigens are

antigens that enter from outside the

body such as bacteria, fungi, protozoa,

and free viruses.
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MHC-II Molecules

MHC-II molecules bind

peptides from exogenous

antigens and present them

to T-cell receptors/CD4

molecules on T4-molecules on T4-

lymphocytes. MHC-II

molecules are produced by

antigen-presenting cells

(APCs) such as

macrophages, dendritic

cells, and B-lymphoctytes.

12/21/2013 31Prof. Md. Akram Hossain



Processing of exogenous antigensProcessing of exogenous antigens

TheseThese exogenousexogenous antigensantigens enterenter macrophages,macrophages, dendriticdendritic cells,cells, andand BB--

lymphocyteslymphocytes throughthrough phagocytosisphagocytosis.. TheThe microbesmicrobes areare engulfedengulfed andand

placedplaced inin aa phagosomephagosome.. AfterAfter lysosomeslysosomes fusefuse withwith thethe

phagosome,phagosome, proteinprotein antigensantigens fromfrom thethe microbemicrobe areare

degradeddegraded byby proteasesproteases intointo aa seriesseries ofof peptidespeptides,, fromfrom 1010--3030

aminoamino acidsacids longlongaminoamino acidsacids longlong

•• Meanwhile,Meanwhile, aa varietyvariety ofof MHCMHC--IIII moleculesmolecules areare beingbeing
synthesizedsynthesized byby thethe roughrough endoplasmicendoplasmic reticulumreticulum.. OnceOnce
assembled,assembled, wihtinwihtin thethe endoplasmicendoplasmic reticulum,reticulum, aa proteinprotein calledcalled thethe
invarientinvarient chainchain (Ii)(Ii) attachesattaches toto thethe thethe peptidepeptide--bindingbinding
groovegroove ofof thethe MHCMHC--IIII moleculesmolecules andand inin thisthis wayway preventsprevents peptidespeptides
designateddesignated forfor bindingbinding toto MHCMHC--II moleculesmolecules withinwithin thethe ERER fromfrom
attachingattaching toto thethe MHCMHC--IIII (see(see FigFig.. 66))..
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Binding of Peptide Epitopes from Exogenous Antigens to MHC-II 

Molecules 

Exogenous antigens are those from
outside cells of the body. Examples
include bacteria, free viruses, yeasts,
protozoa, and toxins. These
exogenous antigens enter antigen-
presenting cells or APCs
(macrophages, dendritic cells, and
B-lymphocytes) through
phagocytosis. The microbes are
engulfed and placed in aengulfed and placed in a
phagosome. After lysosomes fuse
with the phagosome, protein
antigens are degraded by proteases
into a series of peptides. These
peptides eventually bind to grooves
in MHC-II milecules and are
transported to the surface of the
APC. T4-lymphocytes are then able
to recognize peptide/MHC-II
complexes by means of their T-cell
receptors (TCRs) and CD4
molecules.
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Processing of exogenous antigens…

� The MHC-II molecules with bound Ii chain are now

transported to the Golgi complex, and placed in vesicles.

The vesicles containing the MHC-II molecules fuse

with the peptide-containing phaglysosomes. The Ii

chain is removed and the peptides are now free to

bind to the grooves of the MHC-II molecules. The

MHC-II/peptide complexes are then transported to

the cytoplasmic membrane of the APC where they

become anchored to its surface
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Processing of exogenous antigens…
� Here the MHC-II molecules with bound peptides

can be recognized by a complementary-shaped T-
cell receptor (TCR) and CD4 molecule on the
surface of a T4-lymphocyte ()

� T4-lymphocytes are T-lymphocytes displaying a surface
molecule called CD4. They also have on their surface,
epitope receptors called T-cell receptors (TCRs) that,epitope receptors called T-cell receptors (TCRs) that,
in cooperation with the CD4 molecules, have a
shape capable of recognizing peptides from
exogenous antigens bound to MHC-II molecules
on the surface of APCs and B-lymphocytes.

� The TCR recognizes the peptide while the CD4 molecule
recognizes the MHC-II molecule. T4-lymphocytes are
cells the body uses to regulate both humoral
immunity and cell-mediated immunity.

12/21/2013 35Prof. Md. Akram Hossain



Fig. 7: A T4-Lymphocyte Recognizing Epitope/MHC-II on an 

Antigen-Presenting Cell (APC)
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Animation of a T4-lymphocyte recognizing epitopes 

bound to MHC-II molecules.
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Animation of Binding of Epitopes from Exogenous 

Antigens to MHC-II Molecules in a Macrophage

See description
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An MHC- II Molecule on an Antigen-Presenting Cell Presenting a 

Bound Viral Epitope to a Naive T4-Lymphocyte with a Matching 

TCR/CD4 on its Surface
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Description of animation of  exogenous antigens

Exogenous antigens are those from outside cells of the body. Examples

include bacteria, free viruses, yeasts, protozoa, and toxins. These

exogenous antigens enter antigen-presenting cells or APCs

(macrophages, dendritic cells, and B-lymphocytes) through

phagocytosis. The microbes are engulfed and placed in a phagosome.

After lysosomes fuse with the phagosome, protein antigens are

degraded by proteases into a series of peptides. These peptides

eventually bind to grooves in MHC-II milecules and are transported to

the surface of the APC. T4-lymphocytes are then able to recognize

peptide/MHC-II complexes by means of their T-cell receptors (TCRs)

and CD4 molecules.
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Animation of Binding of Epitopes to Corresponding 

Molecules of sIg on the Surface of B--Lymphocytes

B-lymphocytes have sIg

molecules on their

surface that recognize

epitopes directly onepitopes directly on

antigens. Different B-

lymphocytes are

programmed to produce

different molecules of

sIg, each specific for a

unique epitope.
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Animation of MHC-II molecules binding epitopes from 

exogenous antigen
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C. CD1 Molecules

While MHC molecules on antigen-presenting cells (APCs) present

peptide epitopes to T-lymphocytes, T-lymphocytes must also be

able to recognize lipid and glycolipid antigens such as gram-

negative lipopolysaccharide, gram-positive lipoteichoic acid, and the

lipid components of acid-fast cell walls. In the presentation of lipid

and glycolipid antigens to T-lymphocytes, a molecule called CD1

on most APCs takes the place of MHC molecules.

By way of their TCRs , T4-lymphocytes, T8-lymphocytes, and CD4-

CD8- T-lymphocytes (T-lymphocytes having neither CD4 nor CD8

molecules) are able to recognize lipid and glycolipid antigens

presented by CD1 molecules on the surface of most APCs .
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Structure of Class I MHC
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Structure of Class I MHC
� Two polypeptide chains, a long α chain and a short β 

chain, called β2 microglobulin 

� Four regions:

1. Peptide-binding region - a groove formed from α1 1. Peptide-binding region - a groove formed from α1 
and α2 domains of the α chain      

2.    Immunoglobulin-like region – highly conserved  α3 
domain - site to which CD8 on T cell binds  
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Structure of Class I MHC (continued)

3. Transmembrane region – stretch of 
hydrophobic amino acids spanning 
membranemembrane

4. Cytoplasmic region – contains sites 
for phosphorylation and binding to 
cytoskeletal elements
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Structure of Class I MHC
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Variability For Polymorphism
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Structure of Class II MHC
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Structure of Class II MHC
� Two polypeptide chains, α and β, of roughly 

equal length. 

� Four regions:

1. Peptide-binding region – a groove formed from 
the α1 and β1 domains of the α and β chains – site 
of polymorphism
the α1 and β1 domains of the α and β chains – site 
of polymorphism

2. Immunoglobulin-like region – conserved α2 and 
β2 domains – β2 is site to which CD4 on T cell 
binds
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Structure of Class II MHC

(continued)

3. Transmembrane region – stretch of 
hydrophobic amino acids spanning 
membranemembrane

4. Cytoplasmic region – contains sites 
for phosphorylation and binding to 
cytoskeletal elements
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Structure of Class II MHC
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Variability For Polymorphism
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Peptide-binding grooves for class I and class 

II MHC are structurally similar

� Both have a peptide-binding groove with a wall of 
two α helices and a floor of eight β-pleated sheets

� Close-ended groove for class I MHC requires an 8-� Close-ended groove for class I MHC requires an 8-
10 amino acid-length peptide to bind; open-ended 
groove for Class II MHC lets it bind a peptide 13-25 
amino acids long, not all of which lie in the groove

� Anchor site rules apply to both classes
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Aspects of MHC
1. MHC molecules are membrane-

bound. Recognition by T cells
requires cell-cell contact.requires cell-cell contact.

2. Peptide from cytosol associates with
class I MHC and is recognized by Tc
cells. Peptide from vesicles
associates with class II MHC and is
recognized by Th cells.
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Aspects of MHC (continued)
3. Although there is a high degree of

polymorphism for a species, an
individual has maximum of six
different class I MHC products and
only slightly more class II MHConly slightly more class II MHC
products.
A peptide must associate with a given
MHC of that individual, otherwise no
immune response can occur. That is
one level of control.
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Aspects of MHC (continued)
4. Mature T cells must have a T cell

receptor that recognizes the
peptide associated with MHC.
This is the second level of control.

5. Each MHC molecule has only one
binding site. The different
peptides a given MHC molecule
can bind all bind to the same site,
but only one at a time.

12/21/2013 58Prof. Md. Akram Hossain



Aspects of MHC (continued)
6. MHC polymorphism is determined only in the

germline. There are no recombinational mechanisms
for generating diversity.

7. Because each MHC molecule can bind many different
peptides, binding is termed degenerate.peptides, binding is termed degenerate.

8. Cytokines (especially interferon-γ) increase level of
expression of MHC.
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Aspects of MHC (continued)

9. Alleles for MHC genes are co-
dominant. Each MHC gene product is
expressed on the cell surface of anexpressed on the cell surface of an
individual nucleated cell.

10. Why the high degree of
polymorphism?

Survival of species!
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Structure of T Cell Receptor
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Structure of T Cell Receptor (TCR)

� Two polypeptide chains, α and β, of 
roughly equal length

� Both chains consist of a variable (V) � Both chains consist of a variable (V) 
and a constant (C) region

� α chain V region has a joining (J) 
segment

� β chain V region has both a J and 
diversity (D) segment
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Structure of T Cell Receptor

(continued)

�Hypervariable regions in V contribute 
to diversity of TCR

�TCR recognizes portions of MHC �TCR recognizes portions of MHC 
molecule and peptide bound in the 
groove

�Small population of T cells has a TCR 
comprised of γ and δ chains – γδ TCR 
specificity differs from αβ TCR
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Structure of T Cell Receptor
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Properties of Ig and TCR Genes

Ig TCR

Many VDJs, few Cs         yes                  yes

VDJ rearrangement          yes                  yes

V-pairs form antigen        yes                  yes    recognition V-pairs form antigen        yes                  yes    recognition 
site

Somatic hypermutation    yes                   no
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Properties of Ig and TCR Proteins
Ig TCR                 

Transmembrane forms      yes             yes

Secreted forms                  yes             no

Isotypes with different      yes             no   functionsIsotypes with different      yes             no   functions

Valency                              2                 1     
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CD3 Complex
� Group of four proteins associated with TCR

� Consists of a γ, a δ, two ε, and two ζ chains

� All four proteins are invariant

� Functions: 1) synthesized co-ordinately with TCR, � Functions: 1) synthesized co-ordinately with TCR, 
required to bring TCR to surface 

2) transduces activating signals to T cell when TCR 
recognizes MHC-peptide

12/21/2013 67Prof. Md. Akram Hossain



CD3 Complex With TCR
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Accessory Molecules Involved 

in Cell-Cell Interactions
T cell surface molecules that engage with ligand on 2nd cell 
when TCR recognizes MHC-peptide  

T Cell Ligand on 2nd Cell

CD4                     class II MHC (β2 domain)

CD8                     class I MHC (α3 domain)CD8                     class I MHC (α3 domain)

LFA-2                            LFA-3

LFA-1                      ICAM-1, ICA-2     

LFA = Leukocyte Function-associated Antigen

ICAM = InterCellular Adhesion Molecule
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Accessory Molecules

�All are invariant

�Increase adhesion between two 
engaged cells engaged cells 

�Some show increased expression in 
response to cytokines
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Costimulatory Molecules
� Molecules on T cell and 2nd cell that engage to deliver 

2nd signal required for activation of T cell

� Most important costimulatory molecules:  

T cell Ligand on 2nd cellT cell Ligand on 2nd cell

CD28        B7-1 (CD80), B7-2 (CD86)     
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Interactions of Th Cell and APC
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Interactions of Tc Cell and Target Cell
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Difference between MHC-1 & II

� MHC Class 1
� detected on all 

nucleated cells

� very highly 
polymorphic

Tight fit for peptides 

� MHC Class II
� seen only on the 

‘professional antigen 
processing cells’ e.g 
macrophage

� slightly less 
� Tight fit for peptides 

of only about 9 aa

� consists of an α-chain 
of 3 domains 
associated with β-2 
microglobulin

� slightly less 
polymorphic

� accepts peptides of  up 
to 15 aa acids

� polymorphic β chain + 
α (monomorphic for 
DR)
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MHC Class I    &    Class II
Peptide Binding Groove
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MHC & T cells 

� T cells have a requirement to recognise both the
ANTIGEN and the MHC molecule. This is
because the molecular structure of the MHC-because the molecular structure of the MHC-
Antigen complex is arranged so that some of
the polymorphic amino acids of the MHC
molecule are in direct contact with the TCR

� Therefore T cell recognition of antigen is said to be
MHC ‘restricted’.
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MHC & Antigens
� MHC Class I

� present endogenously 
derived peptides.

� these can be either self 
or derived from viruses

� MHC Class II

� present exogenous 
antigen which has 
been phagocytosed or derived from viruses

� because MHC Class I is 
present on all cells any 
cell can interact with  T 
cells if infected by a virus

been phagocytosed 
and processed.eg. 
Bacteria

� This is performed by 
professional antigen 
presenting cells eg 
macrophages
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HLA Diversity

� Several genes with multiple alleles determine an HLA 

type.

� Genetic diversity at HLA genes is large.

� Only 1 in 10,000 unrelated people will share an HLA 

type by chance at the six major HLA genes. type by chance at the six major HLA genes. 

� Matching at least 4 major HLA genes is needed for most 

transplants to succeed. 

� HLA genes account for about 50% of the genetic impact 

on immunity.
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HLA alleles are associated with diseases.
� Ankylosing spondylitis is a disease in which 

vertebrae are inflamed and deformed.

� The HLA allele B27 is associated with ankylosing 
spondylitis.

� Those with HLA-B27 are 100 times more likely to 
have this disease.

� 90% of cases have B27 allele versus 5% of general � 90% of cases have B27 allele versus 5% of general 
population.

However,

� 10% of cases do NOT have B27.

� Not all with B27 allele get disease.

� HLA-B27 is a significant factor but not the sole   
factor in ankylosing spondylitis.
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MHC Proteins

�� Both types of MHC proteins are important to T cell Both types of MHC proteins are important to T cell 
activationactivation

�� Class I MHC proteinsClass I MHC proteins

�� Always recognized by CD8 T cellsAlways recognized by CD8 T cells�� Always recognized by CD8 T cellsAlways recognized by CD8 T cells

� Display peptides from endogenous antigens 
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Class I MHC Proteins

�� Endogenous antigens are:Endogenous antigens are:

�� Degraded by proteases and enter the endoplasmic Degraded by proteases and enter the endoplasmic 
reticulumreticulum

�� Transported via TAP (Transported via TAP (ttransporter associated with ransporter associated with �� Transported via TAP (Transported via TAP (ttransporter associated with ransporter associated with 
aantigen ntigen pprocessing)rocessing)

�� Loaded onto class I MHC moleculesLoaded onto class I MHC molecules

� Displayed on the cell surface in association with a class I 
MHC molecule
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Class I MHC Proteins

Figure 21.15a
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Class II MHC Proteins

�� Class II MHC proteins are found only on mature B Class II MHC proteins are found only on mature B 
cells, some T cells, and antigencells, some T cells, and antigen--presenting cellspresenting cells

�� A phagosome containing pathogens (with exogenous A phagosome containing pathogens (with exogenous 
antigens) merges with a lysosomeantigens) merges with a lysosomeantigens) merges with a lysosomeantigens) merges with a lysosome

� Invariant protein prevents class II MHC proteins from 
binding to peptides in the endoplasmic reticulum
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Class II MHC Proteins

�� Class II MHC proteins migrate into the phagosomes Class II MHC proteins migrate into the phagosomes 
where the antigen is degraded and the invariant chain where the antigen is degraded and the invariant chain 
is removed for peptide loadingis removed for peptide loading

� Loaded Class II MHC molecules then migrate to the � Loaded Class II MHC molecules then migrate to the 
cell membrane and display antigenic peptide for 
recognition by CD4 cells
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Class II MHC Proteins

Figure 21.15b
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Antigen Recognition

�� Provides the key for the immune system to recognize Provides the key for the immune system to recognize 
the presence of intracellular microorganismsthe presence of intracellular microorganisms

�� MHC proteins are ignored by T cells if they are MHC proteins are ignored by T cells if they are 
complexed with self protein fragments complexed with self protein fragments complexed with self protein fragments complexed with self protein fragments 
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