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MAJOR HISTOCOMPATIBILITY
COMPLEX (MHC) INTRODUCTION

Confer the a’oi[ity of se lf and non-se bC to immune system.
Most polymorphic loci known in vertebrates and span about fow million

base pairs in humans.
Encode cell surface proteins (class 1 and 11 MHC molecules)
Have a pivo’ca[ role in d'wec‘cing Immuno logical se[f/ non-se lf recognition.

Respons'do[e fov gvagct rejection, autoimmune disorders, and immune

responses to infecﬂous.

Are called human leukocy’ce antigen (HLA) in Humans; SLA in swine;,
OLA in ovine ; ELA in equine; DLA in dogs; BoLA in bovine.



-
1916, Little and Tyzzer found that
tumours could be transp lanted on[y

\among same strains ofmmce. )

-
1930s, Gorer found that the tumour

growth or rejection is linked to

\expvession of a pavﬁcular antigen.

-
19408, Medawar attributed gTaﬁ rejection

Y
N\

to immune attack on foreign graﬁ.
. Y,

1970 immune responses were shown to

be under control of interactions between

. MHC and T -cells. )
4 )
1980s and 1990s, X-ray crys‘cauogvaphic
structure of MHC molecules was revealed.

\_ J

THE HISTORY OF MHC RESEARCH

1927, Bover found there was
histocompatibility (‘histo’ means ‘tissue’)

among identical twins

1933, Haldane found similar immune
response for both transplanted tumours

and normal cellular antigens

Snell and his col[eagues discovered genes

contro”ing tissue rejection, the MHC.

1975, Zinkernagel demonstrated that
MHC and were also involved in humoral,

as weﬂ as ceﬂular responses.



Snell and Colleagues worked to \
ﬁnd out the reason behind
destruction of tissue when
introduced ﬁ‘om one individual to

\another individual of same speciey

~N

g
What they found out was very

in’ceresﬁng!

\_




[ They found that a group of genes controlled rejection

2

J

{ This was named as Major Histocompatibility (MHC)

N

\
Histocompati’oi[i‘ty: histo means tissues and compaﬁble
_ means agveeab le or getting along )
4l )
Comp lex: a large genetic region having several loci
q y

\

4 These genes code for proteins which decide whether tissue h

being transp lanted in an individual will be accepted or
rejected




MHC (HLA) GENETIC ARCHITECTURE

e A [arge Vegion on chromosome 6 with over 200 cod'mg loci.

° High[y po[ymorphic; contains class 1, class 11 and 111 genes, with other genes

fov gvowth, development, Veproducﬂon, odour and o [facﬁon.

* MHC class 1 has six loci (e.g. A, B and C) and MHC class 1 has eight loci (e.g.

DP, DQ and DR) in humans.
e Each MHC class 11 locus has several genes.

* The po[ymorphism at each locus varies from single to more than 100 alleles.



MHC (HLA) GENETIC ARCHITECTURE

J

/ Chromosome
DP  DQ_ DR WASUS cB A

\J —H

g The HLA complex has approximately 4 Mb on chromosome 6 and A

with three major reglons hav Ing more than 260 loci, coding for more

\ than 160 protein. y




MHC Class1 .

ity Is a heterodimer of trans membrane a chain
nchor Residues

TN with B2-microglobulin (B2m).
O * o chain (43 kDa) has a1, a2, and a3: three
Peptide binding cleft extracellular g[obular domains .

* o1 and a2 domains fovm a groove that ﬁts an 8-

to 10-mer antigenic peptide.

* a3 highly conserved; interacts with CD8+
Cytotoxic cells.

* B 2 microglobulin is a 12 kDa (encoded by single

“‘zl;:‘;;a;:s gene on chromosome 1 5) ; non—covalenﬂy bound

B2 microglobuli

to a[pha chain.
]' Has a well dqﬁmed pepﬁde Ioinding mo’cif
depending on type of the allelic variant of MHC.

Trans membrane
region




FUNCTION OF MHC CLASS 1 MOLECULES

Present pvocessed self peptides or foveign
peptides ﬁfom intracellular virus/ parasite to

Cytotoxic T Lymphocytes (CTLs).

T-cell receptor (TCR) of CTL binds to
MHC—antigen complexes.

CD8 adhesion molecules on CTL stabilizes
the with the APC ’chrough interaction with
MHC 1.

On recognising the antigen as foreign, there
ls activation of CTL which pro[@fem‘ces and
destroys other infec’ced cells.

o

Cytotoxic T Lymphocyte

6. Induction
of cell death

5. Activation
and proliferation

TCR
4. Recognition

3. Presentation Infected Cell

\
2. MHCI binds \
processed *f
antigen \
\

1. Virus/parasite
infects cell




MHC CLASS ” * s a heterodimer formed of one a (32 to 34 kDa)

and one B chain (29-32 kDa) .
Anchor Residues
* Both a and B chain have one intracellular, one

v .
trans membvane, and two extracellular domains.

Binding groove

* a1 and 1 domains come in vicinity to form an
Pept'(fjﬂb_'r\]dmg cleft antigen—binding c[eﬁ/ groove which has open ends;
and ﬁts a Ioigger antigenic peptide (14-mer or

more) protmding ﬁrom both sides of the cleft.

* Both a and B encoded by DP, DQ and DR region in
the HLA complex.

* B2 interacts with the CD4 of T-helper cell..
* Have peptide motifs that bind with speciﬁc
residues in the peptide-binding groove giving a

Trans membrane
region

twisted conﬁgwaﬁon to binding peptide and thus

exposing sites for external interactions.



THE FUNCTION OF MHC CLASS 11 MOLECULES

* Process and present antigens to T helper (TH) cells.
* The activated TH cell ﬁnds other macvophages to activate them.
e Becells also act as Antigen presenting cell and expresses MHC 1.

* B cell is activated, on y f it pvesents the antigen to the activated T in ovder to
conﬁvm that antigen (s foretgn / N

\ 7

~

4 ™
APC cells display the processed

peptide in the Antigen Binding
Cleft of the MHC-NI

(" THelper Cells recognize the k
Antigen disp layed in the
MHC-11 with the TCR and co-

N . receptor CD4. w,




MHC CLASS 111

Lies between the MHC 1 and MHC 11 loci, and with
approximate ly 75 genes.

These genes code d'gﬁferent proteins, some of which are

constituents of inate immuni’cy.

Some impor‘tan’c ones are:

— Genes encod'mg factors Ce, C4, and B of the comp lement system.

— genes encoding for cy’cokines involved in various inﬂammatovy
pathways such as that fov tumour necrosis factov (TNF)
supevfamily.

— Several other genes encoding proteins with no link to immune

system.



MHC EXPRESSION

MHC alleles are co—dominanﬂy expressed.

2 alleles ﬁrom each of the three MHC class-1 genes, (HLA-A, HLA-B

and HLA-C), express six variants of MHC-1 in each individual.

Each MHC molecule binds many similar pepﬂdes, thus increasing

the diversi’cy of MHC controlled immune responses (o infecﬂons.

Polymovphic residues of the anﬁgen—’oinding c[eﬁ of MHC confer

diﬁceren’c spec iﬁc ities and bind diﬁceven’c antigenic pepﬁdes.



EVOLUTIONARY ORIGINS OF MHC
GENES

 (Class 1 and 11 molecules have similar

structure and ﬁmcﬁon which points B Class |
: Class lIp
towards evolution from a common
Class llex

ancestor. —

B,-microglobulin

* Both Ioe[ong to the immunoglobu[in

mulﬁgene supevfamily that includes Immunoglobulins

single-gene and mulﬁgene families, of
antibodies, T-cell receptors and class 1

and 11 MHC molecules.



MHC GENES INFLUENCE DISEASE
RESISTANCE

D iﬁ%rent Genetic variants of MHC confev dﬁereniiai resistance and

susccptiioiii’cy to individuals against many infections.

Many MHC alleles show associations with diseases such as with malaria,

hepatiiis, and human immunodeﬁciency virus (H1V).

Others show association with autoimmune diseases, such as ivqous and

arthritis, rather than with infec’cious diseases.

Diﬁ'perentiai antigen ioinoiing of MHC alleles is the immunological basis of

MHC—Oiepenoient resistance and the evolution of MHC poiymorpnisms.



\

| A

Chromosome

s D MHCTI ] B A

Class I: 3 types HLA-A, HLA-B, HLA-C; Class Il 3 types HLA-DP, HLA-DQ, HLA-DR.
3 extra DRPB genes in some individuals can allow 3 extra HLA-DR molecules
Maximum of 9 types of antigen presenting molecules allow
interaction with a wide variety of peptides

Cytotoxic T-cells

recognize Helper Cells
antigens displayed rec?gnlze disolaved
bv MHC | antigens displaye
Y by MHC II
I
MHC Class1is | [ MHCClassTlis - ™ 7 N
exoressed on all expressed onall MHC Class 11 code for
nu?[oeated cells and antigen presenting certain inflammatory
ress endosenous cells such as dendritic such as TNF-o and
= 5 cells, macrophages, B-- comp lement

\ antigen / \ Colls ) \ /




SUMMARY

MHC plays an tmportant ro le in control and deve [opment of

immune system.

The highly polymorphic nature of MHC genes result in

diﬁcerenﬁal immune response and resistance to diseases.

The antigenic peptides ﬁ'om extracellular pa’chogens disp layed
on class 1 MHCs on APCs is Vecognised ’oy T Helper Cells.

The antigenic peptides ﬁ'om intracellular proteins disp layed on
class 1 MHCs is Vecognized ’oy the Cytotoxic T-Cells.

The class 1 MHC also induce tolerance to se[f antigens and

immune responses to a”o—anﬁgens.
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THANK YOU

To be continued...



