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HLA (human leukocyte antigens)
MHC antigens of man (first detected on leukocytes)
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Inbred Strain Characteristics
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Inbred strains (also called inbred lines, or for animals linear animals) are individuals of a particular
species which are nearly identical to each other in genotype due to long inbreeding. Inbred strains of
animals are frequently used in laboratories for experiments where for reproducibility of conclusions all the
test animals should be as similar as possible. However, for some experiments, genetic diversity in the test
population may be desired. Thus outbred strains of most laboratory animals are also available.



http://en.wikipedia.org/wiki/Genotype
http://en.wikipedia.org/wiki/Inbreeding
http://en.wikipedia.org/w/index.php?title=Outbred_strain&action=edit&redlink=1

Inbred mouse strains - all genes are identical

Transplantation of skin between strains showed that
rejection or acceptance was dependent upon
the genetics of each strain

(a) Mating of inbred mouse strains with different MHC haplotypes

Homologous chromosomes with MHC loci

g H-2? parent I I H H H-2k parent
b/b R/R

b/b

(, D I H F, progeny (H-20/k)

b/k b/k

(b) Skin transplantation between inbred mouse strains with same or
different MHC haplotypes
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(a) Mating of inbred mouse strains with different MHC haplotypes

Homologous chromosomes with MHC loci

u H-2b parent II HH H-2k parent

b/b b/b k/k Wk
IH F, progeny (H-2b/k)
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(b) Skin transplantation between inbred mouse strains with same or
different MHC haplotypes

Parental recipient Skin graft donor Progeny recipient
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(c) Inheritance of HLA haplotypes in a typical human family

Parents o ?
o TN
A/B C/D
Progeny ‘ ‘ | |

i

A/C A/D B/R B/C B/D
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Fig. 8.1 Major histocompatibility complex on chromosome 6;
class lll antigens are complement components.
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p
Class| almost all nucleated cells

¢ antigen presentation to cytotoxic T cells

-

p
Class Il on antigen-presenting cells

¢ antigen presentation to helper T cells

&

f [
Class lll secreted proteins

e complement components
¢ inflammation

-

Human HLA complex

Complex HLA
MHC class 1I 111 I
Region DP | DQ | DR C4, C2, BE B C A
Gene DP (| ‘DO [SDR: [ TNF-a.
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MHC Class Il
genes

203 18 MHC 4alipa 4s 500 sl &)

* Encoding MHC class I-like proteins that associate with b-2 microglobulin:

* HLA-G binds to CD94, an NK-cell receptor. Inhibits NK attack of foetus/ tumours
* HLA-E binds conserved leader peptides from HLA-A, B, C. Interacts with CD94

* HLA-F function unknown

* Encoding several antigen processing genes:

* HLA-DMa and b, proteasome components LMP-2 & 7, peptide transporters
¢ TAP-1 & 2, HLA-DOa and DOb

e Many pseudogenes

¢ Encoding complement proteins C4A and C4B, C2 and FACTOR B
e TUMOUR NECROSIS FACTORS TNF

* Genes encoding 21-hydroxylase, RNA Helicase, Caesin kinase
* Heat shock protein 70, Sialidase

Hashemi S.M.
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Fig. 6.17 Polymorphism and polygeny
both contribute to the diversity of MHC
molecules expressed by an individual.
The high polymorphism of the classical
MHC genes ensures a diversity in MHC
gene expression in the population

as a whole. However, no matter how
polymorphic a gene, no individual can
express more than two alleles at a single
gene locus. Polygeny, the presence of
several different related genes with similar
functions, ensures that each individual
produces a number of different MHC
molecules. Polymorphism and polygeny
combine to produce the diversity of MHC
molecules seen both within an individual

and in the population at large.
22
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FIGURE 8-11 Diagram illustrating the various MHC mol-
ecules expressed on antigen-presenting cells of a heterozy-
gous H-2“ mouse. Both the maternal and paternal MHC genes are
expressed (codominant expression). Because the class Il molecules are
heterodimers, new molecules containing one maternal-derived and
one paternal-derived chain are also produced, increasing the diversity
of MHC class Il molecules on the cell surface. The B,-microglobulin
component of class | molecules (pink) is encoded by a nonpolymor-
phic gene on a separate chromosome and may be derived from

either parept. ,
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(c) Inheritance of HLA haplotypes in a typical human family

Parents HO?HI HQI
A/B C/D
Progeny ‘ ‘ ‘

\
(i

A/C A/D B/R B/C B/D
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Feature Significance
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The protein products of MHC class | and

class |l genes are highly polymorphic.

AS e by 93 IS & s 5 S GISMHC JsSse alida g 533 2538 sl Jsls o 50058 s
A and ) 9o by (i )3 HLA-B , HLA DRB

Fig. 6.16 Human MHC genes are highly
polymorphic. With the notable exception
of the DRa locus, which is functionally
monomorphic, each gene locus has
many alleles. The number of functional
proteins encoded is less than the total
number of alleles. Shown in this figure as
the heights of the bars are the number of
different HLA alleles currently assigned
by the WHO Nomenclature Committee
for Factors of the HLA System as of

January 2010.
MHC class Il MHC class | MHC class Ib
1431
893
814
569
136
106
. [ 35 3 9 45 21 iaa 30
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Fig. 1.6 Major histocompatibility complex on chromosome 6;

class lll antigens are complement components. TNF, Tumour
necrosis factor.
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Fic.1. Estimares of the extent of genetic variation based on allozyme electrophoretic surveys in the cast Aftican cheetah (A jubatus rainevl), .
Eh:rscluth Alfrican cheetah {A. fubatur jubatus), cight additional feline species (8, 15), and three nonfelid species. The number in patentheses
indicates the number of genetic loci that were considered in the estimate, For a review of over 250 such electrophoretic survays see ref. 24, +

Enzymes typed and procedures used are as previously described (7, 8, 15). :

in Fig. 1, the east African sample had a frequency of poly- raineyi and jubatus subspecics, perhaps within the last mri
ﬂmphm loci {!f] of 2/4% (49?:}_3:1-:1 an averagt heterozygosity years, a second botilensek or a chance-driven founder effect

In 1983, O'Brien and colleagues reported that cheetahs had remarkably little genetic
variation. The species is limited principally to regions in sub-Saharan Africa, though a

small population remains in Iran as well.
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ntigen presentation. Coloured scanning electron micrograph (SEM) showing the interaction between a
macrophage (red) and a T helper lymphocyte (Th cell, blue), two components of the body’s immune system.
Both are types of white blood cell. Macrophages are antigen-presenting cells (APCs). They present antigens
(fragments on the surface of pathogens or foreign objects) to T lymphocytes, activating them. Each T
lymphocyte recognises and binds to a specific antigen. Binding of the Th cell to the antigen presented by the
macrophage activates the Th cell. This leads to its proliferation and the activation of other immune cells that
eliminate the antigen. Magnification: x7000 when printed 10cm wide.
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receptor (TCR) recognizes but only




Antigen recognition

T cell response

CD4+

T cell E Antigen
+ %

—_— xq
No

“Antigen-
presentin
cell {APC

= SR =2

Peptide epitope of
antigen presented
by APG




o-chain

WY e sla 2 ) Ay ) WY sl



(I ~MS)HLA-A2 (Il M) HLA-DR1

/ / Ao N ol

LK s sbdls
JsNse 53 azn & Jlail
Il LS MHC

cblss ool (A MHC gJsSsod Bt JUas! £-VY JS5
45 aas e olic MHC sladsdss ook slaoleasLs @l
IS0t 356 g 5l St Ay Ml (Sl IS 5 sty 46
osls talas TT LudS JsSlge 9 HLA-A2 i 0313 0l T Ludls
I sl 4t T oo U550 IS 13l o HLA-DRI oo
A o asbe L T oS Jss—e > SLS ol a5 o
sl I LS sladssss L avslas 5o IT oS sladssUse
Jeaze azs O 5l o i (B a0 s 053 5oL 55 sb
) sl 3K a5 das OLL IT LW MHC JysUgo a,
S MHC Js5J5- BLLL s 9250 sladls Lo |, o Az s




AS 4 Ol B Jola s Ja HLA €55 6 Olud) 2

3 types of MHC class | (A, B, C) 3 types of MHC class Il (DR, DP,DQ)

1,000,000,000,000,000 = 'agia T Joda gz y dland

Ay S Jlall U J g8 ga JUhlu (g udy Cillard)

ouSiaS gy ) 38 (o) g A ) pha) A gh

ol& S ) oaS Slami ) oallia b Ay O3S Jlga o

Ay ) Agdia ol Jeb g sl ol K fpn cilida la g8 oo el .




- 1 2 3 4 5 6 7 8 9
HN AV HGHPHQHEHNHEHNHL)-coo-
Buted 11N (S HOHB-RHEHA(DHAHD)-coo-
rom —
e [HN (VGRS HOHKHYHF){(1)- coo-
protein b N () HE-R-EHRH DS HL)-coor
puea | BN SOHOEHEHEHDH{D-EHD)-coo-
fom | N (DDA DR LD coo-
protein 2 E3N e o o @ o o @ @ o Coo~
A = alanine K = lysine R = arginine
E = glutamic acid L = leucine § = serine
F = phenylalanine N = asparagine T = threonine
G = glycine P = proline V = valine
H = histidine Q = glutamine Y = tyrosine
I = isoleucine

FIGURE 8-5 Examples of anchor residues (blue) in non-
americ peptides eluted from two different class | MHC mol-
ecules. Anchor residues, at positions 2/3 and 9, that interact with the
class | MHC molecule tend to be hydrophobic amino acids. The two
MHC proteins bind peptides with different anchor residues. [Data
from V. H. Engelhard, 1994, Current Opinion in Immunology 6:13.]
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MHC L Aadlsd) s 5 tan bl )

Disease MHC allele Relative risk
Ankylosing spondylitis | HLA-B27 90
Rheumatoid arthritis HLA-DRB1*01/*04/*10 | 4-12

Type 1
diabetes mellitus HLA-DRB1*0301/0401 | 35

Pemphigus vulgaris HLA-DR4 14

FIGURE 9-11 Association of autoimmune diseases with alleles of the major histocompatibility complex
(MHC) locus. Family and linkage studies show a greater likelihood of developing certain autoimmune diseases in persons who inherit
particular human leukocyte antigen (HLA) alleles than in persons who lack these alleles (odds ratio or relative risk). Selected examples
of HLA-disease associations are listed. For instance, in people who have the HLA-B27 allele, the risk of development of ankylosing
spondylitis, an autoimmune diseases of the spine, is 90 to 100 times higher than in B27-negative people; other diseases show various
degrees of association with other HLA alleles. Breeding studies in animals have also shown that the incidence of some autoimmune
diseases correlates strongly with the inheritance of particular MHC alleles (e.g., type 1 diabetes mellitus with a mouse class Il allele
called I-A%).

10/27/2014 Hashemi S.M. 47



Nomenclature of HLA alleles is set by the
WHO Nomenclature Committee.
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T cell activation triggered by peptide/MHC recognition on an Antigen
Presenting Cell (APC). Scanning electron microscopy images illustrating
the dramatic morphological changes following antigen recognition. From
left to right: no antigen, 5 and 20 minutes after T cell-APC contact (From J.
Immunol. 2001, 166:5540-49).
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Feature

Significance

Co-dominant
expression:

Both parental
alleles of each
MHC gene are
expressed

Polymorphic
genes:
Many different
alleles are
present in the
population

MHC-expressing
cell types:
Class Il
Dendritic cells,
macrophages,
B cells

Class I:

All nucleated
cells

Increases number of
different MHC molecules
that can present peptides
to T cells

Ensures that different
individuals are able to
present and respond
to different microbial
peptides

CD4+ helper

T lymphocytes interact
with dendritic cells,
macrophages,

B lymphocytes

CD8+ CTLs can kill any
virus-infected cell

T cells
MHC 1
molecules
oooooc|phoooooor oo
000008DOVDD DO ““"3'
Parental
chromosomes

B NS
40
% /

Dendritic cell Macrophage B cell
\ Ay
y
LR Akt IR 2
b7 Mesenchymal

Leukocytes ~EpRRSHITEES cells

FIGURE 3-9 Properties of MHC molecules and genes. This table lists some of the important features of MHC molecules,

and their significance for immune responses. CTLs, Cytotoxic T lymphocytes.
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