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Polymorphism and Polygeny
Contribute to MHC Diversity
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Outline

* Major histocompatibility complex
« MHC complex and its functions

» Generation of TCR ligands
— Generation and processing of MHC class |
peptides
— Generation and processing of MHC class ||
peptides



MHC Class | and Class ||

CD8 binds the a; domain of MHC class | | |CD4 binds the B, domain of MHC class Il

!Ty antigen-preseW

antigen-——

Bo-

microglobulin

T-cell
receptor

CDS8 T cell CD4 T cell

Figure 5.14 The Immune System, 3ed. (© Garland Science 2009)




Allelic Variation Occurs at Specific Sites within MHC
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MHC Molecules Bind Peptides Within the Cleft

UOS|IM "V'| PUB P|aljuelS 1Y JO ASslnog




MHC Class | Molecules Bind Short Peptides 8-10
Amino Acids by Both Ends




A Given MHC | Binds to Similar Peptides
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A Given MHC | Binds to Similar Peptides

KP MHC molecule binding ovalbumin peptide

KY MHC molecule binding influenza virus peptide

P1 | P2 |P3|P4 P5 P8 P4 | P5 P7 PO
Ovalbumin (257-264) s |1 [N F L Influenza NP (147-155) R T A v
HBV surface antigen (208-215) | | | L | S | P F L ERK4 (136-144) H|S N L
Influenza NS2 (114-121) R(T|F]|s F | P198 (14-22) AV T L
LCMV NP (205-212) Y[T|V]K Y L P. yoelii CSP (280-288) P|s E |
VSV NP (52-59) RIG|[Y ]|V Y L P. berghei CSP (25) P|s E |
Sendai virus NP (324-332) FlAa|lP|o@G Y L JAK1 (367-375) P|E i |

Republished with permission of the American Society for Biochemistry and'rMoIeéular'Blologj’);, f.rc')'m Vessélm Mitaksov
and Daved H. Fremont, “Structural definition of the H-2Kd peptide-binding motif,” The Journal of Biological Chemistry

281(15): 10618-10625, 2006; permission conveyed through Copyright Clearance Center, Inc.




MHC Class || Molecules Bind Peptides 13 Amino
Acids and Larger along the Cleft




Peptides Binding to Two MHC Il Molecules
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MHC-peptide form stable complexes

« MHC molecules bind to both T cell
receptor and CD4/CD8 co-receptors on T
lymphocytes, and the antigen epitope held in the
peptide-binding groove of the MHC molecule
iInteracts with the variable Ig-Like domain of
the TCR to trigger T-cell activation.

« Stable long lived complex:
« Efficient antigen presentation
+ Killing of infected cells
* No empty complex on cell surface



TCR

MHC |

CDRs
Peptide

Figure 4.24 Janeway’s Inmunobiology, 9th ed. (© Garland Science 2017)



MHC Restriction

T cell T cell

T cell

MHC?

. —

antigen-presenting cell antigen-presenting cell antigen-presenting cell

Recognition No recognition No recognition




MHC Molecules Display Antigens

MHC class |

MHC class |l




Question

* If infected by the same virus, the same
epitopes are presented by different
individuals.

* A) True
» B) False



Expression of MHC I/Il Molecules

MHC MHC
Tissue class| | class|I
Lymphoid tissues
T cells SENTAE +*
B cells +++ | +++
Macrophages Jhdnd N
Dendritic cells +4++ | +++
Epithelial cells of thymus + +++
Other nucleated cells
Neutrophils Lt -
Hepatocytes o —
Kidney 5 _
Brain e — it
Nonnucleated cells
Red blood cells - .




Antigen Presenting Cells

| Dendriticcel || Macrophage ||  Blymphocyte |

Figure 1.22 Janeway's Inmunobiology, 8ed. (© Garland Science 2012)



Interferons Induce MHC | expression

Virus-infected host cells

@ virus

<N Z
IFN-a, IFN-B
. 4
N

Activate STAT1 and STAT2, which combine with
IRF9 to form ISGF3

Induce resistance to viral replication in all cells
by inducing Mx proteins, 2°,5-linked adenosine
oligomers, and the kinase PKR

Enhance sensing of viral infection by increasing
expression of PRRs and signaling components

Induce expression of IFIT proteins, which

alalla 3| RNA

Increase MHC class | expression and antigen
presentation in all cells

Activate dendritic cells and macrophages

Activate NK cells to kill virus-infected cells

Induce chemokines to recruit lymphocytes




Outline

» Generation of TCR ligands
— Generation and processing of MHC class |
peptides
— Generation and processing of MHC class ||
peptides



Antigen Presentation Is a Two Step Process

* Antigen processing
— generation of peptides

* Antigen presentation
— loading of peptides onto MHC molecules

— presentation of peptides on the surface of
APCs (antigen presenting cells)



Cytosol and Vesicular System Are
Two Major Intracellular Compartments

secretory  Golgi nucleus
vesicle apparatus

cytosol

endoplasmic
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endosome
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autophagosome




Cytosolic Antigens Are Presented by MHC Class |

Bound peptides
transported by
MHC class | to the
cell surface

Peptide fragments of
viral proteins bound by
MHC class | in ER

Viral proteins

Virus infects cell synthesized in cytosol
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Figure 1.29 Janeway's Inmunobiology, 8ed. (© Garland Science 2012)




To Leave ER, MHC Class |
Molecules Must Bind Peptides

Partly folded MHC class | o
chains bind to calnexin until 8,
-microglobulin binds

MHC class | a:,m complex is
released from calnexin, binds a
complex of chaperone proteins
(calreticulin, ERp57), and binds

Cytosolic proteins are degraded

to peptide fragments by the
proteasome. TAP delivers

A peptide binds the MHC class |
molecule and completes its folding.
The MHC class | molecule is
released from the TAP complex and

Cytosol

Nucleus

&

tapasin

TAP

normal proteins (>70%)

'.’

ribosome

|:> DRiPs
J <30%)
ubiquitinated pr%

peptide
fragments

proteasome

@

to TAP via tapasin peptides to the ER exported to the cell membrane
@
/ calreticulin ERp57 O
MHC class | heavy chain




Formation and Transport of MHC Class | Peptides

Peptides produced in the cytosol
are transported into the
endoplasmic reticulum

Cytosol

% %

Endoplasmic  ©

ndoprasmic ® TAP:  transporter

reticulum : . .
associated with antigen
processing

Cytosol

proteasome

® o
® ® Leptide

‘ fragments
6& protein /

Figure 5.17 The Immune System, 3ed. (© Garland Science 2009)




Viral Immunoevasins Target
ER Peptide Loading Complex

Viral evasins US6 and ICP47 block
antigen presentation by preventing
peptide movement through the
TAP peptide transporter

Adenovirus protein E19 competes
with tapasin and inhibits peptide
loading onto nascent
MHC class | proteins

The mK3 protein of murine
v herpes virus is an E3-ubiquitin
ligase, targeting MHC class |
for degradation by the proteasome

» Cytosol

proteasome

i

ubiquitin

Figure 6.8 Janeway’s Immunobiology, 8ed. (© Garland Science 2012)

MHCI will not be displayed on cell surface without peptide loaded.



Question

* Describe how antigens are presented on
MHCI molecule

« What if TAP is absent?



Outline

— Generation and processing of MHC class |l
peptides



Intravesicular Antigens Are Presented by MHC Class |l

Bacterium infects

Bacterial fragments Bound peptides trans-
AR hage and llanters bound by MHC class Il ported by MHC class lI
vesicle, producing ; :
in vesicles to the cell surface

peptide fragments

y w5
y, >\7§y\
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Antigen internalized Fragments bind to MHC
and degraded to class Il and are trans-
peptide fragments ported to cell surface

o =
Nt
g
= =

Antigen bound by
B-cell surface receptor

antibody

B cell

Figure 1-31 Immunobiology, 7ed. (© Garland Science 2008)



MHC Class Il Peptides Are Generated
in Acidified Endocytic Vesicles

Antigen is taken up from
the extracellular space into
endocytic vesicles

In early endosomes of neutral
pH, endosomal proteases are
inactive

Acidification of vesicles activates
proteases to degrade antigen
into peptide fragments

Vesicles containing peptides fuse
with vesicles containing MHC
class Il molecules

Extracellular space

®
@

Cytosol
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inactive
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ATPase

active
proteases
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HLA-DM Facilitates Loading of Antigenic
Peptides onto MHC Class Il Molecules

Invariant chain (li) forms a complex
with MHC class Il molecule,
blocking the binding of peptides
and misfolded proteins

li is cleaved in an acidified
endosome, leaving a short peptide
fragment, CLIP, still bound to the
MHC class Il molecule

Endocytosed antigens are
degraded to peptides in
endosomes, but the GLIP peptide
blocks the binding of peptides to
MHG class Il molecules

HLA-DM binds to the MHC
class Il molecule, releasing GLIP
and allowing other peptides to bind.
The MHC class Il molecule then
travels to the cell surface

LIP10

O

Endoplasmic reticulum

\ Cytosol




Processing of the Invariant Chain

C terminus
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Increased Surface Level after Infection

In immature dendritic cells, MARCH-1 Activation stops transcription of the MHC molecules accumulate on the cell
ubiquitinates MHC molecules, targeting MARCH-1 gene, increasing the surface, presenting peptides they acquired
them for degradation lifetime of MHC molecules at the time of dendritic-cell activation

MHC \
L

pathogen

TLR

'g‘i}{’ﬁﬁ T

MARCH-1 Y-life
~30 minutes

o= =
N

Recycling
endosome

TLR
signaling

Late
endosome

polyubiquitin ubiquitination

il -

MARCH-1 gene

Degradation

Nucleus




Function of the Invariant Chain

* Prevent antigen loading in the ER
* Facilitate transportation out of the ER



Question

* Describe how antigens are presented on
MHCII molecule

« \What if CLIP is absent?



HC Class | and |l Life Cycle

MHC Class | + Peptide MHC Class | | + Peptide

TAP1 TAP2

MHC Class | MHC Class Il

http://dri-constant.slavoljubpenkala.hr/wp-content/uploads/2009/09/h_mhcPathway-BETTER-ONE.gif



Target Cells of Activated T Cells

Cytosolic
pathogens

Intravesicular
pathogens

Extracellular pathogens
and toxins

antigen

any cell

antigen

O
macrophage

antigen

; Endocytic vesicles Endocytic vesicles
Degraded in Cytosol (low pH) (low pH)
Peptides bind to MHC class | MHC class |l MHC class I

Presented to

Effector CD8 T cells

Effector CD4 T cells

Effector CD4 T cells

Effect on
presenting cell

Cell death

Activation of macrophage
to kill intravesicular
bacteria and parasites

Activation of B cells to
secrete Ig to eliminate
extracellular bacteria/
toxins/viruses




Cross-presentation

Cross-presentation of exogenous antigens
by MHC class | molecules on dendritic cells

necrotic
C@

phagolysosome
o

antigens




Cross-presentation

Presentation of cellular antigens
by MHC class Il molecules

self cytosolic
antigens  protein




Outline

» MHC complex and its functions

* Generation of TCR ligands
— Generation and processing of MHC class |
peptides
— Generation and processing of MHC class ||
peptides



MHC Class | Deficiency

Patient:;

17 years old female

Chronically ill since 4

Repeated infections from respiratory viruses

cultures positive for H. influenza and Streptococcus in sputum (bacterial)

Family history:

Tests:

Brother, 7 years old, chronic respiratory infections
Three other children, healthy

90% CD4 positive and 10% CD8 positive

Very low antibody titer to influenza despite previous immunization
Very small amount of MHC class | molecule on cell surface
Normal mRNA levels for the alpha chain

Defect in TAP2 gene.



Autosomal Recessive

Sergei

Natasha

A3 B63 DR4 DQ3

O
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Figure 12.7 Case Studies in Immunology, 6ed. (© Garland Science 2012)



Genetic Organization of MHC Locus

human leukocyte antigen

Gene structure of the human MHC
HLA
1
DP DOA DM DOB DQ DR
— — ——
TAPBP B A | A B LMP/TAP | BA BB A HLA-B HLA-C HLA-A
L I Il : 11 | I
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Bl . 0 0
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microglobulin




Low MHC class | on cell surface
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TAP

Diagram of the TAP transporter complex

Lumen of ER
TAP1  TAP2 hydrophobic
transrpembrane
ER membrane domain
ATP-binding
ytosol cassette

(ABC) domain




TAP is Required for Peptide Loading on MHC |

A peptide binds the MHC class |

MHC dlass | o:3,m complexis | | cytosolic proteins are degraded i
Partly folded MHC dass | o released from calnexin, binds a {’to pepﬁlzh fragments bg’ the m:.l,f;;::;,arl:.: cf:';licp I:I;:ss |Its
chains bind to calnexin until comple.x of chaperone prot'eins proteasome. TAP delivers molecule is released from the
B,-microglobulin binds (calveticulin, ERp57) and binds peptides to the ER TAP complex and exported to
to TAP via tapasin the cell membrane

— T e

%ERpS?

tapasin

/’E—/ﬂ calreticulin

%} .

) LN
>

ER

calnexin

Cytosol

peptide
fragments é

o\

protein proteasome
Nucleus \

Figure 12.5 Case Studies in Inmunology, 6ed. (© Garland Science 2012)




Activation of Cytotoxic T cells

(D8 T cells:
peptide + MHC class |

Fas
ligand

Fas

cytotoxins
cytotoxic virus-infected
(killer) T cell cell
<
Cytotoxic b
effector Others
molecules
Perforin 1 Fas ligand
Granzymes IFN-y
Granulysin LT (TNF-B)
Fas ligand TNF-a

Figure 12.1 Case Studies in Inmunology, 6ed. (© Garland Science 2012)



MHC Class | Deficiency

* What's wrong with the patient?

» Defect in TAP results in defect in peptide
transportation into the ER for peptide
loading. Unloaded MHC | is unstable and
quickly degraded.

« Susceptible to viral infection



Question

* What is the consequence of a genetic
defect in HLA-A?

) MHC | deficiency
B) MHC Il deficiency
)

)




MHC Class |l Deficiency

Patient:
« 6 month old female
* Pneumonia, severe cough and fever

* cultures positive for Pneunocystic jirovecli in tracheal
aspirate (opportunistic bacteria)

Tests:
* Low serum immunoglobulin
* 34 % CD8 positive and 10% CD4 positive lymphocytes
- T cell proliferate with PHA—signaling can be activated

o I cells.dop’t respond to tetanus toxoid despite previous
immunization

* Respond normally to allogeneic B cells
« Can not obtain a DR type

Treatment:
 Bone marrow transplantation and cured



CD4 T Cells Recognize MHC I

(D4 T cells: peptide + MHC class Il

Ty1 cells

T2 cells

intra-
cellular
bacteria

ol bacterial

@ toxin
&
dass Il
macrophage antigen-specific
phag B cell
< = < =

N
Macrophage activation and
destruction of intravesicular pathogens

N
B-cell proliferation and differentiation
to plasma cells. Antibody production

Figure 8.3 Case Studies in Inmunology, 6ed. (© Garland Science 2012)




Low Level Cell Surface MHC I

Cells from a patient with HLA class Il Immunofluorescence of normal
molecules deficiency EBV-transformed cells

HLA-DQ

160 160

0 L ———y

10° 10° 102 10° 10* 10° 10" 102 10° 104
Transformed B cells Transformed B cells
HLA-DR
160 160
0 Y | ———
10° 10" 102 10} 10* 10° 10’ 10? 103 10*
Transformed B cells Transformed B cells

Figure 8.4 Case Studies in Immunology, 6ed. (© Garland Science 2012)



MHC Class |l Deficiency

* What's wrong with the patient?

* Low level cell surface MHC |l due to
defects in upstream transcription factors.

» Defect in macrophage killing of intracellular
bacteria and antibody production



True or False?

 MHC class I/l deficiency is usually a defect
in MHC class |/ll genes themselves

* A) True
» B) False
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