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.
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MHC/HLA

& Glico-proteinas (super familia das Ig) da superficie celular
<& Codificadas pelos genes MHC (humanos: HLA no chr 6)
& Tipo: MHC-l e MHC-Il, e MHC-I non-classica, MHC-I like

MHC-I non classicas baixo polimorfismo
MHC-I like monomorfico



MHC/HLA

Glico-proteinas (super familia das Ig)

MHC-I like

MHC-Ila MHC-Ib
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MHC/HLA

Immune ligand binding between

MHC | function the a1 and a2 domains TCR binding NKR binding pom-associated

Classical MHC | molecules

HLA-A Yes Peptide Yes LCR/LIR, KIR® Yes
Chr6 | Hws Yes Peptide Yes LIR, KIR" Yes

HLA-C Yes Peptide Yes LIR, KIR Yes

Non-classical MHC | molecules

HLA-E Yes Peptide Yes CD94/NKG2A/C, LIR Yes
Chr6  Hue Yes Peptide Yes LIR, KIR2DL4'% Yes

HLA-F Yes No® LIR Yes

CD1 Yes Lipids Yes Yes

MICA Yes No Yes (y3 lineage'®”) NKG2D No

MICB Yes No Yes (y5 lineage'®”) NKG2D No

ULBPs Yes No ULBP4 (v8 NKG2D No

lineage" ™)

FcRn'®® Yes No No Yes

HFE!’® No No No Yes

MR1'7" Yes Vitamin B metabolites Yes (MAIT cells) Yes

EPCR'’* Yes Phos pholipid Yes (v3 lineage'”>) No

ZAG'74 No Fatty acids No

HCMV-encoded MHC I-like molecules

uL18 Yes Peptide No LIR1 Yes

UL142 Yes

UL3?7

Halenius et al. Cellular & Molecular Immunology 2015



MHC/HLA
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Classical & Non-classical MHC-I

Broadly similar structure and binding groove

l l l
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MR1
MHC_‘I + small metabolite
+ peptide.
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Endogenous molecules

D’Souza et al. PLoS Pathog 2019



Apresentacao de Ag via MHC-I

MHC presente em todas as celulas!

no citosol de qualquercelula | pigestaono | |, | cpudeos — Peptideos | Complexos
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Apresentacao de lipidios via CD1

Exogenous Lipids

Endogenous

Self Lipids ( 2:;’,’,‘, ‘R)
Llplds
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Moody et al. Curr Op Immunol 2017



Apresentacao de metabolitos via MR1

(B) During infection

Extracellular

5‘7 VitBAg

| (Recycl%

Intracellular
microbes Golgi

Loading

ER

McWilliam & Villadangos. Trends in Immunol 2017



Apresentacao de Ag via MHC-II

MHC presente nas APC profissionais

Captacao de Biosintese e Expresslao dos
proteinas : transporte do : complexos
extracelulares em Digestao MHC-II aos Associagao dos peptideos-MHC na

das : peptideos originados sunerficie
compartamentos roteinas endosomas (via com MHC-II p
vesciculares P Golgi) da APC
Protein antigen
N Lysosome 4

Endocytic v \
vesicle
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Abbas Cellular and Molecular Immunology 8ed



Apresentagao de Ag via MHC-II
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Classical MHC genes expression

MHC-I MHC-II
(ubiquitous) (mainly APCs)
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MHC genes expression

MHC-I MHC-II HLA-E HLA-G
(ubiquitous) (mainly APCs) (ubiquitous) (restricted)
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HLA-G expression
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Proteasome expression
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Funcoes dos MHC

- ligandos de Receptores NK cells (imunovigilancia)

ex: HLA-E + NKG2A/CD94 = inibicao
HLA-E + NKG2C/CD94 = ativacao
HLA-A + KIR3DL2 = inibicao
HLA-A + KIR2DS4 = ativacao

IFNa L1 L2 IL12
P IL15 L IL18 3 21 3

 KIR2DS1/S2 (HLA-C)
20 KIR2DS4 (HLA-A, -C)
: 2 KIR2DL4 (HLA-G, HS)
CD94/NKG2A (HLA-E) BB pibitory Activating g C024/NKG2C (HLA'E)
LIR-1 (HLA-A-G) I8 2 KIR3DL2 (CpG)
KLRG-1 (cadherins) (& 2 CD16 (1G)
CEACAM1 (CEACAMS) (18 252 NKG2D (MIC, ULBP)
TIGIT (PVR, PVRL2) (&  NCRs (B7-H6, NKp44L)

KIR2DL1/2/3 (HLA-C) [0

KIR3DL1 !ELA-B) >
KIR3DL2 (HLA-A) (5

— DNAM-1 (PVR, Nectin-2)
LAIR-1 (collagen) 2B4 (CD48)
CD300A (PS) NKp80 NTBA (NTBA)
(AICL)

Wing Leung 2014



Funcoes dos MHC

placenta
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Morandi & Pistoia. Front. Immunol. 2014



Funcoes dos MHC

- apresentacao de antigenos aos linfocitos T (ligando do TCR; ativacao
Imunidade adquirida)

oB T cell \ v T cells
Natural Killer T
aB T (E_erlcljrs;:eptor cells
D) X ; MAIT cel!s
CDR loops AR AL ‘unconventional”
o T cells

peptideos <4+——— MHC classical
: class | molecule

W —— lipids (CD1)
— Metabolites (MR1)

> P77

APC

(Antigen Presenting Cell)

D’Souza et al. PLoS Pathog 2019



Organizacao do locus MHC

HUMAN CHROMOSOME 6
Complex < 40}(1)1(;Akb >
Class - | - I = 1 >
Chr6 S = ,
r‘.—* - BGQ&'E&N ) ~ ) 7 S (:: X < Y3 h
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! QAQ QR SRSRQ © 2 Q Q o SRR OO X T oy
-
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\— _J — =
Human HLA complex
Complex HLA
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products of | af | ap £ Lymphotoxin-a HIA-B | HIAC | HLAA




MHC/HLA
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Variabilidade do MHC

Several hundred different allelic variants of class | and || MHC molecules

Regioes variaveis no sitio de ligacao para o peptideo
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2 5 P A B (4] AT
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Figure 5-16 Immunobiology, 6/e. (© Garland Science 2005)



Variabilidade do MHC

> Genes MHC sao muito polimorficos e muitos alelos existem para cada gene
> Muito raro 2 individuos compartilhar os 2 sets de genes HLA (problemas
transplante!)

withup to datc nformatior. on the numbers of HLA alle es and proteins.

\

DR9-DQY

0901

0302

0303

DQ DR-DQ DR DQ Freq
TABLE 8-3 ﬁiotr;;ﬂ;udr:\:;s:gp%fl ::::ﬁ loci Serotype haplotype B1 A1 Bl % !
_ — DR17-DQ2 0301 0501 0201 13.1
MRccLasst DR7-DQ2 0701 0201 0202 11.1
HLA locus Number of allotypes (pf“dl“:' DQ4 DRB'DQ4 0801 0401 0402 2.2
A 1448 0101 0101 0501 9.1
B 1088 DR1-DQ5 0102 0101 0501 1.4
¢ 119 0103 0101 0501 0.5
E 3 DQS
DR10-DQ5 1001 0104 0501 0.7
; : DR16-DQ5 1601 0102 0502 1.0
T ' DR14-DQ5 1401 0104 0503 2.0
1502 0103 0601 0.7
HLA locus Number of allotypes (protains) DR1 S‘DOS 1501 0102 0602 14.2
DMA 4 DQ6 1301 0103 0603 5.6
DMB 7 DR13-DQ6 1302 0102 0804 0.7
DOA 3 1302 0102 0609 3.4
DOB 5
i = DR11-DO7 1101 0505 0301 5.6
Doet . 1104 0505 0301 2.7
. . DQ7 DR12-DQ7 1201 0505 0301 1.1
NOR1 126 DR13-DQ7 1303 0505 0301 0.7
DRA 2 OR4-DO7 0401 0303 0301 5.3
DRE1 860 0407 0303 0301 0.9
DRE3 46 0402 0301 0302 1.0
UHES ¢ DQ8 DR4-DQ8 0404 0301 0302 4.2
DRES 17
0401 0302 0302 0.7
Source: Rtz obtaanad trom it/ 'hia s lola;.a'g, 2aWob sito mamntained oy the
HLA Informatics Group basad at the Antharty Nolan Trus: in the United Kingdom., DQ9 DR7-DQ9 0701 0201 0303 3.7



Genetica do MHC

> Cada individuo e geralmente heterozigoto para cada locus (materno/paterno=
> Diferentes genes vizinhos (haplotipos; LD)
> Apesar da baixa taxa de recombinacao, essa contribue pela diversidade dos loci

(c) Inheritance of HLA haplotypes in a typical human family

Parents |:|d|i| I:lQI
A/B C/D
Progeny ‘ |

|
0 U0 Uy 00 10

A/C A/D B/R B/C B/D

- Genitor e filho compartilha apenas um haplotipo
- Ha uma chance de 25% que 2 irmaos herdem haplotipos compativeis de HLA



Genetica do MHC

MAE

Celula com
HLA de origem materna
e paterna

PAE

Para MHC-II
combinacao de cadeia
ae B de chr
diferentes

%H" mat=mel MHC class |1
i' mq paternal MEC dass |l
|

ﬁ P“ matamzl MHC class |

?F"‘ paternal MHC class |




Genetica do MHC

—

muitos genes codominantes x polimorfismo MUITA VARIABILIDADE
alelico x possibilidade de recombinacao —
A B ¢ D -

Al || A2 AG || AS

HLA-l | | g5 || &7 3 || 812 _ _
W1 || cwe Ol cws || cwe Heranca de tipo mendeliano
DW8 | | DW5 OW1 || Civ2

HLA-II | DRz || DRs DR7 || DR4 B—0

| l O | O O [ ] | ‘
A C A D 3 ¢ 3 D A D 5 S f e d
Al || AS Al || AS A2 || A9 A2 || A3 A [ AS

Ba || B5 B& || B12 7 || BS B7 || BiZ Ba || 812

cwit [l ows! Lowtllewel |ovoll cosl | ews! lowal | owsl | owe ® 6
DW8 || DWH DWE | | DW2 CWS || DWW DWS | | DW?2 DWE || D2
o2 || ne7| | pR2 |l oR4| | orsllDR7| | DRal| DR4| | DR2 || DR4




SO

Genetica do MHC

possibilidade de ter diferentes combinacoes alelicas para apresentar de modo otimal
um maior numero possivel de Ag aos varios linfocitos T - Vantagem seletivo

A maioria dos alelos sao presentes com frequencia diferente nas populacoes

Isso indica que as mutagcoes nao sao “neutras” mas que aconteceu alguma

favorecendo alguns alelo

“selecao”

MHC restriction

HLA-A*0201 representa.:
95% dos alelos A2 na popolacao
caucasiana
5% dos alelos A2 na populacgao chinesa
Han
3% dos alelos A2 populagao indiana,

T coll

I.x

IJ

HLA-A T
0201

T call
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Genetica do MHC

30% reducao da populacao 75% reducao da populacao
Populacao t0 Populacao cresce
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Several hundred different allelic variants of class | and || MHC molecules
Any one individual express only a small number of these molecules

- up to 6 different class | molecules
- 12 or more different class Il molecules

Such a limited number of molecules for an enormous

array of antigen peptides

The peptide binding of MHC-I and -1l molecules does not exhibits the specificity characteristic
of antigen-binding by antibodies and TCR

A given MHC molecule can bind numerous different peptides, and some peptides can bind to
several different MHC (promiscuous binding)

o
N Q\ = (3 —
I Vel -

~~ Hydrogen bonds with -
MHC molecule



Residuos ancora

1 2 3 4 5 6 7 8 9
WHO-PHOHHNHEHNHL)-c00
CHOHRHRHKHAH DA AHL)-coo-
WOHEHBHEHHEH YA EHD)-coo-
0,0,0,0,0,0,0;0,0258 4
S-OEHO-EHO-(HEHD)-coo-
O-OHG D RHAHLHY)-c00-
O-OHOHHHHIHNHD)-coo-

A = alanine K = lysine R = argihihe

E = glutamic acid L = leudne S = serine

F = phenylalanine N = asparagihe T = threonhihe

G = glycine P = proline V = valine

pisrere R




Complementary anchor residues & pockets provide the broad
specificity of a particular type of MHC molecule for peptides

Peptide sequence between anchors can vary
Number of amino acids between anchors can vary



)
)

MHC allele A MHC allele B

Changes in the pockets, walls and floor of the peptide binding cleft alter
peptide MHC interactions and determine which peptides bind.

@ MHC allele A

Q][@]®© MHC allele B

Products of different MHC alleles bind a different repertoire of peptides






