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Le molecole HLA

e Molecole HLA Classiche
v HLA-A, -B, -C — Classe |
v  HLA-DR, -DQ, -DP - Classe Il
v’ Alto grado di polimorfismo (>10’000/>3’500 alleli)

v’ Ruolo nella presentazione dell’antigene; linfociti T e NK

e Molecole HLA Classe | Non-Classiche
v HLA-E,F,G
v'Poco polimorfici (<100 alleli)

v Ruolo nella tolleranza, immunita NK, altro?

e Molecole HLA Classe I-simili
v MICA, MICB, CD1a, CD1b, CD1d, CD1e
v'Presentazione di antigeni non peptidici (glicolipidi)

v’ Interazione anche con cellule immuni “non convenzionali”: NK, iNKT
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3,838,986 bp
224 geni (128 espressi)




HLA: aplotipi e codominanza

Human Chromosome 6

Siblings:

* HLA-identical (25%)
(2/2 haplotypes)

— Maternal Haplotype

* HLA-Haploidentical (50%)

(1/2 haplotypes) Paternal Haplotype

* HLA-Diverse (25%)
(0/2 haplotypes)




Polimorfismo HLA
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Struttura dele molecole HLA classiche
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Struttura cristallografica HLA Classe |

Superficiale Laterale



B2-microglobulina

e Human Chromosome 15 —45-45.01MB
e Limited polymorphism
e Associates with HLA class | (classical and class I-like)

¢ Associates with Human hemochromatosis protein (HFE)

A, o8
U l . B—microglobu]jn

B2M HLA Class | HFE (iron metabolism)
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Gene Organization of HLA Class |
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Cortesia del Prof. C. Caracassi



HLA Class | Polymorphism

Variability Index

MHC Class | Variability

Alpha 1

Alpha 2 | Alpha 3
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HLA Class | Transcriptional Regulation

Atypical

CARD  NBD LRR
NLRCS
NLS  Walker A motif
c IFNy
IFNGR1 é’ IFNGR2

(T = NLRCS

NTP binding
Active NLRCS

Active NLRCS dimer




HLA-C Post-Transcriptional Regulation
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Struttura cristallografica HLA Classe Il




Gene Organization of HLA Class Il

6 Exons

Cortesia del Prof. C. Caracassi



HLA Class Il Polymorphism

MHC Class Il Variability

Beta 1 | Beta 2

Variability Index

I I
100 200
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HLA Class | Transcriptional Regulation

_NFxB __ NE-xB

CIITA
enhanceosome




Struttura cristallografica HLA

Laterale

. @ Interazioni
AA-TCR

HLA-DR2 + MBP peptide



Interazione fra peptide e tasca

Tagli orizzontali: tasche conservate accomodano
le catene aminoacidiche del peptide




Interazione fra peptide e tasca

a-chain

Classe I: 8-10 aa Classe ll: >13 aa




classe |
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Il peptide binding motif: classe Il

grande piccolo carica
|drofob|co |drofob|co negatlva

QRAR'QW‘RCNP‘SNS
APNT‘KT‘DSWR'
L'YT‘FTPT’KD

e Promiscuita



Interazione tra HLA e Recettori

TCR binding
site

KIR binding
site

HLA-G receptors
ILT2 ILT4

eeeeeeee

eeeeeeee




Presentazione HLA Classe | e Classe |l

CDS8* T cell Exogenous ST

protein

Proteins in
the cytosol t

or nucleus

Neefjes et al. Nat Rev Immunol, 2011



Function of HLA Molecules

HLA Class | (ubiquituous)

e Antigen Presentation to cytotoxic T cells (Adaptive Immunity)
¢ Immune control from Infection, Tumors
e Self-Nonself Discrimination (Alloreactivity)

e Inhibiton of Natural Killer Cell Cytotoxicity

HLA Class Il (Immune-related cells)

* Antigen Presentation to helper T cells (Adaptive Immunity)
¢ Immune control from Infection, Tumors

¢ Self-Nonself Discrimination (Alloreactivity)

HHC Class |: HHC Class Il:
All nucleated cells B cells
APC's

Macrophages

o



Alloreactivity
Reactivity to Non-Self (Allos=Other)

Cellular
.
NK Cell
Alloantibodies Lysis; Cytokines Lysis; Cytokines
e Solid Organ Transplantion ® HLA incompatible SCT ¢ Allogeneic SCT
e HLA-incompatible SCT e Solid Organ Transplantion? e Solid Organ Transplantion

. Peptide-dependent
Structural Epitopes (Eplets) T Cell Epitopes (TCE)


http://en.wikipedia.org/wiki/File:Red_White_Blood_cells.jpg
http://en.wikipedia.org/wiki/File:Red_White_Blood_cells.jpg
http://www.biotechnologie.de/BIO/Redaktion/Bilder/en/Foerderportraits/Glykobiotechnologie/ingo-mueller-tumor,property=bild,bereich=bio,sprache=en,width=286,height=269.jpg
http://www.biotechnologie.de/BIO/Redaktion/Bilder/en/Foerderportraits/Glykobiotechnologie/ingo-mueller-tumor,property=bild,bereich=bio,sprache=en,width=286,height=269.jpg

T Cell Alloreactivity
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¢ Positive Selection for T cells with
» low affinity for self-HLA

* Negative Selection against T cells with

> no affinity for self-HLA
» too high affinity for self-HLA

l

Deletion of T cells
reactive to dominant TCE!

Hogquist, Nat Rev Immunol 2005



Mechanism of T cell allorecognition

Indirect

Direct

5 different models of cross-recognition

a Self MHC
classlorll

A @ = "“ Vi)

e > N 4
Peptide Allogeneic MHC e
Self APC g class | o I Allogeneic
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b Conventicnal | | Proposed extremes
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Unrelated HSCT Rejection
Serologically HLA-identical MUD

BONE MARROW-ALLOGRAFT REJECTION
BY T LYMPHOCYTES RECOGNIZING

A SINGLE AMINO ACID DIFFERENCE IN
HLA-B44

Katuarina Frescauaver, MDD,

Nawcy A, KErnax, M.D.,
RicHarn . OFRemey, ML),
Bo Dueoxt, M., D).5c.,
anp Soo Youwnse Yamc, Pu..

Fleischhauer et al., New Engl J Med, 1990



Unrelated HSCT Rejection
Serologically HLA-identical MUD

Patient Donor
Serologically HLA-identical (B44)
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Fleischhauer et al., New Engl J Med, 1990



Alloreattivita T puo discriminare un singolo aa

Paziente: HLA-B*44:02 Donatore: HLA-B*44:03

Fleischhauer et al., New Engl J Med, 1990



HLA-B*4402 vs B*4403: Structural differences...

HLA-B*4402 Position
12 3. 456789
Anchor residue E

S

Preferred residue E DP

HLA-B*4403 Position

Anchor residue E
F
Preferred residue g D P
M
\"
g 3

B*44:02

"~
& ]
&

©
&
=

¢ B*44:03

e Similar peptide motifs and 5% unique peptides
* 80% of these were presented only by B*4403
(higher promiscuity)

MacDonald, J Exp Med, 2003



...and functional implications
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HLA-C: Mismatches nella PBG e incidenza di GvHD
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Pidala et al., Blood, 2013



Structural Matching
8/8 Allelic Identity Improves Survival after VUD-HSCT

e 3857 VUD Tx from unrelated adult volunteer donors (Lee, Blood 2007)

Early Stage

P<0.001

bk b W m BB

Intermediate Stage

P<0.001

Log-rank P = = 001

14 3 s
Maontha after transplant

£

Late Stage
P=0.02

Log-rank P = .02

B8 FILA Matched [n = 127}

T4l ALA Maiched (S & 195
Al HLA Maiches [F = 1

MAINLY IN PATIENTS WITH EARLY DISEASE

Lee et al., Blood, 2007



E’ sempre vero?

Allele

s Allel P - % of individuals F Sample IMGT/HLA* DicEribGGH Haplotypez ke
r r
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Fernandez Vina et al., Blood, 2014



Relevance of HLA-DP mismatches in HSCT

Probability of Relapze

80% of MUD-HSCT across HLA-DPB1 mismatches

Protection from Relapse, Higher GvHD, No net effect on Survival

Relapse
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Shaw et al., Blood, 2007



HLA-DP mismatch target of Rejection

Pt DAV: Rejection Donor DAG
“«\
Nominal and Cross-Reactive 6{” b %%g
Target specificity W W
@
) _ in vitro culture
Proliferation 500000000
Cytokine Production T cell clones cSgsscses
Cytotoxicity Cloning

Functional Characterization of alloreactive T cells from a patient with rejection
of a 10/10 matched HSCT allograft

Target alloantigen on donor cells was HLA-DP9

Fleischhauer et al., Blood, 2001



Cross-Reactive anti-DPB1 Specificities

e Cross-reactivity of T cell clones from Patient DAV with rejection

e Patient DAV: DPB1*0201,*0401; Donor DAG: DPB1*0201,*0901

Nominal Ag: DPB1*0901

80

>

DPB1*1001

Clone 501

Group 1: DPB1*0901,1001,1701

" DPB1*1701 >’
40 DPB1*0301
DPB1*1401
DPB14501 Group 2: DPB1*0301,1401,4501
0
3 1:1 31 10:1
Effector-Target cell ratio Group 3 Others
80
Clone 538 N
- DPB1*1001
40

" ; DPB1*1701

0.3:1 1:1 31 10:1
Effector-Target cell ratio

% specific lysis

5K

e specilfic lysis

=

Zino et al., Blood, 2004



Summarizing DPB1 Immunogenicity Groups

Immunogenicity Hierarchy

DPB1* alleles TCE3 group Immunogenicity TCE3 Grouping
0901
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4501 ..
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Zino et al., Blood, 2004



MLC Responses: Non-permissive vs Permissive

N=419 MLC
150- ns
* %k %k

— ns
é:, ok ok *% ns
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[
o
o
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e
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E 50+
3]
e
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Allele Permissive Non- New
Matched Permissive  Non-Permissive
N 75 5
Median 1 1

P<0.001

Sizzano et al., Blood, 2010



From Allele- to T cell epitope- (TCE-)
matching for DPB1

Effect of T-cell-epitope matching at HLA-DPB1 in recipients >
of unrelated-donor haemopoietic-cell transplantation:
a retrospective study

¥atfarina Fleischhouer®, Bromeen E Show®, Theodore Gooley, Mari Malfloti, Peter Bardy, Jeon -Denis Bignon, VYalfriz Dubors, Mone M Horowitz,
J Alziandro Modrnigal Yasuo Movishima, Mochteld Oudshoorn, Ofle Ringden, Stephen Spefiman, Andrea Velordi, Elisabetta Zing, EffreW Petarsdodf,
on hehalfof the internotional Histocompatibdity Working Group in Hemaotopoietic Cefl Tmnsplantotion

Non-Relapse Mortality
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Fleischhauer et al., Lancet Oncol, 2012



From Allele- to T cell epitope- (TCE-)

matching for DPB1

Effect of T-cell-epitope matching at HLA-DPB1 in recipients >
of unrelated-donor haemopoietic-cell transplantation:

a retrospective study

¥atfarina Fleischhouer®, Bromeen E Show®, Theodore Gooley, Mari Malfloti, Peter Bardy, Jeon -Denis Bignon, VYalfriz Dubors, Mone M Horowitz,
J Alziandro Modrnigal Yasuo Movishima, Mochteld Oudshoorn, Ofle Ringden, Stephen Spefiman, Andrea Velordi, Elisabetta Zing, EffreW Petarsdodf,
on hehalfof the internotional Histocompatibdity Working Group in Hemaotopoietic Cefl Tmnsplantotion

Overall Survival
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Fleischhauer et al., Lancet Oncol, 2012



Amino acid Alignment of TCE-Group 1-3 DPB1 alleles
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Polymorphic Key Amino Acids for TCE
Site Directed Mutagenesis of HLA-DPB1*09:01

HLA-DP Homology Modeling Site-Directed Mutagenesis of DPB1*09:01
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b 3 .
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Amendola et al., Nat Biotechnol 2005

Endogenous DPB1*04:01
(TCE Group 3)

Crivello et al., Biol Blood Marrow Transpl, 2015



Polymorphic Key Amino Acids for TCE

Relative Response
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TCE Functional Distance and Outcome

100 -
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Survival Estimate (%)

|

| |
0 12 24 36 48 60

; . Time after Transplantation (months)
Subjects at risk:

Functional distance <2.665 252 177 149 110 92 73
>2.665 127 75 60 44 30 19

Crivello et al., Blood, 2016



E’ Solo Una Questione di Struttura?
Livello di Espressione di HLA-C e Outcome
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aliefe allse frequency
o401 T 0,176 095  =0.0001
07:01 1 0,081 0,06 NS 0
16:01 T 0.086 0.85 <0.0001 c .
06:02 c 0.085 094  <0.0001 2 500
17 T 0071 1,00  <0.0001 é
07:02 T 0.061 093  <0.0001 5 4004
03:04 2 0.055 090  <0.0001 = .
18 T 0.044 093  <0.0001 o] & Apps 2013
0802 c 0033 083  <0.0001 Q 00{ 2
05:01 C 0.028 097 <0.0001 S Sogese™,
02:02 c 0,025 031  <0.0001 I 0] eececse
02:10 T 0.021 0.26 NS k1
0302 c 0.021 092  <0.0001 =
12:03 c 0.019 0.95  <0.0001 3 100
14:02 c 0.019 095  <0.0001 ~ e 30
15:05 T 0.014 054 S = 2
08:04 C 0.013 097 <0.0001 o , i X
03:03 T 0.010 087 003 & & &
Genotype of rs9264942

A Acute GvHD llI-IV B Non-Relapse Mortality

354 25
P= 003 ) F=.005
a0 & ;
20 Q
C"1a
254
Petersdorf 2014
1+ 2 y 5
'E 204 E .
E
£ g
9 15 z {0
1.0
051
051 =] ::17
1]
0.0 : ‘-ml 0.0
| I i | I |
100 150 200 250 300 100 150 200 20 300

Expression leval Expression level



E’ Solo Una Questione di Struttura?
Livello di Espressione di HLA-C e Outcome

SNP rs9277534-G high expression

High HLA-DP Expression and Graft-versus-Host Disease

Effie W. Patersdorf, M.D., Mari Malkki, Ph.D., Colm O'hUigin, Ph.D., Mary Carrington, Ph.D,, Ted Gooley, Ph.D,,
Michael D. Haagenson, M.S., Mary M. Horowitz, M.D., Stephen R [
and Philip Stevenson, M.S

Speliman, M.B.S,, Tao Wang, Ph.D

N Engl J Med 373:599-609 (2015)
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Take Home Messages

* Ora che le tecnologie di tipizzazione ci permettono di ottenere un
elevatissimo dettaglio nella tipizzazione HLA, diviene essenziale
caratterizzare funzionalmente quali differenze
strutturali/incompatibilita’ siano funzionalmente rilevanti

* E’ ancora largamente da esplorare I'impatto dei livelli di espressione
dei singoli alleli HLA sui fenomeni di alloreattivita



