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» Theheavy chain

approximately
weighs 45 kDa

> Locus position of
heavy chain: 6p21.3
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B—microglobulin

Introduction

> ltsweight is about 12KDa

> ltislocatedon
chronosome 15




Tissue
distribution

Samples
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distribution > HAGismainly

expressed onthe
extravillous
cytatrophoblastsin
the placenta, where
it mediates
matemal -fetal
inmmrune tolerance

during pregnancy.
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»> Hutionof HA-G
peptides revealed a

heterogeneous and
complex mixture of

peptides, which was

less diverse
conpared to
peptides derved
fromclassical HA
class| nolecules.

A

» Themgjority of the
peptides have a
length of nine
residues and are
derved from
Intracellular prateins
like nuclear proteins,
cytosalic proteins,
rbosomal prateins,
cytokine receptars,
histones
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Since HA-Gonly
presents a restricted
nuber of peptides, it is
questioned how peptide

presentation
contributes tothe
biological function of
HA-G

It is suggested that the
primary function of
HA-Gis nat antigen
presentation the
peptides loaded onto
HA-G stahilize and
prolong the expression
of HA-G thereby
enhancing its inhibitory
capacities




HLA-G Two of the nost inportant
Receptors

» HAGinteractswith
various receptors
that originate from
different receptor
famlies

LIR1I=MIR7=C LIR2=MIR10= -

D85j CD85d
CD158d
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Introduction

HLA-G
Receptors

KIR2ZDL4 Extracellular

dormain
Extraceiular
darmain
Irmmunorecepbor
tyrosine-based
imhibitory rmotif

Arginine residus

HLA-G1

Extracellular Peptide binding
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HLA-G/receptor
interaction
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Introduction

Binding characteristics of HLA-G
receptors and their function:

Noactivaing

Cell activetion

e G » P Cytotoxicity
(NF-kB )—> AL-10

a i * Inhibition of cytotoxicity
frontlers * Inhibition of cytotoxicity

i * Inhibition of proliferation
iNn Immunolo gy +  Inhibition of proliferation

*  Up-regulation of inhibitory receptors
* Inhibition of chemotaxis * Inhibition of chemotaxis

DOI: 10.3389/fimmu.2022.796054 L e Rl
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HLA-G gene
polymorphisms

Sofar, nore than 88
different HA-Galleles
have been discovered

Polymorphisms and association with diseases

Population studies have found nine
polymorphic sitesin the SUR region of
the HA-G gene. Among them) the 14bp

INS/DEL (5-ATTTGITCATGCCT-3)
(rs371194629), +3142C/G (rs1063320) and
+3187A/G (rs9380142) polymorphisns are

inplicated in HAG expression



= Polymorphisms and association with diseases

HLA-G gene
polymorphisms

A B

miR-1483, MiR-148b y miR-152
5'-ATTTGTTCATGCCT-3' rrrTTTm [‘

NS ——T —  HAG - - . B
expression JY

+3142

/|- - == (S

+3142

Cc
T Y J HLA-G
—{UJA[UAA_AUUUA motit__— :

+3187
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Polymorphisms and association with diseases

HLA-G gene polymorphisms
and breast cancer

Association between HLA-G 3'UTR 14-bp ins/del
polymorphism and susceptibility to breast cancer

Ebrahim Eskandari-Nasab 1, Mohammad Hashemi, Seyed-Shahaboddin Hasani, Mohsen Omrani,
Mohsen Taheri, Mohammad-Ali Mashhadi

Affiliations + expand
PMID: 24240586 DOL: 10.3233/CBM-130364

> Eskandari-Nasab et al, Found that the HLA-G 14bp DEL/DEL genctype was
higher in breast cancer patients than in the contral group (33.9% vs 24.1%,

respectively, p=0.006), suggesting that the 14bp INS/DH_ palymorphismcould
be a genetic nisk factar mediating susceptibility to breast carcinoma.
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Polymorphisms and association with diseases

HLA-G and systemic lupus
erythematosus

Association of the HLA-G gene +3142C>G polymorphism with
systemic lupus erythematosus

C. R. Consiglio, T. D. Veit, 0. A. Monticielo, T. Mucenic, R. M. Xavier, J. C. T. Brenol, J. A. B. Chies i

First published: 14 March 2011 | https://doi.org/10.1111/j.1399-0039.2011.01635.x | Citations: 54

» Patients with S.Ehave a significant increase in the +3142G allele and the
+3142G/G genatype of the +3142CG polymorphisim associated with a lower
expression of HA-G due to increased degradation of the primary transcript,
aswell as by suppression of its trandation
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Polymorphisms and association with diseases

HLA-G and psoriasis

DERMATOLOGIC
INFLERAPY |

Therapeutic Hotline

HLA-G 14-bp polymorphism: a possible marker of systemic
treatment response in psoriasis vulgaris? Preliminary results
of a retrospective study

Alessandro Borghi B« Roberta Rizzo. Monica Corazza, Alberto Maria Bertoldi, Daria Bortolotti,
Giulia Sturabotti, Annarosa Virgili, Dario Di Luca

First published: 09 June 2014 | https://doi.org/10.1111/dth.12140 | Citations: 12

> Inthe case of psoriasis, patients with the 14bp DH_allele and the DE/DEL
genatype of the 14bp INS/DE_ polymorphismrespond better totreatment with

acitretin
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HLA-G in transplantation, autoimmunity, viral infections

Human Leukocyte Antigen-G Expression
HLA.G and After Heart Transplantation Is

Associated With a Reduced Incidence of

transplantation Rejection

Nermine Lila, Catherine Amrein, Romain Guillemain, Patrick Chevalier,
Christian Latremouille, Jean-Moé&l Fabiani, Jean Dausset,
Edgardo D. Carosella and Alain Carpentier

Originally published 15 Apr 2002 |
https-//doi.erg/10.1161/01_CIR_0000015075.89024 46 |
Circulation. 2002:105:1949—1954

> The relationship between H.A-G and graft acceptance/rejection was first
ohserved in heart transplantation

» Studies reported the presence of HA-Gin biopsies of transplanted heart
tissue, where HA-Gwas especially prevalent in patients with no or low
rejection scores.
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HLA-G and
transplantation

HLA-G in transplantation, autoimmunity, viral infections

Human Leukocyte Antigen-G Expression
After Heart Transplantation Is
Associated With a Reduced Incidence of

Rejection

Nermine Lila, Catherine Amrein, Romain Guillemain, Patrick Chevalier,
Christian Latremouille, Jean-Moé&l Fabiani, Jean Dausset,

Edgardo D. Carosella and Alain Carpentier

Originally published 15 Apr 2002 |

https:'doi.org/10.1161/01.CIR_0000015075.29934 46 |
Circulation. 2002:105:15459-1954

- = HLAO0
<« HLA-G6

doi: 10.1161/01.¢ir.0000015075.89984.46 LCirculation |




HLA-G in transplantation, autoimmunity, viral infections

HLA.G and human Article | Open access | Published: 06 December 2018

Human Herpesvirus 6A and 6B inhibit in vitro

herpeSVirus angiogenesis by induction of Human Leukocyte
Antigen G

SCIENTIFIC
24h p i 48h p i RE P?RTS Roberta Rizzo, Maria D'Accolti, Daria Bortolotti, Francesca Caccuri, Arnaldo Caruso, Dario Di Luca B g

Elisabetta Caselli &

N.l. 6A 6B C+ N.I. 6A 6B C+

> HAV-6A/Bexpress the viral pratein Up4, which has key functions
inthe viral life cycle and elicits inmune responses.

Elevated
expression
of HLA-G
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HLA-G and EBV
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BBV has been reported to
induce the HA-G
expression by yet undefined
nmolecular mechanisims

Human Immunology

- - Volume 68, Issue 6, June 2007, Pages 463-468
ELSEVIER

HLA-G expression is induced in Epstein-
Barr virus—transformed B-cell lines by
culture conditions

Table 2 Flow cytometry of Epstein-Barr
virus-transformed B-cell lines cultured without
replenishment with fresh medium and stained with
MEM-G9/fluorescein isothiocyanate (% positive)

Cell line 2 Days in 4 Days in 10 Days in
number culture culture culture

6009
6013
M
6736
413
414
OM
6737
6138
674
6656
BaA
6393

W
W
M
93]

10.0
5.8
18.7
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HLA-G and EBV

» Inmany of studiesa
carelation of the HA-G
neo-expression with
elevated IL-10 levelsis
reported Indeed, IL-10is a
known inducer of the HA-G

MSc student of medical immunology

HLA-G in transplantation, autoimmunity, viral infections

enhanced HLA-G expression/secretion
- contribution along with other viral induced
immunomodulatory molecules (e.g. HLA-E, PD-L1)
-> in addition to other viral caused mechanisms
(e.g. decreased HLA-A/B levels and/or NKG2D-Ls, 0
lowered secretion of chemokines etc.
-> additive effects
enable immune evasiol

viral induced enhanced @ @
IL-10 secretion

s -
g’b\ tetrameric IL-10 receptor
secreted HLA-G with 2a and 2 subunits

strong regulatory impact

infection

LA-G expressing infected host cell

(e.g. lymphoid cell)

IL-10 secreting cell
e.g. monocyte,
macrophage, Tg,y

occasional, extra, direct infection
of IL-10 secreting cells

several viruses known to induce HLA-G expression
(e.g. HIV, EBV, SARS-CoV-2, Influenza A)

doi.org/10.3389/fimmu.2022.826074




HLA-G as a immune checkpoint in cancers &
HLA-G as a new 5
immune check point
in cancer?

» HAGIsmainly expressed
on the extravillous > While expression of HA-
cytotrophoblastsin the Gisrestricted in healthy
placenta, where it tissue, pathalogical
mediates maternal -fetal conditions can induce
InmrLne tolerance during H.A-G expression
pregnancy.

» DenovoHA-G
expression has been
ohserved, including in
colorectal cancer, breast
cancer, melanoma and
ovarian cance.




HLA-G as a immune checkpoint in cancers

HLA-G as a new
immune check point
in cancer?

Due toits inmune- 1hefir_st i_rm@e
inhibiting functions, ~ checkpaint inhibitars

Many studieshave et were approved by

. HDA blocked the
cdained HA-Gasa b oraction between PD-

newinmne 1,CTLA-4 and their
checkpaint in cancer. ligands
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Expression of HLA-G
in tumor cells

HLA-G as a immune checkpoint in cancers

Inmune cells are inhibited when
H.A-Gbinds to its receptors,

tumor cells might profit from
the expression of bath HA-G

and its receptors

Studies in patients with
non-sall lung carcinoma
(NSOLO), gastric cancer,
and CRC reparted co-
expression of HA-Gand
its receptors ILT2 or ILT4
on tunor cells and
showed a carelation
between co-expression
and poor clinical outconme.




HLA-G as a immune checkpoint in cancers

HLA-G and tolerogenic
function of immune cells

H.A-G-nodified cells can
iInmediately reverse
Inmune effector functions
to tolerogenic function

T/NK cells

doi: 10.3389/fimmu.2021.791535  Fronters
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sHLA-G as a
tumor marker

» Inthe serumdf healthy
people, the content of HAG
is 20 ng/mLand significantly
lower conpared with cancer
patients. sSHA-GIis produced
and secreted mainly by
Inmrune cells and tumors

MSc student of medical immunology

» For exanple, inacute

leukemia, the level of SHA-
GinT cells and monocytes in
the serumis detected by
HISA whichis averagely
five times higher conpared
with healthy controls

doi: 10.3389/fimmu.2021.791535

HLA-G as a immune checkpoint in cancers
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Therapeutic apphcations
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Where to intervene for therapy? @

Prevention of | |
dimerization Dnerizationof HA-  Thiscanbe achieved by
Gcanbeprevented ~ targetingthedl domain

. with antibodies that
Cyzye?ln"ec:fgdmeat either directly block the
X8 _ Cysteine residue, o
position 42 inthe dl sterically hinder

domain dimerization




Therapeutic apphcations

Q
A

SR . o%\?y
@ Where to intervene for therapy?
T

==y Ancther strategy is
bl totarget the HAG
receptors with
antibodies
spedifically binding
toILT2, ILT4 and/or
KR2DLA.




Therapeutic applications

HLA-G as a target for immune
checkpoint inhibition in cancer:

Basic tumor immunology
Original research

Antagonistic anti-LILRB1 monoclonal antibody regulates antitumor
functions of natural killer cells 3

® Heyu Chen ', Yuanzhi Chen2- ?*, MiDeng ', Samuel John #, Xun Gui 2, Ankit Kansagra *- , Weina Chen 7, Jaehyup Kim 7,
Cheryl Lewis ®, Guojin Wu 1, Jingjing Xie 1, Lingbo Zhang '+ #, Ryan Huang ', Xiaoye Liu ', Hisashi Arase *, Yang Huang ?,

Hai Yu ?, Wenxin Luo 3, @ Ningshao Xia 2, Ningyan Zhang 2, Zhigiang An 2 and Cheng Cheng Zhang '
Correspondence to Dr Cheng Cheng Zhang; Alec.Zhang(@UTSouthwestern.edu; Dr Ningyan Zhang: Ningyan.Zhang(quth.tmc.edu; Dr
Zhigiang An; Zhigiang An(duth.tmc.edu
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Therapeutic apphcations

HLA-G as a target for immune
checkpoint inhibition in cancer:

Original research u

Antagonistic anti-LILRB1 monoclonal antibody regulates antitumor a m I at ( s I m‘ t
functions of natural killer cells 8

® Heyu Chen ', Yuanzhi Chen?' 3, Mi Deng ', Samuel John #, Xun Gui 2, Ankit Kansagra 5 ®, Weina Chen 7, Jachyup Kim 7,

Cheryl Lewis ¢, Guojin Wu ', Jingjing Xie ', Lingbo Zhang '~ 8, Ryan Huang !, Xiaoye Liu !, Hisashi Arase °, Yang Huang 3, n [ ] [ ]
Hai Yu®, Wenxin Luo 3, @ Ningshao Xia ®, Ningyan Zhang 2, Zhigiang An 2 and Cheng Cheng Zhang !

Correspondence to Dr Cheng Cheng Zhang; Alec Zhang@UTSouthwester:

whose NK cells was about 80% LILRB
Patient's NK cells with KMS27 pasitive, and used the patient’'s NKcells for
. cytatoxic assay. Anti-LILRBl mAb
i increased cytotoxic activity of patient's NK
higG anti-LILRBA cells agalnst MMcall line KMS2T.
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Conmbination therapy

> different antibodies
against CTLA-4 and PD-1
have been developed for
clinical purposes and
used for inmunatherapy
in patients with
glioblastoma.

&
40X

D

Therapeutic applications
P pp O

Int J Mol Sci. 2022 Mar; 23(6). 2925. PMCID: PMC8948858
Published online 2022 Mar 8. doi: 10.3390/jms23062925 PMID: 35328349

HLA-G and Other Immune Checkpoint Molecules as Targets for Novel Combined
Immunotherapies

Fabio Morandi” and Irma Airoldi

Philippe Moreau, Academic Editor

more than 30 clinical » The expression of HA-G
trials based on PD-1 anditsrae in cancer
blockade are currently progression has been
active for glioblastoma addressed in

patients. glicblastoma.



Therapeutic apphcations

B= An official website of the United States government Here's how you know ~

> T-080-001 isa Phase ‘|' open [abe[' dose M) National Library of Medicine
escalation and dose expansion clinical study
to determine the safety, tolerahility, and
reconmended Phase 2 dose of TTX-080
monatherapy (HA-Ginhibitor) and in
corbination with either perrbrolizumab (PD- o
intibir) orcetusimeb R nhbita)in | 0

mtlmts Wth advamed I"efr'aCtG‘Y/ I’ESQZant Information provided by @ Tizona Therapeutics, Inc (Responsible Party)
sild rmug'ﬁmes |r!:lLd|rg Last Update Posted @ 2023-07-12

H\SOGNSCLGCORG TNBC

=

ClinicalTrials.gov

About This Site v Find Studies v Data About Studies v Study Basics +  PRS Info ~

TTX-080 HLA-G Antagonist in Subjects With Advanced Cancers

MSe student of medical immunology




CAR-T cll therapy
agannst HLA-G

emucne First immunotherapeutic CAR-T cells

against the immune checkpoint
protein HLA-G

Francois Anna,"? Elodie Bole-Richard,**® Joel LeMaoult,®” Marie Escande,’
Martin Lecomte,’ Jean-Marie Certoux,>*® Philippe Souque,?
i 345 Olivier Adotevi © ,**° Pierre Langlade-Demoyen,’

» Mce received activated non-transduced T
cells or CAR-T (CAR-15E7CH2-CHB or CAR-
LFTTICH2-CHB) cells on day 3 and were
nmonitored by bidlumnescence imaging over
time.
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Where to intervene for therapy?

Considering the broad and _ _
location-specific functions of Defective expression and
H.A-Greceptars, itisdesiredto  function of ILT2 is associated
only inhibit these receptarsin with the autaimmne
the tumor microenvironment disease systemic lupus
(TMB), where the receptors erytheratosus

mediate inTnune evasion




Therapeutic apphcations

@ Where to intervene for therapy?

A LB S U These antibodies have a masking peptide
antibodies that binds to a peptide binding site of the
target receptar. The masking peptide is
cleaved by tunor-associated proteasesin
the TMEand, as a resuilt, the antibody Is
released to bind the target antigen




Therapeutic apphcations

Where to intervene for therapy?

This approach is dependent on the presence

Prodrug-formulated

antibodies of tunor-associated proteases It has been
ohserved that HA-G expression in ovaran

cell line upregulates matnx
metalloprateinase 15 (MMP-15) expression
In these cells and a carelation between
H.A-G and MMP-15 expression is also seen
In ovarian cancer patients




Therapeutic apphcations

@ Where to intervene for therapy?

Intervention by Astudy on renal cell carcinoma
mcrointerference showed strong post-transcriptional
R\AS(miRNS) gene regulation of HLA-Ghy miRNA-
152, mRNA-148A mRNA-1488 and
MRNA-133A.
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Therapeutic applications o)

Where to intervene for therapy?

Intervention by Interestingly, the stable
microinterference overexpression of MRNA-148Aand
RNAs(miRNAg) MRNA-133AIn target cells caused the
downregulation of HA-G pratein
expression, thereby enhancing the NK
cell-mediated killing of these cellsin
vitra




Therapeutic applications

TGF. B and Research | Open access | Published: 02 December 2015

TGF-B induces HLA-G expression through inhibiting

i“d“Ction Of HLA"G miR-152 in gastric cancer cells

Zhongzheng Guan, Bingtan Song, Fengjun Liu B, Dong Sun, Kexin Wang & Hui Qu

L
express‘on Journal of Biomedical Science 22, Article number: 107 (2015) | Cite this article

3781 Accesses | 30 Citations | Metrics
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TGF-p inhibited miR-152 levels in GC cell line. The expression of miR-152 was downregulated under
TGF-p treatment in dosage (2.5, 5 or 10 ng,/ml for 12 h; a) and time (5 ng/ml for 6, 10 or 24 h; b)

dependent manner. *P < 0.05; **P < 0.01
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Therapeutic applications

Anti HLA-G antibodies

DOI: 10.3390/i jms21228678 Table 2. Overview of HLA-G-recognizing antibodies and their specificity.
HLA-G mAbs Specificity

Reference

4H384 An «l epitope in HLA-G McMaster et al., 1998 [87]
| MEM-G/1 | Denatured free heavy chains of all HLA-G isoforms Hurks et al., 2001 [88]
MEM-G/2 Free heavy chains of all HLA-G isoforms Polakova et al., 2003 [89]
MEM-G/4 Free heavy chains of HLA-G1, -G2 and -G5 isoforms Menier et al., 2003 [16]
MEM-G/9 HLA-G1 and -G5 associated with p2M Fournel et al., 2000 [90]
MEM-G/11 HLA-G1 Boyson et al., 2002 [91]
MEM-G/13 HLA-G1 and -G5 Menier et al., 2003 [16]
G233 HLA-G1 and -G5 Loke et al., 1997 [92]
HLA-G1 and -G5 @dum et al., 1991 [93]
01G HLA-G1 Real et al., 1999 [94]

BFL.1 HLA-G1 Bensussan et al., 1995 [95]
2A12 HLA-G5 and -G6 White et al., 2010 [96]

5A6G7 HLA-G5 and -G6 Le Rond et al., 2004 [97]
16G1 HLA-G5 and -G6 Blaschitz et al., 2000 [98]

Abbreviations: p2-microglobulin ($2M), human leukocyte antigen G (HLA-G), monoclonal antibodies (mAbs).
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Therapeutic applications 4

Challenges and limitations with using R4
anti-HLA-G antibodies

» The antibodies 4HB4 and > For future research it is essential to
MEM-G/1 do recognize all develop antibodies that recognize all

H.A-Gisoforms, but are H.A-Gisoforms, and to reduce the
known to cross-react with cross-reactivity of HA-G-
HAcass | nolecules like recognizing antibodies with ather
HA-A2 proteins. Moreover-
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