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Overview: topics

• Introduction: HLA and transplantation (solid, alloHSCT), alloreactivity in 
allogeneic HSCT 

• HLA matching and outcome of unrelated HSCT, T-cell epitope models in HLA-DP

• Variability of HLA expression and unrelated HSCT: SNPs, HLA-C, HLA-DP, EFI 
abstracts 

• HLA loss and impaired expression as mechanisms of immune evasion after HSCT

• Conclusions/Future directions



Rejection in solid organ transplantation

Halloran, NEJM 2004; DeWolf, JCI 2017



Alloreactivity in HSCT

Kolb, Blood 2008
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Graft-versus-leukemia & GvHD

Wieden, NEJM 1979; Horowitz, Blood 1990
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Graft-versus-leukemia (GvL) & chronic GvHD

Saillard, Leuk Lymph 2014

0: No GVHD; 1: Mild; 2: Moderate: 3: Severe



The «drug T cell» 

Maraninchi, The Lancet 1987



T-cell depletion and relapse 

Mohty, Blood 2003



Not only T-cell therapy: the NK effect 

• Haplo TCD = ideal setting to unravel the NK activity (Perugia)

Albi, Blood 1996



Take-home messages (1)

• Alloreactivity in HSCT is mainly mediated by T cells 

• The optimal immunological balance between host and donor 
determines the potential cure of leukemia 



HLA matching and outcome after unrelated 
HSCT

Pidala, Blood 2014



HLA-DP alloreactivity in vivo: the TCE model

Crocchiolo R, Blood 2009



HLA-DP alloreactivity in vitro (1) 

Sizzano, Blood 2010; Crivello, BBMT 2015



Crivello, Blood 2016

HLA-DP alloreactivity in vitro (2): FD 



HLA-DP alloreactivity in vitro (3): comparing 
models  

Lorentino, EFI 2019



Take-home messages (2)

• Best survival is observed after a 8/8-matched UD (HLA-A, B, C, DRB1) 

• HLA-DP permissiveness models (TCE3, TCE4, FD, expression model) 
explain the role of this locus in HSCT  



HLA expression and unrelated HSCT

Petersdorf, Hum Immunol 2018



Petersdorf, Hum Immunol 2018



HLA expression and unrelated HSCT: SNPs (1)

• First study investigating the role 
of SNPs affecting HLA expression

• A total of 1,120 MHC-region 
SNPs were tested on 4,205 
HSCTs

• rs887464, rs2281389

Petersdorf, Sci Transl Med 2012



rs887464 rs2281389

HLA expression and unrelated HSCT: SNPs (2)

Petersdorf, Sci Transl Med 2012



HLA expression and unrelated HSCT: HLA-C (1)

Petersdorf, Blood 2014



HLA expression and unrelated HSCT: HLA-C (2)

Petersdorf, Blood 2014



HLA expression and unrelated HSCT: HLA-C (3)

Petersdorf, Blood 2014



HLA expression and unrelated HSCT: HLA-C (4)

Fernandez-Vina, Blood 2014



HLA expression and unrelated HSCT: HLA-C (5)

• Similar OS between 8/8-matched and 
7/8 with MM only in C*03:03/C*03:04

• These alleles may have equivalent 
peptide presentation properties 
(differ by a single AA at residue 91 
which is not in contact with any 
peptide or TCR)

• Their serologic epitopes have a low 
immunogenicity score 

Fernandez-Vina M, Blood 2014 



HLA expression and unrelated HSCT: DQ, 
DRB3/4/5, DP (low expression loci)

• In 8/8-matched HSCTs, any MM 
at LEL did not impair outcome 
whereas they did in 7/8 HSCTs

• MMs at DQ were found in 8.8% 
of 8/8 HSCTs (no impact on 
outcome)

Fernandez-Vina M, Blood 2013 



Hoff, BBMT 2017



HLA expression and unrelated HSCT: HLA-DP (1)

Petersdorf, NEJM 2015



Petersdorf, NEJM 2015



Petersdorf, NEJM 2015

HLA expression and unrelated HSCT: HLA-DP (2)



Fleischhauer, NEJM 2015



HLA expression and unrelated HSCT: HLA-DP (3)

Morishima, Blood 2018



Morishima, Blood 2018



HLA class II upregulation and GvHD 

«Ongoing viral infections (CMV) resulting in 

upregulated HLA class II expression on non-

hematopoietic tissues increase the likelyhood 

of GvHD development» 

«...these donor-derived anti-CMV T-cell 

responses may have further stimulated the 

inflammatory environment and HLA class II 

expression....thereby enhancing GvHD» 

Stevanovic, Blood 2013



HLA expression and unrelated HSCT: EFI 2019



Take-home messages (3)

• The advent of NGS allows the investigation of non-coding regions and 
their impact on the level of expression of HLA allotypes 

• Many studies now demonstrate the impact of HLA expression (HLA-C, 
HLA-DP) on GvHD, non-relapse mortality and survival (not relapse) 
after unrelated HSCT 



HLA loss as a mechanism of immune escape (1)

Vago, NEJM 2009



HLA loss as a mechanism of immune escape (2)

Vago, NEJM 2009



• HLA loss in 5 out of 17 pts (29%)

• No change in class I HLA 
espression (no NK activation) 

• Characterisation of this 
mechanisms essential to identify 
alternative donors (with a 
distinct haplotype) 

HLA loss as a mechanism of immune escape (3)

Vago, NEJM 2009



HLA loss as a mechanism of immune escape (4)

Crucitti, Leukemia 2015



HLA loss as a mechanism of immune escape (5)

Crucitti, Leukemia 2015



Impaired HLA expression after HSCT (1)

Cristopher, NEJM 2018



Impaired HLA expression after HSCT (2)

Cristopher, NEJM 2018



Impaired HLA expression after HSCT (3)

Cristopher, NEJM 2018



(Nihil novi sub sole) 

Sondel, Exp Hematol 1985



(...continues) 

Sondel, Exp Hematol 1985



Dermime, BMT 1997



Stolzel, Transplantation 2012; Waterhouse, BBMT 2011; Toffalori, Blood 2012



Mechanisms of immune escape after HSCT 
(1)

Zeiser & Vago, Blood 2019



Mechanisms of immune escape after HSCT 
(2)

• Two deregulated «macro-clusters»,

   encompassing:

- genes linked to T-cell costimulation

- Ag processing and presentation via HLA class II molecules 

• Including cases with genomic loss of HLA, a defined pattern of escape can 
be identified in more than 2/3 of post-HSCT relapses 

Toffalori, Nat Med 2019



Take-home messages (4)

• HLA loss and impaired HLA expression represents two mechanisms of 
immune evasion of leukemic cells after HSCT 

• Genomic alterations and epigenetic changes occur during these 
phenomena 



Conclusions: HLA expression in HSCT

• Barrier for optimal outcome      � rejection, GF, acute/chronic GvHD,   
           non-relapse mortality, OS 

• Mechanism of immune evasion � HLA loss, impaired HLA expression

• Opportunity (cell therapy)    � GvL, OS, «CURE» 



Envision the near future: AI and HLA matching



Envision the near future: PM and relapse 

management 

January 30th, 2015



Envision the near future: Gene Editing

Torikai H, Blood 2013; Carvalho-Oliveira M, EFI 2019 



1959 - BMT for 

radiation accident 

1979 – Clinical evidence 

of GvL effect

1990’s – Advent of RIC

2000’s – «Personalized» 

conditioning regimens

1990 - Donor lymphocyte 

infusions induce disease remission

2015 - New era of 

Precision Medicine

Small molecules & 

Cell Therapy
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J. Doudna, 2017S. Mukhergee, 2016C, Darwin, 1859



Gene editing, HLA & Cell Therapy



GRAZIE !
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