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 Outline of the talk 

Ø General mechanisms of alloreactivity 
 
Ø Alloreactivity in HSC transpantation 
 
Ø GVHD as a model to PREVENT alloreactivity 
 
Ø GVHD as a model to TREAT alloreactivity 
 
 



The immunological barrier 
Medawar 1944 described it in skin transplants in mice 
Starzl 1967 performs first successful allo liver transplant 
Don Thomas 1968 performs first successufl BMT 
 

DONOR IMMUNITY 
T T 

HOST IMMUNITY 
T T rejection 

GVHD 



Biology of the immunological barrier 
Mitchison1964 
Billingham 1966 
 Thomson 1996 
Schlomchick 1999  

Ø Different antigens between host and donor 
 
Ø Functional APC presenting antigens 
 
Ø T lymphocytes. 
 
 



Recognition of alloantigen by donor T cells

The depletion of donor T cells results in a low incidence of acute and
chronicGVHD,albeitat theexpenseof leukemia relapse.12,13Likewise,
T-cell–replete autologous SCT is associated with high relapse rates
relative to allogeneic SCT, suggesting T-cell stimulation by alloantigen
is critical for both GVHD and GVL effects.14 GVHD can be concep-
tualized asMHC class I and/or MHC class II dependent (ie, CD81 and
CD41 T cells, respectively). Mismatches at HLA class I and II are
significant risk factors for severe GVHD and transplant-related
mortality3; thus, both CD81 T cells and CD41 T cells are involved,
and indeed the depletion of either T-cell subset is insufficient to
prevent GVHD.15,16 It is important to note that mHAs are also pre-
sented and recognizedwithinMHCclass I and II, and sobothCD4and
CD8 T cells are also involved in GVHD after MHC-matched SCT.
However, the origin of the antigen and the process of presentation
differ between the 2 pathways, and consideration of this is critical to
the understanding GVHD as a disease process. In considering antigen
presentation and T-cell recognition, it is also important to consider
MHC-matched and MHC-mismatched SCT separately.

In MHC-matched SCT, alloantigens presented in MHC class I are
predominantly endogenous in origin (ie, the antigen is intrinsic to the
cell),17 and donor T cells recognize, via the T-cell receptor (TCR),
polymorphic recipient peptides presented within a MHC that is shared
by both the donor and recipient (Figure 1). In regard to the process of
presentation, self- or viral cytosolic proteins are processed within the
proteosome and then transported into the endoplasmic reticulum by
the transporter associated with antigen processing (TAP). There, the
endoplasmic reticulum aminopeptidases trim peptides to 8 to 10 amino
acids for loading into MHC class I before transfer to the surface
(reviewed in Blum et al18). Exogenous antigens (ie, the antigen is
extrinsic to the cell) can also be presented within MHC-class I by a
process termed cross-presentation and is principally thought to
occur in sub-specialized dendritic cell (DC) subsets (CD81 and/or
CD1031 in mouse, BDCA31 in humans). Here, phagocytosed exog-
enous antigen is translocated into theproteosome for processingwithin
MHC class I. The importance of cross presentation to GVHD pathol-
ogy remains unclear at this point although it is clearly a highly active
process19 that is predicted to be critical in the generation of pathogen-
specific immunity.

In contrast to MHC class I, alloantigens presented in MHC class II
are predominantly exogenous in origin, and donor T-cells again
recognize, via the TCR, polymorphic recipient peptides presented
within MHC that are shared by both the donor and recipient. Thus,
alloantigen may be presented in MHC-class II by recipient or donor
antigen-presenting cells (APCs). Exogenous antigen is acquired by
APC via phagocytosis of dead or necrotic cells, endocytosis, or
macropinocytosis. The former 2 processes are receptor mediated (eg,
clathrin), and these pathways exist to various levels of efficiency in all
professional APCs (ie, B cells, monocytes/macrophages, and DCs).
Exogenous proteins are processed in the lysosome and transported
to the endosome for loading into MHCs. MHC class II molecules
themselves are transported from the endoplasmic reticulum to theGolgi
as a complex with an invariant chain that is then processed in the late
endosome by HLA-DM to release the class II–related invariant chain
peptide from the MHC, facilitating replacement by peptide of ap-
propriate affinity (reviewed in Blum et al18) before transfer to the cell
surface. Endogenous antigens can also be presented directly within
MHC class II during periods of cellular stress in a process known as
autophagy. In this process, endogenous proteins of nuclear, mitochon-
drial and cytoplasmic origin are incorporated into autophagosomes,
which then fuse with the lysosome to allow antigen delivery into the
MHCclass II pathway.Although it has recently been demonstrated that
autophagy-deficient recipient DCs paradoxically induce more GVHD
than wild-type DCs,20 it is currently unclear whether this relates to
effects on antigen presentation per se. Thus, the relative contribution of
autophagy to antigen presentation within MHC class II after SCT
remains unknown at this point, but given the inflammation and cellular
stress therein, the process itself is likely highly relevant.

A third “semi-direct” pathway of antigen presentation has recently
alsobeendescribed.Here, donor cells can acquire recipient cell-derived
cell-surface membrane including MHC class I and class II via either
trogocytosis or exosome uptake.19,21 In this process, MHC molecules
loaded with alloantigen are transferred from neighboring cells in a
cell contact or an exosome-secretion–dependent manner, which may
subsequently activate donor T cells.22 This process is reported to
contribute toT-cell activationor suppression22,23 and is likely important
as a means of antigen acquisition and, potentially, presentation.19,21

In transplant settings where MHC mismatches are present, donor
T cells react to recipient APCs at a very high frequency (ie, 1% to
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Figure 1. Alloantigen presentation and recognition

in MHC-matched and MHC-mismatched transplan-
tation. Peptide recognition in MHC-matched transplant
(left). Because donor T cells are selected through

positive and negative selection in donor thymus, the
donor TCR recognizes host-derived (non-self) mHAs
(green) within an MHC (red) that is shared between

donor and host. Molecular mimicry in MHC-mismatched
transplantation (right). The donor TCR can recognize a

mismatched host MHC (blue) loaded predominantly with
antigenic peptide derived from ubiquitous self-proteins
(yellow) rather than polymorphic mHAs.
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Molecular basis of alloreactivity 

Holtan et al. Blood 2014  

1:10e6 clones 1:10e3 clones 



APC sense DANGER to activate T cells 
P Matzinger and R Steinman 
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APC include DC and monocytes 

B cells 

CD34+ cells 

But also… 

Non hematopoietic cells 
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Stenger et al. Blood 2012  
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Adapted from Wood et al. Transplantation 2012  



T cell differentiation  Wood et al Transplantation 2012  
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Institute “Seràgnoli”, Univ. of Bologna 

In SOLID ORGAN TRANSPLANTATION 
DONOR 

IMMUNITY 

HOST 
IMMUNITY 

In HSC TRANSPLANTATION 

DONOR 
IMMUNITY 

HOST 
IMMUNITY 



Miklos Blood 2005 

Specificity of BMT I: 
Minor Histocompatibility Antigens (mHA) 



DIRECT PRESENTATION 
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Specificity of BMT II: DONOR vs RECIPIENT APC? 
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Zhang 2002 

Direct presentation drives ACUTE GVHD 



Balb 
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donor APC maintain allo-reactive T cells  in 
CHRONIC GVHD 

Tivol 2005 
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Specifity of BMT III: 
HSC transplants should become tolerant 

T 
T 

T acute GVHD 3-6 months 

Homeostatic peripheral expansion 

T 
T T 

SC 
SC 

thymus 

T tolerance 6 months-1 year 

Thymic selection 

Adapted from de Kooning Blood 2016 



However, the THYMUS… 
Ø Deteriorates with age 
Ø Is damaged by chemotherapy 
Ø Is damaged by acute GVHD 

thymectomised Zhao JI 2011 



Chronic GVHD as an autoimmune   
                                syndrome 

Sociè and Ritz Blood 2014 

Ø  Clinical (mimicking autoimmune 
diseases) 

Ø  Serological (autoantibodies) 

Ø  Histological (fibrosis) 

Ø  Immunological (B cell 
hyperplasia) 



Standard Prophylaxis of GVHD 
0 +30 +60 +90 +120 +150 

calcineurin inhibitor              

MTX or MMF 

+180 

Ram BMT 2009 
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Holtan Blood 2014 

In vivo T depletion 

Partial T depletion 

Regulatory T cells 

Discovery-based prophylaxis: 
Modulating T cell function 



Full in vitro T cell depletion increases relapse 

As well as infections and graft failure 



In vivo T depletion: ATG 

   all       extensive   

Bacigalupo BBMT 2006 

=ATG 

= no ATG 

Kroger and Bonifazi NeJM 2016 

UNRELATED FAMILY 



In vivo T depletion: cyclophosphamide 
                                                            
                                                

Luznik Sem Oncol 2012 
Raiola BBMT 2013 



Partial T depletion: alpha-beta T cells 



TCD with modified T cell add back  

Greco, Bonini e Ciceri Front Immunol 2015 



T regs prevent GVHD in HLA-haplo transplantation.  
Di Ianni et al. Blood 2011 

 fresh T reg cells 

Conventional T cells 

SC SC 
 CD34+ cells 

2 out 26 acute GVHD II 
0 out of 26 chronic GVHD 

Effective GVHD prevention 



Holtan Blood 2014 

Discovery-based prophylaxis: 
Modulating APC function 

Cells 
e.g. donor NK cells 

Antibodies 
e.g. Campath 

Drugs 
e.g. rapamycin 
       bortezomib 
       HDAC inhibitors 



Bortezomib kills APC in vitro  
and prevents GVHD in vivo 
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Velcade (ng/ml) 

In Vitro 
Arpinati BMT 2008 

In Vivo 
Koreth JCO 2012 



Acute GVHD 

In Vivo 
Choi Lancet Oncol 2014 

Vorinostat kills APC in vitro  
and prevents GVHD in vivo 

In Vitro 
Roger Blood 2011 

IL-6 IL-12 

vorinostat 



Standard treatment of GVHD  

acute 

steroids 1-2 mg/kg steroids 1 mg/kg 

chronic 

steroid refractory (40-60%) 

Secondary treatment van Lint MT Blood. 1998 
Mielcarek M Blood 2009 
Flowers Blood 2014 



Biologic treatment of GVHD  



Infuse T regs in GVHD? 

peripheral tissues 

T 

T 

T 

donor APC 

Lymph nodes 

Adapted from Bruce R. Blazar et al Nature Reviews Immunology 12, 443-458 (June 2012) 

donor T cells 

donor T regs 



TREGeneration has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 643776 

Multiple donor regulatory T cell (Treg) infusions (T reg 
DLI) for severe refractory chronic Graft Versus Host 
Disease (GVHD) after allogeneic Hematopoietic Stem 
Cell Transplantation (HSCT). 



4 modi diversi di somministrarle 

0 1 2 3 

Lisbona 
Una infusione 

Liegi 
Una infusione 

Rapa e IL-2 per ESPANDERE le T reg 
0 1 2 3 

1 2 3 

0 1 2 3 

Regensburg Una infusione di cellule ESPANSE IN VITRO 

Bologna 

0 1 2 3 

Tre infusioni 



Posi%ve	  selec%on,	  expansion	  and	  transplanta%on	  
of	  regulatory	  T	  cells	  to	  prevent	  cellular	  rejec%on	  

and	  to	  induce	  tolerance	  	  in	  solid	  organ	  
transplanta%on  

	  
PI:	  RM	  Lemoli/L	  Catani 	   	  RF-‐2011-‐02346763	  
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A jump to the future: CAR T-regs? 

CAR T regs CAR T regs 

Poly T regs Poly T regs 



La fine del rigetto (GVHD)? 
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