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8.1	 �Introduction

The array of cellular players involved in the biol-
ogy of HSCT clearly extends beyond HSC them-
selves and, in the case of transplantation from 
allogeneic sources, importantly includes cells of 
the innate and adaptive immune system. 
Historically, the discovery of the HLA system and 
the functional characterization of the different 
immune cell types had a transformational impact 
on our current understanding of the pathobiologi-
cal sequelae of allo-HSCT (rejection, GVHD, the 
GVL effect). This body of knowledge coupled to 
the most recent exploit of biotechnology nowadays 
allows us to design strategies for in vivo stimula-

tion or adoptive transfer of specific immune cell 
types with the potential to dramatically improve 
transplantation outcome.

In this chapter, we will review the biological 
properties of cells other than HSCs that so far 
have Since apart from vaccination antigen pre-
senting cells and myeloid cells at large have sel-
dom been subject of this type of studies been 
therapeutically investigated in human allo-HSCT, 
they will not be discussed here. Conversely, we 
will briefly touch on mesenchymal stromal cells 
(MSCs), which, although not classifiable as 
immune cells stricto sensu, have been widely 
employed in allo-HSCT.

8.2	 �Conventional or Alpha-Beta 
T Cells

The majority of mature T cells is characterized 
by the expression of the αβ TCR, which endows 
MHC-restricted recognition of peptides derived 
from non-self-proteins. Mutually exclusive co-
expression of CD8 or CD4 further conveys speci-
ficity for MHC class I/MHC class II/peptide 
complexes, respectively. CD8+ T cells recognize 
intracellular peptides, mainly derived from 
viruses or mutated genes, mediating cytotoxicity 
of infected or transformed cells, thence the name 
cytotoxic T lymphocytes (CTLs). Conversely, 
CD4+ T cells recognize extracellular pathogen-
derived peptides, providing antigen-specific 
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specific “help” to bystander immune cells, such 
as B cells in antibody production and phagocytes 
in killing of engulfed pathogens. Alloreactivity 
occurs because of αβ TCR-mediated recognition 
of mismatched HLAs or of non-HLA polymor-
phic peptides presented in the context of matched 
HLAs, e.g., those derived from H-Y (male-
specific histocompatibility antigen). The latter 
are known as minor histocompatibility antigens 
(mHag) and play a major role in GVHD and the 
GVL effect after HLA-matched transplantation.

The adoptive transfer of CTLs specific for 
important opportunistic viruses in allo-HSCT 
(CMV, EBV, ADV) has been one of the first 
manipulated cellular immunotherapies to be 
tested in humans (Bollard and Heslop 2016) and 
in some EU countries is now available as an off-
the-shelf therapy from HLA-matched donors. 
Conversely, it has been proposed that naïve T 
cells, i.e., cells that have never encountered their 
cognate antigen, may be more alloreactive than 
memory T cells, i.e., antigen-experienced cells 
that have persisted after clearing the infection. 
This concept is at the basis of protocols for the 
depletion of naïve T cells from the graft as a way 
to prevent GVHD while retaining a strong GVL 
effect (Bleakley et al. 2015). Promising are also 
attempts at translating this approach against 
hematological tumor antigens for treating overt 
leukemia relapse after allo-HSCT (Chapuis et al. 
2013). On a different page, given the overall com-
plexity of immune responses, it is not surprising 
that during evolution, some immune cell types 
have evolved with the specific task of immune 
regulation. T regulatory cells (Tregs) are thymus-
derived cells characterized by constitutive expres-
sion of the transcription factor FoxP3. Tregs are 
potent suppressors of alloreactivity and are now 
being investigated for GVHD management after 
their ex vivo expansion (Brunstein et al. 2016).

8.3	 �Unconventional T Cells

Unconventional T cells include T cells express-
ing the γδ TCR, invariant natural killer T cells 
(iNKT) cells, and mucosal-associated invariant 
(MAIT) T cells—which will not be treated 

here—and are an abundant component of the 
immune system. Although originating from the 
thymus, they all share lack of MHC-restricted 
peptide recognition and mainly reside within epi-
thelial tissues. They have a limited TCR reper-
toire diversity and get activated quickly, bridging 
innate to adaptive immunity.

	1.	 A subset of γδ T cells (Vγ2Vδ9) are activated 
by phosphoantigens, non-peptidic metabolites 
produced by mammalian cells and intracellular 
pathogens (M. tuberculosis, M. leprae, Listeria 
species, Plasmodium species) after interacting 
with intracellular butyrophilin 3A1. Gamma-
delta T cells can also recognize stress mole-
cules such as MICA, MICB, and ULBPs 
through the NK receptor NKG2D. The possi-
bility to expand Vγ2Vδ9 effector T cells in vivo 
by administering the therapeutic bisphospho-
nate zoledronate has originated many clinical 
trials in hematological tumors, also in the con-
text of transplantation (Airoldi et al. 2015).

	2.	 Type I invariant NKT is a distinct population 
of αβ T cells characterized in humans by the 
expression of α24-Jα18 preferentially paired 
to Vβ11. They recognize lipids presented in 
the context of broadly distributed CD1d 
(monocytes/macrophages, B cells, epithelial 
cells). Upon activation, iNKT cells produce 
immune regulatory cytokines and kill tumor 
targets. Failure to reconstitute iNKT cells 
after Allo-HSCT (Rubio et al. 2012) or lower 
iNKT cells in the graft (Chaidos et al. 2012) 
has been linked to GVHD and relapse. Alpha-
galactosyl ceramide is a marine sponge-
derived lipid antigen known to expand iNKT 
cells in vivo and is currently under investiga-
tion in Allo-HSCT (Chen et al. 2017).

8.4	 �NK Cells

Natural killer (NK) cells belong to the innate 
immune system and provide immediate reactiv-
ity against virally infected, as well as tumor tar-
gets. NK cytotoxicity is controlled by a balance 
of several germ-line encoded inhibitory and 
activating receptors, such as killer immunoglob-

A. Bondanza et al.



59

ulin-like receptors (KIRs) and natural cytotox-
icity receptors (Vivier et  al. 2011). The 
importance of NK cells in allo-HSCT has sur-
faced after the demonstration of their pivotal 
role in preventing leukemia relapse and decreas-
ing GVHD risk after grafting from HLA-
haploidentical donors (Ruggeri et  al. 2002). 
Since then, there has been a growing interest in 
using both autologous and allogeneic NK cells 
in patients with leukemia or other high-risk 
hematological tumors, also in the non-transplant 
setting (Koehl et  al. 2016). These trials have 
uniformly shown safety and potential efficacy of 
infused NK cells. Nevertheless, they have also 
documented the emergence of powerful immune 
escape mechanisms, raising the question on how 
to improve NK cell-based therapies (Koehl et al. 
2018). Various trials are under way in order to 
investigate ways to achieve better NK cell cyto-
toxicity and overcome the immunosuppressive 
tumor microenvironment, including:

	1.	 Combination of novel checkpoint inhibitors 
with activated NK cells

	2.	 Bi- or tri-specific antibodies for directly bind-
ing NK cells to cancer cells

	3.	 Chimeric antigen receptor (CAR)-modified 
NK cells for direct targeting of cancer cells

The latter strategy is particularly interesting 
since CAR-NK cells are expected to retain their 
natural antitumor reactivity, opening for poten-
tially synergistic effects. The first clinical 
CAR-NK cell studies targeting CD19 and 
NKG2D ligands have been initiated (ClinGov. 
No NCT03056339, NCT01974479, 
NCT00995137, NCT03415100) and will likely 
be instrumental to demonstrate proof of concept.

8.5	 �Mesenchymal Stromal Cells

Mesenchymal stroma cells (MSCs) are multipo-
tent cells capable of differentiating into cells and 
tissues of the mesodermal lineage (bone, carti-
lage, and adipose cells) (Pittenger et  al. 1999). 
Apart from their regenerative properties, MSCs 

have been discovered to secrete a variety of solu-
ble factors and exosomes with paracrine actions. 
Instead of focusing on MSC regenerative proper-
ties, most clinical studies have investigated their 
immunomodulatory (often immunosuppressive) 
properties, as well as their trophic influence on 
tissue repair, especially in GVHD (Fibbe et  al. 
2013). Interestingly, subsequent to hematopoietic 
stem cells, MSCs are the second most frequently 
used cell source for therapeutic applications. 
Notwithstanding their widespread use, MSCs are 
currently the stem cell population with the least 
defined identity and properties (Hoffmann et al. 
2017).

Important studies have demonstrated that the 
physiological counterpart of ex  vivo-expanded 
MSCs can be both CD146+ adventitial reticular 
cells in the subendothelial layer of microvessels 
(Tormin et al. 2011) and CD146- pericytes sur-
rounding large vessels (Corselli et  al. 2013). 
MSC biological functions are also highly debated 
and conflicting results were reported in vitro and, 
more importantly, in clinical trials (Fibbe et  al. 
2013). Considerable lack of consensus exists 
within the field as to how MSCs exert their multi-
pronged effects. This is due to several facts: 
Firstly, MSCs are isolated from many tissues and 
by different protocols. Secondly, due to the mode 
of isolation, these cells present heterogeneous 
cell populations. Thirdly, protocols for in  vitro 
expansion, including the culture conditions (cul-
ture vessels, media, additives, passaging), are dif-
ferent. Fourthly, MSCs have often been reported 
to survive in vivo only for short time (days). A 
recent comparison of MSC preparations from 
eight different centers using BM aspirates as 
starting material for GMP-guided processes 
revealed considerable variability between the 
centers (Liu et al. 2017). Cells from six centers 
were compared in  vivo for bone formation and 
hematopoiesis support. The quantity of deriving 
bone was highly variable, and only MSCs from 
three centers supported hematopoiesis. A critical 
reappraisal of these cell populations and harmo-
nization of the methods for their isolation and 
expansion, as well as the development of vali-
dated potency assays, is therefore necessary for 
harnessing their full therapeutic potential.
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Key Points
•	 HSCT rather than a solo play is an 

orchestral concert, where different cel-
lular players contribute to the overall 
final result of the symphony.

•	 Besides obviously HSCs, key contributors 
are cells of the innate and adaptive immune 
system. Both have evolved for the key task 
of self/non-self-discrimination, each how-
ever focusing on the recognition of differ-
ent class of molecules, from proteins to 
glycolipids.

•	 The tremendous knowledge in immuno-
biology acquired in the last few decades 
has enabled to start exploiting the prop-
erties of these cells or ameliorating the 
outcome of HSCT.
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