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The role of myeloid-derived suppressor
cells in haematology: hype or reality?

M. Beckers, MD, PhD', D. Dierickx, MD, PhD', T. Devos, MD, PhD', S. Fevery, MD, PhD?, B. Sprangers, MD, PhD?

One of the hallmarks of failure of elimination of malignant cells by activated T-cells is the immunosuppressive
environment of the tumour. Myeloid-derived suppressor cells contribute to this immunosuppressive environ-
ment by inhibition of the adaptive and innate immune system. In this article we describe the current knowledge
of the role of myeloid-derived suppressor cells in the progression of haematological malignancies.

(Belg J Hematol 2016, 7(6).213-6)

Introduction

Immune based therapies are taking central stage in the
treatment of haematological malignancies. The principle
of influencing the immune system of the patient to
treat cancer is attractive, however many obstacles need
to be overcome. One of these is the so-called ‘immune-
tolerance to tumours’. It appears that one of the key-
players inhibiting anti-tumour immunity is myeloid-
derived suppressor cells (MDSC). These cells were
already identified in mice in the previous century as a
heterogeneous population of immature myeloid cells
with immune-suppressive characteristics. Based on
the expression of surface markers and their immune-
suppressive characteristics MDSC can be divided in
two groups: monocytic (MO-MDSC) and granulocytic
(PMN-MDSQ). In humans, MO-MDSC are CD11b*
CDI14* CD15 CD33* HLA-DR*" and PMN-MDSC are
CD11b* CD14 CD15% CD33*" HLA-DRY"!

MDSC expansion and function

Both the pro-inflammatory environment of the tumour
and the tumour cells themselves induce MDSC by
secreting several factors (Figure 1). Most of these factors
activate several signalling pathways within MDSC
leading to an expansion of MDSC. MDSC suppress
both the adaptive and innate immune system by direct
cell-cell contact and by cytokine production. This leads
to an inhibition of proliferation and activation of T-cells,

induction of regulatory T-cells (Tregs) and impairment
of natural killer (NK) cells. Besides influencing the
immune system of the host, MDSC have a direct effect
on the tumour-microenvironment by interfering with
vascular endothelial growth factor (VGEF), interaction
with tumour-associated macrophages (shift of M1-like
subtype to M2-like subtype) and they may contribute
to epithelial-mesenchymal transition (EMT). Other
effects of MDSC are inhibition of homing of T-cells to
lymph nodes and sites of inflammation.**

MDSC in haematological malignancies

In solid tumours, MDSC are extensively studied and
they play an important role in promoting tumour
growth and immune suppression. The role of MDSC
has been less studied in haematological malignancies.
In newly diagnosed and refractory multiple myeloma
(MM) patients, MDSC defined as CD11b*CD14 HLA-
DR7*CD33*CDI15" are increased in the peripheral
blood and bone marrow.” In MM, MDSC promote
tumour growth in the MM microenvironment. The
immune suppressive capacities of MDSC in the MM-
bone marrow environment are mediated by arginine
and NO synthases.” Importantly, lenalidomide and
bortezomib, commonly used in the treatment of MM,
do not abrogate MDSC number and function. This may
hamper the effectiveness of immune-based therapy in
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Figure 1. MDSC expansion and function.

MMPs: matrix metalloproteases; Il-1: interleukin-1beta; VEGF: vascular endothelial growth factor; HIF-1a. hypoxia-inducible factor-1 al-

pha; GM-CSF.: granulocyte/macrophage-colony-stimulating factor; G-CSF: granulocyte colony-stimulating factor; IDO: indoleamine 2,

3-dioxygenase, STAT: signal transducer and activator of transcription; IRF-8: interferon requlatory factor-8; NF-xB: nuclear factor kappa B;
C/EBPB: CCAAT/enhancer binding protein 3 ARG arginine-1; NO: nitric oxide; TGFf: tumour growth factor-beta; IL-10: interleuking-10;

Tregs: regulatory T-cells; NK: natural Killer,

MM. Others have found similar results of MDSC being
present in the peripheral blood and bone marrow of
MM patients at time of diagnosis.®® Favoloro et al.
observed an increase of mostly PMN-MDSC (CD33*
CD11b*CD14'CD15*HLA-DR"") in patients with pro-
gressive MM.?

Little is known about the role of MDSC in other
haematological malignancies. Recently it was shown
that in patients with acute myeloid leukaemia MDSC
(CD33*CD11b"HLA-DR"") were increased in the bone
marrow at time of diagnosis. Furthermore, the decline
of MDSC after the initial induction therapy was highest
in those patients with complete remission. The patients
with high minimal residual disease (MRD>1x10") had
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high MDSC levels.'? It is speculated that this phenom-
enon may reflect a favourable immune suppressive
microenvironment provided by MDSC where leukaemia
cells can survive. In the bone marrow of patients with
myelodysplastic syndrome, MDSC (Lin CD33"HLA-DR)
do not only possess immunosuppressive characteristics
but also suppress hematopoiesis.'"** By the SI00A9/
CD33 pathway, MDSC contributes to the development
of MDS.! In chronic lymphocytic leukaemia (CLL)
patients, increased levels of MDSC (CD14"HLA-DR™Y)
were found and it was shown that they suppressed
T-cell activation and induced Tregs through IDO."”
Whether CLL cancer cells can induce MDSC is unknown
despite the fact that CLL patients with high MDSC levels
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do have more circulating malignant cells. Increased
levels of MDSC are also observed in chronic myeloid
leukaemia (CML) patients.'*'” Based on the expression
of BCR-ABL these MDSC (both MO-MDSC and PMN-
MDSQO) originate from the malignant clone in the study
by Giallongo et al."” Treatment of CML with imatinib
and dasatinib lead to a decline of MDSC.'®

In diffuse large B-cell lymphoma (DLBCL) MO-MDSC
(CDI4"HLA-DR"*") were significantly higher in patients
when compared to healthy controls.”” In poor risk patients
groups, the level of MO-MDSC were significantly higher
than in the good risk group.'® Similar results were found
in patients with Hodgkin lymphoma (HL). In a study
by Romano et al., significant higher numbers of PMN-
MDSC (CD11b*CD33*CD14'HLA-DR Lin), MO-MDSC
(CD14*HLA-DR"¥) and i-MDSC (CD34*CD11b*CD33*
CDI4HLA-DR) were present at diagnosis in HL
patients."” HL patients with high CD34" MDSC levels
(=0.0045 x 107 cells/D) at diagnosis had a shorter PES
compared to those patients with low CD34* MDSC
count. In the peripheral blood of patients with extranodal
NK/T-celllymphoma, MDSC (HLA-DR'CD33*CD11b*)
were increased and associated with disease free survival
and overall survival.?°

As such, MDSC appear to be associated with several
haematological malignancies. However, they also play
arole in commonly used therapies within haematology
such as allogeneic stem cell transplantation and immuno-
therapy. One of the factors responsible for morbidity
and mortality after allogeneic stem cell transplantation
(allo-SCT) is graft-versus-host disease (GvHD). In the
immediate, post-transplant period, MO-MDSC (CD14*
HLA-DR*) and PMN-MDSC (CD33*CD15*CD66b*)
are increased in peripheral blood.?"** This is explained
by the presence of inflammatory stimuli caused by the
conditioning regimen (cytokine storm). Various factors
are described that contribute to the immunosuppressive
state, such as IDO and arginase, which may play a role
in the occurrence of GvHD.?'** Lv et al. and others
reported low levels of MO-MDSC at onset of aGvHD.
In those patients who responded to steroid therapy a
rapid increase of MO-MDSC occurred.”* High levels
of MDSC are required at the time of transplantation
to reduce aGvHD. Mice models show that adoptive
transfer of MDSC prevent GvHD without compromising
the graft-versus-tumour effect. However, MDSC do not
have an effect on ongoing GvHD when administered
later than the activation and proliferation of allogeneic
T-cells in vivo.”® Others postulate that, in contrast to
tumour-induced MDSC that are known to represent
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a mechanism used by tumours to escape immune-
surveillance, the MDSC in the context of allo-SCT may
play a beneficial role.?®

Nowadays, the use of checkpoint inhibitors (anti-PD-1/
PD-L1 and anti-CTLA-4) and novel cellular therapies
(CAR-T cells) are increasingly used for treating haema-
tological malignancies such as Hodgkin lymphoma,
CLL and acute lymphoblastic leukaemia. However,
the efficacy of these therapies may be reduced by the
presence of MDSC. In mice-models, PD-L1 expression
on MDSC may be induced by the hypoxic environment
via HIF-a and STAT 3 via IL-10 secretion by activated
T-cells.””*® Controversial data exist on the expression
of PD-L1 on MDSC in humans. In MM patients PD-L1
positive MDSC are observed.” However, Favoloro et al.
did not find PD-L1 expression on MDSC in MM patients.’
Some data show that PD-L1 blockade alone may not be
sufficient enough to alter MDSC-mediated immuno-
suppression.?’ Therefore, it may be necessary to combine
these therapies with other therapies that diminish MDSC
numbers and/or alter the immunosuppressive capacities
of MDSC. In MM patients, PD-1/PD-L1 blockade com-
bined with lenalidomide lead to enhanced anti-multiple
myeloma responses versus PD-1/PD-L1 blockade alone.*’
In a mice model with liver metastases CAR-T efficacy
was increased in combination with MDSC depletion.®
Currently, it is unknown if MDSC influence the efficacy
of CAR-T in haematological malignancies.

Conclusion

The role of MDSC in haematological malignancies is
just starting to be clarified. MDSC inhibit both the
innate and adoptive immune system by secretion of
various factors. By doing so, MDSC are important in
tumour immunology and transplantation tolerance.
Targeting MDSC may become crucial in the efficacy
of immune based therapy, checkpoint inhibitors and
cellular therapies.
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1. MDSC play an important role in the immunosuppressive environment of tumours.

2. MDSC are involved in the pathogenesis of several haematological malignancies.

3. MDSC may interfere with new immunotherapies like checkpoint inhibitors.

4. In the context of allogeneic stem cell transplantation, MDSC may play a beneficial role.
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