Chapter 5
Myeloid-Derived Suppressor Cells and
Tumor Growth

Lizzia Raffaghello and Giovanna Bianchi

Abstract The tumour microenvironment is a heterogeneous and complex environ-
ment, characterized by the presence of malignant cells and non-neoplastic cellular
elements, including immune and stromal cells, as well as blood vessels. Tumour
progression is associated with profound alteration of myelopoiesis, which gives
origin to myeloid-derived suppressor cells (MDSCs) from immature myeloid
progenitors. MDSCs accumulate in the blood, secondary lymphoid organs, bone
marrow, and at tumour sites, as has been observed in different cancer patients and
experimental tumour models in response to pro-inflammatory cytokines and growth
factors released by tumour. Upon recruitment, MDSCs exert various immunosup-
pressive effects to block innate and adaptive anti-tumour responses. This chapter
reviews the origin and features of MDSCs, as well as the immunosuppressive
mechanisms used by these cells in order to promote tumour progression.
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5.1 Introduction

Established tumours are heterogeneous and complex masses characterized by the
presence of malignant proliferating cells and non-transformed cellular elements
including stromal cells, blood vessels, and inflammatory cells [1-3]. There is now
considerable evidence that non-neoplastic cells present in the tumour microenvi-
ronment functionally interact with tumour cells, and in this way promote tumour
progression and metastasis [4]. Various cells belonging to the adaptive immune
system such as T and B lymphocytes, and to the innate immune system including
macrophages, dendritic cells (DCs), polymorphonuclear neutrophils (PMNs), natu-
ral killer (NK) cells, eosinophils, mast cells, and myeloid-derived suppressor cells
(MDSCs), have been identified [5].

Unlike cells found in secondary lymphoid organs, T lymphocytes present in
tumours are often disregulated and unable to mount specific responses against
neoplastic cells [3, 6]. This latter effect is due to immunosuppressive molecules
released, such as transforming growth factor-p (TGF-f) and interleukin-10 (IL-10),
and proteins expressed (galectin-1 and indoleamine-2,3-dioxigenase: IDO) by the
tumour itself [7-9]. In addition, malignant cells may inhibit the development of
fully differentiated immune cells, and participate in the generation of immature
non-functional immune cells such as immature dendritic cells (iDCs). With regard
to different factors released by tumour cells such as vascular endothelial growth
factor (VEGF), interleukin-6 (IL-6), IL-10, and macrophage-colony stem factor
(M-CSF), they activate the transcriptional factor signal transducer and activator of
transcription (STAT) 3 and consequently inhibit maturation of DCs [10, 11]. Addi-
tional immunosuppressive immune cells found in tumours include regulatory T
cells (Tregs) expressing CD4, CD25, and Foxp3 markers, T natural killer (NKT),
and MDSCs.

Treg have been demonstrated to inhibit antitumor immune responses through
different mechanisms, including: (1) secretion of TGF-p and IL-10, which inhibit
antitumour effector responses promoted by CD4", CD8" and NK cells, (2) meta-
bolic disruption through deprivation of cytokines such as IL-2, or generation of
immunosuppressive adenosine by the ectoenzymes CD39 and CD73, (3) inhibition
of DC maturation and functions, and (4) induction of cytolysis of CD8*
lymphocytes by granzymes A or B and perforin [12]. Several studies of mice and
human models revealed higher number of Treg both in the periphery and within
tumours of different histology and demonstrated that depletion of Treg significantly
improved antitumoural immunity [13-15].

The NKT represent a immune cell population involved in different diseases such
as autoimmune disorders, infections, and cancer. NKT express an invariant o/f
TCR ay4f;; which recognizes glycolipids associated to CD1d molecule. Upon
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direct or indirect activation by DCs, the NKT secrete Thl and Th2 cytokines
including interferon-y (IFN-y), IL-3, and IL-14, and are involved in immunosup-
pressive cell recruitment [16]. An additional immunosuppressive effect mediated
by tumour cells is represented by alterations of myeloid cell differentiation. As a
result, normal pathways involved in the generation of DCs, granulocytes, and
macrophages are blocked, and/or the development of monocyte MDSCs
(M-MDSCs), granulocyte MDSCs (G-MDSCs), suppressive DCs and tumour-
associated macrophages (TAMs) is promoted [10, 17].

The MDSCs represent a heterogeneous population of cells of myeloid origin that
are expanded and activated in response to growth factors and cytokines released by
tumours. Once MDSCs are activated, they accumulate in lymphoid organs and
tumours, where they exert T-cell immunosuppression. In the following section we
will discuss the origin, the functions, and the mechanisms of action of MDSCs, as well
as the strategies to target these cells for the therapeutic benefit of cancer patients.

5.2 Origin and Features of MDSCs

The bone marrow (BM) represents the site in which myelopoiesis takes place under
the control of different soluble factors such as cytokines, IL-3, and growth factors:
granulocyte/macrophage colony-stimulating factor (GM-CSF), macrophage CSF
(M-CSF), and stem cell factor (SCF). In particular, hematopoietic stem cells give
origin to common myeloid progenitors from which immature myeloid cells IMC)
are generated [10]. In healthy individuals, IMCs migrate to peripheral organs and
differentiate into mature granulocytes, DCs, and macrophages. In contrast, under
pathological conditions such as cancer, infections, trauma, or sepsis, specific factors
inhibit IMC differentiation into mature myeloid cells, and stimulate MDSC expan-
sion and activation [10]. Tumour-bearing mice represent suitable models where it’s
possible to identify and isolate MDSCs that preferentially accumulate in the BM,
spleen, and peripheral blood, and to a lesser extent in lymph nodes [18, 19]. In
contrast, in cancer patients MDSCs have been preferentially found in peripheral
blood (PB) and tumours [10].

The soluble factors involved in expansion and activation of MDSCs can be
divided into two main groups. The first group includes molecules primarily pro-
duced by tumour cells that mediate MDSC expansion through stimulation of
myelopoiesis. These factors include VEGF, SCF, GM-CSF, granulocyte CSF
(G-CSF), M-CSF, gangliosides, prostaglandins, IL-6, IL-10, IL-12,
metalloproteinase 9 (MMP9), and CCL2 [10, 20, 21]. Most of these factors con-
verge on the activation of the STAT3 that has a crucial role in the following
processes: (1) MDSC expansion, (2) contribution of MDSCs to angiogenesis,
(3) MDSC accumulation in cancer patients, and (4) MDSC immune suppressive
activity [22]. The second group of soluble factors, implicated in MDSC activation,
is produced by tumour stromal cells and activated T cells. These factors, including
IFN-y, ligands for Toll-like receptors (TLRs), IL-4, IL-13, and TGF-f, are respon-
sible for activation of different transcription factors such as STAT6, STAT1, and
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nuclear factor-kB (NFxB) [10]. It is noteworthy that MDSCs acquire immunosup-
pressive activity only after their activation.

The MDSCs have been identified in the spleen of tumour-bearing mice on the
basis of their expression of two specific markers, i.e., CD11b and Grl, and also their
ability to inhibit CD8" T lymphocyte activation through different mechanisms
[23]. Murine MDSCs are also F4/80™ CD11¢/®*MHC-II'*". In addition, some
markers, including IL-4Ra, the receptor for M-CSF, and the co-stimulatory mole-
cule CDS80, have been used in order to identify an immunosuppressive MDSC
fraction [24-26]. However, these latter molecules are strictly related to the tumour
model used and cannot be used as general markers for MDSC identification.

More recently, different groups have shown that the antibody against Grl made
it possible to distinguish two different MDSC fractions based on their intensity of
Grl expression, i.e., Gr1"&" which express Grl at high intensity and prevalently
constituted by granulocytes, and Gr1'®" with a low intensity mainly characterized
by monocytes and other myeloid immature cells [24, 27]. In addition, the antibody
against Grl molecule binds two different molecules belonging to the Ly6 super-
family, Ly6G and Ly6C, which reside on the surface on granulocytes and
monocytes respectively [18, 28]. On these bases, two major classes of MDSCs,
i.e., G-MDSCs, consisting of CD11b* Ly6G™&" Ly6C'*", and M-MDSCs, which
are CD11b* Ly6G'™ Ly6CMe", have been identified in the spleen of tumour-
bearing mice. In most tumour models, the G-MDSC subset is the predominant,
representing almost 70—-80 % of tumour-derived MDSCs [18, 28]. While G-MDSCs
produce high levels of reactive oxygen species (ROS) and low levels of nitric oxide
(NO), due to the increased activity of STAT3 and NADPH oxidase, M-MDSC
subset has up-regulated expression of STAT1 and inducible nitric oxide synthase
(iNOS) with consequent high levels of NO and low concentrations of ROS [18, 28].

More recent studies have described a novel immunomagnetic method which
made it possible to separate MDSCs into three fractions, i.e., Gr1'®¥, Gr1™, and
Gr1"e" [29]. The fraction constituted by Gr1™&" characterized by granulocytes
Ly6G"" was shown to possess a weak immunosuppressive effect on the response
mediated by allogeneic or antigen-specific T lymphocytes [29]. In contrast, the
fractions Gr1'® and Gr1™, composed of monocytes and immature myeloid cells
with a ring shape nucleus respectively, were highly immunosuppressive [29]. Simi-
larly to the splenic M-MDSCs and G-MDSCs, analogous subsets have been also
identified in tumour infiltrates. In two different tumour models, more than 90 %
were M-MDSCs CD11b*Gr1'°%F4/80*IL4-Ra*CCR2*CX5CR1", and the remain-
der were G-MDSCs Gr1"€"F4/80'" [30].

5.3 Mechanisms of MDSC Immunosuppressive Activity

MDSCs suppress multiple effectors of adaptive and innate immunity (Fig. 5.1)
[17]. In particular, MDSCs have been shown to:
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Fig. 5.1 Immunosuppressive mechanisms mediated by myeloid-derived suppressor cells. CD4*
and CD8" T cell activation is inhibited by arginase 1, inducible nitric oxide synthase (iNOS),
generation of reactive oxygen species (ROS) and cysteine deprivation, and induction of T
regulatory cells (Tregs) is mediated by IL-10 and transforming growth factor-p (TGF-f). Innate
immunity is suppressed by down-regulation of dendritic cell (DC), production of IL-12 by
macrophages, and by inhibition of natural killer (NK) cell cytotoxicity. Myeloid-derived suppres-
sor cells (MDSCs) produce a high amount of IL-10 that induces Treg and Th2 cells and inhibits
IL-12 production

1. Inhibit CD4" and CD8" activation and proliferation in a major histocompatibil-
ity complex (MHC) restricted or unrestricted and antigen-specific manner [31,
32]

2. Indirectly affect T-cell activation by inducing Treg expansion thanks to the
production of IL-10 and TGF-p or arginase 1 (ARG1) [33]

3. Stimulate the conversion of macrophages into M2 phenotype through the secre-
tion of IL-10 and downregulation of M1 macrophage production of IL-12 [34]

4. Inhibit cytotoxicity of NK cells and their IFN-y production [35]. However, the
role of MDSCs on NK cell activity is controversial, since it has been reported
that MDSCs expressing Rae-1, the ligand for NKG2D, can activate NK cells as
well [36]

5. Interact with type IT iNKT that facilitate tumour progression by producing IL-13,
which induces the accumulation of MDSCs [27, 32, 37]

Multiple mechanisms by which MDSCs mediate immune evasion have been
elucidated in the mouse models and will be discussed below.
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5.3.1 T-Cell Deprivation of Essential Amino-acids

The MDSCs cause the depletion of two amino-acids required by lymphocytes for
their growth and differentiation, i.e., L-arginine and L-cysteine. Extracellular L-
arginine is depleted through its consumption by ARG1, which is induced in the
cytosol of MDSCs by Th2 cytokines such as IL-4 and IL-13 and TGF-§ in a
STAT6-dependent and -independent manner [38]. MDSC activation of ARGI
reduces the extracellular levels of L-arginine, which leads to down-regulation of
the CD3( chain of the T-cell receptor (TCR) and its signal transduction [39, 40]. In
addition, the depletion of L-arginine can cause a Gy-G; cell cycle arrest through
inhibition of the phosphoinositide 3-kinase (PI3K)/mammalian target of the
rapamycin (mTOR) pathway [10, 41].

Cysteine is an essential amino-acid that serves as a fundamental substrate for
generation of glutathione, a major intracellular molecule that protects cells from
oxidative stress [42, 43]. Cysteine can be synthesized from intracellular cystine
through the action of cystathionase, or alternatively can be imported as the oxidized
form of cystine through ASC neutral amino-acid plasma membrane transporter. T
cells lack cystathionase, and have a defective cystine transporter [42]. As aresult, T
cells must obtain cysteine from extracellular sources. DCs and macrophages nor-
mally have large amounts of cysteine that in part derives from the import of cystine,
which is sequentially reduced, and in part is intracellularly synthesized through the
enzyme cystathionase. During antigen presentation, DCs, which are in close prox-
imity to lymphocytes, release the surplus cysteine that is readily taken up by T cells.
In contrast to DCs, MDSCs, which do not express cystathionase and ASC trans-
porter, generate cysteine from imported cystine. As a result, MDSCs deplete the
environment of cystine, do not export cysteine and consequently prevent T-cell
proliferation and activation [38].

5.3.2 Generation and Release of Oxidizing Molecules

The MDSCs express different enzymes involved in the production of ROS and NO,
including NADPH oxidase (also known as NOX2) and iNOS respectively
[10]. MDSCs also express the calcium-binding proteins S100A8 and S100A9,
which together with gp91phox are part of the NOX complex, responsible for the
increased production of ROS. ROS include superoxide anion (O, ) that is
converted to hydrogen peroxide (H,0O,) [23]. The latter molecule is then involved
in the downregulation of the CD3( chain of TCR, thereby inhibiting T-cell activa-
tion through TCR [44]. iNOS is responsible for NO production, which interacts
with O, to form the highly reactive peroxynitrite anion (ONOO™). NO is able to
block the phosphorylation and subsequent activation of proteins associated to IL.-2
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receptor such as Janus kinase-1 (JAK-1), JAK-3, STATS, extracellular-signal-
regulated kinases (ERK), and AKT [45-47]. Moreover, NO can also decrease the
stability of mRNA of IL-2 and the release of IL-2 [48]. It is worthy of note that in
the presence of low cytosolic levels of L-arginine, iNOS activity can be modified
and converted to induce the production of O, together with NO [49,
50]. Peroxynitrite anion and NO cause the nitration or nitrosylation of TCR,
CDS8, and CD3 chains, thereby blocking T-cell activation. In particular, the first
studies performed by Kusmartsev et al. [S1] demonstrated that peroxynitrite may
cause apoptosis of activated T lymphocytes through the inhibition of phosphoryla-
tion events in T cell signal transduction. Recently, it has been shown that
peroxynitrite can also impair the TCR recognition of MHC-I-peptides due to
nitrosylation of TCR tyrosines [31]. Furthermore, CCL2, a chemokine involved
in inducing T-cell migration upon interaction with CCR2 expressed by T cells, can
be modified by nitrosylation and inhibited in its function of T lymphocyte
recruitment [52].

These observation prove that ARG1 and iNOS represent an important immuno-
suppressive mechanism mediated by MDSCs, and that the simultaneous inhibition
of these enzymes may in part reconstitute T lymphocyte responsiveness [40].

5.3.3 Induction of Development and Expansion of Treg

In an experimental model of murine colon carcinoma, MDSCs have been shown to
induce the expansion of Treg by IL-10, TGF-B, decrease of L-arginine and
upregulation of CD40-CD40L interactions (essential for Treg activation) in an
IFN-y-dependent manner [25, 53]. In the model of ovarian carcinoma, MDSCs
expressing high levels of CD80 cooperate with CD152* Treg in order to inhibit
T-cell activation [26]. Additionally, MDSCs mediate Treg induction with a mecha-
nism that requires ARG1 but is transforming growth factor-beta independent
[33]. Interestingly, human CD14"HLA-DR'™~ MDSCs promote the transdiffer-
entiation of TH17 cells into FOXP3™-induced T, by producing TGF-f and
retinoic acid [33].

5.3.4 Interference with T-Cell Migration and Viability

The expression of metalloproteinase ADAM17 by MDSCs induces the cleavage of
CD62L, which is necessary for T-cell migration to draining lymph nodes [54]. Fur-
thermore, MDSCs express galectin 9 which binds to T immunoglobulin and mucin
domain-containing protein 3 (TIM3) on lymphocytes and induces T cell apoptosis
[55]. As discussed above, CCL2 may be modified by MDSC-derived peroxynitrite,
thereby impairing CD8" migration to the tumour core [52].
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5.4 Molecular Mechanisms of MDSC Activation in Cancer

Expansion and activation of MDSCs are promoted by different soluble factors
which can be classified into two groups. The first group includes tumour-derived
soluble factors (TDSF) that induce MDSC expansion through stimulation of
myelopoiesis and inhibition of differentiation of mature myeloid cells [11]. In
contrast, the second group is characterized by factors released by activated T
lymphocytes and tumour-derived stromal cells implicated in MDSC activation [11].

Typical TDSF are represented by cytokines (IL-3, IL-1p, IL-6, IL-10), growth
factors (GM-CSF, VEGF, SCF, M-CSF, TGF-p), chemokines (CCL2), prostaglandins
(PGE2), and proinflammatory proteins such as SI00A8/S100A9. In general, none of
these factors is sufficient to induce and activate MDSCs by itself [11].

IL-3 represents one of the first cytokines able to induce myelopoiesis in tumour-
bearing mice and in particular to promote the expansion of immunosuppressive
MDSCs [56]. GM-CSF, commonly released by different human tumours and
murine tumour cell lines, has been shown to induce CD11b*Grl™ without the
participation of other cytokines. Accordingly, the administration of recombinant
GM-CSF in mice affected by cancer promotes recruitment of MDSCs and their
immunosuppressive function [56-59]. The presence of GM-CSF has been proposed
as a negative prognostic factor in patients with head and neck squamous carcinoma.
Thus patients with tumours releasing relevant amounts of GM-CSF showed higher
incidence of relapse and metastases than those characterized by low GM-CSF
production [60]. However, it is worth mentioning that GM-CSF is also used to
transfect tumour cells administered as potent vaccines, since this cytokine is also
able to recruit and expand professional antigen-presenting cells (APC) [61]. The
contradictory effect mediated by GM-CSF seems to be dependent on the dosage
used; only at high doses could GM-CSF mobilize myeloid precursors from the bone
marrow, and induce immunosuppressive MDSC accumulation in the PB and
lymphoid organs [62]. VEGF, which is secreted by various tumours and is often
associated with poor prognosis, has been shown to inhibit in-vivo DC differentia-
tion and promote MDSC Grl* expansion [63-66]. The use of amino-
biphosphonates, inhibitors of MMP-9 which regulates VEGF bioavailability,
made it possible to reduce the accumulation of MDSCs [67].

Another factor able to induce MDSC recruitment is SCF, whose silencing or
neutralization by specific antibodies is shown to reduce CD11b*Gr-1*CD115" in
the BM of tumour-bearing mice, to decrease the tumour progression and angiogen-
esis, and to restore the proliferation of T lymphocytes [68].

PGE2, produced by cyclooxygenase 2 (COX2), represents a crucial factor in
inducing MDSC expansion [69, 70]. PGE2 interacts with different PGE2 receptors
(EP1, EP2, and EP4), among which EP4 seems to be involved in the MDSC
induction of ARGI1 [70]. Similarly, knock-out mice for EP2 showed decreased
tumour growth and less accumulation of intra-tumour MDSCs [17].

Pro-inflammatory cytokines such as IL-1p and IL-6, which are present in the
microenvironment of many tumours, have been shown to dramatically increase the
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rate of immunosuppressive MDSC accumulation [71-73]. IL-1f also increases
MDSC suppression of innate immunity by facilitating cross-talk between MDSCs
and macrophages. Similarly, the pro-inflammatory S100A8/A9 proteins, highly
expressed by tumour-infiltrating leucocytes, participate in an autocrine loop pro-
duced by MDSCs and involved in the recruitment of these latter cells [74-76]. In
this manner, an immunosuppressive tumour microenvironment is maintained. Most
of the factors listed above converge toward the activation of JAK proteins and
STAT3 transcription factor, which represent the main regulatory factors of MDSC
expansion [77-79]. In this connection, STAT3 has been demonstrated to upregulate
different target proteins including:

— S100A8, S100A9, two calcium-binding proinflammatory proteins involved in
MDSC accumulation [75, 76, 80]

— iNOS and NADPH oxidase (NOX2), related to NO and ROS production by
MDSCs [81]

— Cyclin-D, MYC, BCL-XL, which promote MDSC survival [11]

— CCAAT/enhancer-binding protein-f (C/EBPf), an important regulator of differ-
entiation of myeloid progenitors to functional MDSCs [82]

Reduced expansion of MDSCs in STAT3 ~/~ conditional knockout mice, as well
as normal mice, treated with specific inhibitors of STAT3, supports the hypothesis
that STAT3 has a crucial role in MDSC expansion and activation [78, 83]. More-
over, persistent activation of STAT3 in myeloid progenitors prevents differentia-
tion into mature myeloid elements and promotes expansion of MDSCs [80].

The transcription factors STAT1 (mainly activated by IFN-y) and STAT6
(activated by IL-4 and IL-13) are additional important regulators of MDSC activa-
tion through its effects on iNOS and ARG1 expression, whereas STATS (activated
by GM-CSF) is involved in promoting MDSC expansion through the induction of
cyclins, survivin, B cell lymphoma XL (BCL-XL), and MYC [11, 84-86]. Finally,
NF-xB, upon activation by TLR ligands, has a relevant role in inducing the
mobilization of MDSCs to sites of tumour growth, probaly through targeting
ARGTI and iNOS and the pro-inflammatory mediators PGE2 and COX2, which
enhance MDSC accumulation and suppressive activity [11, 70, 87]. Figure 5.2
summarizes the molecular mechanisms involved in tumour-mediated induction of
MDSCs.

5.5 MDSCs in Cancer Patients

MDSCs have been identified in the peripheral blood and in tumour infiltrates of
patients affected by different tumour types; however, the MDSC phenotype in
humans is less definite in comparison to that found in mice. Similarly to MDSCs
found in mice, in humans there have been two different MDSC subtypes identified
so far, for the monocyte and the granulocyte. The prevalence of M-MDSCs
compared to G-MDSCs depends on the tumour type; for example the PB of patients
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Fig. 5.2 Molecular mechanisms involved in tumour-mediated induction of myeloid-derived
suppressor cells. Tumour cells release different pro-inflammatory cytokines and growth factors
that are responsible for the induction of multiple transcription factors including signal transducer
and activator of transcription (STAT)1, STAT3, STATS, STAT6, nuclear factor-kB (NF-kB).
Each of these factors regulate the expression of proteins involved in myeloid-derived suppressor
cell (MDSC)-mediated functions such as inducible nitric oxide synthase (iNOS), NADPH oxidase
(NOX2), arginase 1 (ARG1), S100A8, S100B, B-cell lymphoma XL (BCL-XL), cyclin D1,
survivinp, MYC, CCAAT/enhancer-binding protein-p (C/EBPp), prostaglandin E2 (PGE2).
G-CSF granulocyte colony-stimulating factor, GM-CSF granulocyte—macrophage colony-
stimulating factor, /FNy interferon-y, IL interleukin, ROS reactive oxygen species, TLR Toll-like
receptor, VEGF vascular endothelial growth factor

affected by head and neck carcinoma, non small lung cancer, prostate and breast
carcinoma, and multiple myeloma is characterized by the presence of M-MDSCs
that are able to inhibit allogeneic and antigen-specific T responses, and may
differentiate into mature DCs in presence of GM-CSF e IL-4 [59, 88, 89]. More
recently, an highly immunosuppressive MDSC population has been identified in
patients affected by metastatic melanoma. These cells are CD14"HLA-DR "°¥,
and induce immunosuppression through a mechanism mediated by TGF-f indepen-
dently from ARG1 and NOS [59]. What is more, CD14"HLA-DR "°" have been
also isolated from the PB of hepatocarcinoma patients, where they inhibit lympho-
cyte proliferation in an ARG1-dependent manner and induce T, [90].

The first evidence of the presence of G-MDSCs in cancer patients was found in
the research that characterized cells CD11b*CD15"CD14~ expressing ARG in
patients affected by renal carcinoma [91]. Subsequently, the same group defined
more precisely that G-MDSCs in renal carcinoma patients belonged to a subset of
activated granulocytes CD66b"VEGFR17CD62L'°YCD16'" able to secrete ARG
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after degranulation [92]. Additional studies revealed the presence of IL4Ra marker
(typically expressed in MDSCs isolated from different experimental tumour models
developed in mice) also in G- and M-MDSCs defined in melanoma and colon
carcinoma patients [93]. However, the immunosuppressive activity was identified
only in the granulocytic CD14™ fraction [93].

Other important issues addressed in cancer patients are whether MDSC presence
correlates with clinical cancer stage, and whether MDSC presence in PB can be
modulated by chemotherapy. In this regard, an interesting paper by Diaz-Montero
et al. demonstrated that MDSCs, defined as Lin'®" ~,HLADR ™, CD33*, CD11b",
were present at higher percentages in the peripheral blood of cancer patients than in
that of healthy donors [94]. Moreover, among stage IV patients, those with exten-
sive metastatic burden had the highest number of MDSCs. Two chemotherapy
regimens were evaluated, and in both cases MDSCs were increased after
therapy [94].

5.6 Therapeutic Targeting of MDSCs

It has become increasingly clear that successful cancer immunotherapy relies on the
elimination of the immunosuppressive barrier induced by different elements includ-
ing MDSCs [10]. For this purpose, different therapeutic approaches are currently
being explored in order to:

* Induce myeloid differentiation
* Inhibit MDSC expansion

¢ Eliminate MDSCs

 Inhibit MDSC functions

One of the most promising approaches is based on the promotion of myeloid
differentiation. Vitamin A has been identified as a compound that mediates this
effect. Specifically, vitamin A metabolites such as retinoic acid have been shown to
promote the differentiation of myeloid progenitors into DCs and macrophages
[95]. Furthermore, administration of therapeutic concentrations of all-frans retinoic
acid (ATRA) in renal-cell cancer patients induced reduction of MDSC numbers and
promoted MDSC differentiation into DCs and macrophages [95-97]. Similar
effects have been obtained in tumour-bearing mice in which ATRA eliminated
immature myeloid cells and improved the effect of vaccination [97]. The mecha-
nism of ATRA effect on MDSCs occurred through upregulation of glutathione
synthesis and reduction of ROS [98]. Vitamin D3 is another compound that has the
potential to decrease MDSC numbers and promote myeloid differentiation in
cancer patients [99].

Since MDSC expansion is regulated by soluble factors released by tumours, a
promising approach is the use of agents able to neutralize the effect of these factors.
In this regard, it has been shown that inhibitors of SCF signaling decreased MDSC
expansion, an antibody against VEGF (Avastin) reduced the size of CD11b*VEGFR1*
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population in PB of cancer patients, and an inhibitor of MMP9 diminished the number of
MDSCs in the spleen and tumours of cancer-bearing mice [65, 67]. An additional
approach is the use of agents that inhibit MDSC function, such as inhibitors of COX2
and ROS. COX2 is a well-known enzyme involved in the production of PGE2, which
upregulates ARG1 expression by MDSCs [69, 70]. Accordingly, COX2 inhibitors were
found to downregulate the expression of ARG1 by MDSCs and to improve the
therapeutic efficacy of immunotherapy [91, 100]. Nitroaspirin, a non steroidal anti-
inflammatory drug, and phosphodiesterase 5 (PDEY) inhibitors such as sildenafil have
been found to limit the activity of ARG1 and iNOS in splenic MDSCs and to improve
the function of tumour-antigen-specific T cells [89, 101].

Finally, MDSCs can be eliminated using some chemotherapeutic drugs. For
example, gemcitabine reduced the number of MDSCs and improved T-cell
responses in cancer-bearing mice [102]. MDSC recruitment can also be reduced
by the use of STAT3 inhibitors such as sunitinib that decreased the number of
MDSCs in patients with renal cancer [103].

The identification of different MDSC subpopulations with different immuno-
suppressive functions will permit the design of more specific therapeutic strategies
able to inhibit only the most immunosuppressive population, thereby avoiding the
induction of strong myeloablation.
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