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Abstract The involvement of a smouldering microenvi-
ronment is currently considered a cancer hallmark and a
required step for tumour cells to disable specific immunity
while promoting angiogenesis and stroma remodelling.
Nevertheless, the molecular pathways driving such aberrant
interactions in human cancer and their actual implication in
disease progression are still poorly defined. Here, we will
report about the remarkable efforts devoted by our group as
well as many other scientists to dissect this process focus-
ing on tumour-mediated activation of myeloid dysfunc-
tional pathways occurring in cancer patients. Indeed,
myeloid-derived suppressor cells (MDSC), playing a cru-
cial role as cellular regulators of immune responses, have
been extensively shown to restrain tumour immunity
through a vast array of molecular mechanisms and to pro-
mote tumour progression in different murine models.
Although in mice the phenotypic features of these cells
were defined initially rather generally by Grl* and CD11b*
co-expression, more recent studies have unravelled the
actual complexity of this population and the existence of
different cell subsets. This complexity is even more
remarked in the human setting, where heterogeneous
populations of myeloid cells with variable phenotype and
immunosuppressive features have been described in
patients affected by different types of tumours. The lack of
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homogeneous properties of human MDSC has made these
cells a controversial and still unacknowledged player in
cancer-related immune suppression and disease progression.
Nevertheless, with the efforts of the scientific community,
MDSC will soon reveal their key role thereby becoming
novel targets for innovative therapeutic strategies.
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Sculpting of myeloid cells by human cancer

Tumour cells survive and metastasize thanks to their ability
of recruiting different components of the host in a sort of
“harmful alliance” [1]. In fact, through the release of solu-
ble mediators or by activating specific cell subsets, tumour
cells engage different microenvironment components to
sustain their own growth and expansion. Among these
mechanisms, myeloid-derived suppressor cells (MDSC) are
supposed to play a central role in local and systemic tumour
progression, providing a favourable microenvironment in
which transformed cells can proliferate, acquire new muta-
tions, expand and evade host immunosurveillance [2].
MDSC represent a phenotypically heterogeneous popu-
lation of myeloid cells at different stages of maturation,
found in tumour-bearing mice and in cancer patients and
able to suppress multiple phases of the immune response.
There is also evidence that this cell subset is involved in a
whole array of non-immunological functions, such as pro-
motion of angiogenesis, tumour local invasion and metasta-
ses [3]. Several studies indicated that MDSC accumulate in
peripheral blood, lymphoid tissues as well as draining
tumour sites of cancer-bearing hosts [4], where they exert a
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highly pleiotropic immune suppressive activity depending
on the microenvironment context. Although these cells
have been shown to differentiate into normal dendritic cells
and macrophages once removed from tumour milieu, more
recent data in murine models are suggesting that MDSC
may retain their suppressive activity in vivo as a sort of
constitutive feature [5]. In contrast, they have been reported
to convert to endothelial cells at tumour site, illustrating
their high plasticity profile and the multi-faced pro-tumour
effect [6].

Here, we are reporting about our experience in charac-
terizing phenotypic and functional features of MDSC from
melanoma as well as prostate carcinoma patients, in the
scenario of the recent finding available on MDSC in human
cancer and the potential role of this pathway as target for
novel therapeutic interventions.

MDSC in melanoma patients

By priming a vast repertoire of T-cell responses extensively
exploited to throw the fundaments of human tumour immu-
nology, melanoma can be considered the emblem of immu-
nogenic neoplasia [7]. However, this cancer is also the
paradigm of immune escape, exploiting diversified strate-
gies to blunt immune responses by affecting different com-
ponents of innate and adaptive immunity [8]. Nevertheless,
despite the important findings achieved in the field, no
univocal view of the molecular pathways underlying mela-
noma immunosuppressive properties, especially in the early
steps of disease, has been currently reached.

If the nature of leucocyte infiltrate in primary melanoma
could represent a sensor of the cross-talk pathways regulat-
ing the initial phases of disease development, it should be
mentioned that, together with T lymphocytes, cells express-
ing monocyte/macrophage markers seem to be quantita-
tively predominant, while granulocytes are rarely detected
and other immunoregulatory cells, such as Treg, are present
in small number [9]. The recent report that CD68* macro-
phage infiltration at the tumour invasive front and the pres-
ence of CD163" myeloid cells in tumour stroma are
independent predictors of poor survival in AJCC stage I/I
melanoma [10] suggests that cells of myeloid origin, early
recruited by melanoma microenvironment, may confer a
more aggressive phenotype to the disease.

In the attempt to unravel immunosuppressive mecha-
nisms limiting T-cell response and favouring melanoma
progression, we focused on studying whether a cell subset
echoing the MDSC population extensively characterized in
tumour-bearing mice [2], could be detected in melanoma
patients. At difference from other cancers, we could not
detect in stage IV melanoma patients any peripheral
accumulation of bona fide MDSC defined as CD34%,
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lineage™*HLA-DR"*® or CD11b*CD15" cells. In contrast,
we observed the expansion of a circulating CD14* mono-
cyte subset expressing low levels of HLA-DR and highly
suppressing T-cell responses through the release of TGFf
[11]. The spontaneous ex vivo production of this cytokine
by CDI14*HLA-DR™¥°¥ monocytes significantly impairs
proliferation, TCR-{chain expression and effector functions
of OKT3-triggered T lymphocytes, whereas no involve-
ment of the arginase I (ARG-1) and inducible nitric oxide
synthase (iNOS) pathways, analysed to parallel murine
studies, is detected [11]. CD14*CD11b"HLA-DR™#"Y
cells are significantly expanded in all advanced melanoma
patients analysed so far (n = 70), while they result barely
detectable (<0.5%) in healthy donors. The frequency of
these cells in PBMC inversely correlates with immune
responses to a cancer vaccine, confirming the detrimental
effect of MDSC on tumour immunity. In line with data in
murine models [12], we observed that CD14*CD11b*HLA-
DR™#1°% cells significantly increased upon the administra-
tion of GM-CSF [11], thus emphasizing the detrimental
role this growth factor potentially plays in melanoma
patients [13].

Interestingly, the accumulation of CD14*CD11b*HLA-
DR™#°% cells above healthy subjects’ values is an early
event in melanoma, as it can be observed in stage II-III
patients with a further but minor enhancement in stage IV
disease. In our hands, this is in contrast with the accumula-
tion of T-regulatory cells (Treg) that instead appears to sig-
nificantly occur only in stage IV melanoma patients
(Filipazzi et al., unpublished observation). In addition, cells
expressing monocyte markers such as CD68 and producing
TGFp can be abundantly found in primary melanoma
lesions with >2 mm thickness, suggesting a crucial role
of this pathway in initial tumour development and pro-
gression (Filipazzi etal., unpublished observation).
CD14*CD11b*HLA-DR™¥"°“TGFf" cells may thus repre-
sent a relevant component of the MDSC population, whose
pathological in vivo accumulation is likely driven by mela-
noma intrinsic pathways involving the expression and/or
release of specific immunomodulating factors.

The heterogeneous features of MDSC in cancer patients

Given the high plasticity of myeloid subpopulations, heter-
ogeneous features in terms of phenotype and function in
immunoregulatory cells stemming from this compartment
are in a way expected. Indeed, even in murine models,
where MDSC were originally defined as Gr-1/CD11b co-
expressing cells, two subsets, the CD11b*Gr-1"¢" granulo-
cyte-like (CD11b*Ly-6G*Ly6C"") and CD11b*Gr-1°"
monocyte-like (CD11b*Ly-6G Ly6C"e") MDSC, have
been recently reported, and further subgroups are
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Table 1 Phenotypic features of

Disease t
MDSC described in cancer 1sease ype

Phenotype

References

patients, according to the tumour

¢ Monocytic MDSC
histotype

Melanoma

RCC
Colon carcinoma
HNSCC

Multiple myeloma

HCC

Prostate cancer

T Cell NHL
Granulocytic MDSC
RCC

NSCLC
Melanoma

Colon carcinoma

HNSCC

Breast carcinoma

Pancreas carcinoma

Lung carcinoma

CD14*HLA-DR™#"¥

CD14*TL4Ralpha*
CD14*HLA-DR™#"o¥
CD14*IL4Ralpha*
cD14*
CD14*HLA-DR"¢/1o%
cDl14*
CDI14*HLA-DR™#/o%
CD14*HLA-DR™¥1o%
CD14*HLA-DR B7-H1*

LinTHLA-DR™CD33"*

CD33*HLA-DR™
CD11b*CD14-CD15*

CD15*CD14~
CD11b*CD14~CD15*CD33*
Lin "HLA-DR CD33*
CD15*IL4Ralpha*
CD15*IL4Ralpha*
CD15*granulocytes
LinTHLA-DR™
CD11b*CD14-CD33*

scchishCpeeb*

Lin "°HLA-DR~CD33*CD11b*

CD15*granulocytes
CD15*granulocytes
CD11b*CD33*

Filipazzi et al. [11]
Poscke et al. [19]

Mandruzzato et al. [15]
Van Cruijsen et al. [44]
Mandruzzato et al. [15]
Serafini et al. [45]
Brimnes et al. [21]
Serafini et al. [45]
Hoechst et al. [22]
Vuk-Pavlovic et al. [23]
Wilcox et al. [24]

Mirza et al. [46]
Kusmartsev et al. [30]

Ko et al. [47]

Zea et al. [25]
Rodriguez et al. [48]

Ko et al. [47]

Liu et al. [49]

Daud et al. [50]
Mandruzzato et al. [15]
Mandruzzato et al. [15]
Schmielau and Finn [28]
Almand et al. [51]

Corzo et al. [52]
Corzo et al. [53]

Brandau et al. [31]

Diaz-Montero et al. [20]
Schmielau and Finn [28]
Schmielau and Finn [28]

Srivastava et al. [54]

continuously emerging [4]. In contrast, human MDSC have
been elusive to identify since the initial studies as they soon
appeared to express varied phenotypes and suppressive pat-
terns, likely depending on the cytokine/growth factor pro-
file of different tumour histologies. The lack of defined and
homogeneous markers to spot these cells has been pro-
foundly penalizing the assessment of the biological/clinical
impact MDSC might play in cancer patients.

To echo the data obtained in murine models, human
MDSC are presently divided into two main subsets: a mono-
cytic subpopulation (Mo-MDSC), characterized by the
expression of CD14, and a granulocytic subpopulation (G-
MDSC), identified by positivity for CD15; both subtypes are
reported to express the common myeloid markers CD11b
and CD33, with minimal or no expression of maturation
myeloid markers such as HLA-DR [14]. Recently additional
and more specific molecules have been proposed for human
MDSC identification, such as CD115 and CD124 [15, 16],

VEGF-R1 [17], MMP9/MMP8 [18], the activated form of
Stat3, as well as the overexpression of CD80, CD83 and
DC-Sign for Mo-MDSC [19]. In Table 1, we report the
attempt to summarize the MDSC phenotypes so far
described in patients with different tumour histologies.

This large amount of novel candidate markers further
emphasizes the complexity in defining these cells, likely due
to the dynamic and plastic nature of the myeloid compart-
ment and its ability to readily respond to tumour-delivered
signals. In this view, not only tumour histology and tumour
stage, but also tumour burden, site of metastatic lesions and
previous lines of treatments (particularly in case of drugs
impacting on bone marrow function) should be taken into
account when MDSC are studied and characterized in cancer
patients. Nevertheless, recent evidences indicate that periph-
eral blood accumulation of MDSC (Lin~"°¥, HLA-DR™,
CD33*CDI11b") is generally correlated with tumour stage
and burden in patients with solid tumours [20].
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It is worth underlining that, since our initial report in
advanced melanoma patients treated with GM-CSF,
CD14"CD11b*HLA-DR™#°¥ have been found in patients
with several cancer histologies, including melanoma [19],
multiple myeloma [21], hepatocarcinoma [22], prostate
cancer [23] and T-cell non-Hodgkin lymphoma [24]. We
specifically searched for CD14*CD11b*HLA-DR™#¥
cells in PBMC of prostate carcinoma patients as well,
focussing on early disease (i.e. patients with biochemical
recurrence, hormone naive or resistant), which is the clini-
cal setting where cancer vaccines are presently tested in our
institution. No accumulation was actually detected, sug-
gesting that, in contrast to melanoma, monocyte dysfunc-
tions might be a late event in prostate cancer, as indeed
recently reported [23].

Nevertheless, although the suppressive mechanisms
on T-cell activity do not appear to always overlap, this
evidence suggests that the ability to affect myeloid differ-
entiation towards immature and defective monocytes
might be a rather common feature of human cancer. In
this view, it comes easy to hypothesize that the release of
monocyte-impacting growth factors and cytokines (such
as for instance GM-CSF), reported to occur in several
tumour histotypes, might be at the origin of this phenom-
enon.

Suppressive pathways of human MDSC

An additional feature that could be used for identifying
MDSC is the immunosuppressive pathway these cells uti-
lized for exerting their negative regulation on T-cell immu-
nity. Knowing the pathway is thus essential to understand
whether the detrimental activity of MDSC could be coun-
teracted by targeting specific suppressive mechanisms (by
for instance antagonistic mAb, small molecules or other
selective inhibitors). However, according to the data pres-
ently available, these patterns appear to be even more heter-
ogeneous and undefined than those referring to MDSC
phenotype. At this regard, one of the first issues to be
addressed is the potential stability of MDSC function once
the cells are removed from the in vivo environment and
tested ex vivo. Although experiments in murine models are
beginning to investigate this point, reporting both transient
and stable immunosuppressive features of ex vivo analysed
MDSC [5], little information is available to our knowledge
in human setting. Although we did not have the chance to
test longer-term stability of CD14*CD11b*HLA-DR™¢/°%
cells from melanoma patients, we observed that the cells
spontaneously released significant amount of TGFJ, reach-
ing the maximum level at 6 h [11]. Under the same experi-
mental conditions, we recently observed that, in addition to
TGFp, these MDSC secrete a vast array of immunosuppres-
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sive, proangiogenic and proinflammatory soluble factors
including IL1beta, IL6, IL8, CCL2 and VEGF (Filipazzi P.,
unpublished observation), confirming the pleiotropic and
plastic features of CD14*CD11b"HLA-DR™¢°¥ cells. Our
experience thus indicates that, in the absence of information
about the stability of MDSC functional properties, a short-
term ex vivo analysis could provide sufficient information
and hence be preferred to longer in vitro culture, risking
instead altering the original cell features.

As for the phenotypic profile, immunosuppressive mech-
anisms of human MDSC have been mostly searched mir-
roring murine data. Indeed, L-arginine depletion by ARG-1
has been the first pathway to be reported in MDSC from
renal carcinoma patients [25], but more variegated immu-
nosuppressive properties have been subsequently detected,
such as iNOS- and NOX2-mediated production of reactive
oxygen and nitrogen species [26], VEGF expression [17],
cysteine depletion [27], TGFp secretion [11] as well as
induction of Treg [22]. Considering the morphologic and
phenotypic division in monocyte and granulocyte-like cells,
Mo-MDSC have been described to primarily produce NO
for immune suppression, along with a small amount of
ROS, whereas G-MDSC tend to inhibit T-cell function pri-
marily via the production of large amounts of reactive oxy-
gen species (ROS), in addition to a small amount of nitric
oxide (NO) [4, 26].

Regarding G-MDSC, major effort has been made to
understand a potential role of human polymorphonuclear
leucocytes (PMN) in cancer-related immunosuppression.
The presence of “suppressive” granulocytes has been
mostly reported in advanced cancer patients, as associated
with CD11b*CD15*/CD66b* cells co-migrating in the
PBMC band during gradient separation, according to the so
called low density phenotype, and expressing ARG-1 [25,
28]. Indeed, the expression of this enzyme, ARGI together
with other pathways such as production of reactive oxygen
species, has gained human peripheral blood neutrophils a
position in the ever-growing family of MDSC. However,
the constitutive expression of ARG-1 in human PMN [29],
at difference with mouse myeloid cells, and the numerical
predominance of these cells among circulating leucocytes,
makes the discrimination between MDSC and normal gran-
ulocytes rather challenging.

If the pathways of immunosuppression reflect the hetero-
geneity of the phenotypic features, the negative effects of
human MDSC on T-cell immunity appear to be rather con-
sistent. Indeed, these cells have been shown to strongly
block T-cell effector function, inhibiting the release of cyto-
kines such as IFNy and impairing TCR-Cchain expression
[30]. In addition to impair T-cell proliferation in response
to TCR triggering, MDSC can impair the migratory proper-
ties of activated T lymphocytes, as reported in patients with
HNC, lung and urinary cancers [31].
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A crucial property of murine MDSC recently is the abil-
ity to promote tumour angiogenesis, either through the
secretion of active factors such as MMP9, as well as the
acquisition of endothelial cell properties at tumour micro-
environment level or in the presence of proangiogenic cul-
ture conditions [32]. Interestingly, recent studies confirmed
these properties in human MDSC, as suggested by the abil-
ity of G-MDSC from RCC patients to promote angiogene-
sis [18], or to confer proangiogenic activity to healthy
donor neutrophils and monocytes cultured in vitro in
tumour-conditioned media from melanoma and RCC lines
[33-35].

Tumour factors involved in the generation of human
MDSC

The most effective strategy for antagonizing the pro-tumo-
urigenic and immunosuppressive effects of MDSC in can-
cer patients would be with no doubt to interrupt the circuit
leading to their accumulation in tumour-bearing hosts.
Although this task may certainly sound quite challenging,
particularly in clinical setting, the identification of the
molecular pathways expressed by tumour cells and exerting
myeloid cell conversion towards MDSC is a crucial goal in
this direction. Molecules overexpressed in cancer cells,
such as for instance SI00A9 protein, have been reported to
be critical for MDSC accumulation in murine models and
could be responsible for immunological abnormalities in
human cancer as well [36]. More recently, systemic serum
amyloid A-1 (SAA-1), overexpressed by melanoma cells
and detected at high concentration in the serum of advanced
melanoma patients, appears to promote the accumulation of
IL-10-secreting immunosuppressive neutrophils, represent-
ing a bona fide subset of human MDSC [37].

We have addressed this issue years ago by testing
whether tumour exosomes, which are nano-sized replicas of
the originating cells constitutively and abundantly released
in cancer, could be involved in the monocyte conversion to
immunosuppressive cells. This approach, besides offering
an useful in vitro model to study human MDSC properties,
could help identifying the potential pathways responsible
for MDSC accumulation in cancer patients. Indeed, tumour
exosomes, which are present in significant quantities in bio-
logical fluids of cancer patients (including plasma and asci-
tes) [38], are characterized by a remarkable ability to
recirculate and could be involved in moulding myeloid
differentiation, particularly by reaching the bone marrow
and other immune relevant sites [39]. In our in vitro studies,
we observed that monocytes from healthy donors can be
converted into CD14"CD11b*HLA-DR™#°¥ cells secret-
ing TGFp if they are cultured in the presence of exosomes
isolated from melanoma or colon carcinoma cell lines, as

well as from plasma of melanoma or colon cancer patients
[40]. Exosome-converted monocytes induce in T cells an
immunosuppressive signature highly resembling that
exerted by MSDC isolated from melanoma patients [11]
and secrete a panel of proinflammatory and proangiogenic
soluble factors largely overlapping with that detected in ex
vivo analysed MDSC. A potential involvement of tumour
exosomes in MDSC accumulation in cancer patients has
been also confirmed by Chalmin and collaborators, who
recently reported that exosomes from a human tumour cell
line trigger MDSC suppressive function in an Hsp72/
TLR2-dependent manner [41]. The definition of the molec-
ular pathways involved in the process of MDSC conversion
by tumour exosomes might again be a challenging task, as
these organelles contain a broad array of potentially active
molecules, ranging from proteins, lipids and nuclear acids
including RNA, DNA and miRNA [39]. Studies focused on
dissecting this process, with a specific attention to the
expression by tumour exosomes of miRNA sequences
involved in myeloid compartment differentiation, are pres-
ently in progress in our laboratory (Fig. 1).

Tumour cell supernatant has being also utilized to prove
a direct involvement of cancer cells in MDSC generation
and accumulation, as quite recently reported by several
groups, globally showing that normal neutrophils and/or
monocytes can be differentiated into MDSC by in vitro cul-
ture with conditioned media from melanoma, RCC cells
and other solid cancers [33-35]. These studies, although
limited to the in vitro setting, underline the crucial role
played by cancer cells in MDSC recruitment and activation,
pointing to the tumour microenvironment as the major site
where most immune dysfunctions involving the myeloid
compartment stem from. This key issue, rather underesti-
mated or neglected by studies focused on circulating
MDSC, has been elegantly depicted by the recent study of
Fridlender et al. [42] who clearly demonstrated in a murine
mesothelioma model that neutrophils can be converted into
highly immunosuppressive “N2” cells at tumour site
through a TGFf-mediated mechanism.

Gaining comparable data in cancer patients is obviously
challenging. Nevertheless, the evidence that myeloid cells
with immunosuppressive features can be often detected
within the immune infiltrate of human solid cancers
(including the well-known M2 macrophages described by
Mantovani and collaborators several years ago) [43] and
the direct correlation between MDSC frequency in periphe-
ral blood and disease stage [20] emphasize the role of
tumour microenvironment as the “epicenter” of MDSC
genesis in cancer-bearing hosts. At this regard, it could be
hypothesized that not only single defined molecular path-
ways but also more pleiotropic and complex local altera-
tions, such as those related to cancer-associated metabolic
dysfunctions, might be involved [1]. As an example, we are
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Fig. 1 Hypothesis on the role of
tumour exosomes in MDSC gen-
eration. Exosomes constitutively
and abundantly secreted by tu-
mour cells and efficiently recir-
culating in different body
compartments interact with
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collecting evidence that the acid pH characterizing solid
tumour lesions, creates a quite hostile microenvironment
for immune responses by inducing anergy in specific T
cells (Calcinotto et al., personal communication), promot-
ing exosome release by tumour cells and favouring MDSC
differentiation and activity.

Targeting MDSC in cancer patients

Immunosuppression induced by tumours is obviously a
major obstacle that must be overcome for successful cancer
immunotherapy. Consequently, drugs that can impact on
MDSC accumulation and function by (1) promoting MDSC
differentiation into myeloid mature cells, thus lacking sup-
pressive activity; (2) inhibiting MDSC expansion from
hematopoietic precursors; (3) blocking the signalling path-
ways that regulate the production of immunosuppressive
factors by MDSC; and (4) reducing MDSC accumulation
have been evaluated or are currently being explored using
murine models or in vitro cultured cells [2], however, only
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a few reports have demonstrated an effect on human
MDSC:s in clinical studies. In Table 2, a list of trials testing
MDSC modulation by pharmacological intervention in can-
cer patients is reported.

Since it is well established that tumour-derived factors
influence myelopoiesis and may induce the accumulation
and, eventually, the activation of MDSC, it could be here
reasoned that drugs interfering with the ability of tumour
cells to produce MDSC-inducing factors such as defined
cytokines or exosomes [35, 40] are likely to impact on
number and function of these immunosuppressive cells.
Indeed, we have evidence that buffering tumour pH can
reduce exosome secretion and MDSC activity both in vitro
and in melanoma patients (Filipazzi, unpublished).

Conclusions
As beautifully depicted by Youn and Gabrilovich in their

recent review, MDSC heterogeneity can indeed be viewed
as “a blessing and a curse” [5], at the same time appealing
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Table 2 Therapeutic strategies modulating MDSC frequency and function in cancer patients

Drug Cancer patients Mechanisms References

ATRA RCC Favours differentiation of myeloid progenitors Mirza et al. [46]
to Dc and macrophages

Vitamin D3 Head and neck Increases HLA-DR and reduces CD34" cells Lathers et al. [55]

RCC and several
solid tumours

Bevacizumab, VEGF-trap

Tk inhibitors (Sunitinib) RCC

Decrease MDSC VEGFR+ cells

Stat3 and c-kit mediated mechanisms

Kusmartsev et al. [17]
Rodriguez et al. [48]
Fricke et al. [56]

Ko et al. [47]

and frustrating researches working in the field. However,
this acknowledged level of complexity should not discour-
age from performing concerted efforts to reach consensus in
this arena. As a group mostly involved in clinical studies,
we strongly believe that more attention should be paid to
the careful and consistent selection of patients to be
included in MDSC studies, particularly in terms of disease
features and treatment history. Multi-centric clinical trials
could offer a great opportunity to assess MDSC phenotypic/
functional features in a consistent number of patients with
comparable disease conditions (i.e. those dictated by inclu-
sion criteria), possibly relying then on MDSC evaluation by
a validated central laboratory. Alternatively, of great values
would also be the comparative studies focused on the anal-
ysis of different MDSC candidates in the same clinical set-
ting. These studies should also include a potential
correlation with disease course and prognosis, as well as
with immune responses in case of immune-based therapies,
to provide at least a first level of clinical implications.
Finally, it should be considered to routinely include the
evaluation of MDSC frequency in the standard immuno-
monitoring of patients enrolled in cancer vaccines, again to
unravel any potential influence of this parameter on the
immunization strategy. Such kind of efforts would certainly
provide unique and definitive information about the real
impact MDSC play in cancer patients and would hopefully
contribute to dispel the doubts and the confusion about
these fascinating cells.
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