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Abstract Chronic inflammation typical to various
chronic diseases is associated with immunosuppression,
mediated primarily by immature myeloid-derived suppres-
sor cells (MDSCs). A variety of factors induce MDSC dif-
ferentiation arrest, thus manipulating the host’s immune
function and suppressing the innate and adaptive immune
systems, as reflected by their impaired status associated
with down-regulated expression of the CD247 molecule.
Such chronic inflammation-induced immunosuppressive
features are also found in many tumors, generating tumor
micro- and macro-environments that act as critical barriers
to effective anti-tumor responses and therapies. This knowl-
edge offers new and novel candidate immune targets for
therapeutic interventions, in combination with more con-
ventional approaches as chemotherapy, radiotherapy, and
cancer cell targeted therapy. Therapeutic manipulation of
chronic inflammation during cancer development is likely
to enhance efficacy of treatments such as vaccinations, and
adoptive T cell transfer, thus switching the chronic pro-can-
cer inflammatory environments into an anti-cancer milieu.
Based on the functional relevance of immune networking
in tumors, it is advantageous to merge monitoring immune
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biomarkers into the traditional patient’s categorization and
treatment regiments, which will provide new prognostic
and/or predictive tools to clinical practice. A better identi-
fication of environmental and tumor-specific inflammatory
mechanisms will allow directing the clinical management
of cancer toward a more personalized medicine.
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Suppressive features of chronic inflammation

Inflammation represents a link between intrinsic (onco-
genes, tumor suppressors, and genome stability) and extrin-
sic (immune and stromal components) factors contributing
to tumor development. In cancer, immune cells exerting
either pro- or anti-tumor activities affect various therapeu-
tic strategies. In the past decade, numerous studies showed
that the tumor micro-environment is immunosuppressive,
impairing the function of the innate (NK cells) and adap-
tive (T cells) immune systems, and associated with CD247
down-regulation, which is an indispensable molecule in
the structure, expression, and function of the T cell antigen
receptor (TCR) and the NK cell activating receptors. In par-
allel, a similar immunosuppression was observed in various
pathologies that differ in their etiology and physiology such
as autoimmune disease and infections [1-4], suggesting a
common denominator responsible for this phenomenon.
We were the first to show that chronic inflammation, which
is shared by these diseases, is responsible for the induced
immunosuppression. This linkage was discovered based on
a pathology-free chronic inflammation mouse model that we
established in our laboratory, in which mice were repeatedly
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exposed to inactivated pathogens or single TLR ligands that
induce inflammatory responses. The outcome was surpris-
ing since mice that were simply immunized developed an
immunosuppression as if displaying one of the above-men-
tioned pathologies; their T and NK cell ex vivo and in vivo
functions were impaired, CD247 was down-regulated, and
they were more susceptible to influenza virus infection as
compared to control non-inflamed mice. Our cumulative
data point out two critical characteristics of the chronic
inflammation-induced immunosuppression: a bystander
effect and a reversible phenomenon. Under such conditions,
all T and NK cells display an impaired function, which is
reversed upon their isolation from the generated inflamma-
tory environment or following neutralization of the inflam-
mation/suppressive factors. These results suggested that the
observed immunosuppression is due to environmental fac-
tors and not to intrinsic defects in the immune cells.

MDSCs and chronic inflammation

In the course of our initial studies using the pathology-
free chronic inflammation models, we identified myeloid-
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Fig.1 Common features of chronic inflammation-induced immu-
nosuppression. The link between the pathology-free chronic inflam-
mation model we used in the course of our studies and the various
pathologies characterized by chronic inflammation as cancer, infec-
tious, and autoimmune diseases is the generation of a suppressive
milieu, in which MDSCs play a crucial role in manipulating the
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Common features

derived suppressor cells (MDSCs) as the main cell population
being responsible for inducing the observed immunosup-
pression, which were later described in tumor-bearing mice
and patients. The murine MDSCs express both Grl and
CDl11b cell surface markers that could be further segre-
gated into a monocytic (CD11b*Ly6G~Ly6C"eh) and gran-
ulocytic (CD11b*Ly6G Ly6C"°") phenotypes, both accu-
mulating in the bone marrow, spleen, and peripheral blood
of inflamed mice, and in tumor settings in the lymph nodes
and tumor sites as well. MDSCs are characterized by vari-
ous suppressive features such as enhanced activities of argi-
nase-1 and iNOS, as reflected by the elevated levels of both
intra- and extra-cellular NO™ and ROS [5, 6]. They were
found to affect ex vivo T cell function; when primary nor-
mal T cells are co-incubated with MDSCs isolated from an
inflamed environment, they down-regulate CD247 expres-
sion and are unable to proliferate in response to TCR-
mediated activation signals [3]. A direct T-MDSC contact
or close proximity is required for imposing the immu-
nosuppressive effect. In addition, the in vivo depletion of
MDSCs in the inflamed mice using monoclonal anti-Grl
antibodies led to recuperation of the host’s immune sta-
tus; while adoptively transferred CFSE-labeled OT1 CD8
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micro- and macro-environments. The expansion and activation of
MDSCs lead to an increased production of pro-inflammatory media-
tors and suppressive compounds such as NO™ and ROS. The outcome
of such a newly generated inflammatory environment is a general
suppression of both adaptive and innate immune cells that enables the
pathology progression
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T cells to inflamed immunized mice showed a decrease in
vivo cell proliferative ability, the same cells could success-
fully proliferate when injected into immunized inflamed
mice pre-treated with anti-Grl antibodies [7]. Moreover,
the inflamed mice were also unable to display NK cell-
mediated allogeneic cell clearance, while upon anti-Grl
treatment NK cell responses were reinforced. Both OT1
CDS8 T and NK cell recuperated activities in the anti-Grl-
treated inflamed mice correlate with retrieval of the CD247
expression levels in the host’s cells. These results highlight
the major role of MDSCs in chronic inflammation-induced
immunosuppression and show that the tumor settings are
not required for their induction, recruitment, and suppres-
sive features. Moreover, the harmful effects of the chronic-
inflammatory environment on immune-based therapies/
modalities are also emphasized as shown by the impaired
function of adoptively transferred T cells to inflamed mice
and the impaired response to immunization protocols as
against influenza virus.

Our studies using the pathology-free chronic inflam-
mation models enabled us to discover that the induced
immunosuppression is the normal outcome of the body’s
defense system to avoid excessive immune stimula-
tion. While acute inflammation is beneficial to the host’s
defense against invading bacteria, viruses, and spontane-
ous cell transformation, chronic inflammation originat-
ing in response to any stimulus that induces a sustained
activation of the innate and adaptive immune systems as
described for various types of tumors (colorectal, breast,
head and neck, melanoma, etc.) results in immunosuppres-
sion that starts locally, and at a later stage becomes sys-
temic. Indeed, cumulative data from various laboratories
including ours describe MDSC-mediated immunosuppres-
sion in various types of tumors in mouse models as well
as in humans, and the mechanisms underlying their sup-
pressive activity are well characterized and resemble those
detected in MDSCs from a tumor-free chronic-inflamma-
tory environment (Fig. 1).

Regulatory mechanisms controlling MDSC expansion
and suppressive features

Since increased levels of MDSCs are observed during
chronic inflammation as well as in many types of tumors
associated with inflammatory micro- and macro-environ-
ments, they serve as key obstacle preventing anti-tumor
immune responses and are limiting success of immune-
based therapies. A complex milieu of factors associated
with inflammation has been identified as regulating MDSC
accumulation and suppressive function. These include
pro-inflammatory cytokines (TNF-a, IFN-y, IL-1B, IL-6),
chemokines (CXCLS5, CCL2), growth factors (GM-CSF,

VEGF), and proteins (S100A8/9) that are persistently
secreted by normal self-immune cells or modified cells
including tumor cells [7-10]. The generated inflammatory
milieu regulates different MDSC pathways that control: (1)
MDSC differentiation: During chronic inflammation and
associated developing tumors, myeloid cell differentiation
is distracted from its normal pathway that results in the
terminal differentiation of mature macrophages, dendritic
cells (DCs) and granulocytes, toward a path that favors the
differentiation of “pathological” MDSCs. For example,
exogenous PGE, and diverse COX-2 activators as lipopoly-
saccharides (LPS), IL-1p, and IFN-vy, all induce monocyte
expression of COX-2, blocking their differentiation into
CDla" DCs and inducing endogenous PGE,, IL-4Ra,
IDO1, iNOS, and IL-10, which are typical MDSC-associ-
ated suppressive factors [5]. Moreover, our recent studies
indicate the role of TNF-a in arresting MDSC differentia-
tion via the induction of SI00A8/9 protein and their cor-
responding receptor for advanced-glycation end products
(RAGE) [7], thus, promoting differentiation of MDSCs
into mature, non-suppressive DCs and macrophages that
enable immune status recovery. (2) MDSC sensitivity to
apoptosis: It was demonstrated that chronic-inflammatory
and tumor environments increase MDSC levels by con-
ferring resistance to Fas-mediated apoptosis facilitated by
FasL™ T cells, as reflected by the low levels of activated
caspase 3 and 8 [11, 12]. (3) MDSC-suppressive activity:
The above-described inflammatory factors are also respon-
sible for the elevated suppressive activity of MDSCs as
reflected by the increased expression and activity of argi-
nase 1 and iNOS, and the production of ROS and NO™.
Thus, the use of inhibitors for such pathways should neu-
tralize the immunosuppressive environment and increase
immune surveillance.

The above-mentioned MDSC pathways that are activated
in the course of chronic-inflammatory diseases become
critical in inducing immunosuppression that deprives the
host from displaying immune responses or reacting toward
immune-based therapies. Each of these pathways and the
involved molecules could be targeted to manipulate the
immune system toward its functional recovery. In the case
of cancer, combining a targeted therapy directed against
both the tumor and the chronic inflammation-induced
immunosuppressive environment, in conjunction with mon-
itoring the hosts’ immune status could provide the optimal
conditions for a successful anti-cancer therapy and disease
outcomes.

Combating MDSCs

Today, anti-cancer therapies become broad, combating not
only the tumor but also the environment, counteracting,
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or neutralizing tumor supporting inflammation and target-
ing key regulators of the immune system to allow a cas-
cade of events favoring cancer rejection. Since MDSCs are
known to be one of the main mediators orchestrating the
suppressive environment, various strategies targeting these
cells, both in mouse models and patients were recently
established. In parallel to targeting MDSC molecules that
regulate their suppressive activity [5], accumulating data
suggest biological and chemical agents as potential inhibi-
tors of MDSCs that lead to their elimination, targeting their
suppressive activity, and/or stimulating their differentia-
tion. In the next two sections, we will describe MDSC neu-
tralization strategies recently introduced by our and others
studies, focusing on the manipulation of the inflammatory
environment via TNF-a and by using a variety of drugs.

Targeting MDSCs via TNF-a manipulation

TNF-a was first isolated in 1975, and recognized by its
ability to cause rapid hemorrhagic necrosis of cancer cells
[13]. However, in the early 90s tumor promoting properties
of TNF-a were discovered. In addition, TNF-o has been
shown as a harmful master regulator of inflammation that
develops in the course of chronic diseases such as rheu-
matoid arthritis, psoriasis, type II diabetes, and Crohn’s
disease [14]. Moreover, studies performed in the last cen-
tury assessing developing tumors revealed the direct and
indirect effects of TNF-a on malignant cells, which lead
to increased cell proliferation, survival, and DNA dam-
age. These processes enhance angiogenesis, primary tumor
growth, immune evasion, and metastasis [14]. Based on
the discoveries of the TNF-o harmful effects, it has been
unequivocally validated as a therapeutic target in various
immune-mediated inflammatory disorders, which resulted
in the development of several therapeutic strategies involv-
ing the use of TNF-a neutralizing antibodies and antago-
nists. Interestingly, the above-described diseases, in addi-
tion to their pathological features, are also characterized by
chronic inflammation and associated local/systemic immu-
nosuppression that play a critical role in the disease pro-
gression and health deterioration. However, until recently,
it was unclear whether TNF-a is involved in the manipu-
lation of the host’s immune system toward the generation
of a suppressive environment typical of an ongoing chronic
inflammation.

In 2012, Zhao et al. [11] showed that TNF-a promotes
the accumulation of MDSCs in a transplanted tumor
model. They demonstrated that signaling through TNFR-2
promoted MDSC survival via up-regulating the anti-apop-
totic FLICE-inhibitory protein (c-FLIP), which inhib-
its activation of apoptotic caspase-8, thus is maintaining
MDSC accumulation and promoting tumor growth. Our
recent study highlights additional mechanisms by which
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TNF-o manipulates the host immune system toward the
generation of a suppressive environment [7]. By using
the pathology-free model of chronic inflammation, we
showed that TNF-a exhibits a dual function during chronic
inflammation: arresting differentiation of MDSCs via the
S100A8/9 inflammatory proteins and their corresponding
receptor RAGE, and augmenting MDSC-suppressive activ-
ity. Moreover, we showed that administration of etanercept
(TNF-a-antagonist) during early chronic-inflammatory
stages reduced MDSC-suppressive activity and enhanced
their maturation into DCs and macrophages. These led to
the restoration of in vivo immune functions and a recovery
of CD247 expression both in T and NK cells. The results
from these two studies provide an insight into the relation-
ship between TNF-a and MDSCs, underscoring TNF-a as
an MDSC regulator controlling their expansion, differen-
tiation, and suppressive activities (Fig. 2). In addition, a
number of other possible mechanisms for TNF-a-mediated
immunosuppressive effects emerged, such as inducing lym-
phocyte apoptosis, inhibiting TCR signaling and DC func-
tion, and activating regulatory T cells (Tregs). However, the
results are complicated or controversial due to the indica-
tions that both timing and duration of TNF-o expression
are important in determining pathogenic versus protective
roles.

Based on the dual effects of TNF-a, there is still a debate
in the clinic as to whether anti-TNF-« treatments in pathol-
ogies characterized by chronic inflammation may have
beneficial or harmful effects. Many clinical studies ana-
lyzing patients suffering from inflammatory bowel disease
and rheumatoid arthritis that were treated with anti-TNF-a
regiments showed that these patients were more suscepti-
ble to opportunistic infections and cancer development [15,
16]. Thus, the observed opposite effects of treatments that
neutralize TNF-a in various chronic-inflammatory patholo-
gies, the beneficial versus harmful outcomes remains ques-
tionable. Our hypothesis is that TNF-a-mediated inflam-
matory response, whether acute or chronic, will dictate
its beneficial or harmful immunological consequences.
During acute inflammation, TNF-a is vital for immediate
immune defense against pathogens and clearance of trans-
formed cells, whereas in chronic inflammation, a condi-
tion where the host is unable to clear the pathogen or the
tumor cells, TNF-a could be harmful due to the promo-
tion of a cell-mediated immunosuppression. Moreover, the
balance between the duration and level of TNF-a produc-
tion could lead to opposite effects on the immune system.
Thus, when neutralizing TNF-o, additional parameters
such as the presence or absence of a suppressive milieu in
the case of MDSCs or M2-macrophages and Tregs should
be taken into consideration. Neutralization of TNF-a in
time points that are characterized not only by high levels
of TNF-a, but also by elevated levels of suppressive cells
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Fig. 2 TNF-o is a master regulator of MDSCs during chronic inflam-
mation. By signaling through TNFR-2, TNF-a promotes MDSC sur-
vival via up-regulation of the anti-apoptotic FLICE-inhibitory protein
(c-FLIP), which inhibits activation of apoptotic caspase-8. Moreover,
TNF-a also controls MDSC differentiation and activation. The differ-
entiation of MDSCs to non-suppressive myeloid cells such as mac-

could lead to more beneficial results, as shown in mouse
models of colorectal cancer and ulcerative colitis, as well
as in breast, ovarian, and renal cancer patients treated with
TNF-a inhibitors.

The knowledge accumulated on TNF-a shows us that
this cytokine may have beneficial or harmful effects on dis-
ease initiation and progression. Our challenge is not only to
find out how to use the beneficial effects of TNF-a under
pathological conditions when needed, but also to neutralize
it whenever necessary, thus shifting the balance toward bet-
ter disease outcomes.

Drug warfare against MDSCs

As described above, chronic inflammation-mediated
MDSC accumulation in the lymphatic organs, peripheral
blood, and tumor sites is one of the main obstacles in can-
cer therapy [17-19]. It has become clear and indisputable
that MDSC-induced immunosuppression contributes to
tumor progression and resistance to immune-based therapy
[20, 21]. Thus, anti-tumor treatments must be pronged to

‘Expansion
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caspase-8

rophages (M@®) and dendritic cells (DCs) is inhibited by TNF-a by
up-regulating the expression of both the SI00A8/9 pro-inflammatory
proteins and their corresponding receptor RAGE. In parallel, TNF-a
also controls the ability to produce suppressive compounds such as
urea, NO™, and ROS. Taken together, these alterations manifested by
TNF-a lead to in vivo inhibition of immune functions

target the tumor as well as the immunosuppressive environ-
ment toward activation of effector immune cells [22-25]
(Fig. 3). Cumulative studies including ours demonstrate
that MDSC depletion [26], inhibition [27], or induced
differentiation [7] result in a moderate or non-suppressive
environment that supports the success of effective treat-
ments and enhancing anti-tumor immune responses [19,
28]. Moreover, the fact that the number of MDSCs found
in the blood and tumor sites of cancer patients correlate
with the disease severity [12, 29] (Sade-Feldman et al. and
Kanterman et al. unpublished data) led us to investigate
alternative pathways to target in parallel or simultaneously
the tumor and MDSCs using the same drug or a combina-
tion. This concept was evaluated when testing the effect
of various therapies on the tumor and immunosuppressive
environment.

It was shown that Sunitinib, a receptor tyrosine kinase
inhibitor, significantly decreased MDSC levels in renal
cell carcinoma (RCC) patients, by affecting redistribution
within the myeloid lineage and tuning toward myeloid
DCs [30]. Moreover, the reduced MDSC numbers were
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Fig. 3 The obstacles in obtaining a successful treatment. The impor-
tant role of the immune system in eliminating cancer is unquestiona-
ble. The effective function of the immune system in conjunction with
various standard treatments given today to cancer patients is critical,
due to the immune system “responsibility” to eliminate cancer cells
that fail to be destroyed by the conventional therapies. An effective
therapy against cancer should take into consideration not only the
tumor itself, but also its unique environment that protects it from

correlated both with a decline in Tregs and reversed sup-
pression of effector T cells [31]. A tyrosine kinase inhibi-
tor of VEGFR, Axitinib that was applied to a mouse model
of melanoma also reduced both MDSCs and Tregs, and
resulted in reinforced tumor infiltrating T cells (TILs) acti-
vated by an immune-based vaccine [32].

Recently, various laboratories including ours discovered
that conventional cytotoxic chemotherapeutic drugs influ-
ence not only the tumor cells, but also have an impact on
the tumor micro-environment and the immune system. The
in vivo treatment of tumor-bearing mice with 5-fluoroura-
cil (5FU), a pyrimidine analog, led to a major decrease in
the number of MDSC in spleens and tumor beds of animals,
whereas no significant effect on T cells, NK cells, DCs, or B
cells was noted. SFU showed a stronger efficacy in deplet-
ing MDSCs and selectively inducing MDSC-apoptotic cell
death in vitro and in vivo. The elimination of MDSCs by
SFU increased IFN-y production by tumor-specific CDS8
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complete eradication and should include five important parameters:
(a) Elimination of the tumor cells, leading to immunogenic death; (b)
Blockade/destruction of the suppressive cells, (c) Activation of effec-
tor immune cells, (d) Neutralization of pro-tumorigenic factors, and
(e) Inhibition of angiogenesis. These parameters must be routinely
monitored prior to and following treatment in order to choose an opti-
mal combinatorial therapy that will lead to a beneficial optimal per-
sonalized treatment

T cells infiltrating the tumor, promoting T cell-dependent
anti-tumor responses in vivo [33]. Similarly, gemcitabine,
a cytidine nucleoside analog, also reduced MDSC num-
bers and improved the activity of cytotoxic effector CD8
T and NK cells [34]. A later investigation suggested that
reduced MDSCs due to gemcitabine-induced apoptosis cor-
relates with decreased tumor progression [35]. Moreover,
the combined treatment with gemcitabine and cytokine-
based immunotherapy significantly improved the anti-tumor
response in mice. However, other studies demonstrated that
in some cases, the tumor progressed although MDSC lev-
els were reduced, suggesting that additional mechanisms
leading to immune escape and tumor resistance operate.
Thus, under such conditions, the timing of applied treatment
and the tumor stage are critical for the success of therapy
and tumor regression. Recently, it was shown that follow-
ing SFU treatment the activity of Nlrp3 inflammasomes
was enhanced and resulted in pro-angiogenic effects [36].
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Therefore, there is a need to explore the dual effect of such
chemotherapeutic agents, and find a combinatorial treatment
that could block the parallel harmful effects such as combin-
ing anti-angiogenic with direct MDSC-apoptotic drugs.

In contrast, not all cytotoxic drugs are useful in combat-
ing MDSCs. Chemotherapeutic agent such as cyclophos-
phamide (CP), although having the ability to target Tregs
[37] and promote immunogenic tumor cell death as shown
in ret transgenic murine melanoma model, had no benefi-
cial anti-tumor effects [38]. Assessment of the changes in
the immune system and tumor micro- and macro-environ-
ments revealed that CP enhanced the generated immuno-
suppression, increased the accumulation and suppressive
features of MDSCs characterized by the elevated levels of
NO™ and the production of pro-inflammatory cytokines,
which together, impaired the activity of cytotoxic T and
NK cells [38].

Thus, despite of the destructive effects of the chemo-
therapy on the tumor and MDSCs, there are still evi-
dences for tumor prosperity at later stages, suggesting a
crucial role of the residual peripheral and/or tumor resi-
dent MDSCs. In such cases, there is a need for a complete
depletion or inactivation of the suppressive cell population.
It was shown that the administration of anti-Grl antibod-
ies enhanced the anti-tumor activity against lung [26] and
colorectal cancer (Sade-Feldman et al. manuscript in prepa-
ration), and together with COX-2 inhibitor, prevented the
spread of brain metastasis in breast cancer-bearing mice
[39]. In contrast, a recent study demonstrated that the use
of anti-Gr1 is not suitable for the depletion of MDSCs from
all organs. Although MDSCs were completely depleted
from the peripheral blood and spleen, their levels in the
liver remained untargeted and immunosuppressive [40].
Thus, the additional neutralization of the MDSC-suppres-
sive activity could complete the mission. Suitable inhibi-
tors could be those that directly target a specific MDSC-
suppressive pathway or alternatively eliminating several
MDSC-immunosuppressive machineries. Specific drugs
such as the COX-2 inhibitor, celecoxib [41], which blocks
the production of PGE,, lead to a decrease in NO™~ and
ROS production and a restoration of effector immunity.
Additionally, inhibitors of phosphodiesterase-5 (PDES)
such as sildenafil could be used to target and reduce the
expression of arginase 1 and iNOS [17, 42]. Non-specific
inhibitors that block several pathways regulating MDSC
activity could be more beneficial in inducing the final out-
come of the immunosuppressive disease. For example, a
derivate of Icariin (ICA), an ingredient of HerbaEpimedii
that is used in alternative medicine treatments [43], could
be suitable for such a goal. It was shown that ICA serves
as a component that is able to block tumor growth, together
with reducing MDSC numbers, accompanied by reinforced
activity of CD8 T cells measured by the production of

IFN-y. Targeting MDSC:s is achieved not only by decreas-
ing their levels, but also by reducing their immunosuppres-
sive activity, measured by decreased amounts of NO™ and
ROS as well as the low expression levels of SI00A8/9
proteins within the cells [44]. Another study showed that
advanced melanoma patients treated with vemurafenib dis-
played reduced MDSC-immunosuppressive activity, sug-
gesting a dual role targeting not only tumor progression, but
also up-regulating anti-tumor immunity by reducing MDSC
levels and suppressive efficiency [45]. However, there
are components that could worsen the disease stage: for
example, administration of low-dose CP resulted not only
in MDSC retention, but also in elevated suppressive activ-
ity measured by NO™ and ROS production as well as the
inhibition of T cell proliferation in melanoma mouse model
[38]. These led to therapy failure, even though the cytotoxic
effect of the CP chemotherapy on the tumor is well estab-
lished. Supporting data show that MDSC-increasing levels
were also detected in breast cancer patients treated with
combined CP and doxorubicin therapy [46], which corre-
lated with the spread of metastasis. Importantly, in the lat-
est study, a standard high CP dose was used, canceling the
importance of the administrated drug dosage and highlights
the need for alternative treatment in case of the presence of
the immunosuppression.

Altering MDSC differentiation program is an alternative
strategy to decrease this immature immunosuppressive pop-
ulation. The most popular way to activate the differentiation
pathway today is by all-trans retinoic acid (ATRA), which
was found to reduce MDSCs in tumor models [47], turn-
ing the myeloid distribution toward DCs, macrophages, and
granulocytes. Moreover, it was shown that a combined treat-
ment between ATRA and vaccines improved the anti-tumor
effects and yielded the desired results, lowering MDSCs in
metastatic RCC patients. It was also recently demonstrated
that anti-mitotic chemotherapeutic agent such as paclitaxel
in very low and not cytotoxic concentrations directly affect
MDSCs, stimulating their differentiation toward DCs [48].
Similarly, another member of the taxane family, docetaxel,
was found not only to abrogate tumor progression, but also
to decrease MDSCs [49], polarizing them to M1-like pheno-
type that supports anti-tumor immunity, accompanied with a
restoration of Thl activity [50]. Additionally, there are evi-
dences for natural components that lead to the same results.
B-glucans, cell-wall components of numerous micro-organ-
isms, can activate T cells via dectin-1 sign, elicit specific
MDSC differentiation via the NF-kB pathway and abrogate
the generated immunosuppression. This component could
be added to some of the above-described beneficial drugs
such as ATRA, docetaxel, or ICA. As mentioned in the pre-
vious section, we have recently shown the unique role of
TNF-a in mediating MDSC-associated immunosuppres-
sion primarily by inducing their differentiation arrest via
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the ST00AS8/9 proteins and increasing their immunosuppres-
sive features. By using the FDA-approved TNF-a inhibitor,
etanercept, such MDSC “harmful” characteristics could be
successfully neutralized. The outcome being stimulation of
myeloid cell differentiation and maturation to DCs and mac-
rophages, and reinforced in vivo activity of effector T and
NK cells [7].

Conclusion

Taken together, based on the cumulative data, it is undoubt-
edly clear that the immunosuppression generated under
chronic pathological conditions as in cancer possesses is a
serious obstacle in the therapeutic area that includes stimu-
lation of anti-tumor immune response and immune-based
therapies. There are already convincing evidence showing
that the selection of an appropriate and effective therapy
must take into consideration not only the tumor-linked
parameters or its type and stage, but also the host’s immune
status; thus, the therapy must dually attack the tumor cells
as well as the generated immunosuppressive environment,
aiming at eradicating the suppressive mediators and ensur-
ing the execution of effector anti-tumor immune responses
[21, 25]. Components that were identified as displaying a
dual function: (1) directing cytotoxic effects on tumor cells
and (2) regulating the immunosuppressive mediators as
MDSCs could be potentially combined with immunothera-
pies as complementary and supporting treatment that will
magnify the treatment effectiveness. Therefore, prior to a
given therapy, it is mandatory that the cancer-bearing host’s
immune status should be evaluated by specific biomarkers
as CD247 and MDSCs. If immunosuppression is evident, it
must be taken into consideration when designing chemo-,
biological-, and immune-based treatments. Key parameters
such as (1) the dosages of the given treatments, (2) the dis-
ease severity, and (3) the host’s immune status and associ-
ated immunosuppressive stage must be taken into consid-
eration when designing anti-cancer therapy. These must
be routinely monitored prior to and following treatment
in order to maintain an optimal combinatorial therapy that
will lead to a beneficial personalized treatment.
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