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a b s t r a c t
Chronic inﬂammation is a common factor linking various pathologies that differ in their etiology and
physiology such as cancer, autoimmune diseases, and infections. At a certain stage of each of these
diseases, while the chronic inﬂammation proceeds, some key players of the immune system become
immunosuppressed as natural killer (NK) cells and T cells. The suppressive environment induced during chronic inﬂammation is governed by a complex processes characterized by the accumulation and
activation of immune suppressor cells, pro-inﬂammatory cytokines, chemokines, growth and angiogenic
factors, and by the activation of several inﬂammatory signaling pathways mediated predominantly by
NFB and STAT3 transcription factors. A substantial body of evidence supports the notion that the development of a suppressive environment during chronic inﬂammation limits the success of immune-based
and conventional therapies, skewing the balance in favor of a developing pathology. Thus, appropriate, well-designed and ﬁne tuned immune interventions that could resolve inﬂammatory responses and
associated immunosuppression could enhance disease regression and reinforce successful responses to
a given therapy. This review describes the interrelationship between chronic inﬂammation and induced
immunosuppression, and explains the current evidence linking inﬂammation and pathological processes,
as found in cancer. We further highlight potential strategies, harnessing the immunosuppressive environment in treating autoimmune diseases and facilitating transplantation. In parallel, we emphasize the
use of modalities to combat chronic inﬂammation-induced immunosuppression in cancer, to enhance
the success of immune-based therapies leading to tumor regression. In both cases, the urgent necessity of
identifying biomarkers for the evaluation of host immune status is discussed, with the goal of developing
optimal personalized treatments.
© 2012 Elsevier Ltd. All rights reserved.

1. Chronic inﬂammation and induced immunosuppression
An inﬂammatory process reﬂects the host’s principal immune
response aimed at eliminating foreign substances invading the
body, or abnormally generated self-compounds produced during
tissue injury. The response promotes the optimal restoration of tissue structure and function, but must also rapidly turned off in order
to prevent over reaction that could result in irreversible damage
[1–3]. In general, the innate immune response is initiated within
minutes, and if necessary, it is supported by the adaptive immune
arm. Both responses are able to resolve the inﬂammation within
several days. In contrast, failure to clear the endanger elements
or inefﬁcient termination of the response, could result in chronic
inﬂammation, possibly leading to increased morbidity due to the
induction of immunosuppression [1,4,5].
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Indeed, in recent years, numerous studies showed a suppression of innate (NK cells) and adaptive (T cells) immune cells,
associated with T-cell antigen receptor (TCR) -chain (CD247)
down-regulation over the course of several pathologies such as
cancer [4,6], autoimmune disorders [7,8] and chronic infectious diseases [9,10]. Initially, this phenomenon was identiﬁed in hosts with
developing tumors (mice and humans), and it was explained as one
of the modes by which tumors escape immune surveillance [11].
However, the same phenomenon was observed in autoimmune
and infectious diseases, which led us to hypothesize that chronic
inﬂammation is a common denominator linking these pathologies and the observed immunosuppression. We were the ﬁrst to
demonstrate that this hypothesis is indeed valid, and over the
years it was shown by others and by us, that the immunosuppression observed in all these pathologies is induced by chronic
inﬂammation, and is the normal outcome of the body’s defense
system to avoid excessive immune stimulation. While the nature
of the initial stimulus could vary, and as long as it induces the
sustained activation of a variety of responding cells that elicit an
inﬂammatory response, the recurrent consequence is immunosuppression, which starts as local, and at a later stage, becomes
systemic.
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1.1. Stimulators
The speciﬁc cause for a persistence chronic inﬂammation is not
completely understood. However, the contribution of several factors has been demonstrated to take central roles in triggering the
ongoing inﬂammation. In assessing the disordered microenvironment of a target tissue it was shown that inﬁltrating leukocytes and
resident tissue-speciﬁc cells such as ﬁbroblasts, endothelial cells,
and resident macrophages, along with their primary functions, can
perpetuate the local inﬂammatory response [1,12–14]. Since the
function of immune as well as stromal cells is not constitutive, their
activity requires stimulatory support. Through the production of
a complex network of cytokines and chemoattractants, these cell
types directly alter the behavior of newly recruited and inﬁltrating effector cell populations, resulting in continuous stimulation
of these populations, and their inappropriate survival and retention [1,15]. Inﬂammation that becomes chronic can develop due
to antigen-speciﬁc stimulation of T-helper-1 (Th-1) cells, leading
to their persistent activation. Such responses could be directed
against a wide range of pathogens from microbial, viral or parasitic infections (for example: Helicobacter pylori, Hepatitis B and
C, and Schistosoma mansoni) [5,16,17], or exposure to allergens
and toxic chemicals. Moreover, Th-1-mediated responses can lead
to chronic sterile inﬂammatory conditions due to over-reactive
responses directed against endogenous antigens and abnormally
exposed cellular compounds, as in autoimmune diseases and cancer. In addition, the innate immune system as well as some adaptive
cells can be triggered by Toll Like Receptor (TLR) ligands, typical
to various pathogens and endogenous compounds, eliciting proinﬂammatory stimulators and factors, which are also involved in
the induction of the infections or sterile pathological conditions as
cancer and autoimmune diseases.
TLRs, the archetypal pattern recognition receptors (PRRs), are
activated in response to stress and danger signals, stimulating
primarily the innate immune system cells as well as, in some
cases, adaptive immune cells. They play a crucial role in defending against pathogenic infection and abnormally occurring sterile
host stimuli, by inducing an inﬂammatory response associated with
an array of cells, secreted cytokines including type I interferons,
and chemokines [18]. Thus, TLR-mediated responses triggered by
endogenous ligands, serve in many cases as a possible promoter
of inﬂammation even in the absence of infection. TLR-dependent
responses can potentially expand as they can co-stimulate additional innate and adaptive immune cells, thus having an extensive
and direct effect on the entire microenvironment. Indeed, our studies demonstrate that chronic exposure of mice to a single TLR ligand
could induce chronic inﬂammation and associated immunosuppression, as observed during various infectious and non-infectious
pathologies [9]. Therefore, it is not surprising that prolonged and
persistent TLR-dependent triggering results in a constitutively
active immune response, which is linked to pathological reactions
and disorders, including neoplastic transformation and carcinogenesis [18,19].
1.2. Response
Conditions of chronic inﬂammation are evident due to continuous triggering by speciﬁc or non-speciﬁc, self or non-self antigens,
as in cases of persistent pathogens or growing tumors that could
not be cleared, or as autoantigens permanently existing and trigger
a continues response, resulting in high concentrations of secreted
pro-inﬂammatory factors [1,4]. These conditions are harmful to
the host immune system, leading to a general immunosuppression
as reﬂected by aberrant signal transduction pathways, activated
immune cells and inappropriate balance of secreted immune and
non-immune factors, all detrimental to normal immune system

function [16,17]. Although under such chronic pathological conditions immunosuppression is evident, the inﬂammatory response
still perpetuates due to compounds secreted by a continuously
damaged tissue, as endogenous TLR ligands (heat shock proteins,
extracellular matrix components, DNA fragments), which trigger inﬂammatory responses by various immune and non-immune
cells.
Under chronic inﬂammatory condition, central signaling pathways are activated including the transcription factors NFB, the
STAT family, AP-1 and others [16,20,21]. These pathways have
emerged as regulators of pro-inﬂammatory cytokines, as well as
mediators of stem-cell renewal, cell proliferation and survival, all
involved in persistent inﬂammation. For example, following continuous inﬂammatory stimulation, NFB is constitutively activated
and ensures transcription of target inﬂammatory genes, such as
the tumor necrosis factor ␣ (TNF␣), a major pro-inﬂammatory
cytokine with pleiotropic functions [13,21]. TNF␣ can play a dual
role; while destroying tumor vasculature and inducing necrosis,
it may also stimulate growth and survival of tumor and various
immune cells [5,22]. Studies have shown that mice lacking TNF␣
are resistant to some carcinogenic processes, and elevated levels
of TNF␣ have been detected in various human pathologies characterized by chronic inﬂammation, including autoimmune disorders,
and different types of malignancies [23–25].
Interleukin-6 (IL-6) is an additional major pro-inﬂammatory
cytokine participating in the induced immunosuppression,
secreted at high levels by hallmark immune and non-immune
cells. IL-6 modulates the expression of genes involved in cell
survival and proliferation, primarily via the JAK-STAT signaling
pathway [26]. Elevated levels of IL-6 have also been reported in
clinical cases of cancer patients and other chronic inﬂammatory
disorders [27].
Another major factor induced under NFB stimulation is nitric
oxide synthase (NOS2), which plays a role in pathological conditions and tissue damage, mainly by controlling levels of nitric
oxide (NO). Elevated NO levels affect cellular responses by causing
DNA damage, increasing angiogenesis through vascular endothelial growth factor (VEGF) stimulation, and enhancing tumor cell
growth and invasive properties [20,28,29]. Moreover, exacerbated
over-activated inﬂammatory pathways are also accompanied by
the production of reactive oxygen species (ROS). While ROS are
usually essential for an anti-microbial defense, inappropriate production leads to oxidative stress, increased mortality of immune
cells, tissue damage, genomic instability and enhanced malignant
cell proliferation [20,30].
Cyclooxygenase-2 (COX-2) is another key player linked to
inﬂammatory responses, abundantly produced in several human
lesions and cancers. COX-2 mediates prostaglandin synthesis
(PGE2 ), which in turn promotes cell proliferation, cytokine secretion, and suppresses immune surveillance by mechanisms such as
inhibition of the Th-1 activation, IL-2 secretion, and DC suppression
through IL-10. This pathway was shown to participate in cases of
inﬂammatory diseases such as Crohn’s disease and colon carcinoma
[31–33].
Another class of regulatory molecules with a compelling role
in inﬂammatory modulation is the recently discovered microRNAs
(miRNAs or miRs). These are small, non-coding RNAs that regulate the post-transcriptional behavior of speciﬁc genes, and by a
feedback loop, they can be regulated via other cellular components such as inﬂammatory cytokines and chemokines, as well as
activated transcription factors. The expression of miRNAs can be
induced by many different mechanisms including one involving
inﬂammatory stimuli [17,34,35]. For example, the expression of
speciﬁc miRNAs such as miR-146 and miR-155 can be activated
by inﬂammatory mediators including NFB and the STAT family transcription factors, and were shown to be involved in the
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maintenance of inﬂammatory responses [36,37]. Recent studies have demonstrated that TNF␣ stimulation induces miR-155
expression in monocytes and macrophages, resulting in granulocyte/monocyte expansion and growth during inﬂammation and
cancer, suggesting miR-155 as a potential prognostic biomarker in
tumor development [34,38].
Inﬂammatory stimuli, responding cells and associated factors
expand the resulting inﬂammation by leading to the recruitment and activation of various immune cells, which in turn,
produce and release a variety of inﬂammatory factors, generating
an autonomous loop of chronic inﬂammatory responses. Numerous cell types present at the inﬂammatory microenvironment and
circulation have been identiﬁed as key players in modulating the
response towards immunosuppressive stages. Mesenchymal stem
cells (MSCs), mainly derived from the bone marrow, are stromal
cells with a large capacity for self-renewal while maintaining their
multipotency and can differentiate into a variety of cell types
[15,39]. MSC inﬁltration into tumor sites interferes with DC and
T-cell proliferation and function by several mechanisms including induction of indoleamine 2,3-dioxygenase (IDO), NOS2 and
PGE2 , as well as secreting cytokines such as IFN␥, TNF␣, and IL-1,
all contributing to the generation of a local immunosuppressive
microenvironment [40].
Tumor-associated macrophages (TAMs) inﬁltrate almost in all
kinds of tumors. They are derived from monocytic precursors that
are stabilized by colony-stimulatory factor (CSF) secreted by tumor
and immune cells within the microenvironment [14,15,41]. Naturally, prolonged survival and activation of macrophages can elicit
tissue destruction and tumor cell elimination. However, once this
population is skewed to M2-like phenotype (through inappropriate cytokine secretion and microenvironment modulation), these
cells produce growth and angiogenic factors, promoting degradation of extracellular matrix and invasion of tumor cells, facilitating
metastasis [42,43].
Within the myeloid lineage, there are also DCs that participate in
immune modulation under chronically inﬂamed conditions. Even
though DCs have a crucial role in activation of a Th-1 antigenspeciﬁc immunity, in their immature state, they are involved in
the maintenance of tolerance induced under pathological episodes
[42,44]. The immature DC phenotype is broadened in the chronic
inﬂammatory microenvironment, supporting growth of stromal
and tumor cells, mainly via the activation or recruitment of regulatory T-cells (Tregs), joining the immunosuppressive environment
[45].
Myeloid-derived suppressor cells (MDSCs) represent an immature cell population that is also present in most cancer patients
and tumor-bearing mice. The main property of these cells,
which are detrimental in the case of cancer, is their ability to inhibit both the innate and adaptive immune responses,
subverting immune surveillance [46,47]. MDSCs are identiﬁed based on their unique nuclear morphology and surface
marker expression proﬁle. In mice, they are found in two
sub-populations, the monocytic (CD11b+ Ly6G− Ly6Chigh ) and granulocytic (CD11b+ Ly6G+ Ly6Clow ) phenotypes, whereas in humans
the characterization is more complicated; most human MDSCs have
a phenotype of CD11b+ CD33+ CD34+ CD14− HLA-DR− , but these
cells can vary in expression of additional markers, depending
on the inﬂammatory disease type [48,49]. MDSCs, under normal
conditions, appear in small numbers in the circulation (3–5%),
while under chronically inﬂamed conditions, their numbers are
markedly increased within the spleen and peripheral blood of mice
(up to 70%), as well as in human blood, within the tumor, and
inﬂamed tissues and organs [11,50]. Expansion of MDSCs is associated with decreased numbers of mature myeloid cells, including
macrophages and DCs, disrupting the normal homeostasis. Triggering of MDSC recruitment and expansion is driven by a variety
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of secreted survival and maturation-blocking cytokines. We have
previously demonstrated that IFN␥ plays a key role in the initial
phase of MDSC generation and recruitment [10], and a similar pathway was described in tumor bearing hosts [51]. IFN␥ is secreted
by numerous immune cells including T and NK cells and acts in
an autocrine fashion, affecting the function of T-cells and MDSCs.
IFN␥ can change the nature and function of MDSCs, promoting
arginase 1 (ARG1) and NOS2 generation, which contribute to their
immunosuppressive activity [46]. MDSC expansion is also observed
in response to high concentrations of GM-CSF produced by activated T-cells, a phenomenon mostly found in autoimmune diseases
[52]. Recently, it was also shown that PGE2 plays a central role in
MDSC accumulation triggered by the CXCL12-CXCR4 chemokine
pathway [53]. Moreover, we demonstrated that cytokines such
as TNF␣ and IL-6 lead to MDSC differentiation arrest, accumulation and activation (submitted for publication). Since MDSCs have
the ability to negatively regulate both the innate and adaptive
immune responses, they are considered as the major cause of
immune suppression observed in numerous chronic inﬂammatory
diseases, including cancer. Among their various deleterious effects,
MDSCs were shown by us and others to suppress NK cell attack, as
well as T-cell immune responses by several mechanisms, including
the production of ARG1 involved in arginine metabolism critical
for immune cell function, and NOS2, which is responsible for the
release of NO and ROS, as well as autocrine stimulation via secreted
pro-inﬂammatory cytokines such as TNF␣ [46,47]. MDSCs were also
found to have a bystander immunosuppressive effect on both CD4+
and CD8+ effector T-cells by down-regulating CD247, resulting in
impaired activation and proliferation, as well as induction of Tregs,
mainly by producing IL-10 and TGF␤, which, in turn, down regulate
cell-mediated immunity [54–58].
1.3. Consequences
A substantial body of evidence supports the conclusion that
defects in endogenous inﬂammatory pathways predispose the individual to the development of chronic inﬂammatory diseases that
can lead to conditions such as cancer, as demonstrated by the
association between chronic inﬂammatory bowel disease (IBD)
and the increased risk of colon carcinoma, and human papillomavirus and Hepatitis B and C virus infections, were found to
be associated with liver induced inﬂammation and consequently,
with cervical and hepatocellular carcinoma, respectively [59,60].
Chronic inﬂammatory diseases can affect every part of the body
including internal organ systems, and connective tissues, posing life-threatening conditions. Besides the increased cancer risk
and additional disease-related complications found in association with chronic inﬂammation, there is an additional danger
of increased susceptibility to opportunistic infections once the
individual’s immune response is paralyzed under the immunosuppressive conditions [61]. In general, chronic inﬂammation-induced
immunosuppression predisposes tissue transformation, malignancies and other inﬂammatory insults in which inﬁltrating cells and
factors together with prolonged secretion of activating signaling
compounds allow the inﬂammatory process to overrule the deﬁned
borders within a speciﬁc tissue, spreading to the neighboring areas
and through the blood stream, reaching distant organs and thereby
affecting healthy tissues and organs.
2. Clinical implications utilizing chronic
immunosuppression for therapy
There is no doubt that chronic inﬂammation-induced immunosuppression drives serious complications and consequences in
associated pathologies. However, there is another side of the coin
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in which the suppression of autoreactive cells and neutralization
of the over-activated immune response could serve clinical goals,
and even represent the only way to enable recovery. The suppressive function of MDSCs is the normal outcome of exacerbated
inﬂammatory response [46]. These cells serve as key players in
attenuating the reaction. If the stimulus is cleared, the inﬂammatory environment is ‘calmed’, the cytokine milieu is changed, and
MDSCs undergo maturation and lose their suppressive activity [46].
Thus, during cancer, chronic infections or any disease in which
chronic inﬂammation induces complications it would be beneﬁcial
to neutralize the immunosuppressive environment in order to facilitate an effective immune response, while in cases of autoimmune
disease and transplantation, MDSCs could be used to inhibit the
autoreactive cells or the host/donor cells, respectively, at the initial
disease state, before tissue damage and complications ensue. Thus,
immunosuppressive immune cells, such as MDSCs, while damaging
in conditions such as cancer, they could also serve as an attractive tool in therapeutic and immunomodulatory strategies being
developed for hosts suffering from autoimmune diseases, as well
as minimizing the complications associated with cell and organ
transplantation.
2.1. Autoimmune diseases
Autoimmune diseases are characterized by immune cell activity against self-antigens, leading in many cases to tissue damage,
organ failure and other fatal consequences. The more commonly studied autoimmune disorders are those characterized by
chronic inﬂammation and ineffective immune tolerance. Rheumatoid arthritis (RA), is characterized by disordered synovial tissues
and a strong inﬂammation within joints, in which inﬁltration of
autoimmune effector T-cells mediating Th-1 and Th-17-depedent
pro-inﬂammatory responses are evident [62,63]. These lead to
various inﬂammation-associated complications of the local tissue
surrounding the affected joints as the bones, as well as systemically, resulting in cardiovascular, pulmonary, psychological, and
skeletal disorders. A similar array of inﬁltrating inﬂammatory cells
are also found in Multiple sclerosis (MS) an autoimmune disease
attacking the CNS [64], and in Crohn’s disease affecting the colon
[59]. In the latter, the chronic inﬂammatory environment predisposes the affected host to cancer development, manifested as colon
adenocarcinoma.
Interestingly, in numerous autoimmune diseases such as RA, MS,
IBD, autoimmune hepatitis and alopecia areata, although accumulation of MDSCs can be detected, disease progression is still evident.
In such cases, MDSCs fail to adequately control the autoimmune
T-cell responses in vivo [65,66]. The reasons why MDSCs cannot
suppress these autoimmune diseases are poorly understood. However, two possibilities that require further investigation, could be
envisioned to explain this question: (1) MDSCs do suppress the
auto-reactive T-cells but sustained inﬂammation is still induced by
damaged tissue compounds that activate TLRs, leading to a continuous inﬂammatory response and expanded tissue destruction,
and (2) MDSCs under continuous inﬂammation reach a point at
which as their immunosuppressive activity is inactivated, enabling
autoreactive cells to continue their damaging effect with no limits. Thus, if an autoimmune disorder is identiﬁed early enough,
before the damaging inﬂammatory response is exacerbated, MDSCs
might be effective in a therapeutic approach as suppressors of
the auto-reactive T-cells to overcome disease progression. Indeed,
the efﬁcacy of exogenously applied MDSCs in inhibiting autoimmune disease in certain murine models such as alopecia areata
[67] and a model system for type 1 diabetes [68] suggests that they
could be harnessed as a cellular therapy for autoimmune disease.
Patients with autoimmune disease will be able to provide their own
cells, isolated from the bone marrow or peripheral blood, expanded

in vitro and then administered. Nevertheless, the use of MDSCs
as a therapeutic strategy for an autoimmune disease might have
detrimental rather than beneﬁcial effects; MDSCs could exacerbate the disease, as was documented in experimental autoimmune
encephalomyelitis (EAE) models showing the link between MDSC
accumulation within peripheral lymphatic organs and brain, and
MS disease severity and CNS damage [65].
Additional studies are required to determine the conditions for
optimizing the in vitro expanded cells, which must be stabilized
and retain their immunosuppressive activity, being suitable for
immunotherapy-based adoptive transfer. An exact understanding
of the suppressive mechanisms induced upon co-interaction with
target cells is required as a prerequisite for clinical trials, taking
in account the heterogeneity of the identiﬁed suppressive cells.
Moreover, induction of tolerance in the above mentioned pathologies must take in consideration the timing of a given treatment.
Pre-clinical and clinical trials have shown minimal success with
such applications, raising the possibility that the administration of
immunosuppressive cells is only effective prior to appearance of the
disease, or alternatively at its very early stages. Thus, using MDSC
as an effective treatment to reverse the disease course is dependent on early detection of such a chronic inﬂammatory disorder
(see “biomarkers for sensing immune status”).
Some miRNAs may also be harnessed for therapy of autoimmune diseases. It was shown that enhanced autoimmune responses
occurred following deletion of an enzyme playing a key role in
the miRNA biogenesis; deletion of dicer in Foxp3+ mouse Tregs
causes a loss of their suppressive functions [69]. More speciﬁcally,
a similar phenotype could be also demonstrated by central regulatory miRNAs, such as miR-155, which is expressed in both the
innate and adaptive systems and is involved in the development
and progression of a pro-inﬂammatory process in autoimmune
disorders [70,71]. These characteristics raised the possibility that
such a miRNA could serve as a potential target for suppression
in order to achieve inhibition of autoreactive immune cells. However, a deeper understanding is needed to characterize the exact
immune response following miRNA interference and their applicative manipulation for therapeutic implementations.
2.2. Transplantation
The concept of generating therapeutic strategies based on using
MDSCs as an immunosuppressive tool can also be considered
in cases of cell- and organ-transplantations. Although treatment
protocols are now available to enable long-term graft survival, preventing acute and chronic rejection is still a severe problem limiting
the success of tissue and organ transplants. The use of MDSCs in
transplantation was ﬁrst described in a rat model of kidney allografting, where graft-inﬁltrating MDSCs inhibited the proliferation
of effector T-cells [72]. Moreover, in these studies it was noticed
that the MDSCs did not adversely affect Tregs, suggesting a possible
combinatorial applications of immunosuppression-induced tolerance preventing T-cell recognition of donor antigens. As mentioned
above, suppressive cells as MSCs are also considered as promising
candidates. Studies using mouse models showed that MSCs were
able to prevent of RA exacerbation, as well as EAE progression following MSC injection, apparently due to inhibition of autoreactive
cell proliferation [73].
Following transplantation, immune reaction between donorand recipient-immune cells can occur and lead not only to tissue
or organ rejection, but also to a graft-versus-host disease (GVHD),
resulting in an attack of the recipient’s tissues by donor allogeneicreactive T-cells [74,75]. These complications also could place the
individual under a risk of predisposition to opportunistic infections
and even malignancies. Immunoregulatory cells such as MDSCs
and Tregs expanded in vitro and maintaining immunosuppressive

J. Kanterman et al. / Seminars in Cancer Biology 22 (2012) 307–318

abilities can play a decisive role in prolonging graft acceptance.
Studies demonstrate that clinically infused MDSCs can effectively
prevent allogeneic-reactive T-cells responses, resulting in prolonged survival in mice [76]. Moreover, clinical trials evaluating
safety and efﬁciency of Treg treatments of GVHD, also demonstrate
potential recovery and prolonged survival [77,78]. In all these cases,
correct timing is probably essential for the success of the treatment,
taking into account the required time for activating the suppressive
features of the delivered cells and the time required to reach the
target tissue. Along with such challenges, the immunosuppressive
cells must resist combinatorial treatments, which include immunosuppressive drugs, to avoid the possibility of their own suppression
and dysfunction. Since the recipient will have to be treated with
immunosuppressive drugs for long periods, delivery of cells such
as Tregs or MDSCs could induce non-speciﬁc immune suppression,
which could suppress systemic immunity and could result in constant risk for opportunistic infectious diseases.
3. Clinical implications in targeting immunosuppression
In most cases of chronic inﬂammation, the resulting milieu is
deleterious to the host due to the array of pro-inﬂammatory cells
and soluble factors that lead to immunosuppression, alongside
susceptibility to cancer, opportunistic infections and the limited
success of immune-based therapies. As opposed to the pathologies
described in the previous section where inducing an immunosuppressive environment is suggested as a therapeutic strategy to
inhibit autoimmune diseases or transplant rejection, other pathologies require treatments aimed at counteracting the inﬂammatory
and immunosuppressive environment towards rehabilitation of
the host’s immune status; these include patients suffering from
chronic infections and cancer.
3.1. Chronic inﬂammation and cancer
The linkage between chronic inﬂammation and cancer was ﬁrst
proposed in the nineteenth century, based on the observations
that inﬂammatory cells inﬁltrate tumors [79,80]. Growing evidence
indicates that tumor development and progression indeed rely not
only on the six hallmarks proposed by Hanahan and Weinberg,
which are restricted to cancer cells and depend on self sufﬁcient
proliferation signals, insensitivity to growth suppressors, inducing
angiogenesis, resisting cell death, enabling replicative immortality and activating invasiveness and metastasis [81], but also
rely on cancer-related inﬂammation generated within the tumor
microenvironment [82,83]. The interactions between immune system components recruited into the tumor microenvironment are
crucial for tumor development and progression, relying on inﬂammatory factors and cells that contribute to cell transformation,
support cancerous cell survival, resist immunological destruction
and facilitate invasion and metastasis [40,83,84]. As mentioned
above, various studies show that chronic inﬂammation induced
during several inﬂammatory diseases can increase the risk of developing many types of cancers [84,85].
3.2. The tumor microenvironment and accompanying
immunosuppression
3.2.1. Mediators in the tumor microenvironment
In the process of tumor initiation, malignant progression,
invasion and metastasis, numerous inﬂammatory mediators are
involved, including:
(a) Transcription factors: NFB is an initiator of many inﬂammatory responses, shown to be involved in cancer initiation
and progression, by being directly activated in cancer cells
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or indirectly by recruiting and activating inﬂammatory cells
[86]. NFB in its activated form was detected in many solid
tumors, and its inhibition in tumor cell-lines was shown to
increase their sensitivity to chemotherapeutic drugs and radiation [87]. NFB activation is mediated mainly via IL-1␤, TNF␣,
ROS, TLRs and genetic alterations in tumor cells [24,88–90],
promoting expression of several pro-inﬂammatory mediators
(such as TNF␣) inducing expression of anti-apoptotic genes
supporting tumor cell survival. A linkage between inﬂammation and cancer was shown by Karin’s group, who demonstrated
attenuated formation of inﬂammation-associated tumors in a
mouse model of colitis, due to the speciﬁc inactivation of the
IKK/NFB pathway in myeloid cells, known to be involved in
development of tumors in the colon [91]. Another major transcription factor that was shown to be involved in cancer is
STAT3. Its constitutive activation was shown in tumor cells,
and in immune cells situated within the tumor microenvironment. Similar to NFB, STAT3 was also shown to be crucial for
tumor cell proliferation and survival [92]. Activation of STAT3
is mediated mainly by VEGF and IL-10, which are secreted
by the tumor or inﬁltrating immune cells, and inhibit expression of mediators necessary for anti-tumor immune activation,
by negatively affecting activity of CD8+ T-cells, NK cells and
macrophages. Moreover, prolonged activation of STAT3 results
in down regulation of MHC class II and co-stimulatory molecule
expression on DCs, resulting in induced immune tolerance
[93].
Cytokines: Among the cytokines involved in cancer related
inﬂammation, the most prominent are TNF␣, IL-6 and IL-1.
TNF␣ is produced and secreted mainly by tumor and myeloid
cells inﬁltrating into the tumor microenvironment and acts
primarily through TNF receptor 1 (TNFR1). When chronically
produced in the tumor microenvironment, TNF␣ is a major
mediator of inﬂammation and is crucial for the development
of numerous types of cancers. TNF␣ was identiﬁed as a key
mediator for the initiation and progression of murine colon
carcinogenesis and as a factor involved in the inﬁltration of
myeloid cells into the inﬂamed colon [94]. Moreover, various
studies have shown that TNF␣ is indirectly involved in genetic
aberrations of malignant cells, enhances malignancy, cell survival and proliferation, increases leukocyte inﬁltration into the
sites of inﬂammation, contributes to angiogenesis, and also
induces resistance to some chemotherapies [24,95].
IL-6 is a pro-proliferative, anti-apoptotic cytokine, and is one
of the effector signals of STAT3 [96]. As mentioned above, IL6 is involved in various inﬂammatory states, including IBD,
RA and cancer. One of the clearest associations between IL-6
and its contribution to inﬂammation-induced carcinogenesis
is observed in colitis-associated-cancer (CAC) and hepatocellular carcinoma (HCC) [97]; treatment with IL-6 receptor (IL-6R)
antagonist in a mouse model of CAC resulted in a markedly
decelerated tumor growth [98].
IL-1 is another key cytokine abundantly produced by
malignant and immune cells situated within the tumor
microenvironment. The IL-1 family consists of two major agonistic cytokines, IL-1␣ and IL-1␤. Elevated levels of IL-1 are
detected in chronic inﬂammatory pathologies as well as in
cancer. IL-1, as IL-6 and TNF␣, has many diverse effects on
the malignant processes; on one hand IL-1␤ was shown to be
involved in carcinogenesis, tumor growth, invasion and metastasis in chemical-induced tumors [99]; on the other hand, it
can target and activate innate and adaptive immune effector
cells that potentially limit tumor growth. Moreover, it was
shown that over-expression of IL-1␤ induces gastric inﬂammation and cancer that was accompanied by increased recruitment
of MDSCs into the site of inﬂammation [100].
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(b) Inﬂammatory mediators: Among the variety of inﬂammatory
proteins and compounds enhanced during chronic inﬂammatory pathologies such as cancer, are the pro-inﬂammatory
proteins S100A8 and S100A9. These proteins form a functional
heterodimer binding TLR4 and the receptor for advanced glycation end products (RAGE); both are expressed on various
cancer and immune cells such as neutrophils, macrophages
and MDSCs. Robust induction of S100A8/9 is found in epithelial
tumors, such as breast, lung, colon and liver cancers [101,102].
Their expression levels are controlled by cytokines such as
TNF␣ [103] and IL-10 [104] as well as by transcription factors
STAT3 [105] and NFB [101]. The S100A8/9 proteins promote
tumorogenesis mainly by regulating the accumulation and differentiation of MDSCs within the tumor microenvironment,
resulting in suppressed host mediated anti-tumor immune
responses [56,106]. Moreover, these proteins have been shown
to directly affect proliferation and invasiveness of tumor cells.
(c) Chemokines: Tumor-cell invasion, migration, and retention as
well as survival depend on another type of inﬂammatory
mediators, chemokines and their receptors. Chemokines are
produced and secreted by the tumor and immune cells invading the tumor microenvironment. They have the ability to guide
cognate chemokine receptor-expressing tumor cells to speciﬁc destinations, leading to invasion and metastatic spread,
as shown in various types of cancers [107,108]. The of the
main over-expressed chemokine receptors in human tumors
is CXCR4, which was shown to correlate with poor prognosis [109] and CCR6, CCR7, CXCR1, CXCR3 and CXCR5 that were
shown to be up-regulated by tumor cells in various tissue origins and play a role in organ speciﬁc metastasis [110,111]. For
example, CXCR4 and CCR7 expressed on breast cancer cells are
involved in their tissue speciﬁc metastasis, directed through the
expression of the cognate ligands SDF1 and CCL21, respectively
[107].
(d) Angiogenic and growth factors: Upon invading the tissue, tumor
cell growth requires establishment of an appropriate vasculature network, which is supported by inﬂammatory cytokines
such as TNF␣ and IL1that affect the production of angiogenic
and growth factors such as VEGF, secreted by the tumor,
endothelial cells and TAMs recruited into the tumor site.
Chemokines are also involved in angiogenic induction. CCL2 for
example stimulates prostate cancer growth through the regulation of macrophage inﬁltration and enhanced angiogenesis
within the tumor [112] and the CXCR4/CXCL12 signaling results
in PI3K/Akt-mediated expression of VEGF [113].
3.2.2. Inﬂammatory immune cells in the tumor
microenvironment
The tumor microenvironment is shaped and dominated by the
tumor, which forms a unique immunological environment favoring
recruitment of various suppressive inﬂammatory cells that support
tumor growth and help the tumor to escape the tight surveillance of
the immune system. Such conditions pose a critical obstacle in successful therapies. Within the unique suppressive population of cells
generated under the tumor associated inﬂammatory conditions we
will focus on TAMs, MDSCs and Treg:
(a) TAMs. TAMs (described in Section 1.2) can be polarized toward
M2-like phenotype by supporting factors when reaching the
tumor site, enabling them to promote tumor angiogenesis,
invasion and metastasis in various types of cancer, as shown
in animal models [114]. They promote tumorogenesis by
producing inhibitory cytokines (IL-10, TGF␤), growth factors
(endothelial growth factor (EGF)), angiogenic factors (VEGF,
PDGF and FGF) and matrix-degrading enzymes (MMP2, MMP9)

[115]. Moreover, upon their recruitment into the tumor sites,
these cells also have the ability to suppress the functions
of lymphocytes, via inhibitory cytokines, secreted ROS and
prostaglandins. Their accumulation in the tumor microenvironment is orchestrated by various chemokines (such as CCL2) or
growth factors (CSF1) [116].
(b) MDSCs: MDSC recruitment depends on different combinations
of chemokines and chemokine receptors (CXCR4-SDF1, CXCR2CXCL5 and CCR2-CCL2), and as described in Section 1.2, display a
suppressive activity; their levels were shown to be increased in
cancer patients and in tumor-bearing mice. MDSC accumulation
is accompanied by enhanced tumor growth, impairing effector immune functions by various mechanisms as mentioned
above. Besides the above-mentioned suppressive mechanistic
network underlying MDSC functions, they were shown to limit
antigen presentation by APCs, thereby blocking DC maturation,
and leading to impaired homing of T-cells into lymph nodes by
down regulating CD62L. MDSCs abrogate effector cell function
by blocking expression of NKG2D on NK cells, down-regulating
the expression of CD247 on T and NK cells and increasing the
skewing of M1 phenotype of macrophages to M2 [46,47,117].
(c) Treg: Tregs are CD3+ CD25+ T-cells expressing the Foxp3 transcription factor. These cells expand during tumor progression
and participate in the induced immunosuppression, promoting
tumor immune evasion [118]. It was shown that Treg suppressive activity in cancer is mediated through various mechanisms:
(1) production of inhibitory cytokines (IL-10, TGF␤), and consumption of IL-2, perforin and granzyme-B production, which
destroy T-cells and antigen presenting cells (APCs); (2) CTLA4 expression leading to production of the enzyme IDO in
APCs, resulting in tryptophan degradation and the consequent
suppression of T-cell activation; and (3) induction of B7-H4
expression on APCs, which negatively regulates effector T-cell
responses [119–123]. The migration of Tregs into the tumor
microenvironment depends on CCR4 expressed on these cells,
which binds CCL22, produced by tumor cells and TAMs [124].
3.3. Evading immune surveillance
The suppressive environment generated during tumor growth
supports tumor evasion from the immune system. The tumor cells
continuously manipulate the host immune system by changing the
environment into its own beneﬁt or by modifying its molecular
characteristics, resulting in increased tumor survival and growth.
The mechanisms supporting tumor escape from immune surveillance could be divided into two main categories: those mediated by
changes restricted only to tumor cells, and those generated under
chronic inﬂammatory conditions within the tumor microenvironment.
3.3.1. Mechanisms of evasion involving changes within the tumor
cells
The mechanisms restricted to the tumor cells include downregulation of tumor-associated antigens (TAA) and surface
expression of HLA class I molecules [125]. Changes in the HLA
class I molecule expression could result due to the effect of proinﬂammatory cytokines and growth factors; as shown for TNF␣,
that can suppress IFN␥-induced MHC class II expression by retinal
pigmented epithelial cells [126] and for EGF, as the inhibition of
EGF receptor augments the expression of MHC class I and II genes
[127].
The reduction in TAA and HLA class I expression occurs due to
changes in the antigen processing machinery (APM), ensuing in
poor presentation of antigens by the tumor cells to DC and T-cells
[128]. This process could be accompanied by enhanced expression of death receptors (Fas, TRAIL-R) and secretion of inhibitory
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cytokines or NO, all resulting in impaired effector function and
increased apoptosis of immune cells.
Another mechanism of evading immune surveillance is mediated by the expression of the B7 family of proteins by tumor
cells. The physiological functions of co-stimulatory B7 family members (B7-1 and B7-2) are to enhance T-cell proliferation, increase
cytokine secretion and prevent apoptosis, thereby stimulating Tcell responses. In contrast, the co-inhibitory molecules (B7H-1,
B7H-3, B7H-3, B7DC) provide key negative signals by limiting,
terminating and attenuating T-cell responses, thereby preventing T-cell hyperactivation and avoiding tissue and organ damage
during immune responses [129]. Pro-inﬂammatory cytokines such
as IFN␥ and TNF␣ can upregulate expression of B7 co-inhibitory
molecules on tumor cells, as shown for the B7H-1, thus facilitating immune inhibition and escape from immune surveillance.
B7-H1, B7-H3 and B7-H4 expression on tumors and/or tumorinﬁltrating leukocytes (TILs) is often associated with poor prognosis
and aggressive behavior of tumors. Currently, approaches towards
upregulation of co-stimulatory molecules and blockade of coinhibitory signals on tumor cells, T-cells and other immune cells
are being evaluated in preclinical models, as well as in clinical trials
[130–132].
3.3.2. Mechanisms of evasion involving the tumor
microenvironment
Among various evasion mechanisms developed in the tumor
microenvironment, the most profound are the recruitment of suppressive cells such as MDSCs, TAMs, Tregs and MSCs, as discussed
earlier (Section 3.2.2). These cells have the ability to suppress both
the adaptive and innate arms of the immune system through different mechanisms, all resulting in tumor escape from an anti-tumor
immune response [40]. This suppressive milieu also leads to the
secretion of various cytokines and growth factors, nourishing the
tumor cells and enhancing their ability to escape immune-based
elimination. To this end, the ability to block tumor evasion depends
on a better understanding of the combined cellular and molecular
process evolving within the tumor and the microenvironment it
induces.
3.4. Cancer therapy strategies
3.4.1. Targeting the tumor and the suppressive microenvironment
The role of the immune system in eliminating cancer is ﬁrmly
established. Effective function of the immune system in conjunction with various standard treatments given today to cancer
patients such as chemotherapy and radiotherapy is critical, since
the immune system has the “responsibility” of eliminating cancer
cells that fail to be destroyed by the conventional therapies. As previously proposed, effective therapy against cancer should take in
consideration not only the tumor itself but also its unique environment that protects it from complete eradication and should include
three important parameters: (a) elimination of the tumor cells,
leading to immunogenic death; (b) blockade/destruction of the
suppressive cells, and (c) activation of effector immune cells [133].
For example, the chemotherapeutic drug 5-ﬂuorouracil (5-FU), in
addition to its primary cytotoxic effect, it leads to immunogenic
death of cancerous cells, by enhancing the expression of TAA and
MHC-I molecules on the cell surface. A recent report also showed
that 5-FU has the ability to eliminate MDSCs, leading to their
apoptotic death without affecting numbers of DC, NK, T-cells and
B-cells. The elimination of MDSCs by 5-FU also enhances IFN␥
production by CD8+ cells, and promotes T-cell-dependant antitumor responses in mice [134]. In contrast, results from our group
showed that other chemotherapeutic agents induce enhanced
accumulation of MDSCs in lymphatic organs and blood, increasing the immunosuppression (unpublished data). A similar increase
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in MDSCs was shown in the peripheral blood of breast cancer
patients treated with combined doxorubicin-cyclophosphamide
chemotherapy [135]. Taken together, when providing a treatment,
both the tumor and the immune environment have to be monitored
and accordingly, malignant cells as well as the immunosuppressive
milieu could be targeted.
Along with the traditional treatments against cancer available
today, several forms of immunotherapy are being explored at the
pre-clinical and clinical levels. Immunotherapy could be divided
into four main categories: (1) the use of monoclonal antibodies
directed against speciﬁc TAA’s as shown in cases of non-Hodgkin’s
lymphoma (Rituximab) [136], or antibodies aimed at enhancing
the activity of immune cells, as in cases of melanoma (Ipilimumab)
[137]; (2) the use of immune response modiﬁers such as: cytokines,
exempliﬁed by IL-2 administration, and cytokine or chemokine
receptor antagonists as Etanercept, a TNF␣ antagonist, and BKT140, a CXCR4 antagonist; (3) vaccination [138] and (4) therapy
with adoptively-transferred modiﬁed speciﬁc T and DC cells [139].
Although many immunotherapeutic regimens are being studied
and currently applied in the clinic, the success rates are very limited.
The immunosuppressive features of tumor cells and the generated
microenvironment are major obstacles for cancer immunotherapy.
The immunosuppressive environment reported in many cancer
patients, depends on the tumor stage and the intensity of the
induced suppression and plays a critical role in dictating the success rate of various immunotherapeutic regimens. In all cases
where active immunotherapy is used, the expectations are either
that the patient’s immune system will be activated, or that the
administrated DCs or T-cells will operate in an optimal favorable
environment, suggesting that the immunosuppressive environment will eventually dictate the response to a given therapy. Thus,
prior to a given immune-based therapy the patient’s immune status
has to be evaluated. This could be implemented by the use of related
biomarkers (see Section 4). If an immunosuppressive environment
is detected, chronic inﬂammatory conditions must be neutralized
in order to induce immune system rehabilitation that will ensue
successful treatment.
3.4.2. Combinatorial treatments
Both conventional therapy and anti-cancer immunotherapy
have the ability to eliminate cancer cells by different mechanisms.
The success of these treatments also relies on the ability to neutralize the suppressive inﬂammatory environment generated within
the host that contributes to the frequent failure of various treatments given today. Thus, future therapies should focus on strategies
combining the two approaches, along with elimination of the suppressive factors from the tumor microenvironment. Neutralization
of the suppressive environment and suppressive cells prior to therapy seems to be a promising strategy, as seen in humans and in
various mouse models. For example the use of all-trans retinoic
acid (ATRA) leads to the reduction of MDSCs in metastatic renalcell carcinoma patients and improves the antigen speciﬁc response
of T-cells [140]. Furthermore, in tumor bearing mice, the combination of ATRA and vaccination signiﬁcantly improved the anti-tumor
affect of the treatment and enhanced both CD4+ and CD8+ tumor
speciﬁc immune response [141]. Another example is the use of
sildenaﬁl, which was shown by different groups to decrease the
numbers of MDSCs and their function by reducing the expression
of both NOS2 and ARG1 and the intensity of the inﬂammatory environment within the tumor sites, by using various mouse models
[11,142]. In addition the combination of sildenaﬁl with doxorubicin
in mice bearing prostate cancer resulted in a signiﬁcant inhibition
of tumor growth that was associated with increased apoptotic cell
death [143].
Besides choosing the right combination of a given therapy, the
kinetics for applying each treatment, including the order, should be
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Fig. 1. Functional link between immunosuppression and chronic pathologies. Chronic inﬂammation developing in various pathologies including cancer, autoimmune disorders, chronic infections and metabolic diseases, promotes the generation of a suppressive environment, which leads to the inhibition of immune cell effector functions. This
process involves the induction of suppressive cells and various mediators, such as cytokines, chemokines and angiogenic factors. Consequently, the generated suppressive
milieu results in immunosuppression, which impairs the immune response against the disease-causing factors, and enhances its progression.

taken into consideration, since the host immune status and tumor
stage are critical determinants for the success of the combined therapy. Other parameters should be taken into an account such as the
outcome of the combined therapy, whether it provides a synergistic/additive or antagonistic effect relative to each treatment when
given separately, and the toxicity levels generated within the host.
An example for combined therapy using chemotherapy followed
by adoptively transferred T-cells showed some promising results
in patients with metastatic melanoma. In this clinical trial, patients
were ﬁrst treated with lympho-depleting chemotherapy followed
by adoptive transfer of in vitro expanded tumor speciﬁc CD8+ Tcells and high dose of IL-2. This combined treatment yielded strong
responses in 18 out of 35 (51%) patients, many with bulky tumors.
These responses were accompanied with high levels of tumor speciﬁc T-cells in the blood of those patients [144]. In another clinical

trial, 29 patients with an advanced stage of small cell lung cancer
(SCLC) were vaccinated with autologous DCs infected with adenoviral vectors encoding p53. Although 57% showed p53-speciﬁc
T-cell responses to vaccination, only one patient showed a clinical
response, whereas in the others the disease progressed. However,
additional treatment with a second-line of chemotherapy dramatically increased the response rate to 61.5%, and up to 38% patients
survived at one year following vaccination, as compared to the
historical controls showing less than 6–16% responding to a secondline of chemotherapy given without vaccination [145]. This and
other clinical experiments support the notion of effective combined therapy using conventional therapy (chemotherapy) with
immunotherapy, and strategies targeting the suppressive tumor
environment. Although, the importance of combinatorial therapy
is clear and some promising results have already been seen in early
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clinical trials, very few studies are being performed with such combinations and almost none are routinely used in the clinic.

4. Biomarkers
Patients suffering from diseases characterized by chronic
inﬂammation including autoimmune disorders, infections and
cancer, tend to develop complications due to the sustained inﬂammation and associated immunosuppression, and in many cases, are
subjected to a variety of treatments and drugs that differ in their
impact on the immune system.
Currently, diagnostic tests that can distinguish between acute
and chronic inﬂammation, and the ensuing immunosuppression
are not available in the clinic, and in most cases, diagnosis of an
abnormal immune system is done retrospectively, based on development of complications associated with immune suppression.
Thus, there is an urgent need for biomarkers that could be used
for frequently monitoring the function of patients’ immune system
to enable: (1) prediction of complications before they are evident; (2) distinguishing between acute vs. chronic inﬂammation;
(3) identifying patients who are likely to respond to immune-based
therapies; and (4) determine progression or regression of the disease. In cases of cancer, analyses of the patients’ immune status
must be performed in conjunction with follow up of biomarkers
speciﬁc to each cancer type speciﬁc for early diagnostic of the disease. Identiﬁcation of such markers will enable the optimization of
treatment for each patient.
Developing monitoring strategies that will allow identiﬁcation
of patients who could beneﬁt from a speciﬁc therapy are critical since such tests could provide an objective tool for choosing
the appropriate timing of the given treatment, which is critical
and could signiﬁcantly inﬂuence the outcome. Biomarkers that
could be detected in a simple blood test, without the necessity
for surgical interventions or other complex and expensive procedures, could be beneﬁcial. An example of such a biomarker
is CD247, which is a key molecule in TCR (T cells) and NCRs
(NK cells) expression and effector functions. Its expression levels in the host’s peripheral T and NK cells are down regulated
during the course of chronic inﬂammation that develops in various diseases [6]. Our cumulative data indicate that CD247 down
regulation is reversible; its expression levels recover to normal
upon neutralization of the inﬂammatory environment by elimination of the stimulus inducing the chronic inﬂammatory response,
treatment with anti-inﬂammatory drugs, or neutralizing MDSCs.
Therefore, CD247 could serve as a prognostic and diagnostic marker
predicting whether an individual is likely to respond to a given
immune-based therapy as well as for measuring efﬁcacies of given
therapies and disease regression or recurrence [6,146]. Indeed, it
was recently shown that CD247 is down regulated in T-cells isolated from breast cancer patients by an average of 63%, when
testing 65 different cases relative to the controls [147]. This study
reveals that CD247 is affected by the suppressive environment generated in the process of breast cancer progression and supports
its use as a biomarker for sensing the status of the host’s immune
system.
Another set of biomarkers could include miRNAs for the detection and staging of various types of cancers. Several miRNAs were
shown to be up-regulated or down-regulated in tumors compared
to normal tissues, suggesting their dual role in carcinogenesis as
onco-miRs or tumor suppressor-miRs [148]. A recent publication
by Schooneveld et al. [149] revealed differences in miRNA expression in breast tissues and serum samples taken from cancer patients
as compared to controls. Differential expression proﬁle between
serum samples from patients and healthy donors revealed expression changes of three miRNAs, miR-452, miR-411 and miR-299-5p.
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The main difference was observed between healthy donors and
metastatic breast cancer patients, suggesting the use of such a set of
miRNAs as biomarkers for detection and eventually staging breast
cancer progression in patients.
Additional biomarkers that could provide indications of the
host’s immune status are MDSCs. Based on the direct correlation between increased MDSC levels, chronic inﬂammation and
immunosuppression, monitoring these cells could provide initial
indications as to the host’s immune status. However, in humans,
additional studies are required to pinpoint the exact MDSC population that confers the immunosuppressive activity, and further
studies are need to ascertain that these cells maintain their
immunosuppressive activity at different stages of the disease and
can reﬂect the immune status of the tested host.
Although many studies are being conducted to identify more
sensitive and efﬁcient biomarkers, none of these approaches have
reached the clinic. Efforts must be invested in the identiﬁcation of
additional biomarkers that could be used in combination for the
evaluation of patients’ immune status, type and stage of disease.
As new biomarkers are identiﬁed, they could be used for cross validation to ascertain the patient’s immune and disease status. Thus,
in the future, it may be possible to diagnose speciﬁc types of cancers at their early stages by using tumor speciﬁc markers as well
as monitoring the immune status of the patients by using simple
biomarker arrays (including proteins, miRNAs and cells) that will
enable more speciﬁc determination of prognosis and treatment of
cancer patients.

5. Concluding remarks
The execution of an acute inﬂammatory response is critical
to protect the body against tissue injury and pathogens, and
is supported by structural and functional restoration processes,
while unresolved chronic inﬂammation has harmful effects on
the host’s systems. In this review, we discussed the ramiﬁcations
of chronic inﬂammatory responses shared by different types of
chronic pathologies, predisposing the individuals to a developing immunosuppressive environment and accompanying disease
progression. The generated immunosuppressive milieu facilitates
tumor escape from immune surveillance, supports progression of
ongoing infection, as well as tissue destruction during autoimmune
diseases. Thus, we described the cumulative data providing an initial understanding of the link between several distinct pathologies,
chronic inﬂammation, induced-immunosuppression, and the ensuing failure of natural mechanisms to protect the human’s body
(summarized in Fig. 1). Chronic inﬂammatory processes relay on a
large number of endogenous signaling pathways, effector cells and
factors, where their combinatorial activation and ongoing stimulation result in tissue destruction and abnormal organ homeostasis,
weakening the ability of immune cells to battle against harmful disease progression. In cancer, such harmful conditions are driven by
both the immune inﬁltrates and the tumor, supporting the activity
of suppressive cells, targeting surrounding tissues, and creating an
overall environment suitable for tumor cell survival and spreading.
Numerous studies indicate that mitigating the immunosuppressive
environment could limit tumor spread.
Understanding the mechanisms underlying the function of
key players in such an intricate environment, could lead to
the discovery of attractive therapeutic targets in the inﬂammatory environment. Therefore, treatment of patients suffering from
chronic inﬂammatory diseases such as diverse types of cancer and
autoimmune disorders remains a major challenge in the clinic. The
complexity of the immunosuppressive mechanisms is reﬂected by
the different mechanisms occurring in each disease, while many of
the consequences are shared by the different chronic pathologies.
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Thus, combinatorial treatments accompanied with a detection system for evaluating the host’s immune status are needed to reverse
these disease related processes.
Today, we are at the earliest stages of designing treatments for
the growing list of diseases characterized by chronic inﬂammation.
As our knowledge regarding the involved immune mechanisms
increase, new and promising clinical strategies will be developed.
Towards the achievement of these goals, major efforts must be
invested in the discovery of biomarkers that could be used for monitoring the patient’s functional immune status. These are urgently
required for predicting appearance of complications, foreseeing
patient response to immune-based therapies, determining efﬁcacies of given therapies, and detecting disease recurrence due
to re-evolving chronic inﬂammation. A better understanding of
the immunosuppressive environment is still needed, in order to
monitor and manipulate the individual’s immune status in an
appropriate way to achieve optimal treatment towards disease
regression.
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