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response rates to immune-based therapies. Moreover, 
chemotherapies were shown to have adverse immunoregu-
latory effects, enhancing or decreasing MDSC levels and 
activity, thus affecting treatment success. Therefore, thera-
peutic manipulations of chronic inflammation and MDSCs 
during cancer development are likely to enhance efficacy of 
immune- and chemo-based treatments, switching chronic 
pro-cancer inflammatory environments to an anticancer-
ous milieu. Based on the functional relevance of immune 
networking in tumors, it is critical to merge monitoring 
immune system biomarkers into the traditional patient’s 
categorization and treatment regimens. This will provide 
new tools for clinical practice, allowing appropriate man-
agement of cancer patients toward a better-personalized 
medicine.
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Abbreviations
ARG-1  Arginase-1
BM  Bone marrow
CP  Cyclophosphamide
CRC  Colorectal cancer
DCs  Dendritic cells
IBD  Inflammatory bowel diseases
iNOS  Inducible nitric oxide synthase
MDSCs  Myeloid-derived suppressor cells
NO  Nitric oxide
PFS  Progression-free survival
RAGE  Receptor for advanced glycation end products
ROS  Reactive oxygen species
TLR  Toll-like receptor
Tregs  Regulatory T cells

Abstract Chronic inflammation, typical of various dis-
eases including cancer, is a “silent bomb within the body,” 
leading to complications that are only evident in most cases 
upon their appearance, when disease is already deterio-
rated. Chronic inflammation is associated with accumula-
tion of myeloid-derived suppressor cells (MDSCs), which 
lead to immunosuppression. MDSCs have numerous harm-
ful effects as they support tumor initiation, tumor growth 
and spreading, which in turn, perpetuate the inflammatory 
and suppressive conditions, thus preventing anticancer 
responses. As the concept of the immune system combating 
many types of tumors was revived in recent years, immuno-
therapy has dramatically changed the view of cancer treat-
ment, and numerous novel therapies have been developed 
and approved by the FDA. However, cumulative clinical 
data point at very limited success rates. It is most likely that 
the developing chronic inflammation and MDSC-induced 
immunosuppression interfere with responses to such treat-
ments and hence are major obstacles in achieving higher 
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Introduction

An array of non-cancerous pathologies, such as inflamma-
tory bowel diseases (IBD), diabetes, multiple sclerosis and 
arthritis, as well as various types of cancer, are character-
ized by chronic inflammation. Unlike acute inflammatory 
response as in skin injuries, trauma, allergies and infec-
tions, which can heal within a short period of time, chronic 
inflammation is more systemic by nature and can become a 
repeating cycle of immune bursts over the years, due to the 
unresolved disease cause that stimulates the host’s immune 
system continuously. Such inflammatory cycles generate 
harmful conditions due to the sustained activation of innate 
and adaptive immune systems and thus continuously dam-
age the host’s health.

It was shown by various groups including ours that 
during advanced stages of the above-mentioned diseases, 
chronic inflammation is exacerbated and associated with 
immunosuppression and deterioration of the hosts’ health 
conditions [1, 2]. A decade ago we have shown that chronic 
inflammation is directly responsible for the observed immu-
nosuppression, which is mediated primarily via MDSCs 
and their secreted compounds/factors. During the years, 
MDSCs were characterized in most diseases where chronic 
inflammation is evident, including under cancerous con-
ditions. The observed MDSC-mediated immunosuppres-
sion is reflected in an impaired function of the adaptive (T 
cells) and innate (NK cells) immune systems, which under 
healthy conditions are critical for clearing pathogens and 
transformed cells. The combination between the generated 
chronic inflammatory and the immunosuppressive micro- 
(disease site) and macro- (periphery) environments leads 
to advanced complications such as opportunistic infections, 
tissue damage, unresponsiveness to immune-based thera-
pies, all leading to disease progression. Thus, many of the 
non-cancerous pathologies can potentially become cancer-
ous and in many cases result in death (Fig. 1).

Inflammation is rapidly becoming one of the most stud-
ied topics in the mainstream of health care, even featuring 
the cover of the February 2004 edition of Time Magazine as 
“The Secret Killer.” Why secret? Because chronic inflam-
mation in most cases develops “silently,” with no clinical 
manifestations in most cases, until complications are evi-
dent. Since chronic inflammation is recognized as being 
the cause and a key player in different types of diseases, 
many healthcare researchers are now treating it as the pri-
mary disease cause and are searching for ways to combat 
the generated pro-inflammatory cells and compounds as 
therapeutic strategies. Moreover, as this field is developing, 
there is a tremendous need for new tools to evaluate/detect 
in advance the chronic inflammatory and immunosuppres-
sive stage. Thus, monitoring of the immunological profile 

of the patient can be most useful in the direction of a given 
treatment, ensuring an optimal personalized medical care.

MDSC features

Cumulative evidence from various laboratories includ-
ing ours indicates that the key players in turning off the 
immune response in chronic diseases are MDSCs, which 
are responsible for the suppression of an array of immune 
system activities. Under normal conditions, MDSCs are 
generated and retained in the bone marrow (BM) as non-
polarized cells where they maintain a basal suppressive 
environment [3], possibly maintaining BM homeostasis. 
MDSCs migrate to the periphery and differentiate into 
mature macrophages, dendritic cells (DCs) and neutro-
phils while losing their suppressive phenotype and sup-
porting normal immune functions. There are at least two 
MDSC subpopulations in humans and mice: immature 
monocytic and granulocytic cells [2]. In the normal mouse 
BM, 50–60 % of the resident cells are resting MDSCs with 
low suppressive activity. Mature T cells that are occasion-
ally circulating through the normal BM become reversibly 
dysfunctional, similar to peripheral T cells during chronic 
inflammation [3]. Low levels (3–5 %) of MDSCs are also 
found under normal conditions in the mouse spleen and 
peripheral blood (~10 %) [4], with a basal immunosuppres-
sive activity, most likely controlling peripheral homeostasis 
and resolving acute immune responses.

Under chronic inflammatory conditions that develop 
when pathogenic or self-aberrant antigenic insults (e.g., 
cancer cells) are not resolved, an influx of pro-inflamma-
tory innate and adaptive immune cells is evident. Such 
cells secrete various cytokines (TNF-α, IFN-γ, IL-1β, IL-6, 
TGF-β), chemokines (CXCL12, CCL2) and soluble factors 
[GM-CSF, VEGF] that accelerate MDSC expansion in the 
BM and accumulation in the periphery [5–7]. Eventually, 
micro- and macro-environments that support tumor initia-
tion and development are created. Under chronic inflamma-
tory conditions, the non-polarized MDSCs become polar-
ized and highly suppressive, while their differentiation is 
arrested. Currently, initial evidence points at some growth 
factors and inflammatory mediators such as IFN-γ, IL-4, 
IL-13 and TNF-α, which are present in the tumor micro-
environment, as inducers of MDSC polarization. IFN-γ 
induces iNOS expression, while IL-4 or IL-13 increases 
arginase expression in MDSCs. Activation via toll-like 
receptor (TLR), IFN-γR, IL-4R and IL-13R could modu-
late MDSC function [8]. Moreover, we have recently 
shown that TNF-α generated by a variety of immune and 
non-immune cells plays a critical role in MDSC polariza-
tion, leading to myeloid cell differentiation arrest, MDSC 
accumulation and enhanced suppressive function that 
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affects effector immune cells [5]. MDSCs also produce 
high levels of TNF-α, operating in autocrine and paracrine 
loops and thus enhancing their own polarization and accu-
mulation. Polarized MDSC suppressive features are char-
acterized by elevated levels of arginase-1 (ARG-1) activity 
and inducible nitric oxide synthase (iNOS), associated with 
enhanced production of nitric oxide (NO) and reactive oxy-
gen species (ROS). TNF-α intensifies these effects [5, 9]. 
The calcium binding pro-inflammatory proteins, primarily 
S100A8/9, and their corresponding receptor for advanced 
glycation end products (RAGE), are upregulated in MDSCs 

in response to TNF-α. These proteins regulate MDSC 
polarization, differentiation arrest in a STAT3-dependent 
mechanism and accumulation [5, 10].

It is evident that polarized MDSCs reach the blood 
stream, spleen and sites of inflammation, as evident in 
inflamed tissues such as in various types of IBD, bacte-
rial infections such as Helicobacter pylori and in develop-
ing tumors. Interestingly, MDSCs do not enter peripheral 
lymph nodes, making them protected from the suppressive 
environment [3], unless metastases in the lymph nodes are 
evident [11].

Cancer

Arthritis

Inflammatory 
bowel disease

A tremendous need for new tools to evaluate the immune status and 
combat the immunosuppressive and inflammatory environment 

generated in patients suffering from chronic diseases
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Fig. 1  Non-cancerous and cancerous diseases are characterized by 
chronic inflammation, which “silently” damages the host’s homeo-
stasis until complications are evident. Chronic inflammation induces 
MDSC-mediated immunosuppression, which is reflected by an 
impaired function of the adaptive (T cells) and innate (NK cells) 
immune systems. The combination between the generated chronic 
inflammatory and the immunosuppressive micro- (disease site) and 
macro- (periphery) environments leads to advanced complications 
such as cell transformation, opportunistic infections, tissue damage, 
unresponsiveness to immune-based therapies, all lead to disease pro-
gression. Thus, many of the non-cancerous pathologies can poten-

tially become cancerous and in many cases result in death. Today, 
there is a critical need for biomarkers to identify the host’s immune 
status and predict complications appearance and disease deterioration 
before they are evident, in order to direct optimal therapies. One can 
envision chronic inflammation as a volcano that its activity is silently 
increasing until its eruption, an event which is life threatening and 
leads to environmental destructions. As in the volcano cases that seis-
mic waves are continuously measured and can predict eruptions and 
provide warning, monitoring immune status biomarkers that sense the 
severity of chronic inflammation is mandatory to sense health threats
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MDSCs as the intruders

MDSCs are activated and polarized toward suppressor 
cells under both non-cancerous and cancerous conditions 
(Table 1), intruding into the normal immune system and 
leading to unbalanced homeostatic conditions, thus affect-
ing effector function of immune cells as well as of regula-
tory cells. Moreover, in the course of developing tumors, 
the tumor itself secretes a variety of factors (cytokines and 
chemokines) that directly affect MDSCs and, in parallel, 
perpetuate the inflammatory environment. These ensue in 
MDSC expansion and extended polarization, thus exacer-
bating the immunosuppression as well as affecting tumor 
growth and invasiveness.

MDSCs, intruders of the immune system: MDSCs impair 
CD4+ and CD8+ T cell and NK cell effector functions by 
affecting various cellular pathways. MDSCs produce per-
oxynitrites that cause nitration and nitrosylation of different 
amino acids on the T cell antigen receptor complex (TCR) 
and CD8 molecules on the surface of T cells, which lead 
to T cell unresponsiveness to antigen-specific stimulation 
[12]. One of the most prominent MDSC-mediated defects 
in T cells is the induced downregulation of CD247 (the ζ 
subunit of the TCR), a phenomenon also evident in NK 
cells under chronic inflammatory conditions and tumor 
settings. CD247 is the main signaling subunit of the TCR 
in T cells, and of the killing receptors NKp46, NKp30 
and FcγRIII (CD16) in NK cells [13]. When CD247 is 
downregulated, the above-mentioned receptors become 
non-functional. One of the mechanisms affecting CD247 
expression and T cell proliferation is MDSC-mediated 
depletion of l-arginine through ARG-1-dependent con-
sumption [14] and l-cysteine deprivation via its consump-
tion and sequestration [15]. Production of NO and ROS by 
MDSCs drive several molecular blockades in T cells, rang-
ing from the loss of CD247 [16] and interference with IL-2 
receptor signaling [17]. MDSCs can also impair migration 

of effector CD8+ T cells to the tumor site [18]. Tumor-
infiltrating DCs are also affected and found in an imma-
ture phenotype and tolerogenic features to tumor antigens 
[19]. VEGF and IL-10 secreted in the tumor microenviron-
ment by MDSCs activate STAT3 in DCs, which prevents 
execution of an optimal DC-mediated immune response 
[20]. Furthermore, MDSCs (monocytic) from CIA mice 
also inhibited autologous B cell proliferation and anti-
body production [21]. MDSCs also support the expansion 
and recruitment of regulatory T cells (Tregs), resulting in 
tumor progression [22]. There are assumptions that in vivo, 
Tregs are functional primarily at early stages of the inflam-
matory disease, while in advanced stages, the major immu-
nosuppressive function is mediated by MDSCs. MDSCs as 
intruders of the immune system indirectly support tumor 
growth by enabling tumor escape from host immunity and 
by blocking a variety of anticancer therapies, which are 
based on a functional host’s immune response and opti-
mal immune environment for adoptively transferred cells. 
MDSCs also operate directly, supporting the tumor via a 
variety of secreted factors.

It is important to stress that the immunosuppression 
mediated by MDSCs is bystander, causing dysfunction 
of the general T cell population in an antigen nonspecific 
manner. This phenomenon is reversible, as elimination of 
the chronic stimulus and/or the MDSCs or neutralization of 
the inflammatory environment allows recovery of CD247 
and T cell and NK cell functions, leading to tumor regres-
sion [1].

MDSCs, supporters of tumor initiation, growth and 
invasion: MDSCs could be considered as intruders, not 
only of the immune system, but also due to their ability to 
directly support tumor initiation, growth and invasion. The 
highly reactive oxidative agents ROS and NO, produced by 
MDSCs and additional innate immune system cells in the 
inflammatory settings, have been shown to cause genomic 
instability and induce somatic mutations as shown in the 
cases of IBD and Helicobacter pylori infections [23, 24]. 
These effects are greatly enhanced when chronic inflam-
mation develops and increasing numbers of NO/ROS pro-
ducing MDSCs accumulate. The inflammatory environ-
ment generated by MDSCs provides an optimal niche for 
cancer initiation, tumor microenvironment enrichment and 
support of malignant progression. Furthermore, inflamma-
tion also modulates expression of miRNAs and induces 
epigenetic changes that not only regulate the expression 
of tumor-related proteins, but also enhance the tumor-pro-
moting inflammation-associated carcinogenesis [25, 26]. 
Moreover, MDSCs have the potential to secrete high levels 
of proteolytic enzymes such as MMPs, facilitating cancer 
cell invasion and spreading [27]. It was also proposed that 
MDSCs support trapping of metastatic cells in unique met-
astatic niches [28]. Moreover, infiltrating and circulating 

Table 1  Detection of immunosuppression mediated by MDSCs in 
chronic diseases characterized by chronic inflammation

Cancerous settings Non-cancerous settings

Renal Diabetes

Pancreas Ulcerative colitis

HNSCC Crohn’s disease

Colon cancer Rheumatoid arthritis

Lung Viral infection

Melanoma Parasitic infection

HCC Bacterial infection

Prostate Sepsis

Breast GVHD

Multiple myeloma Traumatic stress
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MDSCs also play a role in tumor angiogenesis and vascu-
logenesis [29, 30].

It is important to remember that an internal loop of acti-
vation processes operates between the arising tumors and 
the infiltrating MDSCs; MDSCs secrete factors that indi-
rectly or directly support tumor initiation and growth, and 
the developing tumors in turn, secrete factors that perpetu-
ate MDSC expansion and suppressive activity. The key 
role of MDSCs in this loop was shown by in vivo deple-
tion experiments using mouse model systems for various 
types of cancer such as melanoma [31] and breast [32]. 
Upon MDSC depletion in tumor-bearing mice, immune 
system recuperation was observed, associated with a sig-
nificant tumor regression. These findings strengthen the key 
role of MDSCs in cancer development and spreading, and 
highlight the necessity to design therapies combining anti-
MDSC modalities.

MDSC‑mediated interference of immune function 
and responses to anticancer therapies

Data gathered over the years highlight the unique MDSC 
plasticity as reflected by their wide range of intruding prop-
erties affecting both the host’s immune system and organ/
physiology homeostasis. As long as MDSCs are present, 
effector immune responses mediated via the host’s immune 
system or adoptively transferred cells are significantly 
weakened and unable to respond to in vivo antigen-induced 
stimulation, vaccination or infections. Such immune abnor-
malities could be recuperated following MDSC depletion 
[5, 33].

The following paragraphs will describe the role of 
MDSCs in the outcome of growing human tumors and 
immune- and chemo-based therapies’ consequences, focus-
ing on melanoma and colorectal cancer, as both are charac-
terized by chronic inflammation, MDSCs accumulation and 
immunosuppression.

Melanoma and immune‑based therapy

Melanoma is a lethal form of skin cancer. Although it 
comprises less than 5 % of skin cancer cases, it accounts 
for the great majority of skin cancer-related deaths. Mela-
noma initiation and progression in many cases involves a 
developing chronic inflammation [34]. In advanced stages 
of the disease, immunosuppression is evident and corre-
lates with elevated levels of MDSCs and disease progres-
sion [[35, 36], (Sade-Feldman unpublished data)]. Over the 
past few years, immunotherapy has dramatically changed 
the view of melanoma treatment. The current immune-
based therapies for melanoma patients are focused on: 1) 
strategies that use the patient’s own immune endogenous 
system to act against the tumor such as in cancer vaccines, 

oncolytic virus therapies, cytokine treatments and the use 
of inhibitors of key immune system checkpoints as Yervoy 
(ipilimumab; anti-CTLA4), Keytruda (pembrolizumab; 
anti-PD1) and Opdivo (nivolumab; anti-PD1) and 2) the 
use of exogenous immune cells to combat the tumor such 
as different combinations of adoptive T cell therapies. In 
both cases, it is imperative that a functional host’s immune 
system should operate alongside with a supportive immune 
environment to enable the treatment’s action. However, if 
an immunosuppressive environment exists, it could affect 
both strategies and reduce therapy efficacies. Indeed, 
despite the recent FDA-approved immune-based treatments 
for melanoma patients, most patients with advanced meta-
static melanoma still have a significant risk of mortality. 
For example, in a phase III study, pembrolizumab treatment 
demonstrated significantly longer progression-free survival 
(PFS) and improved overall survival compared with ipili-
mumab as immunotherapy in patients with advanced mela-
noma [37]. A phase II trial directly comparing ipilimumab 
and nivolumab combination to ipilimumab alone showed 
that the combination had an objective response rate of 
61 % compared to 11 % for ipilimumab alone in patients 
without a BRAF mutation, with 2 years survival [38]. As 
to tumor-infiltrating lymphocyte (TIL)-mediated therapy, 
it was reported by the Melanoma International Foundation 
that the responses are “amazing” but only in a very small 
fraction of patients. Moreover, adoptive T cell therapies 
have been dampened by the tumor cells’ undergoing clonal 
evolution and modifications, rendering them invisible to a 
TCR-mediated T cell attack [39]. Although clonal evolu-
tion of tumor cells can potentially generate immunogenic 
mutations that could be targets of many immunothera-
pies, including checkpoint inhibitors and TIL therapies, it 
is a matter of a race between the effectiveness of a given 
therapy versus the tumor growth and evolution rates, which 
will dictate the therapy outcome.

These reports and the obtained results represent the tip 
of the iceberg of what has still to be done in order to opti-
mize anticancer therapies, and raising major questions of 
why immunotherapy, if it is so promising, works for some 
cancer patients, but not for others? More importantly, how 
could they be improved? The possible solutions will be dis-
cussed below.

CRC and chemotherapy

Colorectal cancer is the third most common type of cancer 
among both men and women in the USA and is the sec-
ond most deadly. CRC, as other tumors, is characterized by 
chronic inflammation and immunosuppression mediated 
mainly by MDSCs, which subvert the outcome of antican-
cer therapy [1, [33]. The most common treatment for CRC 
is surgery, which may completely eliminate the cancer in 
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the case of localized tumors. When the cancer has invaded 
the bowel wall or the lymph nodes, chemotherapy (some-
times in combination with radiation therapy) is adminis-
tered before or after surgery. Standard first-line chemother-
apy for metastatic CRC consists of one of two regimens: 
FOLFOX [5-fluorouracil (5-FU), leucovorin and oxalipl-
atin] or FOLFIRI (5-FU, leucovorin and irinotecan). Chem-
otherapeutic drugs commonly used to treat cancer includ-
ing CRC affect not only the tumor but also the immune 
system, having a crucial impact on anti-tumor responses 
and disease outcome. We had recently shown that different 
chemotherapeutic agents have adverse immunoregulatory 
effects, affecting MDSCs and thus are beneficial or harmful 
to anticancer immune responses and tumor recurrence [33]. 
It is important to note that currently, the effect of FOLFIRI 
and FOLFOX when treating CRC patients is not tested as 
to their effects on the immune system and therefore, such 
parameters are not taken into account when choosing 
between these two treatments. We have shown that stage 
IV CRC patients, displaying elevated levels of MDSCs and 
downregulated expression of CD247 in peripheral blood T 
cells before treatment initiation, upon treatment with FOL-
FIRI (irinotecan in combination with 5-FU), showed a fur-
ther increased accumulation of MDSCs and downregula-
tion of CD247. In contrast, the FOLFOX regimen, which 
contains oxaliplatin instead of irinotecan, reduces MDSC 
levels and leads to recovery of CD247, suggesting a func-
tional recovery of the patients’ immune system. Moreo-
ver, MDSCs in FOLFIRI-treated patients are more active, 
showing increased NO and ROS production. These results 
were verified using a mouse model of CRC, demonstrat-
ing that in contrast to the harmful effects of irinotecan or 
irinotecan and 5-FU therapies, treatment with 5-FU only 
resulted in a positive outcome as reflected by the restoration 
of the immune function, the regression of the tumors and 
longer survival rates [33]. The underlying mechanisms for 
the adverse effects of 5-FU and irinotecan on MDSCs were 
defined [33]. The effect of chemotherapy on the immune 
system was also shown in melanoma cases; low-dose 
cyclophosphamide (CP) therapy that induces immunogenic 
tumor cell death and decreases Treg levels had no benefi-
cial anti-melanoma effects. Instead, it increased accumu-
lation of MDSCs with elevated suppressive activity. Thus, 
melanoma therapy with low-dose CP could be efficient 
only when combined with the neutralization of MDSCs’ 
immunosuppressive function and the chronic inflammatory 
microenvironment [40]. These data suggest a significant 
impact of a given chemotherapeutic protocol on both the 
tumor and its immunosuppressive environment. In recent 
years, CRC became one of the major cancer types for 
which new immune-based cancer treatments are developed, 
which fall into the same categories as described above for 
anti-melanoma immune-based therapies. However, such 

therapies are still in early phase clinical testing (phase I and 
II) for colorectal cancer.

We propose that the efficacy of a given chemotherapy 
could be accurately evaluated and modified by monitor-
ing the host’s immune function along with certain tumor 
parameters.

Improving success rates of immune‑ and chemo‑based 
therapies in patients with melanoma, CRC and other 
cancer types

As each of the above-described immune-based therapies is 
tremendously costly, some key changes in the concept of 
anticancer treatments must be made in order to avoid con-
tinuous failure of treatments, disease deterioration, patients’ 
disappointment, unnecessary treatments and hospitalization 
expenses. These unmet needs are also relevant to cancer 
patients treated with chemo- and targeted therapies.

When focusing on immune-based therapies, patients are 
treated with the hope that their endogenous immune sys-
tem will operate upon treatment with check point inhibi-
tors (anti-CTLA4 and anti-PD1) and tumor vaccinations, 
or enable the response of adoptively transferred T lym-
phocytes directed against the tumor. However, it is well 
established that in cases of melanoma, a chronic inflam-
matory environment develops within the tumor site and in 
the periphery that leads to immune suppression, which will 
most likely have a negative effect on any immune-based 
treatment.

When focusing on chemotherapy or targeted thera-
pies, it should be remembered that the immune system is 
directly or indirectly affected as well. While development 
of new drugs and therapy strategies is primarily oriented at 
eliminating the tumor load and spreading, attention should 
also be directed toward understanding their effects on the 
host’s immune system. As discussed above, chemothera-
peutic drugs and/or their combined regimens can display 
positive or negative effects toward the immune system. 
Such discrepancies between the immunoregulatory effects 
of chemotherapies could explain why even though tumors 
regress during treatment, the disease reoccurs eventually. 
As the immune system in most tumors cases plays a key 
role in eliminating residual cells after the major destruction 
by chemotherapy, if an immunosuppressed environment 
persists, it could prevent the critical action of the immune 
system to clear remaining cancer cells.

Monitoring the immune status

We have shown that the immune status of a patient can 
be a major consideration for the ultimate success of any 
immune-based therapy. Today, there are several biomarkers 
that could be used to detect the patients’ immune status in a 



863Cancer Immunol Immunother (2016) 65:857–867 

1 3

simple blood test by using flow cytometry and immunohis-
tochemistry on biopsies and tumor sections. As shown by 
numerous groups, including ours, such biomarkers include: 
1) MDSC levels based on their phenotype; CD11b+CD33+

HLADRlow/−CD14+ for monocytic MDSCs and or CD11
b+CD33+HLADRlow/−CD15+ for granulocytic MDSCs, 2) 
their suppressive features measured by NO and ROS and 
3) expression levels of CD247 in T cells. Low MDSC lev-
els in the peripheral blood with low NO and ROS levels, 
and normal CD247 expression levels in T cells, indicate 
normal immune status with no chronic inflammation. Such 
patients are good candidates and are most likely to benefit 
from immune-based therapy. In contrast, patients showing 
an opposite pattern of these markers most likely display 
an immunosuppressive environment due to a developing 
chronic inflammation. In such cases, it is suggested that 
these patients will undergo a pretreatment to “suppress the 
immunosuppression” by neutralizing the chronic inflamma-
tion and/or directly combating MDSCs (described below). 
These approaches are expected to restore the potency of the 
immune system and increase the probability of responding 
to immune-based therapies. The relief of chronic inflamma-
tion and immunosuppression, upon applied pretreatment 

regimens, could be monitored as well by the same biomark-
ers. This strategy has been proven to be effective in various 
mouse models and in humans [[33, 35, 36, 41] and Sade-
Feldman unpublished]. Moreover, these biomarkers could 
also serve to monitor therapy efficacy and disease recur-
rence or progression (Fig. 2).

As to patients undergoing chemotherapy, it is manda-
tory to follow up their immune status prior to and in the 
course of treatment. First, it is preferable to use drugs that 
would be beneficial for the immune system. However, if 
this is limited and drugs negatively affecting the immune 
system must be used, than monitoring the immune status is 
a must. If during treatment immunosuppression mediated 
by MDSCs and chronic inflammation are induced, actions 
must be taken to neutralize the immunosuppression, thus 
allowing the chemotherapeutic drug to destroy the tumor 
and the immune cells to attack tumor cell escapees. Inter-
estingly, a combination of chemotherapy and immunother-
apy is already applied in the clinic. However, immune sta-
tus parameters must be measured to increase success rates.

In conclusion, biomarkers that provide an indication of 
the patients’ immune status are expected to provide invalu-
able input in accurately tailoring anticancer therapies. Such 

Fig. 2  Monitoring and treat-
ment strategies for cancer 
patients. Patients must be 
monitored for their peripheral 
and tumor site immune status, 
and for tumor features prior to 
applying anticancer therapy to 
allocate responders versus non-
responders (I–III). The potential 
responders (III-A), showing 
an active immune system, will 
be treated as planned with 
immune-based and/or chemo-
therapy treatments (V). The 
non-responders (III-B), which 
show a suppressed immune 
status, will be first subjected to 
modalities combating the gener-
ated inflammatory/immunosup-
pressive environment (IV) to 
ensure the next step of immune-
based and/or chemotherapy 
treatments (V) that should result 
in effective anti-tumor immune 
responses. All patients must 
undergo a routine follow-up 
monitoring during and posttreat-
ment, testing the tumor features 
as well as their immune status 
(VI) to ensure disease regression
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biomarkers will help in monitoring therapy efficacies and 
disease regression and recurrence. As more biomarkers 
that provide an indication of the patient’s immune status 
are discovered an array of immune status sensors could be 
developed and used for a cross-validation indication to ena-
ble optimal personalized treatments.

Combating chronic inflammation‑induced 
immunosuppression

As immunosuppression induced by chronic inflamma-
tion is a reversible phenomenon, eliminating MDSCs by 
inducing their differentiation, inhibiting signals that lead 
to their accumulation or blocking their suppressive activ-
ity, are expected to generate an environment that no longer 
nourishes the tumor, and restore immune functions that 
will lead to optimal anticancer responses. Various drugs 
and compounds, some FDA approved, have been shown to 
directly or indirectly target MDSCs and chronic inflamma-
tion in mouse models and in some cases of cancer patients, 
resulting in tumor regression. Along this line, several strat-
egies could be undertaken:

(1) Blocking various inflammatory cytokines, chemokines 
and cellular/secreted compounds prevalent in the chroni-
cally inflamed environment. Some were shown to be effec-
tive in reducing accumulation of MDSCs and decreasing 
tumor load in mouse models and in some cases of cancer 
patients. For example: (a) TNF-α: TNF-α antagonist could 
directly affect MDSCs, leading to their differentiation and 
loss of immunosuppressive activity and in parallel, pre-
vent prosperity of the tumor cells and culminating in tumor 
regression [5, 42 Sade-Feldman et al. unpublished]. (b) 
GM-CSF: among patients with unresectable stage III or IV 
melanoma, treatment with ipilimumab plus sargramostim 
(GM-CSF) versus ipilimumab alone resulted in longer 
overall survival and lower toxicity [43], but no difference 
in progression-free survival [44]. GM-CSF may enhance 
MDSC differentiation to macrophages and DCs [5], result-
ing in the loss of immunosuppression due to the decrease 
in MDSC load, enabling T cells to operate and execute the 
anticancer response in the course of the ipilimumab treat-
ment. These effects must be further studied. (c) COX-2: 
inhibition of COX-2 with celecoxib [45] can potentially be 
used with immune-based therapy as it was shown in mouse 
models that treatment of tumor-bearing mice with dietary 
celecoxib prevented the local and systemic expansion of 
all MDSC subtypes. MDSC function was impaired as indi-
cated by the reduced ROS and NO levels and the reversal 
of T cell tolerance, resulting in refinement of immunother-
apy. (d) VEGF: Renal cell carcinoma patients treated with 
Bevacizumab (Avastin) to reduce VEGF-mediated angio-
genesis also had reduced numbers of MDSCs in the tumors 
[46] as VEGF directly induces MDSC accumulation. (e) 

Several drugs have been tested to target MDSC suppressive 
activity. Nitroaspirins were shown to inhibit ARG-1, reduce 
NO production and arginine consumption, thus correcting 
immune dysfunction and promoting tumor eradication in 
mice [47]. Sildenafil inhibits cyclic GMP-specific phospho-
diesterase type 5 (PDE-5) in MDSCs and reduces their sup-
pressive activity, thus augmenting an anti-tumor response 
in mice in vivo [11]. Although various modalities capable 
of combating MDSCs are already FDA approved and show 
great promise in mouse models, substantial data regard-
ing the effects of such treatments on MDSCs and chronic 
inflammation in cancer patients is still missing.

(2) The use of chemotherapeutic drugs as immunoregu-
lators: Gemcitabine and 5-FU have been shown to specifi-
cally eliminate MDSCs by inducing apoptosis and/or dif-
ferentiation in mouse models and patients [4, 33]. It was 
also suggested that low doses of 5-FU can affect the high 
proliferative potential of the MDSC subset, CD11b+Gr-
1intLy6Chi, a treatment which could be exploited as an adju-
vant to passive immunotherapy [48]. Therefore, a combina-
tion of chemotherapy and immunotherapy could be optimal 
in cases where the chemodrug will affect the tumor and 
MDSCs; the first inducing immunogenic cell death and 
the latter recuperating the immune response, thus enabling 
anticancer responses to operate optimally.

(3) Compounds that affect MDSC differentiation: In 
addition to the above-mentioned anti-TNF-α, G-MCSF and 
5-FU that affect MDSC differentiation, all-trans retinoic 
acid (ATRA) can potently induce MDSC differentiation 
into mature myeloid cells, which lose the harmful suppres-
sive phenotype and improve immune responses in cancer 
patients [4, 49]. In patients with late-stage small cell lung 
cancer, ATRA improved the immune response to vaccina-
tion by significant reduction of MDSCs and consequently 
restored antigen-specific T cell responses [50]. Elimina-
tion of MDSCs: MDSC elimination is easily done in mice 
by using anti-Gr1 (a mouse MDSC marker) monoclonal 
antibody [5], a treatment which leads to immune system 
recuperation from it suppressive stage, as reflected by 
recovered responses to vaccination, operating adoptively T 
cells, which result in tumor regression. However, no spe-
cific markers in human MDSCs are currently known to 
serve as targets for their elimination. This is a very impor-
tant issue that clinical research laboratories must focus on. 
We have to remember that MDSC serve on the one hand 
as biomarkers together with their suppressive features and 
their outcome, the affected CD247 expression in T cells, 
and on the other hand MDSCs could serve as targets for 
treating immunosuppression. It is important to stress that 
some of the anti-MDSC treatments can change the bal-
ance of mature myeloid cells, which are the differentiat-
ing outcomes of MDSCs. However, we have to remember 
that as long as this imbalance exists as a transient solution 
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until the immune system recuperates and forms the optimal 
ground for immune-based therapy or any other anticancer 
responses; such treatments are envisioned to be beneficial.

Conclusion

Taken together, based on the cumulative data pointing at 
the critical role of immune networking in tumor develop-
ment and dictating efficacies of anticancer therapies, it is 
undoubtedly clear that the immunosuppression generated 
under chronic inflammatory conditions in the course of 
developing tumors is a serious obstacle in the therapeutic 
area that includes functional anti-tumor immune response. 
There is already convincing evidence showing that the 
selection of an appropriate and effective therapy must take 
into consideration not only tumor parameters or its type 
and stage, but also the host’s immune status. Thus, moni-
toring patients’ immune status by testing blood samples 
and when available, tumor biopsies/sections for immune 
biomarkers, combined with changes in the tumor features 
before applying any anticancer therapy, responders versus 
non-responders patients could be determined (Fig. 2I–III) 
and accordingly, optimal therapies could be designed. The 
potential responders (Fig. 2, III-A), showing an active 
immune system, will be treated as planned with immune-
based and/or chemotherapy treatments (Fig. 2V). The 
non-responders (Fig. 2III-B), which showed a suppressed 
immune status, will be first subjected to modalities com-
bating the generated inflammatory/immunosuppressive 
environment (Fig. 2IV), aiming at eradicating the suppres-
sive mediators. This will ensure the next step of immune-
based and/or chemotherapy treatments (Fig. 2V) that 
should result in effective anti-tumor immune responses. 
All patients must undergo a routine follow-up during and 
posttreatment, testing the tumor features as well as their 
immune status (Fig. 2VI). If their immune status becomes 
impaired during treatment, this will indicate harmful 
effects of the given therapy or an unresolved disease. If the 
immune status becomes impaired after treatment was ter-
minated and disease had already regressed, this will sug-
gest disease recurrence. As more biomarkers that provide 
an indication of the patient’s immune status are discovered, 
an array of immune status sensors could be developed for a 
cross-validation clue and in combination with genetic and 
biologic tumor parameters, optimal personalized treatments 
could be designed.
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