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Abstract Tumor immune escape and the initiation of metas-
tasis are critical steps in malignant progression of tumors and
have been implicated in the failure of some clinical cancer
immunotherapy. Tumors develop numerous strategies to es-
cape immune surveillance or metastasize: Tumors not only
modulate the recruitment and expansion of immunosuppres-
sive cell populations to develop the tumor microenvironment
or pre-metastatic niche but also switch the phenotype and
function of normal immune cells from a potentially tumor-
reactive state to a tumor-promoting state. Immunosuppressive
cells facilitate tumor immune escape by inhibiting antitumor
immune responses and furthermore promote tumor metastasis
by inducing immunosuppression, promoting tumor cell inva-
sion and intravasation, establishing a pre-metastatic niche, fa-
cilitating epithelial-mesenchymal transition, and inducing an-
giogenesis at primary tumor or metastatic sites. Numerous
translational studies indicate that it is possible to inhibit tumor
immune escape and prevent tumor metastasis by blocking
immunosuppressive cells and eliminating immunosuppressive
mechanisms that are induced by either immunosuppressive
cells or tumor cells. Furthermore, many clinical trials targeting
immunosuppressive cells have also achieved good outcome.
In this review, we focus on the underlying mechanisms of
immunosuppressive cells in promoting tumor immune escape
and metastasis, discuss our current understanding of the inter-
actions between immunosuppressive cells and tumor cells in

the tumor microenvironment, and suggest future research di-
rections as well as potential clinical strategies in cancer
immunotherapy.
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Introduction

Understanding the relationship between the immune system
and cancer progression has been a hot topic in the field of
tumor immunology. Tumors can drive the generation of im-
munosuppressive or regulatory immune cell subtypes as well
as recruit massive number of tumor-promoting myeloid cells
to establish the tumor microenvironment, thus promoting tu-
mor progression. Compelling evidence indicates that myeloid-
derived suppressor cell (MDSC), regulatory T cell (Treg),
tumor-associated macrophage (TAM), regulatory dendritic
cell (DCreg), neutrophil, T helper 17 cell (Th17), and regula-
tory B cell (Breg) are key immunosuppressive cells that pro-
mote tumor progression [1–5]. However, open questions still
remain regarding the functions and the underlying mecha-
nisms of the immunosuppressive cells in tumor immune es-
cape and metastasis. Critical steps in the malignant progres-
sion of tumors are the evasion of immune destruction and the
initiation of tumor cell metastasis, and both have been de-
scribed previously as two hallmarks of cancer [6]. These steps
can be achieved by inhibiting the host’s immune system, es-
pecially by induction, expansion, and recruitment of the im-
munosuppressive cells.

The immune system plays a dual role in cancer: It can not
only suppress tumor development and progression by
destroying cancer cells or inhibiting their outgrowth, but it
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can also promote tumor progression by establishing favorable
conditions within the tumor microenvironment that facilitate
tumor outgrowth and metastasis [2, 7]. During tumor progres-
sion, innate and adaptive immune molecules and cells can
recognize and eliminate the transformed cancer cells, previ-
ously known as cancer immunosurveillance. However, tumors
can change the host immune system to escape immune con-
trol, grow progressively, and emerge as clinically apparent
disease [8–10]. Moreover, growing tumors and their metasta-
tic derivatives also develop strategies to overcome the im-
mune response in future metastatic sites via multiple mecha-
nisms, including recruitment of immunosuppressive cells and
formation of a pre-metastatic niche, thereby promoting metas-
tasis and the establishment of metastatic disease [2].

Avariety of the mechanisms for tumor immune escape and
metastasis are thought to be involved in the failure of some
clinical cancer immunotherapy. Many considerable clinical
evidence also suggest that the immunosuppressive cell subsets
play a key role in tumor progression and thus have strong
predictive value for clinical outcome in cancer patients. For
example, tumor-infiltrating immune cells with immunosup-
pressive signatures exploit the inhibitory molecules, such as
programmed death 1 (PD-1), to limit T cell-mediated immune
responses [11]. Therefore, suppressing the suppressor may be
an attractive approach to block tumor immune escape or in-
hibit tumor metastasis by reversing immunosuppression and
enhancing antitumor immune response at the various stages of
tumor progression. Moreover, identifying cellular and molec-
ular suppressors for antitumor immune response, elucidating
their functional mechanisms in promoting tumor immune es-
cape and metastasis, and consequently suppressing the activ-
ities of immunosuppressive cells or even eliminating the im-
munosuppressive cells in the tumor microenvironment will
provide new strategies for cancer immunotherapy.

In this review, we will focus on the underlying mechanisms
by which immunosuppressive cells promote tumor immune
escape and metastasis. We will also summarize our current
understanding of the interactions between immunosuppres-
sive cells and cancer cells in the tumor microenvironment
and discuss future research directions and potential clinical
strategies in cancer immunotherapy.

Tumor immune escape

Tumor immune escape always leads to malignant progression
and failure of cancer immunotherapy. Cancer cells have de-
veloped several different mechanisms by which to escape the
immune system. For example, cancer cells undergo continu-
ous remodeling at the genetic, epigenetic, andmetabolic levels
to resist apoptosis, reduce immune recognition, and select
tumor variants resistant to immune effectors. More important-
ly, tumors effectively induce and recruit distinct suppressive

immune cells within the tumor tissue to escape from antitumor
immune responses.

In the past years, our understanding as to how immunosup-
pressive cells contribute to tumor immune escape has been
extensively improved. During tumor progression, the immu-
nosuppressive cells are mobilized in response to tumor-
induced cytokine axes, such as transforming growth factor-β
(TGF-β) and CXCL5-CXCR2. These tumor-infiltrating im-
munosuppressive cells evade immune surveillance via mech-
anisms such as (a) disruption of antigen presentation by DC;
(b) inhibition of T and B cell proliferation and activation by
expression of immunoregulatory molecules such as arginase,
iNOS, and indoleamine-2,3-dioxygenase (IDO), or secretion
of immunosuppressive cytokines such as IL-10 and TGF-β;
or (c) inhibition of cytotoxicity of cytotoxic T lymphocytes
(CTL), natural killer (NK) cells [12].

Tregs play important roles in promoting tumor immune
escape. They are a physiologically suppressive subset that
limits autoimmune responses and maintains the homeostasis
of immune response. Tregs can inhibit the function of T lym-
phocytes by (a) producing the immunosuppressive cytokines
IL-10 and TGF-β; (b) expressing the negative costimulatory
molecules such as cytotoxic T lymphocyte antigen 4 (CTLA-
4), PD-1, or the ligand PD-L1; or (c) consuming the cytokine
IL-2 [13, 14]. Tregs are often hijacked by tumors to promote
immune escape so as to favor tumor outgrowth. For example,
Tregs can suppress tumor-associated antigen presentation and
interfere with cytotoxic T cell function by inhibiting cytolytic
granule release during tumor progression [15]. Tumors under
hypoxia condi t ions promote the recru i tment of
CD4+CD25+Foxp3+ Tregs by inducing the expression of the
chemokine CCL28, which dampens effector T cell function to
maintain tumor immune escape and promote tumor angiogen-
esis by secreting VEGFA [16]. Meanwhile, human hepatocel-
lular carcinoma-infiltrating CD4+CD69+Foxp3− Tregs are re-
ported to suppress antitumor T cell immune response via
membrane-bound TGF-β1 (mTGF-β1) thus promoting tumor
immune escape [17].

MDSCs can facilitate tumor immune escape through mul-
tiple mechanisms. For example, tumor-infiltrating MDSCs
impair the function of T cells, NK cells, DCs, thus facilitating
tumor escape from immune attack; this tumor-promoting role
of MDSCs is mediated by cellular stress sensor C/EBP ho-
mologous protein (Chop) and by interleukin-6 (IL-6) derived
from MDSCs. The immunosuppressive function of MDSCs
can be reversed in 3LL lung carcinoma-bearing mice if Chop
is deleted in these cells [18]. In a murine rhabdomyosarcoma
tumor model, production of CXCR2 ligands by cancer cells
induced robust expansion of CXCR2+CD11b+Ly6Ghi

MDSCs, which could mediate local immunosuppression
and inhibit T cell proliferation via L-arginine depletion
[19]. This is one of the key mechanisms utilized by tumors
to escape immune surveillance. At the same time, the
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suppressive activity of theseMDSCs also limits the efficacy of
checkpoint blockade [19]. Besides, MDSCs that differentiated
from bone marrow progenitor cells and that are activated by
HMGB1 can mediate tumor immune escape by producing
high levels of IL-10, suppressing antigen-driven activation
of CD4+ and CD8+ Tcells, and downregulating the expression
of L-selectin on circulating naive T cells [20].

TAMs can inhibit CD8+ Tcell-mediated antitumor immune
responses to facilitate tumor immune escape [21, 22]. TAMs
within mammary tumor tissue can produce high levels of the
immunosuppressive cytokine IL-10 to suppress IL-12 expres-
sion in intratumoral DCs and consequently block CD8+ Tcell-
dependent antitumor immune responses [23, 24]. These
tumor-promoting TAMs are derived from CCR2+ inflamma-
tory monocytes, and their terminal differentiation depends on
the Notch signaling pathway via transcription factor RBPJ
[25, 26]. Mechanistically, TAMs can also suppress the cyto-
toxic activity of CD8+ T cells either directly through their
expression of inhibitor ligands such as PD-L1 and B7-H4
(also known as VTCN1) or indirectly via CCL22-mediated
recruitment of Tregs [27]. Moreover, clinical data show that
greater accumulation of TAMs in tumor tissue can predict the
poor prognosis of cancer patients. For instance, an increased
number of CD68+ macrophages in classic Hodgkin’s lympho-
ma biopsies correlated strongly with shortened survival and
could even be used as a clinical predictor for relapse after
therapy, which validated the finding that patients who fail to
respond to primary treatment always overexpress a macro-
phage gene signature [28].

Other immunosuppressive cells are also involved in pro-
moting tumor immune escape. For example, protumoral BN2^
neutrophils can suppress CD8+ T cell function by secreting
stored arginase 1 (ARG1) to degrade extracellular arginine, a
factor needed for the proper function of T cells [5]. DCreg is a
regulatory DC subset that can be induced by tumors and then
suppresses antitumor immune response [29, 30]. Tolerogenic
DC (Tol-DC) is the term usually used to designate the imma-
ture, maturation-resistant DC or alternatively activated DC
subset that express low levels of surface MHC and
costimulatory molecules in tolerance induction. Tol-DC has
tolerogenic characteristic and is closely related to the induc-
tion of immune tolerance and can prevent the pathogenesis of
autoimmune diseases in normal physiological condition [31].
In hepatocellular carcinoma, a new subset of human CD14+

CTLA-4+ DCreg has been identified to significantly suppress
T cell response through CTLA-4-dependent IL-10 and
IDO production [29], which indicates the important role
for DC-derived CTLA-4 in tumor immune escape or
immunosuppression.

Taken together, the immunosuppressive cells have func-
tional roles in promoting tumor immune escape by producing
immunosuppressive cytokines and generating an immunosup-
pressive network (Fig. 1). Therefore, identifying the origin

and functional characteristics of immunosuppressive cells will
add the insight into tumor immune escape and help design
new approaches of cancer immunotherapy by blocking tumor
immune escape.

Development of immunosuppressive tumor
microenvironment

Interactions between cancer cells and the non-tumor
components in tumor microenvironment may emerge as
important determinants of tumor behavior. Molecular
profiling of cellular components from various human
tumor specimens has yielded valuable information on
patient prognosis, which further highlights the critical
role of the tumor microenvironment in directing tumor
development and progression [3]. Importantly, local im-
munosuppression in tumor microenvironment seems to
be the primary cause of tumor immune escape and also
has a promoting effect on tumor metastasis.

The immunosuppressive tumor microenvironment is
established, at least partially, by recruiting immunosup-
pressive cells to function as effectors to inhibit immune
response and by tumor cell-derived immunosuppressive
cytokines such as vascular endothelial growth factor
(VEGF), TGF-β, galectin, or IDO [5]. It is well known
that tumors, especially at the late stage of their devel-
opment, can actively drive the generation of immuno-
suppressive or regulatory immune cell subtypes and re-
cruit the cells to the tumor microenvironment. MDSCs,
TAMs, and Tregs are the major immunosuppressive
cells that populate in this immunosuppressive microen-
vironment. MDSCs are a heterogeneous group of mye-
loid progenitor cells and immature myeloid cells, which
can inhibit antitumor immune response in tumor micro-
environment by (a) inducing Tregs; (b) producing im-
munosuppressive cytokines such as TGF-β; (c) deplet-
ing or sequestering the amino acids arginine, trypto-
phan, or cysteine required for T cell function; (d) or
nitrating the T cell receptor (TCR) or chemokine recep-
tor on tumor-specific T cells [5, 32]. Chemokines
expressed by lymphoma cells can recruit immunosup-
pressive cells including TAMs, MDSCs, Tregs, and
Th2-polarized cells to maintain a tolerogenic microenvi-
ronment and allow the lymphoma cells to escape detec-
tion [33]. In addition, the production and elaboration of
GM-CSF, IL-1β, VEGF, and prostaglandin E2 (PGE2)
by tumors lead to the expansion and accumulation of
MDSCs in the tumor microenvironment [32]. In human
cancer patients, immunosuppression of lymphocytes
within the tumor microenvironment has also been wide-
ly observed for a variety of cancer types [4].
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Immunosuppressive cells in the tumor microenvironment
can secrete or express a number of immunosuppressive mol-
ecules to promote tumor immune escape. For example, TAMs,
one of the most abundant cell types in the tumor microenvi-
ronment, are capable of secreting an array of cytokines,
chemokines, and enzymes that suppress CD4+ and CD8+ T
cell effector function directly or indirectly by recruiting natu-
ral Tregs to the tumor microenvironment as well as by induc-
ing CD4+ iTregs and sustaining their survival. TAMs can also
suppress T cell activity by depleting L-arginine in the tumor
microenvironment [21, 22]. Besides, tumor cell-mediated che-
mokine production is linked with immunosuppressive cell re-
cruitment into the tumor microenvironment. For instance,
melanomas-derived CCL21 recruits lymphoid tissue-inducer
(LTi) cells to develop an immunosuppressive tertiary lym-
phoid structure within the tumor mass, which could polarize
monocytes to M2 macrophages and recruit MDSCs and Tregs
into the microenvironment to promote tumor immune escape
[34]. In addition to these major immunosuppressive cells, DCs
are also recruited to the tumor microenvironment and become
important players in the immunosuppressive network.

Hypoxia and apoptotic cells in the tumor microenvironment
can induce the generation of Tol-DCs via IL-10 and TGF-β,
and these Tol-DCs also promote the expansion of CD4+

Foxp3+ Tregs via PD-L1 on their surface [31]. Moreover, a
high level of Fas expressed in CD11bhiIalow DCreg can be
induced by endothelial stromal cell-derived TGF-β via
ERK/β-catenin pathway activation and thus empowering
DCregs to inhibit CD4+ T cell proliferation significantly so
as to exert their immunosuppressive function in the immune
microenvironment [30].

The development of an immunosuppressive tumor micro-
environment can also contribute to the failure of antitumor
immunity. Many subtypes of immunosuppressive cells traf-
ficked or recruited to the tumor microenvironment can com-
municate with cancer cells via the secretion of cytokines,
growth factors, and proteases that remodel the tumor micro-
environment. Thus, deciphering the molecular and cellular
components of the tumor microenvironment and their func-
tional mechanisms that facilitate tumor immune escape and
promote tumor metastasis will contribute to a better under-
standing of tumor-host interactions and help us overcome

Fig. 1 Immunosuppressive cells in the promotion of tumor immune
escape. Cancer cells secrete chemokines and cytokines to recruit
immunosuppressive cells including myeloid-derived suppressor cell
(MDSC), regulatory T cell (Treg), tumor-associated macrophage
(TAM), T helper 17 cell (Th17), regulatory dendritic cell (DCreg),
tumor-associated neutrophil (TAN), and regulatory B cell (Breg) to
generate an immunosuppressive tumor microenvironment. Tumors also
actively switch the phenotype and function of normal immune cells from

potentially tumor-reactive states to potentially tumor-promoting or
immunosuppressive states. These immunosuppressive cells directly
suppress the cytotoxic functions of natural killer (NK) cells and CD8+

cytotoxic T lymphocytes through the expression and production of
various factors, such as PD-L1, B7-H4, and β-galactoside-binding
protein (βGBP), which inhibit antitumor immune responses, thereby
promoting tumor immune escape
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challenges in developing new powerful strategies for cancer
immunotherapy.

The phenotypic and functional switch of immune
cells

Tumors can manipulate the immune system by actively
switching the phenotype and function of immune cells to help
cancer cells evade the host immune response and achieve
further metastasis. Tumors educate or reprogram the immune
cells in different ways, including (a) the regulation of myeloid
cell differentiation, (b) subversion of the antitumor activity of
immune cells, and (c) re-education of immune cells with
immunosuppressive/pro-tumorigenic functions [35].

Accumulating data suggest that tumors polarize the recruit-
ed immune cells from a potentially tumor-reactive state to a
tumor-promoting state. Macrophages, which comprise a very
plastic cell population, exhibit distinct functions in response to
environmental signals. They can be conventionally divided
into two subgroups, M1 and M2. M1-type macrophages are
classically activated and play important roles in the innate
response to invading pathogens. By contrast, M2-type macro-
phages can be alternatively activated by IL-4, IL-10, IL-13,
and glucocorticoid, all of which play important roles in tissue
repair and facilitate tumor progression by expressing high
levels of IL-10 and low levels of IL-12. The conversion of
M1 to M2 macrophages, and vice versa, is determined by the
tumor microenvironment. For example, tumor-driven
granulo-monocytopoiesis mediates TAM differentiation and
M2 polarization based on the expression of retinoic acid-
related orphan receptor (RORC1/RORγ) in tumor-bearing
mice and cancer patients. Accordingly, the ablation of RORC1
in the hematopoietic compartment prevents tumor-driven
myelopoiesis, resulting in inhibition of tumor growth and me-
tastasis [36]. In many kinds of tumors, M2-type macrophages
comprise most TAMs and promote tumor progression and
metastasis by expressing high levels of soluble factors and
cytokines such as MMP9, VEGF, EGF, and TGF-β. Further-
more, tumor-derived TGF-β and PGE2 can promote the dif-
ferentiation ofmacrophages that express low levels of markers
associated withM1-typemacrophages [37]. Cytokines includ-
ing IL-1, IL-4, IL-6, IL-10, CSF, and TNF-α in the tumor
microenvironment can promote the polarization of TAMs by
activating the STATsignaling pathway. A local hypoxic tumor
microenvironment polarizes the M1 to M2 macrophages and
promotes their expression of the angiopoietin receptor TIE2,
which downregulates antitumor function of macrophages and
facilitates tumor metastasis [38].

Many tumor-derived factors, such as TGF-β, VEGF, IL-4,
IL-6, and IL-13, regulate multiple pathways likely related to
myeloid cell differentiation and polarization of myeloid cell
function. For example, neutrophils have been shown to shift

from an antitumoral N1 phenotype to a protumoral N2 phe-
notype in the tumor microenvironment. In lung adenocarcino-
ma and mesothelioma models, TGF-β induced tumor-
infiltrating neutrophils to develop an N2 phenotype, which
is characterized by ARG1 expression and low levels of TNF,
CCL3, and intercellular adhesion molecule 1 (ICAM1) [39].
Furthermore, TGF-β production by tumor cells can also con-
vert effector T cells into Tregs that, in turn, suppress other
effector T cells infiltrating the tumor mass [40].

Similarly to M1/M2 macrophages and N1/N2 neutrophils,
DCs may also be induced by tumor cells to switch to a regu-
latory state. Tumor cell-derived factors, including IL-10,
TGF-β, VEGF, and PGE2, can induce DCs with low expres-
sion of MHC and costimulatory molecules (e.g., CD40,
CD80, CD86) and low production of TNF-α, interferon-α
(IFN-α), IL-12, and CCL5, thus ultimately leading to T cell
anergy and Treg induction [40, 41]. Abnormal DC differenti-
ation and defective DC function are systemic phenomena that
affect the myeloid cell lineage during cancer progression. For
example, human lung carcinoma cells can convert mature
DCs into TGF-β-producing cells [41], whereas mouse lung
cancer can drive DCs to express high levels of IL-10, nitric
oxide, VEGF, and ARG1. MHC-II+CD11b+CD11c+ tumor-
infiltrating mouse DCs have been shown to suppress CD8+

T cells and antitumor immune responses through ARG1 pro-
duction [42], an immunosuppressive mechanism previously
attributed to TAMs and MDSCs.

Tumor-derived factors can also redirect myeloid differenti-
ation toward the accumulation and expansion of potent immu-
nosuppressive cells. It has been demonstrated that tumor-
secreted factors, such as TGF-β and IL-6, upregulate inhibitor
of differentiation 1 (Id1) to redirect bone marrow-derived DC
differentiation toward MDSCs that express high levels of Id1,
with a reciprocal decrease in DC numbers, and Id1 overex-
pression results in a systemic immunosuppressive phenotype
that inhibits CD8+ T cell proliferation and increases primary
tumor growth and metastatic progression. Furthermore, ad-
vanced melanoma patients have increased plasma TGF-β
levels and express higher levels of Id1 in myeloid peripheral
blood cells [43]. Moreover, the immunosuppressive tumor
microenvironment can switch a Th1 tumor-suppressive phe-
notype such as CD4+ Bhelper^ T cells (which aid cytotoxic
CD8+ T cells in tumor rejection) to a Th2 tumor-promoting
Bregulatory^ phenotype (which blocks CD8+ T cell activity)
[38, 44]. Other regulatory lymphocyte populations re-
educated by cancer cells can be found in subsets of NKT cells
and B cells, which can inhibit immune effector responses
against cancer.

It is clear that tumors alter immune cells and that these
alterations involve all terminally differentiated myeloid line-
ages and their pathologically activated immature progenitors.
The phenotype and function of immune cells depend on the
dynamic change of the tumor microenvironment to some
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degree. Indeed, these Btumor-educated^ immune cells contrib-
ute to tumor immune escape by inhibiting an antitumor im-
mune response and contribute to every stage of metastasis by
promoting tumor cell invasion into the surrounding tissue,
aiding intravasation and survival in the circulation, and facil-
itating tumor cell extravasation and persistent growth at met-
astatic sites. Interestingly, some of the switches in these cells
are governed by common tumor-derived factors and transcrip-
tional programs, but there are also diverse phenotypical and
functional changes in different myeloid cell subpopulations.
Unveiling the underlying mechanisms of immune cell pheno-
typic and functional switch mediated or driven by tumors will
provide an opportunity for therapeutic interventions that may
concomitantly normalize the abnormality of immune cells.

Immunosuppressive cells promote tumor metastasis

Tumor progression always ends inmetastatic disease, which is
responsible for >90 % of cancer mortality. Successful meta-
static spread requires several steps including epithelial-to-
mesenchymal transition (EMT), local invasion, intravasation
into the vasculature, transit through the circulatory system,
extravasation and seeding at the pre-metastatic niche, and fi-
nally, cancer cell survival and growth at the metastatic site.
During each step of metastasis, immunogenic tumor cells are
being exposed to the immune system and cleared by certain
immune cells such as cytotoxic T cells and NK cells. Never-
theless, growing tumors and their metastatic derivatives have
developed strategies to overcome these immune mechanisms,
at least partially, by recruiting immunosuppressive cells and
re-programming the differentiation of tumor-infiltrating im-
mune cells into immunosuppressive and tumor-promoting
cells during metastasis [45]. It is now well accepted that the
interactions between tumor cells and immunosuppressive cells
are complicated and dynamic, as many subtypes of immuno-
suppressive cells trafficking to the tumor microenvironment
can promote tumor metastasis at multiple stages via different
mechanisms as follows (Fig. 2).

Inhibition of antitumor immune response

In a primary tumor, cancer cells secrete chemokines and cy-
tokines to recruit MDSCs, TAMs, Tregs, tumor-associated
neutrophils (TANs), and other immunosuppressive cells to
primary and secondary tumor sites. These cells directly sup-
press the cytotoxic functions of CD8+ T cells and NK cells,
thus facilitating cancer cell egress from the primary site and
survival in the circulation [46]. For example, IL-1β elicits IL-
17 expression from gamma delta (γδ) T cells, resulting in
systemic, granulocyte colony-stimulating factor (G-CSF)-de-
pendent expansion, and polarization of neutrophils in mice
bearing mammary tumors. These TANs acquire the ability to

suppress CTL, thereby facilitating the establishment of tumor
metastases [47]. Furthermore, Th17 cell recruitment to tumors
seems to indirectly suppress antitumor immunity in the prima-
ry sites and to enhance metastasis. In a subcutaneous EL4
lymphoma model, IL-17 from Th17 cells promoted cancer-
associated fibroblasts to secrete G-CSF so as to recruit
MDSCs to the tumor site, and tumor metastasis was promoted
via the immunosuppressive function of these immature mye-
loid cells [48]. Besides, Tregs are also required and recruited
for lung metastases in experimental breast tumors [49] as well
as in lymph node metastases [50, 51]. In a spontaneous me-
tastasis model of hepatocellular carcinoma, the suppression of
venous metastases was accompanied by the reduced numbers
of CD4+ CD25+ Tregs in primary tumors, which suggested
that Treg recruitment to the primary tumor is necessary for
tumor metastasis. Treg recruitment has been shown to rely
on tumor-derived CCL22 and also depends on the type of
tumor model [52]. In addition to recruiting immunosuppres-
sive cells, tumors can also regulate the function of immuno-
suppressive cells to strengthen metastasis. For instance,
tumor-derived factors such as galectin-1 can promote systemic
immunosuppression by regulating the clonal expansion and
function of Tregs, probably by increasing the expression of
the Treg molecule LAT (linker for activation of T cells), thus
enhancing breast cancer metastasis [53]. Other immunosup-
pressive mechanisms of Tregs in promoting tumor metastasis
include but are not limited to (a) the induction of NK cell
apoptosis by secreting β-galactoside-binding protein
(βGBP) or by direct cell-to-cell contact and (b) TGF-β secre-
tion [52, 54]. Furthermore, tumor-infiltrating plasmacytoid
DCs (pDCs) can increase the numbers of MDSCs and Tregs
in a transplanted breast cancer tissue and, in turn, to promote
tumor bone metastasis by reducing CD8+ T cell cytotoxicity
[55]. Breg, which is a specific B cell population expressing
CD25 and B220, may also promote tumor metastasis through
suppression of immune response. Intravenous injection of
4 T1 breast cancer cells increases the number of circulating
CD25+ B cells, and their depletion using a B20-specific anti-
body could reduce lung metastasis [49]. Tumor-evoked Breg
in lung metastases can induce the conversion of CD4+ T cells
into Foxp3+ Tregs via TGF-β secretion [49].

Promotion of tumor cell invasion and intravasation

Immunosuppressive cells can facilitate tumor metastasis by
promoting tumor cell invasion and intravasation. They pro-
mote cancer cell invasion through the secretion of cytokines
such as IL-1, TNF-α, and IL-6 that stimulate matrix metallo-
proteinase (MMP) expression in cancer cells via NF-κB and
STAT3 signaling. For example, macrophages can stimulate
cancer cell migration by secreting factors such as migration-
stimulating factor. Furthermore, TAM-derived EGF activates
the EGF receptor in cancer cells, which directly enhances their
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invasion capability, motility, and intravasation by increasing
invadopodium formation and matrix degradation [56]. This
TAM-mediated tumor invasion mechanism is reportedly trig-
gered by HRGβ1 (a ligand of ErbB3 expressed by MTLn3
breast cancer cells) and CXCL12 dependent on the EGF/CSF-
1 paracrine loop between cancer cells and TAMs [57]. Indeed,
the Btumor-educated^macrophages promote tumor metastasis
through several steps: These TAMs in primary tumors can
promote cancer cell egress from the primary sites, invasion
of the surrounding tissue, and intravasation and survival in
the circulation; whereas metastasis-associated macrophages
(MAMs) within secondary sites support cancer cell extrava-
sation and persistent growth at metastatic sites [58].

Formation of pre-metastatic niche

Recent evidence suggests that primary tumors can prepare the
distant secondary sites by promoting the formation of support-
ive metastatic environments, termed the pre-metastatic niche,
prior to the arrival of metastatic cancer cells. Immunosuppres-
sive cells play important roles in creating and populating fa-
vorable pre-metastatic niches as well as in facilitating the dis-
semination, proliferation, and colonization of metastatic can-
cer cells to promote further metastasis. For instance, MDSCs
have frequently been shown to accumulate in the pre-

metastatic niche. MDSCs can secrete IL-6, IL-23, and
TGF-β to recruit Th17 cells, and these Th17 cells secrete
IL-17 to promote the recruitment of MDSCs and secretion
of G-CSF by cancer-associated fibroblasts, which in turn pro-
mote the immunosuppressive function of MDSCs in the pre-
metastatic niche [59]. The immunosuppressive environment is
one of the underlying mechanisms by which the pre-
metastatic niche promotes tumor metastasis. Furthermore,
Th17 and Th2 lymphocytes can program TAMs to foster a
pre-metastatic niche via secretion of several cytokines includ-
ing IL-6 and IL-17 [60].

Facilitating epithelial-mesenchymal transition

The morphogenetic process of epithelial-mesenchymal transi-
tion (EMT) continues to be recognized as an important mech-
anism that promotes tumor metastasis. Tumor-infiltrating im-
munosuppressive cells such as TAMs, MDSCs, and Tregs can
produce large quantities of cytokines which are important in-
ducers of EMT. TAMs are found to promote tumor metastasis
by secreting TGF-β, and the JAK/STAT3 pathway is required
for TGF-β-induced EMT and cancer cell migration and inva-
sion. This cancer cell migration and invasion occur when the
expression of p-Smad3 and Snail is upregulated, such that
JAK/STAT3 and TGF-β/Smad signaling synergistically

Fig. 2 Immunosuppressive cells in promotion of tumor metastasis.
Immunosuppressive cells influence every step of tumor metastasis via
multiple mechanisms. a Immunosuppressive cells such as MDSCs,
TAMs, and Tregs directly suppress the cytotoxic functions of CD8+ T
cells and NK cells to favor cancer cell survival during metastasis. b
Immunosuppressive cells facilitate cancer cell invasion, egress from the
primary site, and intravasation through secretion of cytokines such as

EGF, TNF-α, CXCL12, IL-1, and IL-6. c Immunosuppressive cells
play important roles in creating and populating favorable pre-metastatic
niches in distant sites. d, e Immunosuppressive cells can promote tumor
metastasis by facilitating the epithelial-mesenchymal transition (d) and by
inducing angiogenesis through the production of pro-angiogenic factors,
cytokines, and growth factors such as ANG2, VEGF-A (e)
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enhances EMT in lung carcinomas and facilitates further me-
tastasis [61].

Induction of angiogenesis

Immunosuppressive cells also promote tumor metastasis
through the induction of angiogenesis, which is dependent
on recruitment of the immunosuppressive cells to tumor le-
sions and on the production of pro-angiogenic factors, cyto-
kines, and growth factors such as angiopoietin 2 (ANG2) and
VEGF-A. Immunosuppressive cells such as TAMs, MDSCs,
TANs, and even mast cells have all been shown to contribute
to angiogenesis. For example, a study in metastatic MMTV-
PyMT mammary carcinomas and RIP1-Tag2 pancreatic
insulinomas showed that the MRC1(+) TIE2-expressing
TAMs could enhance tumor angiogenesis and metastatic dis-
semination of cancer cells via cell-to-cell interactions with
endothelial cells; the interactions were mediated by an endo-
thelial cell-derived ANG2-TIE2 axis [62]. These findings are
consistent with the clinical association found between high
TAM infiltration and poor outcome in cancer patients. More-
over, metastasis has also been shown to require close associ-
ation and collaboration among cancer cells, immunosuppres-
sive cells, and other stromal and inflammatory components of
the tumor microenvironment. These critical components high-
light key areas for future investigation of immunosuppressive
cells’ function in the metastasis process.

Cancer immunotherapy via suppressing
the suppressor

The recruitment of immunosuppressive cells to the primary
tumor microenvironment as well as the pre-metastatic niche
promotes tumor immune escape and is critical for the estab-
lishment of tumor metastasis. Tumor infiltration of certain
immunosuppressive cell types always correlates with poor
prognosis for cancer patients. For instance, one of the most
prevalent mechanisms of immune escape in patients is
through the suppressive activity of MDSCs arising as a con-
sequence of the aberrant myelopoiesis that occurs in cancer
[63]. This is supported by the observation that the elevated
numbers of peripheral MDSCs positively correlate poor prog-
nosis of cancer patients with advanced disease and lack of
therapeutic efficacy [64]. In some cancer types including
breast cancer and hepatocellular carcinoma, the increased
numbers of Tregs correlate with reduced overall survival of
cancer patients [65]. It was shown in clinic that DCs could
induce a pre-metastatic niche during lymph node metastasis
(LNM) through COX-2/EP3-dependent induction of SDF-1,
suggesting that inhibition of this signaling axis may be an
effective strategy to suppress pre-metastatic niche formation
and LNM [51]. Therefore, suppressing the suppressor may be

a promising immunotherapy strategy to block tumor immune
escape and metastasis by reversing the immunosuppression
and triggering an effective antitumor immune response at the
different stages of cancer progression. Various cancer thera-
pies that attempt to block mechanisms of tumor immune es-
cape and metastasis by targeting the immunosuppressive cells
have shown promise. Some clinically available drugs that act
against cancers not only have the ability to eliminate tumor
cells but can also block the tumor-promoting activity of im-
munosuppressive cells in tumor microenvironments and con-
sequently favor antitumor immune responses [66]. These find-
ings explain their rapid applications in cancer immunotherapy.
The therapeutic approaches that are based on suppressing the
suppressor strategy can be summed up as: (a) reversing the
inhibitory pathways or blocking immune checkpoint to en-
hance effective antitumor T cell responses; (b) suppressing
the function of immunosuppressive cells by targeting these
cells directly or reducing the number of immunosuppressive
cells recruited via tumors; (c) targeting the specific molecular
and cellular components involved in immunosuppressive tu-
mor microenvironment, instead of targeting the tumor cells.

Immune enhancement by immune checkpoint blockade

Many immunosuppressive cells and cancer cells express in-
hibitory molecules PD-1, PD-L1, and CTLA-4, and some ac-
tivated immune cells also express other inhibitory molecules
such as the lymphocyte-activated gene-3 (LAG-3, CD223)
[67, 68], Tcell immunoglobulin and mucin-containing protein
3 (TIM-3) [69], the V-domain Ig suppressor of T cell activa-
tion (VISTA) [70], and B and T lymphocyte attenuator
(BTLA) [71]. These inhibitory signals (known as immune
checkpoints) downregulate Tcell activities and prevent cancer
cells from being eliminated by effector T cells. Therefore,
targeting these checkpoints may boost antitumor immune re-
sponses [72]. Immune enhancement strategies that target tu-
mor immune escape mechanisms are currently in clinical tri-
als, including antibody blockade or neutralization of these
immune checkpoints [73].

Indeed, antibodies against CTLA-4 or PD-1 have been
clinically tested and applied [11, 72, 74–76] and have resulted
in prolonged overall survival of cancer patients. For example,
application of PD-1-blocking monoclonal antibody
nivolumab could inhibit tumor immune evasion and have sub-
stantial therapeutic effect in patients with Hodgkin’s lympho-
ma [11]. Two humanized antibodies against CTLA-4,
ipilimumab, and tremelimumab have undergone Phase III
clinical trials in patients with advanced melanoma and have
shown overall survival benefits [75]. Furthermore, the recent
success of the clinical combination of ipilimumab (anti-
CTLA-4) and nivolumab (anti-PD-1) [11, 77] may have rev-
olutionized the treatment strategy for melanoma patients. The
use of this combination of antibodies to block immune
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checkpoints has shown responses in almost half of metastatic
melanoma patients for whom conventional therapies have
failed [76]. In 2011, ipilimumab was approved by the US
Food and Drug Administration (FDA) because of its benefit
to long-term survival of patients with metastatic melanoma.
In addition, nivolumab was also approved by FDA in
March 2015 for patients with advanced or metastatic non-
small cell lung cancer, showing an improvement in overall
survival in patients as compared to docetaxel chemotherapy
[74]. Many other antibodies against PD-1 or PD-L1 have also
been developed and clinically tested in clinical trials for ad-
vanced solid tumors, including renal cell carcinoma, prostate
cancer, and colon cancer [72].

Now, multiple additional negative checkpoint regulators
that restrict the ability of T cells to effectively attack tumors
have been discovered. These new negative checkpoints in-
clude TIM-3, BTLA, LAG-3, VISTA, and the T cell
immunoreceptor with Ig and ITIM domains (TIGIT) [78],
which are possibly new and promising targets for cancer ther-
apeutic manipulation. TIM-3 was initially identified as a spe-
cific marker of fully differentiated IFN-γ producing CD4 T
helper 1 (Th1) and cytotoxic CD8 T cells, and TIM3 is also
highly expressed on Tregs, monocytes, macrophages, and
DCs. TIM-3, which regulates these immune cells’ function
in several ways, emerged as a key regulator of dysfunctional
or exhausted CD8+ T cells arising in cancer [69]. In acute
myelogenous leukemia, blocking TIM-3 ex vivo or in vivo
increases the functionality of exhausted T cells, synergizes
with PD-1 blockade and inhibits tumor growth more signifi-
cantly [79]. Besides, intratumoral Foxp3+ Tregs that co-
express PD-1 and TIM-3 are highly suppressive and comprise
a specialized subset of tissue Tregs. Depleting Treg by TIM-3
blockade also has a synergistic effect on tumor growth inhibi-
tion [80]. In addition to TIM-3 blockade, treatments are also
being developed to enable blockade of other inhibitory path-
ways. For example, BTLA and PD-1 are co-expressed on
tumor-specific CD8+ T cells in melanoma patients and pro-
mote tumor immune escape. BTLA can be downregulated by
vaccination with peptide and CpG oligodeoxynucleotides,
which reduces BTLA’s immunosuppressive function mediat-
ed by herpes virus entry mediator, and partially improve the
efficiency of immunotherapy [81]. Another immune-
inhibitory molecule LAG-3 can be expressed, together with
PD-1, on tumor-infiltrating lymphocytes to promote tumor
immune escape. Blockade of LAG-3 and PD-1 can synergis-
tically inhibit tumor growth and enhance antitumor immunity
in the established Sa1N fibrosarcoma and MC38 colorectal
adenocarcinoma-bearing mice, thus representing a promising
combinatorial immunotherapy strategy for cancer [82].

A better understanding of how to unleash T cell responses
by targeting immune checkpoints has led to clinical successes
in the field of cancer immunotherapy. These new findings will
inspire us to rethink the interaction between host immune

system and tumor and identify the predictive biomarkers for
effective targeting of the immunosuppressive molecules, more
importantly, empower the approaches of cancer immunother-
apy based on immune checkpoints.

Targeting immunosuppressive cells

Asmentioned above, immunosuppressive cells play important
roles in promoting tumor immune escape and metastasis.
Many targeted therapeutic agents have been demonstrated to
function as immune modulators, and some are being explored
as inhibitors of immunosuppressive cells such as all trans
retinoic acid (ATRA) and sunitinib (both inhibit MDSCs)
[66]. Identification of the immunosuppressive cells in specific
tumor types or within the tumor microenvironment and inhi-
bition of their immunosuppressive function by targeting these
cells directly or indirectly will provide new opportunities to
the design of cancer immunotherapy.

Multiple researches targeting immunosuppressive cells are
ongoing and may guide the future cancer immunotherapy
strategies. More recently, a new therapeutic peptide called
peptibody (a kind of peptide-Fc fusion protein) has been gen-
erated through adapting a competitive peptide phage display
platform to identify candidate peptides that specifically bind
MDSCs. These peptibodies successfully depleted blood,
splenic MDSCs, and intratumoral MDSCs in multiple synge-
neic tumor models, without affecting myeloid-lineage cell
types. Importantly, peptibodies deplete both granulocytic
and monocytic MDSC subsets and can retard tumor growth
in vivo with limited off-target effects [83]. Besides, a type of
tyrosine kinase inhibitor, sunitinib, is being used in renal cell
carcinoma to induce apoptosis of MDSC or to suppress Treg
function [66]. Inhibition of Tregs and MDSCs by inactivation
of the p110δ isoform of phosphoinositide 3-kinase (PI3Kδ)
can induce immune-mediated rejection of various types of
tumors, in addition to their remarkable therapeutic efficacy
in some human leukemia. This p110δ inactivation in Tregs
can unleash CD8+ cytotoxic T cells and break tumor-
induced immune tolerance, thus inducing tumor regression
[84, 85]. Consistent with these findings, immunosuppressive
cells can be depleted in other ways. For instance, CD4+ Tregs
are susceptible to the ATP-binding cassette-transporter B1
(ABCB1)-substrate cyclophosphamide (CPA). The ABCB1-
substrate CPAwas cytotoxic for Treg cells at a 100-fold lower
dose than for non-regulatory counterparts [86]. In this way,
new immunotherapeutic strategies can use CPA to boost anti-
tumor immunity by selectively depleting Treg cells. More-
over, the CC chemokine receptor 4 (CCR4) that was highly
expressed on Tregs can be targeted by an anti-CCR4 antibody
mogamulizumab, resulting in the reduction of the numbers of
CCR4+ malignant T cells and CCR4+ Treg cells in cutaneous
T cell lymphoma [87]. Such exciting pre-clinical data are in-
dicative of the great potential of cancer immunotherapy.

J Mol Med (2016) 94:509–522 517



The successes of these basic and translational studies imply
that it is possible to inhibit tumor immune escape and prevent
metastasis by enhancing antitumor immunity through block-
ade of immunosuppressive cells or eliminating immunosup-
pressive mechanisms that are induced via immunosuppressive
cells or tumor cells. Many pre-clinical and clinical cancer
immunotherapy approaches, especially immune checkpoint
blockade, have been extensively reviewed [72, 73, 88], and
a number of promising approaches are soon to enter the clinic.
However, there are still some problems and challenges worthy
of our future attention. For example, we do not exactly know
which cell types induce CTLA-4- or PD-1-mediated immuno-
suppression in different kinds of tumors because multiple im-
munosuppressive cell populations within the tumor microen-
vironment, such as TAMs, express both CTLA-4 ligand and
PD-L1. In addition, blocking inhibitory signals such as
CTLA-4 on all cells that express this receptor may result in
increased autoimmune disease. Therefore, the particular roles
of immunosuppressive cells in tumor immune escape and me-
tastasis call for further research on identification of cellular
and molecular suppressors for immune response against can-
cer and the development of new cancer treatment strategies.

Conclusions and perspectives

Immunosuppressive cells play important roles in promoting
tumor immune escape and metastasis via different mecha-
nisms. A large number of basic and clinical advancements
bring us a few steps closer to our goal of inhibiting tumor
progression and metastasis. Nonetheless, many unanswered
questions and new challenges still remain. To date, cancer
immunotherapy is not well accepted as a standard therapy
for cancers because there is a wide chasm between impressive
pre-clinical results and limited clinical results. In fact, the
mechanisms for tumor immune escape and metastasis are al-
ways implicated in the ineffectiveness of cancer immunother-
apy and even in chemotherapy or radiation therapy. Several
important questions in this field need to be answered: (1)What
is the relationship among the different immunosuppressive
cells, host stromal cells, and cancer cells during tumor pro-
gression? (2) How might the tumor microenvironment be ed-
ucated and sculpted by cancer cells and how might this result
in myeloid cell diversity even within the same tissue? (3)
Unlike other therapies that target cancer cells, treatments
aiming to inhibit immunosuppression target the immune sys-
tem itself. How can we most effectively boost the antitumor
effects by inhibiting the function of immunosuppressive cells
at the tumor site without disrupting the remaining immune
system or concomitantly inducing life-threatening autoimmu-
nity? (4) Are we able to develop the personalized or precision
cancer immunotherapy designed specifically for an individual
cancer patient and the individual tumor type?

Multiple forms of immunotherapies are being designed and
explored to answer these questions, including adoptive cellu-
lar immunotherapy that re-activates antitumor immune re-
sponse through adoptive transfer of T cells or NK cells. More-
over, suppressing the suppressors may be another promising
strategy for active cancer immunotherapy. We present poten-
tial research directions and clinical strategies in cancer immu-
notherapy in the remaining sections.

Suppressing the immunosuppressive cells

The identification of immunosuppressive cells in certain can-
cers and their roles in tumor progression will pave the way for
development of therapies by inactivation of these cells.
Targeting key immunosuppressive cells such as MDSCs,
TAMs, and Tregs at different stages are promising options that
can be approached via four specific strategies: (1) preventing
the differentiation of myeloid cells into mature immunosup-
pressive cells; (2) blocking immunosuppressive cell recruit-
ment, expansion, and activation; (3) inhibiting the suppressive
function of immunosuppressive cells; and (4) depleting
intratumoral immunosuppressive cells.

For example, immunosuppressive cells can be therapeuti-
cally targeted with drugs that prevent their proliferation in the
bone marrow [2] and avoid their mobilization and recruitment
to the tumor microenvironment or pre-metastatic organs. De-
signing strategies that aim to re-educate the immunosuppres-
sive activity of MDSCs is another attractive approach because
MDSCs are composed of mixed subpopulations of cells with
varying maturity and plasticity and can also differentiate into
multiple immunosuppressive cell types. Other therapeutic ap-
proaches that induce immunosuppressive cell apoptosis,
maintain their immature state, and inhibit their immunosup-
pression functions may also take effect. As such, targeting
Tregs via a CD25-blocking monoclonal antibody has been
beneficial in improving immunotherapy responses in patients
with metastatic breast cancer [15, 89]. The remarkable sup-
pressive effects observed in the above-mentioned studies
strongly suggest that an immunosuppressive cell-targeting
therapy may be an effective strategy. Thus, a more detailed
understanding of the molecular mechanisms governing immu-
nosuppressive cell recruitment, activation, and function in pre-
clinical models of specific cancer types may guide more ratio-
nal designs for future trials.

Re-programming tumor microenvironment

Another possible therapeutic strategy is withdrawal of the tu-
mor microenvironment that supports tumor cells’ immune es-
cape and metastasis. Tumor microenvironment alterations and
immunosuppressive cell accumulation can subvert the thera-
peutic efficacy of traditional anticancer therapy and ultimately
abrogate patient outcome [90]. Accumulating evidence has
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also shown overwhelming heterogeneity at every level in can-
cer cells [91], such that new cancer therapy strategies targeting
the tumor microenvironment could be an even more promis-
ing option compared to targeting cancer cells directly. Conse-
quently, targeting different components of the tumor microen-
vironment or eliminating its immunosuppressive phenotype
may effectively prevent cancer cell immune escape and me-
tastasis. Moreover, given the paradoxical capacity of the tu-
mor microenvironment to both promote and impair tumor
progress, therapeutic strategies that manipulate and re-
educate the tumor microenvironment from pro-tumor to anti-
tumor behavior is well worth exploring. Some immunother-
apies based on this re-programming approach have generated
much excitement in the clinic recently [92, 93] and inspires us
to investigate the global tumor microenvironment more
comprehensively.

Reversing immunosuppression

The success of current clinical trials testing CTLA-4 and PD-1
blockade stimulate our interest in new approaches that block
other potential effectors of immunosuppression, including the
soluble factors (such as IDO and TGF-β) and cellular media-
tors (such as Bregs and Th17 cells) of the tumor process. Little
is known about the recruitment of some other types of immune
cells to the developing tumor microenvironment or their con-
tribution to tumor immune escape and metastasis. This is an
emerging research field, and future studies are required to
investigate the role of immune cells as well as their interac-
tions with cancer cells. Better understanding of the polariza-
tion of myeloid cells to a tumor-promoting phenotype and
their potential in suppressing cellular mediators of the antitu-
mor immune responses will be critical in inhibiting tumor
immune escape and metastatic progression.

Personalized and precision immunotherapy of cancer

Tumors from different individuals display unique characteris-
tics depending on the individual’s genetic makeup, the cellular
components of the host immune system, and the tumor stage
at the time of diagnosis. Certain types of tumors may predom-
inantly recruit specific types of immunosuppressive cells, via
distinct chemoattractants, to promote tumor progression. For
example, a high number of intratumoral TAMs always corre-
lates with poor prognosis in breast cancer patients, which is
recruited through the high expression of the monocyte
chemoattractant CCL2, and these macrophages can accelerate
breast cancer metastasis by promoting angiogenesis [94, 95];
besides, rhabdomyosarcoma-derived CXCR2 ligands induce
robust accumulation of MDSCs in the tumor bed to mediate
local immunosuppression and escape immune defenses [19],
while hepatocellular carcinoma predominantly recruits Tregs
by secreting CCL22 [52]. Therefore, adaptation of

personalized and precision therapies targeting unique tumor
signatures should be one of the goals. On one hand, personal-
ized treatment selection will require analysis of the immuno-
suppressive cell type, the entire tumor microenvironment, and
cancer types to determine specific therapies. On the other
hand, precise therapeutic approaches to cancer could assess
the cancer cell and immunosuppressive cell profile in individ-
ual cancers, so that the targeting drug can be precisely tailored
to maximize the response.

Combination therapy of cancer

Because tumors use multiple mechanisms to escape antitumor
immune responses and the metastasis mechanisms may be
interactive and mutually compensatory, a combination strate-
gy rather than a single approach will be more efficient to
overcome tumor immune escape and metastasis. Optimal re-
sults will require combination of different immune checkpoint
blockade with important signal pathway inhibitors and other
established therapies. For instance, only a population of mel-
anoma patients responds to the treatment which blocks
immune-inhibitory receptors because of the absence of a spon-
taneous antitumor T cell response in tumor sites. A more re-
cent study revealed a correlation between activation of the
WNT/β-catenin signaling pathway and absence of a T cell
gene expression signature by molecular analysis of human
metastatic melanoma samples. Tumor-intrinsic active β-
catenin signaling results in T cell exclusion and resistance to
anti-PD-L1/anti-CTLA-4 monoclonal antibody therapy and
also suppresses the recruitment of CD103+ DCs by impairing
production of the chemokine CCL4 [96]. These findings sug-
gest that targeting of β-catenin could be combined with im-
mune checkpoint blockade to enforce antitumor immune re-
sponse in melanoma patients. Another recent clinical trial re-
ported that treatment with an anti-CTLA4 antibody plus radi-
ation in a subset of patients with metastatic melanoma results
in major tumor regressions, and this effect was also
reproduced in mouse models, but the efficacy can be inhibited
by PD-L1 on tumor cells. Later combination of radiation with
both anti-CTLA-4 and anti-PD-L1 antibodies simultaneously
could increase the treatment responses in clinical trials [88].
Furthermore, when trafficking of MDSCs to tumor was
inhibited by CXCR2 deficiency or when the patients had un-
dergone anti-CXCR2 monoclonal antibody therapy, delayed
anti-PD1 treatment could induce significant antitumor effects
[19].

Taken together, these studies suggest that (1) combining
therapies that target mechanisms of tumor immune escape
(for example, inhibiting immunosuppressive cell types via
antibody) with activation of normal immune T cell function
may provide more benefits for patients; (2) optimal results will
require a combination of various immune checkpoint inhibi-
tors as well as a combination of these inhibitors with other
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traditional therapies; (3) blockade of an inhibitory pathway in
combination with a simultaneous agonistic signal through a
stimulatory pathway, such as ICOS, OX40, and CD137(4-
1BB) [72, 97]; (4) concomitant targeting of cancer cells and
their local tumor microenvironment as well as targeting the
pre-metastatic niche may have robust consequences for sup-
pressing tumor progression and metastasis. Therefore, the
most successful cancer therapy strategies may be to simulta-
neously target multiple immune escape pathways and metas-
tasis mechanisms or to combine them with more conventional
treatments such as chemotherapy and radiation.

A better understanding of the mechanisms by which im-
munosuppressive cells promote tumor immune escape and
metastasis is promising enough as to suggest a breakthrough
in the area of cancer immunotherapy and, more importantly,
will provide a scientific rationale for clinical trials to improve
clinical outcomes for patients.
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