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Abstract

A bottleneck for immunotherapy of cancer is the immunosuppressive microenvironment in which
the tumor cells are located. Regardless of the fact that large numbers of tumor-specific T cells can
be generated in patients by active immunization or adoptive transfer, these T cells do not readily
translate to tumor cell killing /77 vivo. The immune regulatory mechanism which prevents
autoimmunity may be harnessed by tumor cells for the evasion of immune destruction. Regulatory
T cells, myeloid-derived suppressor cells, inhibitory cytokines and immune checkpoint receptors
are the major components of the immune system acting in concert to cause the subversion of anti-
tumor immunity in the tumor microenvironment. This redundant immunosuppressive network may
pose an impediment to efficacious immunotherapy, thus facilitating tumor progression. Cancer
progression clearly documents the failure of immune control over relentless growth of tumor cells.
Detailed knowledge of each of these factors responsible for creating an immunosuppressive shield
to protect tumor cells from immune destruction is essential for the development of novel immune
based therapeutic interventions of cancer. Multi-pronged targeted depletion of these suppressor
cells may restore production of granzyme B by CD8* T cells and increase the number of IFN-y
producing CD4" T cells.
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Introduction

Emerging clinical data suggest that cancer immunotherapy is likely to become a key part of
the clinical management of cancer. The major advantage of immunotherapy is that it
specifically targets the tumor cells, sparing normal healthy cells thus preventing the
debilitating side effects that are inevitable with chemo or radiotherapy. Timely
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administration of immunotherapeutic strategies may eliminate minimal residual disease thus
preventing recurrence and metastasis.

A major hurdle for immunotherapy of cancer is that in most of the cases the tumor cells are
located in an immunosuppressive microenvironment. Regardless of the fact that large
numbers of tumor-specific T cells can be generated in patients by active immunization or
adoptive transfer, these T cells cannot fully achieve their tumoricidal potential /7 vivo. Thus
large numbers of tumor antigen-specific T cells present in the periphery do not readily
translate to tumor cell killing. Tumor cells employ various suppressive mechanisms to
accomplish immune suppression, which include induction of regulatory T cells (Tregs),
myeloid-derived suppressor cells [1] and expression of programmed death ligand (PD-L1).

Immunosuppression by Tregs

Regulatory T cells (Tregs) are potent inhibitors of the immune system, crucially important
for maintaining peripheral tolerance as well as regulating immune responses, preventing
excessive immune activation and autoimmunity. Tregs suppress effector T cells, NK cells
and dendritic cells either through cell—cell contact or through secretion of
immunosuppressive cytokines and indoleamine 2, 3 dioxygenase (IDO). Studies have
demonstrated that many cancers can induce the proliferation of Tregs and/ or promote their
generation from naive T cells, resulting in the accumulation of these cells in the tumor beds
and in the periphery. Importantly, the elimination and/or functional inactivation of tumor-
induced Tregs can promote antitumor immunity and enhance the efficacy of immunotherapy.

Chronic inflammation characterized by continued expression of pro-inflammatory cytokines
and recruitment of immune cells to the liver contributes to hepatic carcinogenesis [2]. The
inhibition of tumor-specific immune surveillance in this chronic inflammatory milieu is
mediated by increased frequency of Tregs, MDSCs, changes in the expression pattern of
inhibitory immune checkpoints, alterations in the function of dendritic cells (DC) and
release of immunosuppressive cytokines. Decline in CD4* T effector cell function with
progressive tumor growth in HCC is related to increased Treg mediated suppression [3,4].
Even though, the suppressive role of Tregs during the inflammation is beneficial for
maintenance of normal immune homeostasis, increase in the number of Tregs during tumor
progression suppresses CD8* T effector cell mediated anti-tumor immunity; hence creating
a barrier to successful immunotherapy of cancer [5-7]. On the contrary, a paradox has been
reported in colorectal cancer; while some studies concluded that high density of Tregs in the
tumor microenvironment is associated with better prognosis, other studies reported their
elevated numbers are associated with advanced stage tumors and poor overall survival [8].
However, the benefit or hazard of Tregs in colorectal cancer (CRC) is highly debated. It
seems that Tregs have differential influence at different stages of CRC development.
Excessive activation of Tregs also contributes to persistent HBV infection and progression of
HCC [9] and HBV* HCC patients have Tregs with greater suppressive potential than non-
HBV* HCC patients [10]. Negative role of Tregs through dampening favorable CD8* T cell
responses to tumor associated antigens has been reported in breast cancer patients and
patients with low CD8* T cells/Tregs ratio had a better survival benefit [11]. Tregs also play
an important role in the progression and metastasis of lung cancer, the most lethal disease
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globally which has no effective therapies and expression of tumor necrosis receptor factor
type Il (TNRF2) by circulating Tregs in these patients correlated with poor clinical outcome
[12,13]. The inhibitory effect of Tregs on CD4" and CD8* T cells can be abrogated by
treatment with anti-chemokine receptor type-4 (CCR4) and anti-CD56 antibody /n vitro
which represent a novel strategy for the elimination of Tregs in the therapeutic settings of
lung cancer patients [14].

Role of MDSCs in suppression of anti-tumor immunity

MDSCs are a heterogeneous population of immature myeloid cells that originate from the
bone marrow, and normally differentiate into dendritic cells (DCs) or macrophages.
However, their maturation is halted in malignancy and they infiltrate into tumor
microenvironment. MDSCs induce a state of chronic tissue inflammation and immune
suppression that is characterized by the production of reactive oxygen species (ROS), nitric
oxide (NO), arginase-1 (Arg-1) and cytokines IL-1, IL-6 and TNF-a. They can induce Tregs
and attract suppressive tumor associated macrophages (TAM) [15]. The expansion of both
granulocytic and monocytic MDSCs in a broad spectrum of human cancers has been
extensively reviewed by Stromnes et al [16]. Abrogation of MDSC activity by targeted
depletion has been shown to enhance endogenous CTL mediated tumor cell killing, which
suggests that failure of immune surveillance to cancer may be in part due to MDSCs [17].
Several strategies for therapeutic targeting of MDSCs in malignancy have been detailed and
such strategies include depletion of MDSCs, interfering with suppressive activity of MDSCs
by using cyclooxygenase-2 (COX2) inhibitors and phosphodiesterase-5 (PDE-5) inhibitors
[16-19]. MDSCs are recruited by IDO expression in the tumor microenvironment. In
addition to attracting MDSCs, IDO is instrumental in the deprivation of tryptophan in the
tumor microenvironment thus inhibiting T cell activation [16]. IDO mediated tryptophan
depletion inhibits the kinases mammalian target of rapamycin (mTOR) and protein kinase-C
(PKC). The novel experimental inhibitor of IDO, 1-methyl D-tryptophan relieves the
inhibition of mMTOR and PKC by acting as a tryptophan mimetic. Thus IDO represents an
attractive potential target for cancer therapy [20].

Increased levels of HLA-DR!OW/ neg CD14* MDSCs detected in the circulation of patients
with melanoma [21], HCC [9,22], rectal cancer [23] and prostate cancer [24] correlated with
poor prognosis; furthermore, a reciprocal relationship between Tregs and MDSCs has been
demonstrated in HCC and prostate cancer patients [9,24,25]. In contrast, an inverse
correlation between the frequency of MDSCs and presence of functional antigen-specific T
cells found in melanoma patients and breast cancer patients highlights the potent
immunosuppressive role of MDSCs in cancer [11,21]. Thus several studies conducted in
cancer patients and pre-clinical models suggest the pro-tumorigenic nature of MDSCs [1]
and therapeutic targeting of MDSCs to maximize the efficacy of immune based therapies are
being considered in clinical trial settings [16,26—28].

Inhibitory checkpoint receptors and “T cell exhaustion”

PD-1 is a checkpoint receptor expressed on activated T cells that down modulates effector T
cell function and prevents the formation of immune memory. Interaction of activated PD-1*
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T cells with PD-L1 expressing tumor cells, immune cells such as DCs, macrophages, NK
cells, monocytes and B cells results in suppression of T cells. Up-regulation of PD-L1 by
neoplastic cells allows tumors to escape the anti-tumor effector T cell responses. Studies
conducted in different types of human cancers have shown that PD-L1 expression on tumor
cells reflects an immune reactive microenvironment and responsiveness to anti-PD-1 therapy
has strong correlation with tumor PD-L1 expression [29]. Impressive clinical responses have
been achieved by therapeutic targeting of T cell inhibitory pathways using monoclonal
antibodies directed against immune checkpoints PD-1, PD-L1 and CTLA-4. While,
therapeutic efficacy of PD-1/PD-L1 blockade has been shown to be promising with
accomplishment of better survival and durable remission reported in different types of solid
malignancies [30-32], this represent a potential strategy to target immune suppression in a
variety of hematological malignancies [33]. Soluble CD80 mediated intervention of
PD-1/PD-L1 axis can restore the activation of both CD4* and CD8" T cells with IFN-y
production [34,35]. Virotherapy using oncolytic viruses has been reported to reduce the
systemic resistance to PD-1 immunotherapy in an experimental model of liver cancer, thus
providing the rationale for combining oncolytic viruses and immune checkpoint blockade in
clinical trial [36]. Immune checkpoint receptors are recognized as important players of
immune suppression in HCC [37,38]. We have reported the increased frequency of
exhausted T cells expressing PD-1 in HCC patients with advanced stage of the disease,
which contributes to incompetent T effector cell function; selective /n vitro depletion of the
immunosuppressive cells resulted in partial restoration of T effector cell function in HCC
[25,39].

CTLA-4 is another inhibitory receptor pathway hindering T cell function in cancer; it
competes with CD28 for binding to the co-stimulatory receptors CD80 and CD86 on antigen
presenting cells thus impairing initial stages of T cell activation and proliferation. While
PD-1 plays a central role in downregulating activated T cells in the periphery, CTLA-4
predominantly regulates early stages of T cell activation. Ipilimumab, an anti-CTLA-4
monoclonal antibody augmented anti-CD3 driven T cell proliferation /n vitro and enhanced
bispecific antibody directed cytolysis of tumor cells by activated T cells; this is implicated to
attenuation of Treg mediated suppression by Ipilimumab [40]. Ipilimumab has been
administered for the treatment of melanoma in combination with bevacizumab and
improvement in overall survival was recorded in melanoma patients [41]. In a recent study,
combination therapy using Ipilimumab and anti-PD-1 antibody, nivolumab has been shown
to produce significant improvement in the progression free survival of metastatic melanoma
patients as compared to Ipilimumab alone. This combination therapy was found to be more
effective in PD-L1 negative tumors [42].

Immune suppression in HCC

HCC is an inflammation associated malignancy, majority of the patients suffer from
cirrhosis of viral etiology or chronic alcohol consumption. Immunogenicity of HCC renders
it a suitable candidate for immunotherapeutic approaches. Alfa-fetoprotein (AFP),
glypican-3 (GPC-3), New York esophageal squamous cell cancer-1 (NY-ESO-1) and
melanoma antigen-A (MAGE-A) are the prominent and most studied antigens in HCC.
Spontaneous cellular or humoral responses against NY-ESO1 antigen has been reported in
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50% of the patients [43]. Infiltration of tumor associated antigen-specific CD8* T cells were
reported in 50% of HCC patients and antigen-specific CD8* T cell responses correlated with
progression free survival [44]. Nevertheless, HCC exploits multiple immunosuppressive
pathways to effectively evade the host’s anti-tumor immune responses. The immune
regulatory mechanism which prevents autoimmunity may be harnessed by tumor cells to
accomplish immune escape or the evasion of immune destruction. Regulatory T cells
(Tregs), myeloid-derived suppressor cells [1] and PD-1* T cells are major components of the
immune system acting in concert to cause the subversion of anti-tumor immunity in the
tumor microenvironment [25,39,44,45]. This redundant immunosuppressive network in
HCC poses an important obstacle to success of immunotherapy. Detailed knowledge of these
factors responsible for creating an immunosuppressive milieu is essential for the
development of novel immune based therapeutic modalities.

Several studies have reported that dysregulated immune function pose an impediment to
immunotherapeutic approaches in HCC. While many of these studies have focused on
investigating one single aspect of dysfunctional immunity in HCC either the impact of Tregs
[4] or MDSCs [22] on abrogation of anti-tumor immunity, we were the first to perform a
global analysis of immune dysfunction in this patient population [25]. HCC exploits
multiple immunosuppressive mechanisms to evade active immune surveillance of the host;
this includes induction of Tregs, recruitment of MDSCs, accumulation of exhausted T
effector cells, defective antigen presentation by dendritic cells (DCs) and overproduction of
inhibitory cytokines such as IL-10 and TGF-B1 [25,37,38,44].

Since CD25 is expressed on both activated T effector cells and Tregs this marker alone is
incapable of accurately discriminating Tregs from activated effector T cells. Expression of
Foxp3 alone is also not a reliable marker, as this protein is also expressed on non-
immunosuppressive Tregs. Therefore, we have used multiple markers
(CD3*CD4*Foxp3*CD1277) for the identification and characterization of Tregs and
detected significantly elevated frequency and absolute number of this phenotype in HCC
patients [25]. Following a recent workshop study, a consensus has been reached over the
controversy regarding the markers that should be used for the identification of Tregs and the
same markers used in our study have been validated and proposed as essential marker set for
the identification of Tregs from PBMC [46]. Furthermore, intracellular localization of Foxp3
protein precludes its use for therapeutic targeting and depletion of suppressive Tregs using
specific antibodies. In order to identify highly immunosuppressive Tregs bearing markers
that can be therapeutically targeted, we evaluated the expression of CTLA-4 and
glycoprotein A repetition predominant (GARP) on the surface of Foxp3* Tregs. High
prevalence of this phenotype in patients with advanced HCC highlighted the severe immune
dysfunction in these patients and provided the rationale for therapeutic depletion of
immunosuppressive Tregs.

The central role of MDSCs in dampening anti-tumor immunity in HCC has not been
appreciated before, despite its high importance as a potent immunosuppressive cell subset in
other cancers. Recognizing the potential relationship between MDSCs and induction of
Tregs during the progression of malignancy, we therefore evaluated the frequency of CD14~
HLA-DR™ CD11b*CD33* MDSCs. In conjunction with elevated levels of Tregs, the
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frequency and absolute number of MDSCs was significantly high in HCC patients.
Additionally, the frequency of MDSCs showed excellent correlation with frequency of
Tregs, indicating that the accumulation of MDSC is in concurrence with Treg accumulation
and the interplay between these immunosuppressive cell subsets is very critical in the
establishment of tolerogenic tumor microenvironment in HCC (Fig. 1a). Thus depletion of
one of these subsets is unlikely to have a beneficial impact on anti-tumor immune responses
in HCC; as one of this cell types can induce the generation of other by creating a feedback
loop. This provided the rationale for the combined depletion of Tregs and MDSCs, which
resulted in restoration of T effector cell functions; enhancement in T cell proliferation and
granzyme B production (Fig. 1b).

Heightened immunosuppression in HCC is additionally reflected by elevated levels of Treg
derived cytokines IL-10 and TGF-B1 with concomitant downregulation of IFN-vy, a potent
anti-tumor cytokine whose diminished levels could be attributed to high prevalence of
suppressive Tregs in HCC. Serum interferon-y levels may reflect host’s anti-tumor
immunity and may be potential marker of HCC recurrence after curative therapy in patients
[47].

Since HCC has strong association with chronic viral infections (HBV/HCV), appearance of
exhausted T cells expressing PD-1 may be considered as a hallmark of HCC patients with
viral etiology. Thus, abundance of PD-1* T cells detected in HCC patients is an indication of
yet another level of immune dysregulation that would need to be circumvented, in order to
accomplish efficacious anti-tumor immune responses. Functional defects in both CD4* and
CD8* T cells reflected by decreased proliferation and diminished granzyme B or IFN-y
secretion in response to anti-CD3/CD28/mitogenic stimulation is not surprising; this could
be due to the cumulative effect of underlying immunosuppressive burden in these patients
(Fig. 1a). Multi-pronged depletion of suppressive cell subsets restored the proliferation of
both CD4* T helper cells and CD8* CTL, but not to the levels equivalent to T cells from
healthy controls. Nonetheless, combined depletion of suppressive cells fully restored
granzyme B production by CD8* T cells to the levels equivalent to those observed with T
cells from healthy donors (Fig. 1b). IFN-y production by T cells also improved but to a
lesser extent. Thus elevated levels of immunosuppressive cells in HCC patients compromise
CTL function, partly by inhibiting granzyme B production, resulting in attenuated tumor cell
killing.

Conclusions

In conclusion, even though there is abundant /in vitro evidence for human T cell reactivity
against tumors, such responses are often ineffective in vivo as tumor cells exploit multiple
mechanisms to avoid immune cell recognition and anti-tumor effector cell function, thereby
limiting the clinical benefits of immunotherapeutic strategies. Mitigation of
immunosuppressive cells to augment Thl and CTL response is critical for improving the
efficacy of immunotherapy of cancer, which may impact the survival of patients.
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Figure 1.
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Targeted depletion of Tregs, exhausted PD-1* T helper cells and myeloid-derived suppressor
cells may restore effective anti-tumor T cell function. (a) Tumor cell-mediated induction of

exhausted effector T helper cells and immunosuppressive GARP*CTLA-4" Tregs and
myeloid-derived suppressor cells diminish the anti-tumor capacity of Thl and CTL by
inhibition of IFN-y and granzyme B production. (b) The restoration of effector T-cell

proliferation and granzyme B production (but not IFN+y secretion) by the combined removal

of all these immunosuppressive cells may restore anti-tumor Thland CTL responses

(adapted from Lugade et al 2013; reference no 39).
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