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Abstract

Importance of the field—Immunotherapy of cancer has not improved disease-free or overall
patient survival. The lack of concordance between immunologic and clinical responses in cancer
immunotherapy trials is thought to result from the pervasive presence of tumor-driven immune
suppression that allows tumor to escape and that has not been adequately targeted by current therapies.

Areas covered in this review—Because multiple mechanisms of tumor induced suppression
have now been identified and shown to contribute to tumor escape, the opportunity arises to interfere
with these mechanisms. A range of known tumor-derived inhibitors (enzymes, receptors, ligands,
microvesicles and soluble factors) can now be blocked or neutralized by biologic or metabolic agents.
Used alone or in combination with each other or with conventional cancer therapies, these agents
offer novel therapeutic strategies for the control of tumor escape.

What the reader will gain—This review deals with currently available inhibitors for counteracting
tumor immune escape. The restoration of effective anti-tumor immunity in patients with cancer will
require new approaches aiming at: (a) protection of immune cells from adverse effects of myeloid-
derived suppressor cells (MDSC), regulatory T cells (Treg) or inhibitory factors thus enhancing
effector functions, and (b) prolong survival of central memory T cells thus ensuring long-term
protection.

Take home message—Inhibitors of mechanisms responsible for tumor escape could restore anti-
tumor immune responses in patients with cancer.
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Introduction

Recent evidence supports the concept that the host immune system interacts with the
developing tumor and plays a role in the arrest of tumor growth in experimental animals and
in man [{Whiteside, 2010 #211}]. These interactions between the host and the tumor have
been referred to as “immune surveillance,” and they conjure an image of a vigilant immune
system poised to eliminate malignant cells. Indeed, antibodies (Abs) specific for tumor-
associated antigens (TAA) are commonly found in patients with cancer [2,3]. T lymphocytes
specifically able to recognize these antigens are detectable as well [3], and non-specific but
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activated immune effector cells able to eliminate tumor cells, e.g., natural killer (NK) cells,
macrophages or NKT cells, are present in the circulation of patients with cancer and at the
tumor site [4]. The presence of these various elements of the host immune system in cancer-
bearing hosts implies that immune cells and their products, i.e., antibodies, cytokines, enzymes
or other soluble factors are potentially capable of mediating tumor rejection. Further, because
some of the TAA-specific T cells present in the circulation have the memory phenotype, it has
been suggested that long-lasting immunologic memory could prevent or delay tumor
recurrence following a successful oncologic therapy [5]. Nevertheless, the fact remains that
tumors progress in immunologically competent hosts in the face of existing and measurable
anti-tumor immune responses and despite various oncologic therapies administered to cancer
patients. Thus, although the components necessary for mounting an effective anti-tumor
immune response are present in patients with cancer, the host usually fails to arrest tumor
progression.

Numerous molecular and cellular mechanisms have been invoked in the past to explain this
counterintuitive situation, largely focusing on the “immune escape” of tumors and suggesting
that tumors develop the capability to avoid tumor-specific immune responses generated by the
host or altogether disable the host anti-tumor immunity. This process referred to as “tumor-
induced immune suppression” has been recognized in recent years and is being intensively
investigated [6,7]. It appears that tumors can interfere with all components of the immune
system, affecting all stages of the anti-tumor immune response [4]. Tumor-induced immune
suppression is not a classical immunodeficiency, however, as it represents a highly selective
functional inhibition of those immune cells that are responsible for anti-tumor immune
responses, leaving anti-bacterial or antiviral immunity unimpaired in patients with cancer.

Human tumors engineer an immune escape via a wide-range of mechanisms. Many of these
mechanisms have been only recently identified [4,6,8]. By and large, these mechanisms either
interfere with the generation of anti-tumor immune cells, thus reducing their numbers, or
subvert their functions and survival [4]. Tumor-induced immunosuppression has been
recognized as a serious and pervasive problem that has interfered with available cancer
therapies and with the development of drugs able to control tumor progression.

Immunotherapies, including anti-tumor vaccines, adoptive T-cell transfers or delivery of
exogenous cytokines are designed to activate, mobilize and otherwise up-regulate the host
innate and adaptive immune responses directed at the tumor. In effect, they are expected to
eliminate or reverse tumor-induced immunosuppression. This has proven to be a difficult
objective to achieve. The lack of convincing and reproducible associations between
immunologic and clinical responses in cancer patients treated with immunotherapy has cast
doubts on the utility and effectiveness of biologic therapies in overcoming tumor-induced
immune suppression [9]. Given the multiplicity of known mechanisms involved in this process
and the prevailing practice of treating advanced metastatic disease with immune therapies, this
lack of association between immune and clinical responses to therapy is not surprising.

Recent advances in tumor immunology have allowed for a better understanding of the
mechanisms tumors use for immune escape and of the relationship each tumor establishes with
the host immune system. Current investigations are overwhelmingly directed at the discovery
of biomarkers that could be used to establish an “immune signature” of the tumor [10,11]. The
goal is to define the genetic, molecular and functional profiles of immune cells present in the
tumor microenvironment. It is expected that definition of the immunologic profile, which is
likely to be unique for every tumor, might be the key to personalized selection of
immunotherapy that will ultimately result in a successful control of the tumor progression. As
the molecular mechanisms responsible for tumor escape are defined and various lesions in anti-
tumor functions of immune cells are identified, the selection of the best therapeutic options for

Expert Opin Biol Ther. Author manuscript; available in PMC 2011 July 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Whiteside

Page 3

the cancer patient becomes a reality. This new “personalized strategy” uses current insights

into mechanisms of tumor-induced immunosuppression for the selection of therapy that fits

best to the tumor immune signature and thus has the best chance for eliminating suppression
and restoring normal immune cell functions.

Today, a number of biologic and non-biologic agents are available that have been pre-tested
in animal models of cancer, target a known immunosuppressive mechanism induced by tumors
and show an excellent therapeutic potential for cancer therapy. The objective of this review is
to feature those compounds that are currently in the lead, illustrating their molecular and
cellular targets as well as the mechanisms responsible for their therapeutic activity in cancer.
However, it is first necessary to briefly describe the most common immunosuppressive
mechanisms used by human tumors and to illustrate their role in tumor progression. With this
background in mind, it will then be possible to discuss strategies available for the elimination
of tumor-induced immune suppression using specific examples in the context of the tumor-
specific “immune signature.”

How tumors escape from the host immune system

Molecular alterations that occur in tumor cells as the tumor progresses from the pre-malignant
to metastatic phenotype are a result of genetic instability, now recognized as a principal
characteristic of all tumors. Genetic changes are already detectable during early stages of
tumorgenesis, become more pronounced as the tumor progresses, are the greatest in metastatic
cells and are responsible for tumor heterogeneity and alterations in the antigenic epitope profile
of tumor cells [12]. It has been suggested that the immune system might drive these antigenic
changes via “immune editing” by eliminating those malignant cells that are sensitive to immune
intervention and allowing for the selection and survival of immunoresistant variants [13]. The
net result of immune editing is the tumor escape from the host immune system. Several of the
mechanisms commonly used by the tumor to execute an immune escape are listed below:

1. Loss of surface antigens and selection of epitope-loss tumor variants

Due to genetic instability characterizing human tumors, molecules present on the surface of
tumor cells constantly change. If anti-tumor cytotoxic T lymphocytes (CTL) are present in the
microenvironment, the tumor executes a hiding strategy changing its antigenic profile. Over
time, the immune system of the host selects for “epitope-loss” tumors [14] by eliminating the
tumor cells expressing the epitope and leaving behind those that are epitope-negative. The
result is the tumor, which is “invisible” and highly resistant to T cells responsible for tumor
elimination.

2. HLA class | antigen loss

Low or absent HLA class | antigen expression on the surface of tumor cells in culture and in
tissue sections has been documented for most types of human solid tumors, using monoclonal
antibodies (mAbs) to monomorphic determinants of HLA class | antigens and
immunohistochemical (IHC) staining [15,16]. The frequency of HLA class | antigen loss or
down-regulation ranges from 15% in primary melanoma lesions to 50% in primary prostate
carcinoma [15]. In addition, selective losses in single alleles of HLA class | molecules are often
seen in tumors [15,16].

3. Down-regulation of antigen processing machinery (APM) components

Using reagents newly developed by Dr. S. Ferrone, (U. of Pittsburgh) it has been possible to
demonstrate multiple defects in components of the APM in tumor cells [17]. These alterations
are predicated to affect the repertoire of peptides presented by HLA class | moleculesto T cells
and may be responsible for the observed increased resistance of tumors to lysis mediated by
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CTL. The absence or diminished display of HLA class I/peptide complexes limits the
recognition of tumor cells by CTL. This could be of major clinical significance, since defects
in expression of HLA class | molecules by a patient’s tumor appears to be associated with a
short disease-free interval and with poor survival in breast carcinoma and melanoma [18].

4. The “self” nature of TAA

The fact that most known TAA are “self”, i.e., contain non-mutated sequences, explains in part
the poor immunogenicity of many tumors and the resistance of tumors to low-avidity T cells
that have persisted avoiding post-central and/or peripheral tolerance selection [19]. Indeed, in
the context of low avidity T-cell recognition typically requiring that high densities of specific
HLA class I/tumor peptide complexes be presented, the HLA/APM system might only require
subtle down-modulation to prevent tumor recognition and elimination by CTL [20].

5. Low levels of co-stimulation

IHC studies of tumor cell lines and tumor tissues have shown that human tumors often lack or
express low levels of co-stimulatory molecules [21]. Although tumor cells are not
“professional” APC, insufficient expression of co-stimulatory molecules on tumor cells or
down-regulation of co-stimulatory molecules on APC may result in death or anergy of TAA-
specific CTL. Also, dendritic cells (DC) conditioned by the tumor may be locked in an
immature state, expressing reduced levels of co-stimulatory molecules and showing a
diminished capacity to fully activate T cells in productive immune responses. Such interactions
may result in the development of tolerance instead of anti-tumor immunity.

6. Generation of inhibitory signals

In the tumor, activating signals necessary for sustaining T-cell functions may be substituted
by inhibitory signals, such as those mediated by CTLA-4, which counteracts stimulatory effects
of CD28 ligation [22]. The balance of CD28 and CTLA-4-derived signals is critical to
maintaining the balance between T-cell activation vs. tolerance [22,23]. In addition, tumor
cells may express inhibitory ligands such as PDL1, for example, that lead to functional skewing
of effector T cells to less productive phenotypes or to the enhanced sensitivity of T cells to
activation-induced cell death [4,7].

7. Release of tumor-derived microvesicles (TMV)

Tumor cells are a source of membraneous vesicles (50-100nM in size), which are present in
sera and body fluids of patients with cancer. These TMV express the membrane-form of FasL
as well as HLA class | molecules, induce apoptosis of activated T cells, and promote
proliferation and suppressor activity of regulatory T cells (Treg) [24]. TMV are also involved
in elimination of immune cells in the peripheral circulation of patients with cancer.

8. Regulatory T cells (Treg)

CD4*CD25MI"FOXP3* Treg accumulate in human tumors and the peripheral circulation of
patients with cancer [25]. It is unclear whether these cells migrate to tumors or expand in
situ. Because TAA are self, it is possible that Treg accumulation is a response to enforce
immune tolerance. Treg contribute to down-regulation of immune activity of effector T cells
by a variety of mechanisms including IL-10 and TGF-B1 production [26], enzymatic
degradation of ATP to immunosuppressive adenosine [{Mandapathil, 2010 #106}, or
engagement of the Fas/FasL and granzyme/perforin pathways [28]. Tumors benefit from
immunosuppressive effects mediated by Treg.

Expert Opin Biol Ther. Author manuscript; available in PMC 2011 July 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Whiteside Page 5

9. Myeloid-derived suppressor cells (MDSC)

These bone marrow-derived immature myeloid cells (CD34*CD33*CD13*CD15") are
increased in frequency in the peripheral circulation and tumors of nearly all cancer patients
[29]. They are recruited by tumor-derived soluble factors such as TGF-B1, IL-10, VEGF, GM-
CSF, IL-6, PGE,. They favor tumor growth by suppressing T-cell responses via several
mechanisms, including production of an enzyme involved in L-arginine metabolism, arginase
1, as well as activation of iNOS [30]. They also control production by the tumor of
indoleamine-2,2-dioxygenase (IDO) involved in the catabolism of tryptophan, an amino acid
essential for T-cell differentiation [31].

10. Apoptosis of activated T lymphocytes

Tumor-induced “counterattack” on immune cells results in apoptosis of substantial proportions
of circulating CD8* effector T cells in patients with cancer [{Whiteside, 2010 #211}. The
responsible mechanism has been identified as overexpression of Fas (CD95) on the surface of
activated T cells and cross-linking of this receptor by FasL expressed on human tumor cells
[{Whiteside, 2010 #211}. More recent data suggest that tumor-mediated down-regulation of
the common cytokine receptor y chain, a subunit of receptors for IL-2, IL-4, IL-7, IL-9, IL-15
and IL-21 which binds Jak3 enabling it to phosphorylate STATS, is responsible for defective
signaling of T cells [7]. Tumor-derived factors such as PGE,, for example, can down-modulate
Jak3 expression, thus interfering with the IL-2R signaling and inducing down-regulated
expression of the pro-survival members of the Bcl-2 family [32]. This defective signaling in
T cells represents a molecular basis for their demise in patients with cancer.

11. Tumor stem cells

The well known phenomenon of tumor “dormancy” has been recently linked to the presence
in tumors of cancer initiating or cancer stem cells [33]. Characterized by the ability of self-
renewal and resistance to immune as well as other signals, these tumor calls are responsible
for tumor survival during oncologic therapies and for tumor recurrence.

12. Tumor associated chronic inflammation

Tissue trauma normally engenders infiltration into tissues of inflammatory cells and production
of a variety of growth factors suppressing or promoting cellular proliferation. Human tumors
are usually well infiltrated by mononuclear cells. Sustained inflammation at tumor sites leads
to release of pro-inflammatory cytokines and reactive oxygen species (ROS). If inflammation
becomes persistent, involving cell death and necrosis, the resulting cytokine cascades either
up-regulate or suppress local immune responses, depending on the cellular makeup of the
microenvironment [34]. Recently performed studies in cytokine KO mice show that pro-
inflammatory cytokines, such as TNF-a, play a key role in inducing carcinogenesis, probably
acting via the NFxB pathway [35]. Thus, chronic inflammation might promote tumor growth
and favor tumor escape by establishing an immunosuppressive microenvironment in tissues
[36].

The above selected examples of the effects human tumors exercise with respect to immune
cells represent a spectrum of mechanisms and illustrate the diversity of immune escape
strategies. Table 1 presents a selected list of molecularly-defined immunosuppressive factors
produced by human tumors. It is important to note that each of these factors targets a distinct
aspect of the anti-tumor immune response. The tumor co-opts different functions of immune
cells and uses them to support its own growth. At the same time, the tumor develops the ability
to hide from the immune attack either by mounting a “counterattack” or developing resistance
to immune intervention. Thus, the escape from the host immune system is driven by the ever-
evolving ability of human tumors to actively subvert local and systemic innate as well as
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adaptive anti-tumor immune responses. Tumors differ in their abilities to subvert immune cells
by engaging one or more of the above mechanisms, and tumor aggressiveness may depend on
how successfully such subversion is established and accomplished. Therefore, the immune
signature of every tumor might be unique, resulting from an interaction between the tumor and
the host and representing a considerable challenge to therapeutic interventions.

Strategies for counteracting tumor escape

The problem presented by cancer-induced immune suppression has been acknowledged by the
medical community relatively recently and since then, immunotherapy of cancer, which is
aimed at the restoration of the anti-tumor host response, has been gaining acceptance. Most
oncologic therapies are directed at the elimination of tumor cells and decreasing tumor load.
In general, little attention has been paid to interactions between the tumor and the host immune
system in selecting therapies, and until recently, no consideration has been given to the
possibility that immunotherapy as well as conventional radio-chemotherapy might alter these
interactions in unpredictable and surprising ways. Unfortunately, mechanisms evolved by
tumors for disarming host defenses and for escape emerge as the major obstacles to successful
immunotherapy. The problem of how to reduce or eliminate tumor-induced
immunosuppression is complicated not only by a large number of responsible mechanisms, as
described above, but also by the fact that each tumor creates a unique microenvironment and
has a unique immune signature. Hence, the rational strategy for cancer immunotherapy consists
of the initial definition of this signature followed by the informed selection of therapies that
would target the predominant suppressive mechanisms at hand and test the safety and
effectiveness of these therapies in appropriately designed clinical trials. Table 2 and Figure 1
list potential strategies that are being advanced for a design of more effective therapies aiming
at the elimination of immune suppression in the tumor microenvironment, with a concomitant
activation of anti-tumor immune responses.

The currently available therapies that target tumor-driven immunosuppressive mechanisms are
listed in Table 3 and fall into several distinct categories: 1. use of mAb specific for TAA in
order to eliminate TAA-expressing tumor cells, promote formation of strongly immunogenic
Ag-Ab complexes, and enhance the development of anti-tumor humoral and cellular responses
(mAb therapy); 2. cytokine-mediated protection of activated immune T cells from apoptosis,
re-modeling of pro-inflammatory tumor microenvironment and broadly-based up-regulation
of immune cell functions (cytokine therapy); 3. delivery of immune adjuvants generally in
combination with therapeutic anti-tumor vaccines to patients with cancer, aiming at the
activation of anti-tumor responses and the development of long-lived immunologic memory
(adjuvant/vaccination therapy); 4. stimulation of T cells alone or in conjunction with adoptive
transfers of in vitro engineered T cells in order to increase anti-tumor effector functions and
in vivo survival of these cells (cellular therapy); 5. elimination of Treg and/or MDSC and
blocking of the soluble factors produced by these cells (cell depletion/neutralization therapy);
6. use of small molecules to block suppressive signaling (molecular therapy); 7. identification
and elimination of cancer stem cells (cancer stem cell therapy).

At the time human tumors are diagnosed and treated, they are well established and have
immunosuppressive mechanisms in place. The balance between immunogenic and tolerogenic
signals delivered to immune cells in the tumor microenvironment is strongly skewed toward
tolerance. Therefore, to tip the balance in favor of immunostimulation and away from
immunosuppression, immune therapies should be administered in the minimal residual disease
setting, i.e., following surgery or other adjuvant therapy, when the tumor is at a disadvantage
and the immune system is at least partially relieved from suppression.
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Immunotherapy drugs targeting cancer-induced immune suppression

The recent workshop organized by NCI (July 12, 2007) has developed a ranked list of
immunotherapy agents with a high potential to serve as effective anti-tumor drugs [37]. It
names 12 different agents, all of which have a proven ability to either augment T-cell responses
or reverse immune inhibition. Further, the list arranges the drugs in order of priorities
established by the workshop participants and based on the future potential of the drugs to exert
a significant impact on therapy of cancer. It is important to note that antibodies (Abs) to
inhibitory cytokines and to molecules that mediate downregulatory signals occupy a prominent
place among these agents. It has been acknowledged by the participants that blocking of tumor-
induced immunosuppression is a major unsolved problem in oncology, and that the
development of approaches to eliminate or reduce debilitating effects of tumor-derived factors
on the host immune system is a priority. Based largely but not entirely on the criteria established
during the workshop, Table 3 lists the immunotherapy drugs designed for counteracting
immune suppression that are either already in the clinic or are being developed for the near-
future clinical use.

Antibodies (Abs). Tumor-targeting Abs have been in the clinical use for many years. Today,
they belong to the category of “molecular targeted therapy” of cancer and are considered as
promising anti-cancer “drugs.” Monoclonal anti-cancer Abs (mAbs) of yesterday have been
humanized and re-designed for safer and more effective delivery to cancer patients. However,
only a handful of these Abs is currently approved by Food and Drugs Administration (FDA)
for cancer therapy (Table 3), including Rituximab (Rituxan) targeting CD20 and Trastuzumab
(Herceptin), the two Abs widely used for therapy of B-cell lymphoma [38] or HER-2-positive
breast cancer, respectively [39]. These and other FDA-approved Abs (currently, nine Abs
targeting six TAA are approved) were tested alone or in combination with chemotherapy in
phase Il clinical trials and were shown to be clinically effective for specific indications. Many
of these Abs target tumor components or tumor vessels aiming at malignant cell elimination
or suppression of tumor growth. Other Abs target immunoinhibitory factors known to be
produced by human tumors. In view of the promising clinical results obtained with the approved
Abs, albeit often in a subset of cancer patients only, large-scale efforts are ongoing to produce
new Abs reactive with targets expressed on human tumors or to identify new targets for already
approved Abs. Anti-cancer Abs are considered to be promising anti-cancer drugs, because they
have a favorable toxicity profile and simultaneously engage several distinct host effector
mechanisms [40]. In addition to directly interfering with tumor cell progression and/or survival,
Abs activate cell-mediated cytotoxicity (ADCC) by ligating activating Fc receptors (FcyRlI,
FcyRIIA, FeyRIIC and FeyRII) expressed on various immune cells and form immunogenic
Ag-Ab complexes, which are avidly processed by APC, favoring the development of Th1-type
immune responses. Binding of immune complexes to FcRs on APC results in their phagocytosis
and presentation of peptides on MHC class | and class 1l molecules. This form of cross-
presentation elicits especially effective peptide-specific T-cell responses [41]. Abs neutralizing
immunosuppressive cytokines such as 1L-10 or TGF-B1, Abs inhibiting signals induced by
tumor-associated inhibitory ligands or Abs designed to remove suppressor cells, all target
immuno-suppressive elements produced or expressed by human tumors (Table 3). More recent
data suggest that Abs also promote the development of tumor-specific CTL, perhaps via the
mobilization of several anti-tumor mechanisms, which leads to release of TAA in the
biologically-active form thus skewing APC toward the Th1-type response. Table 3 lists several
of the especially promising Abs that are already being tested in ongoing clinical trials.

Abs that are not yet FDA approved but are being widely evaluated in clinical trials include
anti-CTLA-4 Ab, which recognizes cytotoxic T lymphocyte antigen-4, an inhibitory molecule
expressed on activated T cells as well as on Treg [22,42]. CTLA-4 is a negative
immunoregulatory receptor. It competes for the same ligands (B7.1 and B7.2 expressed on
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APC or tumor cells) as CD28 but with substantially higher affinity and avidity [42]. Thus, it
out-competes CD28, and plays a key role in down-modulating immune responses initiated by
interaction of APC with T cells. In cancer, where activation of tumor-reactive T cells is
desirable, negative signaling via CTLA-4 inhibits T-cell effector functions and limits responses
to TAA. Anti-CTLA-4 Abs inhibit negative signaling in T cells, restore their responsiveness
to TAA and up-regulate anti-tumor activities. For these reasons, the CTLA-4 blockade with
Abs is being explored as a novel and potentially effective therapy for melanoma and other solid
tumors [43].

Programmed death-1 (PD-1) is another negative receptor that regulates T-cell functions. [44].
PD-1 engagement down-regulates T cell activation [44]. Its ligand, the programmed death -1
ligand (PD-L1), is expressed on tumor cells and plays a role in tumor escape. It enables the
tumor to trigger receptor-mediated apoptosis in activated T or NK cells, which are positive for
PD-1. Blocking of the PD-1/PD-L1 pathway can increase anti-tumor T-cell immunity and has
led to tumor rejection in experimental animals [45]. Recently, it has been reported that the PD1
blockade also reversed suppression of melanoma antigen-specific CTL by reducing Treg
activity [46]. Anti- PD1 Abs and/or anti-.PD-L1 (anti-B7-H1) Abs with a potential to interfere
at this important T-cell checkpoint are in the development stage.

Neutralizing Abs to immunoinhibitory cytokines, IL-10 and TGF-B1, are among the agents
prominently considered at the NCI-sponsored workshop [37], because of their potential to
successfully reverse tumor-induced suppression. These cytokines are products of tumors,
tumor-infiltrating immune cells and/or tissue cells in the tumor microenvironment [47]. For
example, the abilities of TGF-B1 to suppress immune cells functions is well documented as
are its contributions to the re-modeling of the tumor microenvironment, recruitment of Treg
and MDSC to the tumor and enhancing Treg survival and function by inducing expression of
the transcription factor, FOXP3 [47,48]. A number of Abs have been raised against TGF-p,
and some are in early clinical trials for therapy of human solid tumors, with preliminary data
indicating little toxicity [49]. IL-10 can be produced by tumor cells, TAMs, TILs or PBMC in
cancer patients and has pleiotropic activities [50]. Its significance in cancer progression or
down-regulation of anti-tumor immunity is controversial [50]. Tumor-derived IL-10 down-
regulates expression of co-stimulatory CD40 in APC, thus impairing their stimulatory
functions and interfering with anti-tumor responses [51]. Abs to IL-10 or its receptors are in
human clinical trials for indications other than cancer [52], and it is expected that in the near
future, they will be applied as promising signaling inhibitors for the treatment of cancer.

Agonistic Abs to CD40 and/or CD40L belong to the class of drugs that up-regulate stimulatory
activities of APC [53]. CD40, a member of the tumor necrosis factor (TNF) receptor super
family, is a co-stimulatory protein expressed on APC and it is the target of the agonistic Ab.
Signaling via this receptor enhances HLA expression and I1L-12 production by APC and leads
to T-cell activation [54]. Other potentially therapeutic effects of these Abs include direct tumor
inhibition, interference with angiogenesis and activation of NK cells, B cells and macrophages.
Agonistic anti-CD40 mAbs are currently in phase | clinical trials in patients with cancer [54],
and preliminary results are encouraging. Pre-clinical studies indicate that CD40 agonists also
have a great therapeutic potential when used in combination with other oncologic therapies.

Circumventing Treg accumulation

Depletion of CD4*CD25M9" Treg, which accumulate in response to cancer progression and
suppress functions of effector T cells, by using anti-CD25 Abs has been successfully performed
in tumor-bearing animals, human PBMC in vitro and in clinical trials [55,56]. Early clinical
trials utilized the immunotoxin, denileukin diftitox (Ontak™ Ligand Pharmaceuticals),
approved for therapy of cutaneous T cell lymphoma [57]. More recently, denileukin diftitox
has been also used in therapies of patients with other tumors in combination with anti-tumor
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vaccines [58]. This immunotoxin depletes Treg due to its ability to bind to CD25. Another
anti-CD25 MADb, daclizumab [Hoffman-La Roche] has been used for treatment of T cell
leukemia [59] and more recently in conjunction with a multipeptide vaccine in patients with
metastatic breast cancer [60]. Engineered IL-2 antagonists which comprise mutants with
signal-deficient B or y subunits have been developed and represent a novel approach to CD25-
mediated inhibition of Treg [60]. However, because anti-CD25 Abs deplete not only Treg but
also activated (CD25") effector T cells, and because they have only transient effects on Treg
depletion, other Abs with specificity for human Treg, e.g., anti-glucocorticoid-induced TNF
receptor (GITR) Abs, would be a potentially more acceptable alternative. In view of the lack
of a definitive surface marker for human Treg, the development of suitable Treg depleting Abs
has been delayed, and Treg-depleting, low doses of cyclophosphamide are currently used for
this purpose [61].

Circumventing accumulation of MDSC

Sunitinib is a tyrosine kinase inhibitor which has proved to be effective in reducing tumor-
induced immune suppression [62]. Approved for therapy of patients with renal cell carcinoma
(RCC), Sunitinib has a reported response rate of 48% as a front line drug [62]. The mechanisms
responsible for this remarkable response involve not only direct anti-tumor effects of the drug
but also its ability to deplete MDSC that accumulate at the tumor site as well the peripheral
circulation of patients with cancer. As shown by Finke et al, Sunitinib selectively induces
apoptosis in MDSC, effectively decreasing their numbers and restoring T-cell ability to secrete
IFN-y [63]. As such, Sunitinib is one of the most promising drugs for eradicating tumor-induced
immune suppression. Pre-clinical studies suggest that other chemotherapeutic agents, notably
gemcitabine and 5-fluorouracil also target and eliminate MDSC.

Cytokines for counteracting immune suppression

In addition to above-discussed IL-10 and TGF-p, Table 3 lists several other cytokines available
as recombinant proteins that show exceptional promise for reducing in various ways tumor-
induced immune suppression. One category of these cytokines is represented by T-cell growth
factors, IL-15 and IL-7. IL-15 inhibits antigen-induced cell death of T cells, reverses T-cell
anergy induced by tumor-derived factors [64] promotes in vitro differentiation of DC, enhances
NK cell activity it is necessary for maintenance and survival of CD8" T cells [65] and, unlike
IL-2, it does not support activity of Treg [66]. IL-7, is another survival cytokine for T cells,
primarily naive T cells, and thus is essential for T-cell development [67]. Administered to
patients, it induces dramatic increases in numbers of peripheral CD4* and CD8* T cells without
apparent toxicity [68]. These two cytokines currently viewed as promising immunorestorative
drugs, are likely to be increasingly often used in combination with other immunotherapies or
conventional cancer therapies as adjuvants and stimulators of anti-tumor activities of immune
cells.

IL-12 is a potent immune adjuvant which promotes IFN-y release from immune cells
expressing IL-12R [69]. It is capable of inducing Th1 polarization and proliferation of effector
T cells producing IFN-y. Used as a single agent in early anti-cancer clinical trials, it showed
only modest anti-tumor efficacy, but more recent studies confirm its value as a potent vaccine
adjuvant and a polarization cytokine for Th1l responses [70].

IFN-a2 given alone or in combination has been explored for therapy of malignant melanoma
in multiple clinical trials [71,72]. Current biologic evidence indicates that this cytokine has a
potent impact on the modification of the tumor microenvironment, STAT signaling in tumor
cells as well as immune cells and polarization of immune responses in favor of enhanced anti-
tumor reactivity [72].
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GM-CSF is approved by FDA as a hematopoietic growth factor, and thus is widely available
for investigating its effects as immune cell stimulator in pre-clinical experiments and in clinical
trials [73]. Itis primarily used as an adjuvant in anti-tumor vaccines designed to restore immune
responses blunted by the tumor [74]. More recent data suggest, however, that GM-CSF may

not be an effective adjuvant; instead it may blunt vaccine-induced anti-tumor responses [75].

TNF-a is an inflammatory cytokine which plays a major role in tumor-induced inflammation
[76]. Its pro-tumor activity [77] has suggested the use of TNF antagonists for therapy of cancer,
which have been approved and widely used for treatment of rheumatoid arthritis and other
inflammatory diseases [78]. Tumors are known to constitutively produce TNF-a, and this
tumor-derived cytokine has been shown to enhance tumor proliferation in experimental animals
[77]. This being the case, neutralization of TNF with anti-TNF Abs or other TNF antagonists
was recently introduced as a potential therapy for patients with advanced malignancies [79].

Immune adjuvants for anti-tumor effector cells or vaccines

To be successful, therapy for overcoming tumor-induced immune suppression depends on the
use of potent immune adjuvant. This is because in patients with cancer, especially those with
an established or advanced disease, immune suppression is not only extensive, affecting all
stages of the immune response, but also driven by a variety of mechanisms, as discussed above.
To this end, a list of the available adjuvants is extensive, although many are approved for uses
other than anti-tumor vaccination. Adjuvants can also be administered in combination with
Abs or with other adjuvants. Among those with especially favorable potential for up-regulating
immune functions are toll-like receptor (TLR) agonists [80]. Examples are monophosphoryl
lipid A (MPL) specific for TLR 4 [81]; CpG, a potent TLR9 agonist [82]; poly I:C or double-
stranded polyinosinic:polycytidylic acid and poly ICLC (poly I:C stabilized with poly-L-lysine
and carboxymethylcellulose) which are TLR3 agonists [83] and imiquimod representing a class
of drugs which are TLR7/8 agonists [84]. Imiquimod and BCG, are the two immune adjuvants
currently approved for cancer therapy; however, they are not suitable for systemic delivery,
and other TLR agonists, including the synthetic agonists of TLR9 such as PF-3512676, are
being tested in the clinic. All these TLR agonists activate human DC, induce production of
cytokine cascades from immune cells, improve antigen presentation, enhance Thl polarization,
and drive anti-tumor CTL and NK cell responses. They are being widely used as components
of peptide-based anti-tumor vaccines as well as DC-based vaccines, as monotherapies for
activation of innate or adaptive immune responses and in combination with other categories
of adjuvants or adjuvant cytokines for therapy of cancer or viral infections. Nevertheless, it is
best to remember that TLR are expressed not only by immune cells but also by tumor cells and
in the presence of the respective ligands signal to promote tumor growth and increase tumor
cell resistance to drugs and immune intervention [85]. Thus, the use of adjuvants in cancer may
be a proverbial double-edge sword, unless the adjuvant is carefully dosed and its effects on
cellular networks are understood. In addition to adjuvants broadly stimulating immune cells,
factors that selectively activate one cell subset are available. FIt3 ligand (FIt3L) is a
hematopoietic growth factor able to induce differentiation of DC from their progenitors [86].
FIt3L has been used as systemic therapy to increase numbers of DC after bone marrow
transplantation and as a component of peptide vaccines. However, its anti-tumor effects when
administered as a single agent have been limited, and its future applications will likely be in
combination with vaccines to enhance DC functions.

T-cell stimulators

Agonists of cell T-cell functions, including cytokines, Abs and adjuvants are many, and some
have already been described above. The best known T-cell activating cytokine is IL-2. High
dose systemic administration of IL-2 has been approved for therapy of melanoma and RCC,
and substantial progress has been made in making this therapy less toxic and safe for patients
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with cancer. More recently, acombination of zoledronate (an aminobiphosphonate widely used
to treat osteoporosis or multiple myeloma) and low-dose IL-2 has been used in a phase I clinical
trial to treat patients with metastatic hormone-refractory prostate cancer [87]. The objective
was to activate peripheral blood v6 T cells previously reported to be responsive to zeledronate
[87]. The mechanisms responsible for therapeutic effects observed in this trial are being linked
to a long-term shift of yd T cells to an activated effector-memory phenotype and to production
of IFN-y and perforin by these cells. This combination of zeledronate with I1L-2 represents a
novel approach to inducing immunologic and clinical responses in patients with cancer.

Metabolic inhibitors of tumor-derived factors

This category of drugs includes a large number of inhibitors used to attenuate activities of
immunoinhibitory enzymes, cytokines antagonists and small molecules modulating functions
of immune cells in the tumor microenvironment. Arachidonic acid degradation by COX and
prostaglandin E synthase activity in tumors yield immunoinhibitory prostaglandins and
thromboxanes [88]. PGE; is a well known promoter of tumor growth, angiogenesis and tumor-
cell migration. Italso mediates profoundly inhibitory effects on immune cells, down-regulating
production of inflammatory chemokines and Th1-type cytokines and inhibiting DC
differentiation, T cell proliferation and anti-tumor functions of effector T cells [89]. Therefore,
inhibition of COX-2 and of PGE, production in the tumor microenvironment represents a
desirable strategy. Selective COX-2 inhibitors, such as celecoxib or rofecoxib, have been
shown to suppress growth of human tumors and to up-regulate immune reactivity in vivo
[90] and to abrogate expansion of Treg in vitro [91]. However, cardiovascular risks associated
with these drugs might outweigh their benefits, and the development of newer, less toxic
inhibitors of this pathway will likely be undertaken in the future.

Another enzyme playing important immunosuppressive role in the tumor microenvironment
is a tryptophan-catabolizing enzyme indoleamine 2, 3-deoxygenase (IDO). It is expressed in
many tumor cells and catalyzes tryptophan degradation, leading to deficiency on tryptophan,
an amino acid essential for lymphocyte proliferation [31]. It is apparently also involved in
accumulation of Treg [92]. 1-Methyl tryptophan (LMT) is a small molecule inhibitor which
effectively blocks activity of IDO and reverses immunosuppression [31]. Another enzyme
present in the tumor microenvironment, arginase I, also inhibits T-cell receptor expression and
antigen-specific T-cell responses by catabolizing L-arginine, an essential amino acid necessary
for T lymphocyte function [93]. MDSC accumulating in cancer are responsible for arginase |
production [93]. Its activity can be inhibited by N-hydroxy-nor-L-arginine also known as Nor-
NOHA. Still another immunosuppressive factor often present in abundance in the tumor
microenvironment is adenosine, a purine nucleoside [94]. The synthesis of adenosine involves
catabolism of adenine nucleotides (ATP, ADP and AMP) by the action of extracellular
ectonucleotidases, CD39 and CD73. It can be a product of tumor cells and it is also produced
by Treg, which have been shown to express CD39 and CD73 [{Mandapathil, 2010 #106}.
Once adenosine is released, it binds to adenosine receptors, various forms of which (i.e., Ag,
Az, Aoy and Ag) are expressed on multiple types of immune effector cells. Adenosine can
modulate immune responses mediated by these cells via up-regulation of intracellular cAMP
levels depending on conditions and other signals generated in the microenvironment [94].
Adenosine isamajor immunosuppressive factor produced by Treg, and a large number of small
molecular weight inhibitors and adenosine receptor antagonists, some already in the clinic for
other indications, are available for blocking immune suppression mediated by adenosine
[95].

Adoptively-transferred T cells

This form of experimental immunotherapy has been in use for over 25 years, has been shown
to induce long-term clinical responses in a small subset of patients and is currently gaining in
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acceptance for treatment of solid malignancies [96,97]. It relies on the in vitro manipulation
and expansion of autologous cancer-reactive T cells, which can be obtained from peripheral
blood and body fluids such as malignant ascites or tissues such lymph nodes or tumors.
Following the in vitro expansion, these T cells are re-infused to patients with cancer in
expectation that they will eliminate tumor cells on the one hand and generate anti-tumor
immunity and memory on the other [98]. Tumor-infiltrating lymphocytes (TIL), considered to
be enriched in tumor-reactive T cells, have been successfully expanded in culture and delivered
to patients with metastatic disease, especially melanoma. Adoptive transfer of T cells is
enhanced in patients lymphodepleted with chemotherapy, perhaps because elimination of
endogenous lymphocytes “creates room” for re-population with transferred and more
functional T cells and/or because it eliminates competition for endogenous cytokine pools
necessary for T-cell differentiation and survival [99]. In the context of adoptive transfers of
ex vivo cultured or genetically-engineered T cells performed following lymphodepletion,
recombinant IL-2 has been usually employed to provide transferred T cells with a factor able
to support their survival and functions [100]. More recently, the “survival” cytokines, IL-15
and IL-7, have emerged as new and better additives that appear to significantly increase
treatment efficacy.

Recently, adoptive T-cell therapy with modified or engineered T cells has offered a greater
therapeutic potential by supplying to patients T cells with the improved capability to recognize
tumor antigens and home to tumors. Two strategies for T-cell engineering have been developed:
(@) genetic transfers of T cell receptors (TCR) selected for recognition of tumor antigens of
choice and (b) genetic modifications of T cells to express “chimeric” or fusion receptors, which
combine antigen-binding domains of the B-cell receptor with the signaling components (the
Cchain complex) of the TCR [101]. The so called “T-bodies” can directly bind to antigens on
tumor cells, leading to T cell activation. Both strategies are being tested in clinical trials with
promising initial results that are, however, tempered by unexpected toxicities due to the target
antigen expression on vital organs such as liver. The choice of a target antigen is the critical
issue in adoptive therapy with engineered T cells because of their potential for inducing damage
of normal tissues [102].

Cancer stem cell elimination

The existence of cancer stem cells (CSC) and their role in promoting tumor progression have
been controversial. Nevertheless, current studies suggest that cells characterized by multi-drug
resistance and the ability to self-renew, proliferate and form tumors upon transfer into
experimental animals can be identified and isolated from human tumors. Sometimes referred
to as “cancer-initiating cells,” they were considered to be rare components of human tumors
[33]. While CSC may not directly mediate tumor-induced suppression, they provide tumors
with a way to acquire resistance to therapy and to survive. Hence, their detection and
elimination is of considerable importance. However, recent evidence suggests that CSC now
being identified by ever expanding set of biomarkers may not be as rare and as resistant to
immune intervention as previously thought. In our hands, for example, aldehyde
dehydrogenase 1 family member A1 (ALDHA1)P"9Mt cells present in human head and neck
cancers (HNC) have all of the properties of CSC, and yet are highly sensitive to ALDHA1-
specific CD8" T effector cells in vitro [103]. These effector cells can also in vivo eradicate
ALDHAZ1Pright ce|ls in xenografts growing in immunodeficient mice [A. DeLeo, unpublished
data]. Furthermore, our preliminary data suggest that tumor-derived ALDHA1PT9Mt cel|s are
also sensitive to the mAb targeting a surface marker chondroitin sulfate glycoprotein 4
(CSGP4) expressed on these cells [S. Ferrone, unpublished data]. These experiments open a
possibility for the future concomitant targeting of CSC with Mabs and specific T cells, alone
or in combination with chemotherapy, providing yet another therapeutic strategy for
overcoming tumor escape and disease recurrence.
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Conclusions

Immunotherapy targeting human solid tumors remains an important and desirable goal,
particularly since conventional therapies have only limited effects on cancer patients’ long-
term survival, while introducing considerable toxicities and adverse reactions. Among the most
important strategies that are currently being developed for cancer therapy are those designed
to eliminate or reduce tumor-induced immune suppression as also discussed by others [104,
105]. Many agents have already been developed and tested in animal tumor models that
specifically target mechanisms used by tumors to evade the immune response mounted by the
host. Some are actively being tested in clinical trials. Among the latter, therapies using mAbs
specific for immunosuppressive cytokines, eliminating Treg or MDSC, blocking tolerizing
signals or otherwise restoring functions of immune cell subsets appear to be most promising.
In addition, however, numerous other strategies are now available for translation to clinical
trials with the expectation that tumor-derived inhibitory effects can be effectively abolished
and anti-tumor immune responses restored. This review considers many, but by no means all,
of these strategies. At this time, no strategy of choice can be recommended, although a recent
NCI Workshop has identified several agents that have a strong potential for inducing
immunologic and clinical responses in patients with cancer [37]. The complexity of tumor-
immune cell interactions also reflects the fact that most TAA are self, and thus therapeutic
activation of TAA-specific responses is invariably accompanied by a wave of tolerance to self
mediated by the immune system. Therefore, achieving the correct balance between therapy-
driven immune activation, obligatory contraction of up-regulated immune responses and
tumor-induced immune suppression represents a challenge that faces basic scientists as well
as clinicians. Because the tumor tends to dominate the microenvironment, which invariably is
hostile to immune effector cells, elimination of effects mediated by Treg, MDSC and inhibitory
cytokines seems to be of primary importance for immunotherapy of cancer. Fortunately, a
continually improving understanding of molecular mechanisms involved in cellular
interactions taking place in the tumor environment has provided us with well defined targets,
a solid rationale for clinically addressing these targets and a score of novel biologics and
metabolites which can be translated to cancer clinical trials in expectation of a future therapeutic
SuCCess.

Expert opinion

Tumors can use a variety of mechanisms to create an immunosuppressive environment which
favors suppression of anti-tumor immune responses. In patients with advanced malignancies,
tumor-induced tolerance becomes predominant and, consequently, the host is unable to mount
an immune attack against the tumor. Instead, the tumor counterattacks the immune system of
the host, often using immune cells to create an immunosuppressive network which promotes
tumor growth, protects the tumor from immune attack and attenuates the efficacy of immune
therapies. Among the mechanisms that tumors can utilize to suppress the host immune system
are the secretion of inhibitory factors, alterations in APC functions, interference with co-
stimulatory signals, enrichment in numbers/functions of Treg and many others [105,106]. The
variety, complexity and multiplicity of immunoinhibitory mechanisms operative in the tumor
microenvironment have now been recognized. Considerable efforts are being made to achieve
a better understanding of those tumor-immune cell interactions that lead to the development
of immunosuppressive cellular and molecular networks in tumor-bearing hosts. This has made
it possible to begin thinking of novel therapeutic strategies that could undermine or subvert
tumor-induced tolerance and optimize anti-tumor therapies. Indeed, current emphasis on the
successful elimination of tumor-induced suppression has led to the development of a novel
category of cancer drugs designed to restore or preserve immune responses in cancer, and
increasing numbers of these therapeutic agents targeting tumor-induced immune suppression
are already in the clinic. This trend is likely to continue in the near future.
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A partial and often long-lasting restoration of anti-tumor immune responses has been reported
to occur in cancer patients enrolled in various immunotherapy trials. Frequently, however,
these newly-augmented immune responses do not correlate with the clinical evidence of tumor
control, i.e., relapse-free and overall survival or with the development of immunologic memory
in these patients [107,108]. Further, detrimental clinical effects have been reported as a result
of some anti-cancer vaccines [9,75]. Presumably, immune activation in this setting
accompanied by the induction of anti-tumor effector cells leads to the activation and induction
of Treg [75,109]. This paradigm obviously calls for strategies that could inhibit the inhibitor,
thus introducing the requirement for combined therapies, if we are to achieve tumor control.
The problem is further complicated by the existence of the unique tumor immune signatures,
suggesting that each tumor creates its own unique immunosuppressive network. This
introduces an additional requirement for the identification of the relevant components of a
given network and for inhibitors that specifically target these components. Because increasing
numbers of biologic and conventional drugs with activities potentially able to overcome tumor-
induced suppression and to restore anti-tumor immune competence are becoming available,
future immune interventions in cancer will focus on selection and combination of drugs that
synergize in their abilities to restore anti-tumor immunity. In fact, there is much to be learned
from clinical applications of drugs such as TNF-o antagonists or metabolic inhibitors of
immune suppressive pathways that are already in clinical trials for indications other than
cancer, e.g., in autoimmune diseases. However, based on clinical experience to date, it appears
unlikely that any one of these agents used singly would achieve significant clinical benefits in
patients with advanced cancer. Combinatorial therapies of the immune system-stimulating
agents with selected inhibitors targeting immune networks at critical points to block the
inhibitors, up-regulate the development and sustain the activity of anti-tumor effector cells are
emerging as a future approach to cancer therapies. Whether in combination with immune
therapies or conventional chemotherapy and/or radiation, selective inhibition of tumor-induced
immunoinhibitory networks is a necessary next step toward achieving improved therapeutic
results in cancer.

Article Highlights

»  Tumor escape from the host immune system has been a major problem in
immunotherapy of human cancer.

*  “Immune escape” of tumors is a common event.
» To escape from the host immune system tumors utilize a variety of mechanisms.
» Various strategies that can be used for counteracting tumor escape are discussed.

» Drugs and biologic targeting cancer-induced immune suppression are currently in
clinical trials.

e Categories of drugs with a high potential to inhibit tumor-induced
immunosuppression includes:

- Antibodies

- Cytokines

- Immune adjuvants

- T-cell stimulators

- Metabolic inhibitors

*  To subvert tumor-induced tolerance it will be necessary to selectively block
inhibitors induced by tumors.
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e Combinational therapies including agents blocking the inhibitors are emerging as
a future approach to treatment of cancer.
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Figure 1. Strategies for countering tumor-induced immune suppression

A. Inhibition of tumor-induced inhibitors. The tumor presents antigens to DC using the MHC
class | or class 11 molecules. In the suppressive tumor environment, anti-tumor immune
responses are inhibited by a variety of mechanisms. To restore anti-tumor immune responses
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and to counter tumor-induced inhibitory effects, it is now possible to block these mechanisms
using biologic or non-biologic agents. Blocking of inhibitory pathways or signals is indicated
by solid black lines. The numbers refer to various available inhibitors as follows: 1) mAbs
specific for growth factor receptors on tumor cells or for inhibitory receptors such as PD-L1;
2) interference with Treg induction by altering the DC program; 3) neutralization of Treg-
derived or DC-derived factors/molecules with mAbs or inhibitors; 4) depletion of Treg and/or
MDSC with antibodies, immunotoxins or drugs such as Sunitinib; 5) blocking activity of
MDSC-derived immunoinhibitory factors with metabolic inhibitors; 6) inhibition of MDSC
recruitment from the bone marrow or their activity with mAbs or inhibitors specific for tumor-
derived factors; 7) T-cell checkpoint blockade with mAbs such as anti-CTLA-4 or others
targeting receptors that can bind tumor-derived inhibitory ligands. Metabolic antagonists are
available to block activities of IDO, PGE, and adenosine (Table 3).

B. Activation of immune cells in the tumor microenvironment, their replacement via adoptive
transfers or cytokine-mediated extension of their survival. Solid arrows indicate activating
signals targeting TLRs or other receptors and co-stimulatory molecules, e.g., APC-associated
CD40, expressed on immune cells. Dashed arrows indicate the possibility that tumor cells,
MDSC and Treg, all of which express TLRs, may be also activated with adjuvants targeting
these receptors. The adoptively transferred T cells with anti-tumor activity re-populate the
lymphocyte pool. Chemokines and cytokines such as IL-7 or IL-15 promote T-cell growth,
protect them from apoptosis and prolong their survival. In A and B, thin arrows indicate that
CTL and CD4* effector T cells proliferate/differentiate into competent anti-tumor effector T
cellsand memory T cells as a result of immune activation or inhibition of tumor-derived factors.
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Table 1

Tumor-derived factors with immunoinhibitory activities.2

iy

. Small Molecules

Prostaglandin E, (PGE,)
Epinephrine

Adenosine

ROS (reactive oxygen species)
Cytokines
TGF-B

IL-10
GMCSF

Proinflammatory cytokines (IL-6, IL-1pB, TNF-a)

. Enzymes

Indoleamine-2,3-dioxygenase (IDO)
Arginase |

iNOS

COX2

Ectonucleotidases

. Death-receptor Ligands

FASL\FAS
TRAIL\TRAIL-R
TNRTNF-R1

. Immune regulatory ligands

B7-H1 (PD-L1)
MICA/B

. Tumor-derived microvesicles (MV)

Viral-related products
p15E (CKS-17, synthetic peptide)
EBI-3 (homologue of IL-12 p40)

. Tumor-associated gangliosides

Inhibits leukocyte functions via increased CAMP

Inhibits leukocyte functions via superoxide generation

Inhibits lymphocyte proliferation and perforin and granzyme mRNA expression; promotes
Treg expansion

Inhibits cytokine production, including that of IL-12; promotes Treg expansion

Promotes expansion of immunosuppressive tumor-associated macrophages; recruits
MDSC

Promote chronic inflammation favoring tumor growth and the immunosuppressive
microenvironment

Inhibits T-cell activation by depleting tryptophan, an essential amino acid
Metabolizes L-arginine, another essential amino acid for T cells
Produces immunosuppressive nitric oxide

Produces immunosuppressive PGE2

Catalyze breakdown of ATP to immunosuppressive adenosine

Induce apoptosis via the corresponding receptors expressed on immune cells

Binds to PD1 and inhibits lymphocyte and DC functions
Block cytolytic activity of NK cells and T cells

Induce apoptosis of activated CD8+ T cells; promote expression/function of Treg and
MDSC

Inhibits production of type I cytokines, upregulates IL-10 synthesis
Inhibits IL-12 production

Inhibit IL-2-dependent lymphocyte proliferation; induce T-cell apoptosis; suppress NF«xB
activation; interfere with DC generation

iI'his is a partial listing of tumor-derived immunoinhibitory factors. Human tumors have evolved a wide range of mechanisms which effectively
incapacitate the host immune system.
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Table 2

Potential strategies for the design of therapies aimed at counteracting tumor-induced immunosuppression.

Immunostimulation to induce and sustain activity and survival of anti-tumor effector cells:
Antibody-based therapies
Anti-tumor vaccines
Adoptive T-cell transfers
Delivery of “survival” cytokines
Use of potent adjuvants to switch Th2 to Th1 responses
Elimination of existing immune suppression:
Inhibit production of tumor-derived suppressive factors
Inhibit activity of tumor-derived suppressive factors
Inhibit generation/function of Treg and/or MDSC
Alteration of the tumor microenvironment in favor of immune but not tumor cells
Combination of immunotherapies with chemotherapy

Treatment of early disease or in an adjuvant setting before immunosuppression overwhelms anti-tumor immune responses
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Table 3

Immunotherapy drugs aimed at counteracting tumor-induced immunosuppression.?

Therapy Targeted pathway References

Monoclonal antibodies approved by FDAD

Rituximab (anti-CD20) Inhibits B-cell proliferation/survival [110]
Trastuzumab (anti-HER2/neu) Inhibits receptor signaling [111]
Cetuximab (anti-EGFR) Inhibits receptor signaling [112]
Bevacizumab (anti-VEGF) Blocks blood vessel growth [113]

Monoclonal antibodies in development®

anti-CTLA-4 (Ipilimumab, Tremelimumab) T-cell checkpoint blockade [42]
anti -PD1 T-cell checkpoint blockade [44]
anti-CD137 (anti-4-1BB) T-cell activator [114]
anti- 1L-10 Inhibitor of suppression [52]
anti-CD40 (CP870,893) APC stimulator [55]
anti-TNF-o Blocks pro-tumor activity [79]
Cytokines
IL-15 T-cell growth factor [65]
IL-7 T-cell growth factor [67]
IFN-02 Immune cell activator [72]
IL-12 DC activator, vaccine adjuvant [70]
GM-CSF DC polarization, vaccine adjuvant [73]

Immune adjuvants

TLR ligands and agonists: Vaccine adjuvants [80]
MPL Vaccine adjuvant [81]
Resiquimod Vaccine adjuvant [115]
CpG Vaccine adjuvant [82]
Poly I:C and Poly ICLC Vaccine adjuvant [83]

Small molecule inhibitors
Indomethacin, Diclofenac, Colecoxib Block COX-2/PGE?2 activity [88]
Metalloproteinase inhibitors Block MICA/MICB cleavage [116]
Aminobisphosphonates (zoledronate) vd T-cell agonist [87]

Circumventing activity of Treg or MDSC

Daclizumab (anti-CD25) T reg depletion [60]
Ontak™ (denileukin diftitox) Treg-depleting immunotoxin [58]
Anti-CD25 + toxins Treg-depleting immunotoxin [117]
Ectonuclotidase inhibitors Inhibit ATP hydrolysis by Treg [94]
Adenosine receptor antagonists Block adenosine signaling [94]
1-MT(1-methyl tryptophan) IDO inhibitor [31]
N-hydroxy-nor-L-arginine Arginase | inhibitor [93]
Sunitinib; other drugs Eliminates MDSC/Treg [63]
Phosphodiesterase-5 (PDE5) inhibitors Block MDSC activity [118]

Adoptively transferred T cells
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Therapy Targeted pathway References
After lymphodepletion Re-population with TAA-specific T cells [99]
Engineered T cells Improve delivery to tumor cells [101]

Targeting of cancer stem cells Elimination by Abs and/or T cells [33]

aThe drugs/biologic agents listed are selected from a larger portfolio of available drugs based on recommendations of the 2007 NCI Workshop [37]
and current use in clinical trials for patients with cancer. Other promising drugs are listed in the summary of the Workshop [37].

Not listed are agents countering oxidative stress or hypoxia usually present in the tumor microenvironment. The four mAbs listed represent a group
of nine currently approved by FDA for therapy of cancer.

These mAbs represent other mAbs now in development based on their exceptional pre-clinical therapeutic potential for inhibition of tumor-induced
suppression or activation of immune cells in the tumor microenvironment.
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