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Introduction

Summary

The most potent killing machinery in our immune system is the cytotoxic
T lymphocyte (CTL). Since the possibility for self-destruction by these
cells is high, many regulatory activities exist to prevent autoimmune
destruction by these cells. A tumour (cancer) grows from the cells of the
body and is tolerated by the body’s immune system. Yet, it has been pos-
sible to generate tumour-associated antigen (TAA) -specific CTL that are
also self-antigen specific in vivo, to achieve a degree of therapeutic effi-
cacy. Tumour-associated antigen-specific T-cell tolerance through path-
ways of self-tolerance generation represents a significant challenge to
successful immunotherapy. CD4" CD25" FoxP3" T cells, referred to as T
regulatory (Treg) cells, are selected in the thymus as controllers of the
anti-self repertoire. These cells are referred to as natural T regulatory
(nTreg) cells. According to the new consensus (Nature Immunology 2013;
14:307-308) these cells are to be termed as (tTreg). There is another class
of CD4" Treg cells also involved in regulatory function in the periphery,
also phenotypically CD4* CD25%, classified as induced Treg (iTreg) cells.
These cells are to be termed as peripherally induced Treg (pTreg) cells. In
vitro-induced Treg cells with suppressor function should be termed as
iTreg. These different Treg cells differ in their requirements for activation
and in their mode of action. The current challenges are to determine the
degree of specificity of these Treg cells in recognizing the same TAA as
the CTL population and to circumvent their regulatory constraints so as
to achieve robust CTL responses against cancer.

Keywords: regulatory T cells; tumour immunology; vaccination.

mechanism of activation, mode of action, specificity, etc.)
remain to be fully elucidated. The suppression of active

Regulatory T (Treg) cells are thought to exert regulatory
function in the entire immune system, ranging from
regulation of immune responses against self-antigen,
infectious agents, tumour antigens and transplantation
antigens. Although the literature on Treg cells in the
entire immune response system is substantial, many
important issues on Treg cells (their ontogeny,

specific immune response represents a significant chal-

lenge to cancer immunotherapy.' Nonetheless, the follow-

ing points were accepted by the immunologists

1 Regulatory T cells are primarily classified as
CD4" CD25" FoxP3" T cells. Although several types of
CD4" T cells are capable of exerting regulatory func-
tion, a particular class of Treg cells, bearing the CD4

Abbreviations: ACT, adoptive cell therapy; APC, antigen-presenting cell; CTL, cytotoxic T lymphocytes; CTLA-4, cytotoxic T
lymphocyte antigen 4; DC, dendritic cell; GITR, glucocorticoid inducible tumour necrosis factor receptor family; ICOS, inducible
co-stimulator; IL, interleukin; iTreg (pTreg), peripherally induced T regulatory cells; nTreg (tTreg), thymus-derived regulatory
cells; PBL, peripheral blood lymphocyte; PD1, programmed cell death 1; TAA, tumour-associated antigen; TCR, T-cell receptor;
TGEF-p, transforming growth factor-f; Th17, T helper type 17; TIL, tumour-infiltrating lymphocyte; Treg, T regulatory cells;

VGEF, vascular endothelial growth factor
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and CD25 and FoxP3 markers and seemingly selected
by the thymus, serves as natural T regulatory cells
(nTreg, now to be termed tTreg). These tTreg cells dif-
fer from inducible Treg cells (iTreg, now to be termed
pTreg) that are generated in the periphery from
CD4" CD25~ precursors.””

2 In addition to expressing CD25, tTreg cells express
cytolytic T lymphocyte antigen 4 (CTLA-4), gluco-
corticoid-inducible tumour necrosis factor receptor
family-related (GITR), and FoxP3 (a fork head fam-
ily transcriptional regulator).* '° Although none of
the aforementioned markers is a distinct marker of
the lineage, FoxP3 has become useful as a marker as
well as a critical factor for the ‘differentiation’ of
tTreg cells.'"'?

3 The tTreg cells need to be activated via their T-cell
receptors (TCR) but they do not need simultaneous
TCR signalling and co-stimulation. These cells func-
tion in a contact-dependent manner and suppress
non-specifically in a bystander fashion.'>'*

4 The role of tTreg cells has mostly been ascribed to
maintaining ‘self-tolerance’ in the periphery. Although
other types of Treg cells can be induced (pTreg) from
CD4" CD25~ precursors to suppress and/or dampen
immune responses to antigens — ‘self or non-self’ — the
regulatory role of tTreg/pTreg cells has been attributed
to the control of immune responses against infectious
agents, tumours and transplantations.'

5 In addition to the experimental observations regarding
tTreg cells, other observations regarding other immune
cells with similar phenotype have been elucidated. For
example, ROR" T helper type 17 (Th17) cells have
been found to be capable of autoimmune destruction.
Another class of cells known as T follicular helper cells
also bears the same CD4 markers as tTreg cells.
These cells play an important role in the CD4" popula-
tion by helping the activation and differentiation of
B cells into immunoglobulin-secreting cells. Unlike
pathogen-derived antigens, cancer-associated antigens
are released in the body in a slow and continuous
manner. The response of B cells with the help from T
follicular helper cells might provide a slow and steady
antibody reaction against the cancer antigens that
could provide additional help for vaccine-induced CTL
activity. Recent research has suggested that tumours
with T follicular helper cell infiltration were associated
with increased survival rates, which can be used in
propagating vaccine-induced CTL activity for better
prognoses.'® Although these cells are helpers (not
suppressors), appropriate utilization of these cells
could provide extra help for mitigating activation and
expansion of Treg cells.

The above issues concerning Treg cells have been
covered in many important review articles.'” *" We will
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discuss here the role of Treg cells, especially nTreg
(tTreg), iTreg (pTreg) and in vitro-induced iTreg in
tumour immunity, from the viewpoint that ‘tumour
immunity’ and ‘autoimmunity’ can be viewed as essen-
tially the same process. We will proceed with this view-
point because the idea of generating an immune response
against tumour antigens is similar to breaking ‘tolerance’
for self-antigens, as most tumour-associated antigens
(TAA) are also self-antigens. While the classifications of
Treg cells discussed above have been used in the litera-
ture, the newest recommendations for the nomenclature
of such cells needs be used to avoid any ambiguity.*
These recommendations include the use of thymus-
derived Treg (tTreg previously termed as nTreg) and
peripherally derived Treg (pTreg) cells in place of natural
Treg cell and induced Treg cell, respectively. In addition,
the term ‘in vitro-induced Treg cell’ should be used to
distinguish between the populations generated in vivo and
those generated in vitro.*> Treg cells as such will be con-
sidered as T cells with suppressor activity. More detail
about this consensus and the nomenclature is described
in a review article.”?

In this article, we also intend to discuss the promising
advances in US Food and Drug Administration-approved
agents in use for clinical trials to combat cancer by inter-
fering with Treg cell activities. Several clinical trials
showed that cyclophosphamide, fludarabine, CTLA-4
antibodies, and programmed cell death 1 (PD1) blockers
have had considerable success in circumventing Treg cells
through different mechanisms of action.***” We will dis-
cuss the use of existing chemotherapeutic agents for the
removal of CD4" T cells that initiate suppressor activity
in CD8" T cells by cyclophosphamide and also the inhibi-
tion of pTreg cell expansion with simultaneous fludara-
bine-maintained CTL activity.*** We will also include
current clinical studies trying to block the signalling mol-
ecules CTLA-4 and PD1 that down-regulate the effector
response, and show great promise in the enhancement of
the anti-tumour immune response.’®” Some of these
chemotherapeutic agents in low doses were found to
block the expansion of the Treg cells and in turn prolong
the cytotoxic activity of the killer cells. However, the
exact mechanism of how the drugs work is not yet
known.

Immune response against tumours

In the early twentieth century, Paul Ehrlich first intro-
duced the idea that there could be an immune response
against tumours, which was later proven by several scien-
tists in animal and human tumour systems.”®>' As a
result of Ehrlich’s influential hypothesis and subsequent
important studies, it is now clear that many cancer
patients can mount serological as well as cellular immune
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responses against their own cancer cells. Moreover, it has
been determined that any cancer-bearing host can
respond to a large number of cancer-associated antigens
or TAA as well as antigenic epitopes, whether they are
classified as self or mutated.” >* It is also clear that vacci-
nation with some of these TAA epitopes, administered
with or without an adjuvant or presented by ex vivo cul-
tured antigen-presenting cells (APC) or dendritic cells
(DC), could induce serological and CTL responses.’"**
This raises the question of how the immune activation/
expansion is controlled in the periphery. Later, this ques-
tion was clarified when it became clear that tumour cells
are quite capable of using multiple methods of escaping a
host immune response.364“ Here, we will concentrate on
the role of natural (tTreg + pTreg) or induced (pTreg or
in vitro-induced iTreg) cells in controlling host immune
responses against tumours.

T regulatory cells and the anti-tumour immune
response

North’s group first demonstrated CD4" T cells function-
ing as suppressor cells in an anti-tumour response in a
murine model in vivo.*>*’ Regulation of an immune
response by CD4" T cells was also demonstrated in a
human tumour model in vitro.*>*** In a human mela-
noma model, CD4" regulatory T cells were isolated from
lymph nodes, tumour tissues and blood. These cells sup-
pressed the CD8" CTL response in an in vitro CTL gener-
ation assay.”’”*>*® The CD4" Treg cells generated from in
vitro cultures also expressed CD25, up-regulated CD25
upon subsequent stimulation, and functioned in MHC
class II restricted fashion mostly by elaborating interleu-
kin-10 (IL-10).***> These in vitro observations on sup-
pression of anti-tumour CTL by CD4" T cells in humans,
however, could not establish the biological significance
because they were exclusively in vitro studies and the
specificity of these CD4" Treg cells could not be clarified.
We would like to emphasize our work,"> where we
showed that immunization of melanoma patients with
synthetic peptide or tumour-lysate-loaded APC-based
vaccines could lead to the expansion of epitope-specific
CD8" CTL cells, in vivo. However, repetitive vaccinations
also induced IL-10-producing CD4" regulatory cells, in
vivo.*> Subsequent research by Wang et al.*’ showed
that this type of CD4" Treg cells exhibit specificity for
an epitope derived from the tumour-associated but self-
antigen LAGE-1. At the same time as Wang’s research,
Sakaguchi’s group demonstrated that the removal of
CD4" CD25" T cells as well as injecting monoclonal anti-
body against CD25 to the mice could induce anti-tumour
response and enunciated a ‘common basis’ between
tumour immunity and autoimmunity. These basic obser-
vations were further supported by other laborato-

45,46,48,49

ries and generated additional information that
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showed that these CD4" CD25" Treg cells interfere with
the generation of long-lasting tumour immunity. Further-
more, removal of the Treg cells results in better outcome
from tumour immunotherapy, prompting investigations
into Treg cell circumvention.’®>!

A number of studies in human and mouse tumour
models, described the increased frequencies of
CD4" CD25" Treg cells in blood, malignant effusions,
draining lymph nodes and tumour tissues, so implicating
impaired immune responses to cancer due to a higher
frequency and/or hyperactivity of Treg cells.”® > Freshly
isolated CD4" CD25" T cells from cancer patients, or
from patients receiving immunotherapy, were found to
suppress the proliferation of CD4" CD25™ T cells in vitro,
an assay that has been extensively used to assess Treg cell
function in vitro.® >® The results from these studies sug-
gested that a higher frequency of and/or hyperactivity
in the CD4" CD25" T-cell population might have a nega-
tive effect on anti-tumour response. Furthermore, a
stronger correlation between Treg cell activities and
impaired tumour immunity in human tumour models
has emerged from two groups of investigators.”®
The results described by Curiel et al.®" reported that
CD4" CD25" GITR" FoxP3" T cells preferentially accu-
mulate in ovarian tumours and in malignant ascites
seemingly attracted by CCL22 elaborated by tumour cells
and macrophages in tumour beds. Curiously, these cells
tend not to accumulate in lymph nodes. In addition,
Curiel’s group has also shown that such accumulation of
CD4" CD25" GITR* FoxP3" Treg cells in tumour sites
correlates with poor outcome.’’ In contrast, Viguier
et al.®* has found higher accumulation of Treg cells in
draining lymph nodes infiltrated by melanoma cells and
both IL-10-producing Trl type Treg cells and IL-10-
negative Treg cells in tumour-infiltrated nodes. As such,
they have suggested that both tTreg and pTreg cells con-
tribute to the local immunosuppressive milieu.

Mechanism of Treg-based suppression of anti-
tumour immunity

The literature on Treg cell activities in anti-tumour
immunity is substantial. Yet, the mechanism behind Treg
cell-based regulation of anti-tumour immunity is poorly
understood. This is because both tTreg and pTreg cells
can be involved in the suppression of anti-tumour immu-
nity. However, the key differentiation factor between
these two types of Treg cells (specifically in their require-
ments for activation as well as in their mode of action) is
unknown. Hence, a critical review of the mechanism of
activation and relative efficacy under which Treg cells
operate to control anti-tumour immunity will be useful.
To control the negative roles of Treg cells, it is imperative
to delineate how the Treg cell-based regulatory arm oper-
ates in anti-tumour immunity. It is also important to
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determine which of the two Treg cells (tTreg versus
pTreg) pose more of a constraint in anti-tumour immu-
nity.®>"°® Hence the most important, question is ‘how can
we circumvent these regulatory constraints’?

While the topic of mechanism of activation has been
extensively addressed with Treg cells involved in control-
ling autoimmunity, these cells have not been systemati-
cally studied in the tumour immunity model. There is the
existence of the common basis in autoimmunity and
tumour immunity. The information generated in the
autoimmunity model might be extrapolated in the
tumour immunity model as well. It is generally under-
stood that with a CD4" T-cell classification, tTreg cells as
well as pTreg cells need to be activated by MHC class 1I
bound epitopes on APC/DC. The caveat in this funda-
mental construct is that while pTreg cells need both TCR
ligand and co-stimulation, tTreg cells need only a TCR-
driven signal for functional activation. Nonetheless, as
only a limited class of cells express MHC class II mole-
cules, tTreg cells need APC for their activation.'® Hence,
from an operational viewpoint, APC are indispensable in
their dual functions of activating naive effector T cells
and Treg cells. Admittedly, the nature of the microenvi-
ronment that induces tolerance is yet to be fully under-
stood. Whatever the underlying mechanism of antigen
presentation that leads to the activation and polarization
of Trl or Th3 type T cells might be, the fact remains that
the induction of a pTreg response from CD4" CD25~
precursors is a process that requires antigen presentation.
In this regard, the important work by Mempel et al®” in
Immunity is worth mentioning. In that article, they have
demonstrated how CTL interact with antigen-presenting
target cells in the presence or absence of activated Treg
cells by using multiphoton intravital microscopy in lymph
nodes of anaesthetized mice. They have shown that non-
regulated CTL killed their targets at a 6-6-fold faster rate
than regulated. Other than this compromised killing
activity, regulated CTL exhibited no defect in prolifera-
tion, induction of cytotoxic effector molecules and
secretory granules, in situ motility, or ability to form anti-
gen-dependent conjugates with target cells etc. Further-
more, after the regulated CTL are detached from the Treg
cells, the regulated CTL regain their killing efficiency.®’

Until now extensive studies could not define the
requirements for the activation of tTreg cells. In fact, the
literature on this subject is confusing and, at times, con-
tradictory. It is believed that tTreg cells are selectively
‘anergic’, but they are anergic only to ‘weak’ TCR signals
(e.g. to soluble anti-CD3 antibody or to phytohaemagglu-
tinin) and not to ‘strong’ stimuli (to plate-bound anti-
CD3 antibody or to phytohaemagglutinin plus PMA).%® It
has been shown that tTreg cells can be expanded in cul-
tures. The in vitro-expanded tTreg cells function as more
potent suppressors and are believed to be driven by self-
peptides and require only TCR stimulation for functional
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activation. At the same time, these cells seem to require
TCR signals and co-stimulation for their maintenance. It
has been proposed that IL-2 plays a ‘critical role’ for their
functional activation, although these cells are unable to
synthesize IL-2 and have been shown to prevent IL-2 syn-
thesis by the effector cells. Moreover, it has been shown
that the strength of activation signals for the effector cells
is an important determinant as to whether tTreg cells
could possibly block the effector cell activation or not. It
is not, however, clear if a ‘strong’ signal makes effector
cells refractory to the tTreg cells or if the robustness of
the effector cell response turns them off by some
unknown mechanism.””®*7" Presently, it is apparent that
while the activation requirements for tTreg cells are not
the same as that of naive T cells, the rule that governs
their activation in the regulation of tumour immunity is
yet to be established. The activation of such cells might
vary depending upon the type of tumour and affected
organ.

At present, our ability to appropriately describe the
development and function of the unique Treg cells, how
FoxP3 is controlled, and what type of microenvironment
or physiological inducers is involved, is poor. The recent
finding by Strainic et al.”* provides evidence that suppres-
sive FoxP3" iTreg (in vitro studies) cells can be generated
when human naive CD4" T cells are activated in co-cul-
tures with DC by combined treatment with anti-CD3 plus
IL-2 when C3aR, C5aR, or their cognate ligand are tar-
geted pharmacologically. In contrast to transforming
growth factor-f (TGF-f) -generated human iTreg cells,
these iTreg cells do not produce IL-2 or proliferate after
stimulation, similar to the results obtained with mice.
This observation is important, because this may suggest a
direction for a new option to block pTreg cells to prolong
the therapeutic vaccine-induced CTL activity. The pri-
mary mode of action of pTreg cells is through IL-10 and
TGF-f — two powerful immune-suppressive cytokines
with broad inhibitory properties on T cells, APC and
other immune cells. Hence, these cells function in a con-
tact-independent manner. As their action is primarily
cytokine mediated, they can suppress priming of the
effector cells as well as their effector function. A large
body of information also exists on the molecular mecha-
nism underlying the suppressive effects of these cytokines.
Several groups have shown that CD4" CD25" Treg cells
act through cytokine-independent as well as cytokine-
dependent manner, in vivo. Various investigators have
also reported human CD4" CD25" Treg cells to be func-
tioning via IL-10 or TGF-f in a contact-independent
manner and also in contact-dependent manner.”>”>

Although the role of CTLA-4 has also been controver-
sial'>”® the use of the antibody against CTLA-4 in a
number of clinical trials showed promising results.
Whether the effect is directly via CTLA-4 or not is yet to
be clearly explored. CTLA-4 pathway and Treg cells are
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essential for immune homeostasis’®’’. The use of anti-
CTLA-4 antibody in tumour therapy and transfer of Treg
cell for use in autoimmunity and transplantation settings,
are well known now. Although Foxp3 and CTLA-4 direct
independent programmes of immune regulation, there
are significant overlaps. Walker, in his article,”® has dis-
cussed this in detail to possibly establish the fact that
autoimmunity and cancer are two sides of the same coin.

It has also been shown that tTreg cells could down-reg-
ulate the expression of co-stimulatory molecules on APC,
hence blocking the expansion of effector T cells.”®”®®!
The major effect of tTreg cells is thought to be mediated
through a non-cognate T-T interaction. The nTreg cells
could also inhibit APC function and interfere with the
generation of immune response by blocking the activation
of APC cells.*” ** Modulation of APC or DC functions
with various agents is now feasible but in this article, we
will not be discussing those points.

Which Treg cell is more of a constraint in anti-
tumour immunotherapy: tTreg or pTreg?

Currently, there are no direct comparisons of tTreg and
pTreg cells as a constraint in the immunotherapy of
tumours. A relatively high tTregs : effector cell ratio and
a relatively weak effector T-cell activation signal are
needed to elicit regulation by tTreg cells. The tTreg cells
are essentially ineffective when the effector cells are stim-
ulated with ‘strong signals’ (such as plate-bound anti-
CD3 antibody, phytohaemagglutinin plus PMA, or when
IL-2 is added to the culture) and tTreg cells do not
appear to pose a major constraint in anti-tumour immu-
nity in the face of an optimal activation signal. However,
the role of CD4" CD25" Treg cells on autoimmunity in
the animal model is indisputable. With this in mind, we
propose that tTreg cells may also be able to regulate an
anti-tumour response particularly at steady state.
Tumour-associated but self-antigen presentation in steady
state is unlikely to be ‘optimum’ and rarely the TAA
would be viewed as ‘dangerous.” Tissue invasion by
tumour cells and tumour cell growth seldom present with
the same ‘danger’ as do invading pathogens. However,
suboptimal stimulation may lead to a low-level effector
T-cell activation that is likely to contract on its own or
be brought down by tTreg cells, when needed. The tTreg
cells, however, may not be able to abort a full-blown
effector T-cell activation orchestrated by optimal stimula-
tion with all the right ingredients (antigen presentation
by fully activated APC, provision of co-stimulation,
inflammatory backdrop, etc.). Indeed, it has been shown
that tTreg cells do not regulate effector T-cell activation
to a significant level, when the TCR signal is robust.**”°
The most recent research detailing the essential role of
the Nr4a family of transcription factors controlling FoxP3
expression opens a new view into developing therapeutic
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agents targeting FoxP3 expression.”” The dual role of
Nr4a transcription factors promoting FoxP3 expression,
especially in tTreg cells, is regulated by the strength of
TCR signalling, which increases Nr4a expression in thy-
mocytes, resulting in either the trans-activation of FoxP3
expression or initiation of apoptosis during negative
selection. The differentiation of naive CD4 T cells into
Th2 cells requires IL-4 in the local microenvironment. It
is evident that in the microenvironment, partially acti-
vated CD4" T cells produce IL-4 that drives those cells
towards Th2 type.** Since a strong Thl-type response
helps the expansion of specific CTL, blocking the Th2 dif-
ferentiation pathway could generate strong Thl-type CD4
cells. Although the ability of the Nr4a family to suppress
the production of IL-4 is known, further research must
be conducted to understand the mechanisms of this
action. The selective and specific manipulation of the
molecular patterns constituting the Nr4a family could
damage the ability to modulate FoxP3 expression. How-
ever, because of the molecular structure of the Nr4a pro-
teins with an occupied ligand-binding pocket and
charged interaction surface, further identification of the
molecular patterns constituting the Nr4a family composi-
tion must be concluded before attempts at unique tar-
geted therapy design.

It may be argued that pTreg cells are likely to be more
efficient by virtue of their mode of action and the cyto-
kines they produce, IL-10 and TGF-f, which are two for-
midable immunosuppressive  cytokines. We  have
compared the regulatory properties of freshly isolated
CD4" CD25" T cells and CD4" CD4™ T cells in an in vi-
tro CTL generation protocol** against a tumour-
associated but essentially self-epitope such as the Mart-
1,7 35 peptide presented by fully activated DC. In these
experiments, freshly isolated CD4" CD25% T cells were
found to be quite inefficient—on a per cell basis—com-
pared with induced Treg «cells in culture from
CD4" CD25~ cohorts, in preventing activation and
amplification of the epitope-specific CTL. In the article,
Chattopadhyay et al.** further showed that freshly iso-
lated CD4" CD25" cells are potent and effective in sup-
pressing the proliferation of CD4" CD25~ effector T cells,
but they do not affect the activation and proliferation of
self but melanoma-associated Mart-1,,_3s-specific CD8" T
cells stimulated by the respective peptide-loaded mature
DC in vitro. In contrast, in vitro-induced iTreg cells are
very effective in inhibiting the induction of Mart-1,; 35
epitope-specific CTL. This in vitro study points towards a
new focus on the inhibition of iTreg cells (or comparing
this with peripherally induced pTreg cells) because of
their vital role as a constraint in the immune system
during optimal stimulation of CTL precursors (tumour
vaccine induced in vivo or in vitro stimulation in culture).
Hence, future research studies need to be designed
to combat both types of Treg cells in two types of
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microenvironments: by targeting tTreg cells in suboptimal
T-cell stimulation responses and attacking iTreg cells (in
vitro) or pTreg cells (in vivo) in optimal T-cell stimula-
tion responses as depicted in Fig. 1.

The possibilities to circumvent Treg cell-based
constraints

Given that tTreg cells (CD4" CD25" T cells) seem to
exercise a negative role in tumour immunity, the most
obvious strategy to circumvent their negative effects will
be to physically remove and/or inactivate them by one
mechanism or another. North** initiated this research by
showing that cyclophosphamide could facilitate adoptive
immunotherapy of an established tumour by eliminating
the CD4" T cells that induce CD8" T-cell suppression.
Subsequently, North and Awwad*’ described the similar
effect of a drug-induced elimination of CD4" suppressor
T cells in the regression of an advanced lymphoma. Fur-
ther research by Berd’s group®* employing this strategy in
human cancer vaccine therapy and Jaffee’s group® show-
ing that a combination of drugs enhances the anti-
tumour immune response of granulocyte-macrophage
colony stimulating factor-secreting whole-cell vaccines in
mice contributed to the burgeoning information on Treg
cell intervention. Jaffee’s group has also employed a com-
bination of drugs and vaccine in cancer patients. Preli-
minary analyses have shown that such an approach could
uncover high avidity anti-tumour T cells by inhibiting
Treg cells (Laheru and colleagues, personal communica-
tion). Other researchers have also used cyclophosphamide
as an ‘anti-suppressor cell’ agent in immunotherapy with

Regulatory T cells and immunotherapy

different forms of cancer vaccines in humans. Important
work by Walters et al.*® with single-dose cyclophospha-
mide and immune responses to the renal cell cancer vac-
cine IMA901 provides some insight for this particular
area. Several investigators worked on the elimination of
Treg cells with the immunotoxin-labelled anti-CD25 anti-
body (ONTAK) in addition to immunotoxin LMB-2, the
structure of which contains a fragment of monoclonal
antibody against CD25.% Another important strategy
might be to initiate an active immunization approach
taking advantage of the weakness of Treg cells. As tTreg
cells are less potent when the effector T-cell activation
signal is ‘strong,” their regulatory function might be cir-
cumvented by increasing the potency of a vaccine, insti-
tuting a ‘strong’ CTL activation/expansion strategy
accompanied by the removal/inactivation of the tTreg
cells, or active immunization following adoptive transfers
of peripheral blood lymphocytes (PBL), depleted of tTreg
cells, in a homeostatic expansion mode. Another possible
way to ensure the CTL activation/expansion following the
inhibition of Treg cells is to block the PD1 ligand, which
is up-regulated in many human cancers. PD1 ligands
could convert CD8" T cells into an anergic state in the
tumour microenvironment. Therefore, a block in the PD1
ligand-mediated signalling pathway will reinstate the
activity of the CD8" T cells in anti-tumour immunity.”’
Similarly, one should also consider the mode of action
of pTreg cells and if it might be amenable to circumven-
tion. Indeed, it has been demonstrated that in the
presence of anti-IL-10 antibody, a more prolonged anti-
tumour CTL response could be obtained through an in
vitro CTL generation assay.”” In addition, it was found
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?S{\\Q’ g (anti-tumour CTL response)
Naive T cells ®o°\/ {cfg,b I
/\\;\0@‘0
, v ”2 Anti-IL-10AD,
Anti-CTLA4 Ab,
iTreg/pTr ’
7, A Sa regipireg PD-1 inhibitor,
7 I Flurabadine and other
Nrda Immune Regulation, immugenic drugs
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|
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1 K FoxP3| /
\ \
‘Q---»
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nTreg
(CD4*CD25*FoxP3*, GITR, CTLA-4, others)
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tumour CTL response)

Figure 1. A general schema displaying the derivation of regulatory T (Treg) cells from the thymus and periphery and their roles in inhibiting the

anti-tumour response. The roles of Treg cells differ in that natural Treg cells (tTreg) are derived from the thymus, activated by antigen-presenting

cells (APC), and modulated by various cellular regulatory molecules (CTLA-4, FoxP3 and GITR), while induced Treg cells are derived in the

periphery (pTreg), activated by APC in addition to co-stimulation, and maintained by interleukin-10 (IL-10) and transforming growth factor-f

(TFG-f). Both categories of Treg cells inhibit the anti-tumour cytotoxic T lymphocyte (CTL) response and/or expansion. Hence the molecular

targeted therapies that inhibit Treg cells (natural or induced to be termed as tTreg or pTreg and not nTreg or iTreg) and enhance CTL-mediated

anti-tumour response are important. ? = It is not known how, nTreg/tTreg influence naive CD4 cells to become iTreg/pTreg.
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that in an anti-Mart-1,, 3s-epitope-specific CTL genera-
tion model, the regulatory effect of iTreg cells induced
from CD4" CD25~ naive cells could be blocked by the
presence of antibodies to MHC class II molecules and
IL-10R.** As pTreg (in vivo) iTreg cells (in vitro) act pri-
marily through IL-10, TGF-f or CTLA-4, their action
could, therefore, be circumvented by appropriate use of
blocking reagents; however, further studies will be needed
to answer the question and to test the hypotheses posed
here.

We have shown that CD8" CTL derived from tumours
or from vaccine sites decline after initial expansion in in
vitro cultures with concomitant rise of CD4" Treg cells.*’
We also showed that PBL derived from patients after suc-
cessive vaccinations produced increasing amounts of
IL-10 on stimulation with IL-2. Further analyses revealed
that a fraction of CD4" T cells from PBL exhibited the
essential attributes of Treg cells, i.e. they expressed the
CD4" marker, expressed significantly high levels of CD25,
and intracytoplasmic IL-10 was detected in those cells on
short-term stimulation with IL-2. These observations have
implications in tumour antigen and APC/DC-based can-
cer vaccines. A better understanding of the mechanism of
activation and expansion of such Treg cells in active spe-
cific immunotherapy of cancer will be useful.

An interesting observation to derail Treg cell expansion
and allowing proliferation of CTL against melanoma
tumour antigen in vitro by using a low dose of the anti-
cancer drug fludarabine was demonstrated by Hegde
et al” In his study, melanoma tumour antigen Mart-1,,_
ss-specific CD8" CTL generated from total PBL main-
tained their activity and expanded significantly in the
presence of low doses of the drug used. A marked inhibi-
tion of the expansion of IL-10-producing CD4" Treg cells
was observed concomitantly, which might have allowed
the increased activity of antigen-specific CTL.*> This
observation shows a desirable effect of the drug halting
Treg cell expansion for enhanced anti-tumour immunity
without the toxic side effects of high doses of chemother-
apy administration. Since fludarabine has already been
approved for cancer treatment, the investigation of other
commercial chemotherapeutic agents as possible inhibi-
tors of Treg cell expansion should be continued with the
hope of further advances in CTL-mediated therapeutic
cancer vaccine development.

Regarding current clinical studies in the field of cancer
immunotherapy, the usage of ipilimumab as an antibody
to CTLA-4 has shown tremendous success in phase III
trials for increased survival in metastatic melanoma
patients. Because CTLA-4 is constitutively expressed by
Treg cells and inhibits the activation of cytotoxic T cells
through its signalling effects on the TCR cascade, any
block of CTLA-4 to its ligand will interfere with the
decline in CTL expansion in an anti-tumour immune
response.”® This selective block of CTLA-4 leads to the
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expansion of the anti-tumour response. That has led to
the development of another treatment regimen, treme-
limumab. While ipilimumab has been approved since
2011 at a dose of 3 mg/kg for metastatic melanoma in
the USA, EU and Australia; tremelimumab has shown
positive responses in early phase I and II clinical studies,
with melanoma patients, with a premature closure of the
phase III study. Use of tremelimumab in a phase II trial
for hepatocellular carcinoma, resulted in a decreased
tumour burden and disease stabilization. Allison and his
co-workers have identified a molecule, inducible co-
stimulator (ICOS) as a crucial player in the anti-tumour
effects of CTLA-4 blockade.®® ICOS is a T-cell-specific
molecule that belongs to the CD28/CTLA-4 family. ICOS
expression is up-regulated upon T-cell activation, which
is enhanced in the setting of CTLA-4 blockade. Higher
frequency of ICOS™ T cells are detected in cancer patients
receiving anti-CTLA-4 therapy. The ICOS" population of
CD4" T cells was found to be tumour-specific that pro-
duced interferon-y, which could mitigate Treg cell activ-
ity.®  Overall, the studies into ipilimumab and
tremelimumab as CTLA-4 blockers provide hope in the
combination of CTLA-4 block and other types of anti-
tumour regimens (vaccines, chemotherapy or radiother-
apy) for greater efficacy in down-regulating the Treg cells
and modulation of the anti-tumour immune response.*®

With the promising results from CTLA-4-blocking
agents, an investigation into PD1 has also been con-
ducted.”” Studies have shown that expression of PD1 in
mouse tumour cells has been shown to inhibit anti-
tumour immune responses.”” In addition, PD1 up-
regulation in many human cancers has been demon-
strated along with PD1 expression on tumour-infiltrating
lymphocytes. The most intriguing result was that PD1
expression on CD4" T effector cells in the PDI tumour
microenvironment actually converts the effector cells into
the same Treg cells that dampen the anti-tumour
response. With this discovery, agents that block PD1
could inhibit the conversion of effector T cells into Treg
cells and allow for the down-regulation of PDI1 on
tumour-infiltrating lymphocytes.* Four different agents
(MDX-1106, MK-3475, CT-011 and AMP-224) are cur-
rently being studied in clinical trials and have shown
excellent results in the treatment of advanced melanoma.
As in the case of CTLA-4-blocking agents, there is also
high hope that PD1 agents in conjunction with other
anti-tumour therapies will lead to a better immune
response and greater survival rates.”’

Several ideas are emerging for future interventions that
target Treg cells. These include the antibody against
GITR, which could possibly decrease the function of Treg
cells in vivo and in vitro, FoxP3 (which has been pat-
ented), the anti-vascular endothelial growth factor
(VEGF) antibody (bevacizumab) that targets the surface
marker VEGFR2, and Toll-like receptor 8 to reverse the
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suppressive function of different Treg cell populations.””
Anti-angiogenic agents that are used to treat solid
tumours have effects on tumour endothelial cells as well
as on immune cells. Targeting the VEGFA/VEGF receptor
2 (VEGFR2) signalling pathway reduces the proportion of
Treg cells in mouse as well as human colorectal cancer
because it inhibits tumour-induced Treg cell prolifera-
tion.”" Similarly it has been found that the TLR7/8L:
CL097 could simultaneously activate CD8" T cells, B cells
and natural killer cells and block Treg cell suppression of
T cells and B cells.*?

In addition to cyclophosphamide, other drugs that have
been shown to inhibit Treg cells include cyclosporine A
and tacrolimus, which inhibit IL-2 secretion, and imatinib
and dasatinib, which reduce FoxP3 expression.7 Further
research into Treg cell intervention involving specific
molecular pathways shows promise into targeting the p38
mitogen-activated protein kinase (MAPK) pathway,
hypoxia-inducible factor-1o (HIF-1a), the Notch pathway,
the OX40 co-stimulatory tumour necrosis factor receptor
family molecule, and exosomes. The p38 MAPK pathway
and HIF-1a are both highly activated in Treg cells. The
Notch pathway and OX40 molecule are involved in
FoxP3 expression with OX40 inhibiting FoxP3 expression
and Notch signalling involved in cancer initiation. Ruby
et al.”> have shown that OX40 stimulation drives all lin-
eages of CD4 T-cell development, including Treg cells,
and the plasticity of the response is dependent on local
cytokines. Because tumour-derived exosomes have sur-
face-bound TGF-f;, which play a role in FoxP3 expres-
sion, the control or elimination of these exosomes could
be a promising advancement in immunotherapy in
advanced cancer.’

With Derry Ridgway’s report on the first 1000 tumour
vaccines” since our first published report of an
APC- and peptide-based cancer vaccine study in 1995,*
the collective results on CTL-based immunotherapy
remain encouraging. However, the field of cancer vaccine
trials with antigen and DC has reached a point that needs
lots of innovation. Our earlier observations®”*>*> support
the notion that a vaccine-induced activation/expansion of
Treg cells has physiological relevance in the peripheral
tolerance induction process and suggest that strategies
designed to ‘suppress’ or ‘silence’ the suppressors (Treg
cells) could be useful.

T-cell tolerance through natural or induced pathways
of self-tolerance generation'>?*?3374446:6087.95 4 hears to
be the most difficult one and this represents a significant
challenge to successful cancer immunotherapy. To achieve
an effective anti-tumour response, therapeutic vaccines
must be capable of overcoming or reversing T-cell toler-
ance to tumour antigens whether it is via naturally occur-
ring CD4" CD25" Treg cells’" or by induced Treg cells
(induced from CD4" CD25™ cells).**™” We have shown
that tumour-specific CTL generated in vitro from total
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PBL declined within 2-3 weeks with a concomitant
expansion of suppressor type CD4" cells.”® We have also
shown that even the number of vaccine-induced CTL
becomes ineffective in vivo, with a concomitant increase
of a class of CD4" CD25" cells that demonstrate intracel-
lular TL-10.*> Tt appears that the peripheral tolerance has
to be established before a metastatic cancerous growth
takes place. In this regard, it is important to mention the
report by Tiirbachova et al.”” on higher Treg cell ratio in
peripheral blood tolerance and metastasis. T-cell-centric
cancer therapies face a number of constraints — extrinsic
as well as intrinsic to the T cells. A comprehensive under-
standing of the biology of anti-tumour T cells through a
clear insight into their gene expression (transcriptome)
combined with its relationship with function and fate will
be helpful. The CD4"-induced T regulators play a perti-
nent role in actively down-regulating specific CTL. To
overcome the negative role played by these cells, use of
various adjuvants, multiple peptides (class I and class II),
viruses, Toll-like receptors,”>>**1%* Th1 supportive cyto-
kine IL-12, and blocking of Th2-supportive cytokine IL-4
are already being introduced as possible ways to target
the immune response.'”” More research has to be con-
ducted focusing on the perilous decline in CD8" CTL
numbers accompanying the rise of CD4" regulatory
T cells. By polarizing the PBL with IL-12 and anti-IL-4
antibody in vitro, the life and activity of tumour-specific
CTL were increased.”® Although the use of IL-12 was
approved for phase I and phase II clinical trials for
immunotherapy, no significant clinical trial report is
available so far because IL-12 was found to be more toxic
to the patients than beneficial. Yang et al’s'®* important
work that persistent Toll-like receptor signals can reverse
Treg-mediated CD8" T-cell tolerance has increased the
enthusiasm in the field of vaccine therapy for cancer for a
possible alternate way of using IL-12. Subsequently, we
argued that Thl conditioning of the total PBL, in vitro,
by using a lower dose (than that of previously used in vi-
tro) of IL-12 might help to induce better tumour-specific
CTL survivability and activity for a prolonged period in
culture.”® We found that preconditioning of PBL toward
Thl and then continuous presence of such conditioning
significantly increased the life and activity of tumour anti-
gen-specific CTL in cultures.”® In the future, we hope
there would be a new protocol to initiate Th1 condition-
ing of PBL in vivo in an attempt to circumvent Treg cell
induction mechanisms without the hazard of severe toxic-

ity.

Conclusion

Functional characterization of Treg cells in humans has
largely been limited to peripheral blood. A detailed analy-
sis of Treg cells with human blood reveals a heterogeneous
population composed of resting Treg cells with a ‘naive’
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phenotype, ‘activated’ Treg cells with characteristics of
memory cells, and FoxP3-expressing cells that secrete
effector cytokines and lack suppressive capacity.” Recently,
adoptive cell therapy (ACT) with in vitro expanded
populations of T cells engineered to express a set of
tumour-epitope-specific TCR is undergoing clinical trials
for various malignancies.'” ACT with the melanoma epi-
tope, Mart-1,7 35), specific TCR-engineered T cells has
shown encouraging results in metastatic melanoma. Regu-
latory T cells turned out to be impediments in this form
of cancer therapy also. As such, efforts are underway to
gain a fuller understanding of the biology (functionality
and constraints) of TCR-engineered T cells and the role of
Treg cells so as to extract more robust therapeutic effects
from ACT. Traditional T-cell-based assays are inadequate
for detailed understanding of the entire regulatory process.
In this regard, Next Generation RNA-Seq (NGS) has
turned out to be a powerful tool to obtain a comprehen-
sive idea of the transcriptome of specific human T cells.
Analyses of the genes responsible for T-cell activation,
apoptosis, cellular proliferation, cytolytic response and
T-cell differentiation towards effector versus regulator
could further show the specific points of intervention for
active specific blockage of Treg cells.'

In 2002, Shevach postulated that there are ‘more ques-
tions than answers’ on the topic of Treg cells.”” Despite
the commentary on Treg cells by Cohn,'"” it is safe to say
that the subject of suppressor cells (in a Treg cell camou-
flage) is one that demands further exploration. With the
current body of research asserting the Treg cells’ dual
control over autoimmunity and regulatory function over
tumour immunity, it is essential that this delicate balance
be exploited in the quest to enhance anti-tumour effector
responses. Presently we are armed with a better under-
standing of tTreg and pTreg cells, their interference
against anti-tumour immunity, and the expansive body of
research on existing drugs to block Treg cell expansion
and CTL decline. As such, further research should con-
tinue the advancement of the successful development of
therapeutic cancer vaccines with the eventual goal of
establishing the ideal schedule of vaccine administration
intervals and maintenance. Numerous ideas are continu-
ously generated from the experimental data using animal
models, especially transgenic animals. Unlike infectious
diseases, cancers grow spontaneously in genetically diverse
humans. There are unique mechanisms for each human
about how they immunologically handle their cancers.
There are significant differences between mice and
humans that must be addressed experimentally to refine
adoptive immunotherapy. Hence data generated from
genetically identical animals with experimentally induced
cancers should not be extrapolated to human cancer. Yet,
we cannot take a step forward without an appropriate
animal model. Despite all the difficulties, tumour immu-
nologists are slowly but steadily gaining ground. We are

194

hopeful that upcoming studies including next-generation
of sequencing will show how these therapeutic cancer
vaccines will successfully remove Treg cells and engage a
fully responsive CTL attack, at perfectly timed intervals
with the minimum adverse effect on patients.
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