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Abstract Central deletion of ‘‘self-reactive’’ T cells has
been the textbook paradigm for inducing ‘‘self-toler-
ance’’ in the periphery and the concept of a role of T
cell-mediated suppression in this process has long been
controversial. A decisive shift in the opinion on sup-
pressor T cells has lately occurred with the observations
of Sakaguchi’s group that linked a class of
CD4+CD25+ T cells to the prevention of autoimmu-
nity from neonatal thymectomy in mice. These
CD4+CD25+ T cells have been named T regulatory
(Treg) cells. They are believed to be selected in the thy-
mus as an anti-self repertoire. Hence they were referred
to as natural T regulatory (nTreg) cells. Presently, in
addition to their role in autoimmunity, they are believed
to exert regulatory function in infection, in transplan-
tation immunity as well as in tumor immunity. In con-
trast to these nTreg cells, another class of CD4+ Treg
cells also exercises regulatory function in the periphery.
These Treg cells are also CD4+ T cells and after acti-
vation they also become phenotypically CD4+CD25+.
They are, however induced in the periphery as Treg cells.
Hence, they are termed as induced Treg (iTreg) cells.
There are major differences in the biology of these two
types of Treg cells. They differ in their requirements for
activation and in their mode of action. Nonetheless,
evidence indicates that both nTreg cells and iTreg cells
are involved in the control of tumor immunity. The
question of how to circumvent their regulatory con-
straints, therefore, has become a major challenge for
tumor immunologists.
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Introduction

A role of T suppressor (Ts) cells [1], presently renamed
as T regulatory (Treg) cells, in the regulation of immune
responses in the periphery – once a highly controversial
topic [2] – has now gained wide acceptance [3, 4]. This
remarkable reversal can be primarily traced to a set of
observations by Sakaguchi et al. [5–8] who established a
role of a class of CD4+/CD25+ T cells in preventing
autoimmune pathologies following neonatal thymec-
tomy in mice . T cells were initially subdivided into
twobroad classes—helper T cells and cytolytic/suppres-
sor T cells—depending on the expression pattern of
certain cell surface molecules. T cells bearing CD4
molecules (Lyt 1+2-3- in mice in early days) were
classified as T helper (Th) cells where as CD8+ T cells
(Lyt 2+ in mice in early days) were classified as cyto-
lytic/suppressor T cells. Thus, suppressor T cells were
initially thought to be mostly CD8+. North’s group
first showed that T cells bearing the helper phenotype
(Lyt 1+2-3-) can function as suppressor T cells in a
mouse tumor model [9, 10]. That human CD4+ T cells
can also function as ‘‘suppressor’’ or ‘‘regulatory’’ T
cells were shortly demonstrated in the human tumor
system [11–13]. However, the topic of Ts cells fell into
controversy and although many investigators (including
our group) continued to publish on suppressor cells with
the more politically correct nomenclature, ‘‘regulatory’’
T cells, the topic of T cell-mediated suppression of im-
mune responses essentially continued to languish in the
periphery. Seminal observations by Sakaguchi’s group
identifying CD4+/CD25+ T cells serving as ‘‘key
controllers of immunologic self-tolerance’’ [14] removed
skepticism on suppressor (or regulatory) T cells and led
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to a remarkable resurgence of interest in the field (Over
12,000 entries on the subject in Pubmed over the years
and over 1,000 papers in 2004 alone!).

Presently, a role of Treg cell is not restricted to
maintaining self-tolerance. Tregs are thought to exert
regulatory function in the entire immune response sys-
tem, i.e., Tregs are believed to regulate immune
responses against self-antigen, infectious agents, tumor
antigens and transplantation antigens. Indeed, the lit-
erature on Treg cells in the entire immune response
system is substantial. Yet, many important issues on
Tregs (their ontogeny, mechanism of activation, mode of
action, specificity, etc.) remain to be fully settled.
Nonetheless, a consensus seems to have emerged on the
following points:

– Regulatory T (Treg) cells are primarily CD4+ T cells
and although several types of CD4+ T cells are
capable of exerting regulatory function, a class of
Tregs, bearing both CD4+ and CD25+ markers and
seemingly selected by the thymus, serves as natural T
regulatory cells (nTregs) as opposed to inducible
Tregs (iTregs) that can also be generated from
CD4+/CD25- precursors.

– The exact mechanism underlying thymic selection of
nTregs is unclear. They appear to either escape thymic
deletion (leaky deletion) or they may indeed be posi-
tively selected as a part of an ‘‘antiself’’ repertoire.

– Apart from expressing CD25 molecule, nTregs
express Cytolytic T lymphocytes (CTL)A-4, GITR (a
glucocorticoid inducible TNF receptor family), and
FoxP3 (a forkhead family transcriptional regulator).
Although none of them is a distinct marker of the
lineage, FoxP3 has turned out to be useful as a marker
as well as a critical factor for their ‘‘differentiation’’.

– nTreg cells need to be activated via their receptors
(TCR) but they do not need simultaneous TCR sig-
naling and costimulation—two obligate signals nee-
ded for naive T cells to be activated. They function in
a contact- dependent manner and suppress nonspe-
cifically in a bystander fashion.

– Finally, although a role of nTregs has mostly been
ascribed to maintaining ‘‘self-tolerance’’ in the
periphery and although other types of Treg cells can be
induced (iTregs) from CD4+/CD25- precursors to
suppress and/or dampen immune responses to anti-
gens—‘‘self or nonself’’—the regulatory role of nTregs
has now been extended to the control of immune
responses against infectious agents, tumors, and
transplants.

These issues have been amply covered in many
authoritative reviews [15–19]. As such, this paper will
not be another ‘‘general review’’ of the subject. Instead,
we will examine the role of Tregs in tumor immunity
from the viewpoint that ‘‘tumor immunity’’ and ‘‘au-
toimmunity’’ can be viewed as essentially the same
process since the idea of generating an immune response
against tumor antigens amounts to breaking ‘‘tolerance’’

for self-antigens as most tumor associated antigens
(TAAs) have turned out to be self- antigens.

A short sketch of tumor immunity

The idea of immunity against cancer had been, and to an
extent remains, controversial. The historic demonstra-
tions of Ehrlich [20] that hosts can mount an immune
response against cancer were made in outbred mice. The
rejection responses elicited in this model could therefore
be viewed as ‘‘allo-responses’’. Later, using transplan-
tation biology as a tool, researchers more convincingly
proved the existence of host immune responses to syn-
geneic and even autochthonous tumors in chemically
induced tumor models [21]. These observations, also,
could not vouch for the existence of bonafide immune
responses against spontaneously occurring tumors.
Interestingly, convincing proof that hosts have the tools
to immunologically respond to and can indeed mount
immune responses against spontaneously arising
tumors—with fine specificity—emerged in human sys-
tems as autologous tumor reactive T cell lines and
molecular definition of ‘‘tumor antigens’’ recognized by
such T cells became available [22, 23]. It is now abun-
dantly clear that many cancer patients can mount sero-
logic as well as cellular immune responses against their
own tumor cells and that hosts can respond to a large
compendium of TAAs and epitopes, self or mutated (for
a list of tumor associated epitopes recognized by T cells
(see 24). More importantly, it is also equally clear that
vaccination with some of these epitopes, administered
with or without an adjuvant or presented by ex vivo
cultured antigen-presenting cells (APCs), can induce
serologic and CTL responses as well as antitumor
responses in some cases [25]. This, therefore, raises the
question of how then their activation/expansion is con-
trolled in the periphery?

At this juncture, it should be pointed out that tumor
cells can use multiple ways to escape a host immune
response and the issue of immune escape has been
reviewed [26–31]. This topic will not be discussed. In-
stead, we will examine the role of Treg cells in control-
ling host immune responses to tumors. This review will
be restricted to Treg-mediated regulation of antitumor T
cell responses not because serologic responses are not
important but because the topic of cell-mediated anti-
tumor T cell response and its regulation have been most
extensively studied. Further, the topic of Treg cells and
tumor immunity in human systems will be critically
examined.

T regulatory cells in suppression of antitumor immune
response: the old and the new

The old paradigm on T cell-mediated suppression in the
periphery has been that Ts cells are generated essentially
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as a brake against an unwanted immune response or to
abort an ongoing immune response. In this equation, Ts
cells, as all T cells, need to be activated or ‘‘induced’’
from their precursors in an antigen specific (or in some
studies, antigen nonspecific) manner. The early literature
dealt mostly with CD8+ T cells as suppressor cells.
Soon, however, CD4+ T cells were also found capable
of suppressing T cell responses to tumor antigens. As
mentioned earlier, North’s group first provided the evi-
dence of CD4+ T cells functioning as suppressor cells in
an antitumor response in murine model in vivo [9, 10].
They demonstrated that mice bearing progressive Meth
A fibrosarcoma, Ly1+2� T cells suppress the generation
of Ly1�2+ effector cells resulting in the decay of the
antitumor immune response.

Subsequently, peripheral regulation of immune
response by CD4+ T cells was also extended in human
tumor model in vitro [11–13, 32–35]. In a human mela-
noma model, CD4+ regulatory T cells were isolated
from lymph nodes, tumor tissues as well as from blood.
These CD4+ suppressor/regulatory T cells suppressed
the generation of CD8+ CTL response from in vitro
CTL generation assays. The CD4+ Treg cells were
generated from in vitro cultures and as would be ex-
pected after activation, they expressed CD25 and they
also upregulated CD25 upon subsequent stimulation
and, they functioned in Major Histocopatibility Com-
plex (MHC) class II restricted fashion mostly by elab-
orating Interleukin(IL)-10 [32–35]. These CD4+
‘‘regulatory’’ T cells, therefore, behaved much like Tr1
or Th3 type regulatory T cells that have been strongly
implicated in the prevention of inflammatory bowel
disease [36, 37]. These types of studies of CD4+ T cells
suppressing antitumor immune responses in humans,
however, could not establish the biological significance
of the observations mostly for two reasons. First, these
were exclusively in vitro studies; and second, the speci-
ficity of these CD4+ Treg cells could not be clarified. In
this context, it should mentioned that Chakraborty et al.
[38] have subsequently shown that while immunization
of melanoma patients with synthetic peptide or tumor
lysate loaded APC-based vaccines could lead to the
expansion of epitope specific CD8+ T cells, in vivo,
repetitive vaccinations induced IL-10 producing CD4+
T cell-mediated regulatory responses. Finally, Wang
et al. [39] have recently shown that this type of CD4+
Treg T cells exhibit specificity for an epitope derived
from the tumor associated but self-antigen LAGE-1.

As pointed out earlier, a decisive shift in the skepti-
cism on Ts cells took place with the seminal observations
of Sakaguchi’s group linking CD4+/CD25+ T cells
with a key role in the prevention of autoimmunity in
mice [15]. Others confirmed the basic observations and
added legitimacy to the basic finding. Collectively, these
observations (See [16–19] for reviews) led to a new
paradigm on suppression by T cells. It is that a class of
CD4+CD25+ Treg cells gains access to the periphery
after being generated and instructed in the thymus
as ‘‘antiself’’ regulatory T cells. The fundamental

phenotypic and functional characteristics of these nTreg
cells have been summarized in this paper earlier. Hence,
they will not be repeated.

Shortly after their work in autoimmunity, Sakagu-
chi’s group demonstrated that the removal of
CD25+CD4+ T cells as well as injections of anti-CD25
monoclonal antibody can induce antitumor response in
mice and enunciated a ‘‘common basis’’ between tumor
immunity and autoimmunity [40–42]. Affirmation of
their basic observations came from other laboratories
[43–47]. It was further shown that these CD4+CD25+
Treg cells interfere with the generation of long-lasting
tumor immunity and that their removal results in better
results from tumor immunotherapy [48–50]. When col-
lectively taken with the other reports in the literature, it
is now fairly clear that a class of CD4+CD25+ T cells
do exercise some regulatory role in antitumor immunity
in animal models. Of interest, the essence of the original
observations of North et al. [9, 10] have been recently
repeated in the Houghton laboratory [51] and it appears
that the CD4+ suppressor cells of North do qualify as
today’s Treg cells. Their work, however, revealed that
CD4+CD25+ T cells are not functionally monolithic
as they found that CD4+CD25+ T cells include dis-
parate functional types of CD4+ T cells.

A number of studies soon extended the role of Treg
cells in human tumor models. Several groups described
increased frequencies of CD4+CD25+ Treg cells in
blood, malignant effusions, draining lymph nodes, and
tumor tissues, implicating impaired immune responses to
cancer to a higher frequency and/or hyperactivity of Treg
cells [52–56]. Freshly isolated CD4+CD25+ T cells
from cancer patients, or from patients receiving immu-
notherapy, 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.
These studies (For a review, see 57) suggested that a
higher frequency of and/or hyperactivity in the
CD4+CD25+ T cell population might have a negative
effect on antitumor response. Lately, a stronger correla-
tion between Treg activities and impaired tumor immu-
nity in human tumor models has emerged from two
groups of investigators [58, 59]. Curiel et al. [58] have
reported that CD4+/CD25+/GITR/Fox P3 + T cells
preferentially accumulate in ovarian tumors and in
malignant ascites (and not in lymph nodes) seemingly
attracted by CCL22 elaborated by tumor cells and mac-
rophages in tumor beds. They have also shown that such
accumulation of CD4+/CD25+/GITR+/Fox P3 +
Treg cells in tumor sites correlates with poor outcome.
The authors have referred to these population as ‘‘tumor
Treg’’ cells and given that they accumulate mostly in
tumor sites and not in lymph nodes, they have suggested
that these Treg cells mostly interfere with the function of
effector T cells and do not affect their ‘‘priming’’ (i.e.,
induction). The authors have stated that these ‘‘tumor
Treg’’ cells might exhibit specificity for the HER-2/neu
derived peptide, an ovarian tumor associated epitope,
but this has not been proven. Viguier et al. [59], in
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contrast, have found higher accumulation of Tregs in
draining lymph nodes infiltrated bymelanoma cells. They
have also found both IL-10 producing Tr1 type Treg cells
over and above IL-10 negative Treg cells in tumor infil-
trated nodes. As such, they have suggested that both
nTregs and iTregs contribute to the local immunosup-
pressive milieu. They have also shown that these Tregs
are polyclonal and suggested that these Treg cells might
have been primed by a ‘‘larger’’ panel of antigens [59], the
nature of which remains unsettled. Setting the differences
in these two studies aside, when taken with the other
reports, they provide considerable support to the grow-
ing notion that Treg cells exercise control over antitumor
immune response in humans in vivo.

Operational framework underlying Treg-based
suppression of antitumor immunity

Although the literature on Treg cell activities in antitu-
mor immunity is substantial, the operational framework
behind Treg cell-based regulation of antitumor immu-
nity is poorly understood. It appears that both nTregs
and iTregs can be involved in the regulation of antitu-
mor immunity. However, these two types of Treg cells
differ in the requirements for their activation as well as
in their mode of action. They may also differ in effi-
ciency. Thus a critical review of the operational frame-
work (i.e., mechanism of activation and mode of action
and relative efficacy) under which Treg cells operate to
control antitumor immunity will be useful. Under this

broad premise, we will address three issues that we
believe are relevant. These are: (1) how does Treg cell-
based regulatory arm operate in antitumor immunity;
(2) which of the two Treg cells (nTregs vs. iTregs) pose
more of a constraint in antitumor immunity; (3) can the
regulatory constraints be circumvented?

Mechanism of activation and mode of action of Treg
cells in antitumor immunity

At the outset, it should be pointed out that while the
topic of mechanism of activation have been extensively
addressed with Tregs involved in controlling autoim-
munity, they have not been systematically studied in the
tumor immunity model. Nonetheless, considering that a
common basis exists in autoimmunity and tumor
immunity, information generated in the autoimmunity
model may be extrapolated in the tumor immunity
model as well. In this context, it is generally understood
that being CD4+ T cells, nTregs as well as iTregs need
to be activated by MHC class II bound epitopes on
APCs. The caveat in this fundamental construct is that it
is widely believed that while iTregs need both TCR li-
gands and costimulation, nTregs need only TCR-driven
signal for functional activation. Nonetheless, since only
a limited class of cells express MHC class II molecules,
nTregs need APCs for their activation. Thus from an
operational view point, just as APCs are indispensable in
activating naive effector T cells, they are also needed for
the activation of Treg cells. Figure.1 attempts to depict
the process in a schematic format.

Fig. 1 Schematic representation of the operational framework of
Treg cell-mediated suppression of antitumor CTL response. The
cartoon depicts the basic mechanism underlying the activation of
CTLs and the two major types of Treg cells. As shown, while
nTregs may not require simultaneous TCR and costimulatory
signals to undergo activation and clonal expansion, as do all naive
T cells to be functional, we propose that iTregs need to be activated
and expanded very much the way all effector T cells also get

activated and expanded. iTregs primarily suppress by synthesizing
suppressive cytokines while nTregs, after activation, act in a
contact-independent mechanism, at least in in vitro experiments,
although several groups have shown that nTregs also elaborate
immunosuppressive cytokines in vivo (See text). Although we have
assembled all three cell types (APC, Treg, and CTL) in the act, we
do not imply that the CTL precursors and Tregs need to be
activated on the same APC
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In this schema of things, the induction of iTreg cells
(Tr1 or Th3 type regulatory T cells) generated from
CD4+CD25- precursors—whether in inflammatory
bowel disease or in tumor immunity—can be viewed as a
process by which CD4+ T cells get activated and then
get differentiated (or polarized) into their functional
phenotype (i.e., Tr1 or Th3) by the same process that
leads to the activation and polarization of T cells, in
general. Thus, iTreg cells require MHC class II-bound
ligands for their activation, appropriate microenviron-
ment (e.g., antigen presentation in steady state vs under
an inflammatory background, type 2 cytokine synthesis,
etc.). Admittedly, the precise nature of the APC and
‘‘microenvironment’’ that induce tolerance is yet to be
fully settled. However, whatever the underlying mecha-
nism of antigen presentation that leads to the activation
and polarization of Tr1 or Th3 type regulatory T cells
might be, the fact remains that the induction of an iTreg
response from CD4+CD25- precursors is an APC-
based full inductive process.

In contrast, the requirements for the activation of
nTregs are poorly defined. In fact, the literature on this
subject is confusing and, at times, frankly contradictory.
For example, although it is widely believed that nTregs
are ‘‘anergic’’, and the anergic state has been thought to
be important for their function; they are anergic only to
‘‘weak’’ TCR signals (e.g., to soluble anti-CD3 antibody
or to PHA) but not to ‘‘strong’’ stimuli (to plate-bound
anti-CD3 antibody or to PHA plus PMA) and it has
been shown that they can be expanded in cultures and
the in vitro expanded cells function as more potent
suppressors; nTregs are believed to be driven by self
peptides and require only TCR stimulation for func-
tional activation, they, however, seem to require TCR
signals and costimulation for their maintenance; it has
been proposed that IL-2 plays a ‘‘critical role’’ for their
functional activation although they are unable to syn-
thesize IL-2 and they have been shown to prevent IL-2
synthesis by the effector cells (Thus, if they are dependent
on IL-2 from the responding effector cells during their
early induction phase, the window of receiving the
paracrine IL-2 signal is very narrow indeed); it has been
shown that the strength of activation signals for the
effector cells is an important determinant as to whether
nTregs could block effector cell activation or not, it is
not, however, clear if a ‘‘strong’’ signal makes effector
cells refractory to the nTregs or the robustness of the
effector cell response turns them off by one mechanism or
another [60–67]. The last point will be again taken up
later. Presently, it is apparent that while the activation
requirements for nTregs are not the same as that of naive
T cells, the rule that governs their activation in the reg-
ulation of tumor immunity is yet to be firmly established.

On mode of action, distinct differences have emerged
between the two Treg cell types. The primary mode of
action of iTregs is through IL-10 and TGFb—two
powerful immuno-suppressive cytokines with broad
inhibitory properties on T cells, APCs, and other
immunocytes that express receptors for these cytokines.

Hence, they function in a contact-independent manner.
Since 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 mechanism underlying the suppressive
effects of these cytokines. Thus a great deal is known on
the mode of action of iTregs. nTregs, in contrast, are
widely believed to function in a contact-dependent
manner although major discord has emerged from
observations on their mode of action from in vivo and in
vitro experiments. Several groups have shown that
CD4+CD25+ Treg cells act through cytokine-inde-
pendent as well as cytokine-dependent manner, in vivo,
and the role of CTLA-4 has also been controversial [65,
68–72]. Contrasting results have been reported on this
issue in human models. Various investigators have also
reported human CD4+CD25+ Treg cells to be func-
tioning via IL-10 or TGF-b in a contact-independent
manner, in contact-dependent manner, and via CTLA-4
or not via CTLA-4 [65, 73–75]. nTregs seem to regulate
effector cell expansion by blocking IL-2 synthesis and
Interferon(IFN)c synthesis [65, 76]. Finally, the major
effect of nTregs is thought to be mediated through a
noncognate T–T interaction although they can inhibit
APC function and thus interfere with the generation of
immune response by making ‘‘poor’’ APCs [77, 78].

Presently, whether nTregs act during induction of a
response, at the effector phase, or both, is not fully clear.
Available data seem to suggest that nTregs, by virtue of
their mode of action, are capable of controlling both
induction and effector function. However, the study by
Curiel et al. [58] suggests that the Tregs function mostly
at the effector phase. The authors have drawn this
conclusion as they could not find many Tregs in lymph
nodes. The absence of many CD4+CD25+ T cells in
lymph nodes, however, does not negate the possibility of
nTregs functioning at the induction phase. Indeed,
Viguier et al. [59] have reported CD4+CD25+ T cells
in draining lymph nodes and have suggested that they
might be functional in such nodes at an earlier point in
the natural history of tumorigenesis. From an opera-
tional standpoint, the question that at what point Treg
cells operate has some physiologic as well as logistic
connotations. An immune response can be controlled at
the induction phase (i.e., by preventing initiation of an
immune response) and at the effector phase (i.e., by
preventing the function of already activated and ex-
panded effector T cells). For simplicity as well as effi-
ciency in biology, one would imagine that preventing
activation and amplification of the effector T cells is
preferable than allowing activation and amplification to
go ahead and then interfering with their function at the
target sites. Given that antigens—self or foreign—are
brought to secondary lymphatics by APCs and as
nTregs require TCR signaling for functional activation
and as their function is contact dependent (especially at
T:T level), no major impediment exists for them to get
activated and to abort a full blown activation of effector
cells right there in the secondary lymphatics. At the same

1157



time, being activated in secondary lymphatics is not an
impediment for them to exit from lymph nodes and act
at the effector phase either. In this context, it should be
pointed out that in order to prevent a full blown CTL
response generation, nTregs have to operate during the
initial 2 h–24 h window of antigen presentation in which
CTLp gets activated (See Fig.1) and gain ‘‘fitness’’ to
enter into an autonomous expansion phase [79].

Which Tregs (nTregs or iTregs) are more of a constraint
in antitumor immunity?

The literature is essentially silent on this issue. So far, no
head to head comparison of these two has been carried
out. Considering that a relatively high nTregs: effector
cell ratio and a relatively weak effector T cell activation
signal are needed to elicit regulation by nTregs and as
nTregs are essentially ineffective when the effector cells
are stimulated with ‘‘strong signals’’ (such as plate
bound anti-CD3 antibody, PHA+PMA, or when IL-2
is added to the culture), nTregs do not appear to pose a
major constraint in antitumor immunity in the face of
optimal activation signal. Yet, a role of CD4+CD25+
Treg cells on autoimmunity in the animal model is
indisputable. We propose that nTregs may also be able
to regulate antitumor response particularly at steady
state. Tumor associated but self-antigen presentation in
steady state is unlikely to be ‘‘optimum’’ and rarely
would be viewed as ‘‘dangerous’’ (Invasion by tumor
cells and tumor cell growth seldom present with the
same ‘‘danger’’ as do invading pathogens.). A subopti-
mal stimulation may lead to a low-level effector T cell
activation that is likely to contract on its own or brought
down by nTregs, when needed. nTregs, however, may
not be able to abort a full blown effector T cell activa-
tion orchestrated by optimal stimulation with all the
right ingredients (antigen presentation by fully activated
APCs, provision of costimulation, inflammatory back-
drop, etc.). Indeed it has been shown that nTregs do not
regulate effector T cell activation well, when the TCR
signal is robust [61, 63].

It may be argued that iTregs, in contrast, are likely to
be more efficient by virtue of their mode of action. IL-10
and TGFb are two formidable immunosuppressive
cytokines. The authors group has recently compared the
regulatory properties of freshly isolated CD4+CD25+
T cells and CD4+CD4-T cells in an in vitro CTL gen-
eration protocol [80] against a tumor associated but
essentially self-epitope such as the MART-127-35 peptide
presented by fully activated dendritic cells. In these
experiments, freshly isolated CD4+CD25+ T cells were
found to be quite inefficient—on a per cell basis—com-
pared to their CD4+CD25- cohorts, in preventing
activation and amplification of the epitope specific CTLs
(Chattopadhyay S, Mehrotra S, Chakraborty NG,
Mukherji B in Preparation).

Can Treg cell-based constraints be circumvented?

Given that nTreg cells (CD4+CD25+ T cells) seem
to exercise a negative role in tumor immunity, one
obvious strategy to circumvent their negative effects
will be to physically remove and/or inactivate them by
one mechanism or another. Indeed, North [81] origi-
nally showed that cyclophosphamide could facilitate
adoptive immunotherapy of an established tumor by
eliminating tumor-induced suppressor T cells. Subse-
quently North and Awwad [82] described similar effect
of a drug-induced elimination of CD4+ suppressor T
cells in the regression of an advanced lymphoma.
Eventually, Berd’s group [83] employed this strategy in
human cancer vaccine therapy and Jaffee’s group
showed that a combination of drugs enhances the
antitumor immune response of granulocyte/macro-
phage-colony stimulating factor-secreting whole-cell
vaccines in mice [84]. Jaffee’s group has also employed
a combination of drugs and vaccine in cancer patients.
Preliminary analyses have shown that such an
approach could uncover high avidity anti-tumor T
cells by inhibiting Treg cells (Laheru and colleagues,
personal communication). Others have also used
cyclophosphamide as an ‘‘antisuppressor cell’’ agent in
immunotherapy with different forms of cancer vaccines
in humans. The results of these studies, however, have
not been all that persuasive. Presently, several inves-
tigators are pursuing the elimination of Treg cells with
the immunotoxin labeled anti-CD25 antibody (ON-
TAK). Time will answer if such a strategy will work.
Another potentially profitable strategy might be to
institute an active immunization approach taking
advantage of their weakness. As nTregs are less potent
when the effector T cell activation signal is ‘‘strong’’,
their regulatory function might be circumvented by:
(a) increasing the potency of a vaccine; (b) instituting
a ‘‘strong’’ CTL activation/expansion strategy accom-
panied by the removal/inactivation of the nTregs; or
(c) active immunization following adoptive transfers of
PBL, depleted of nTregs, in a homeostatic expansion
mode.

Similarly, considering the mode of action of iTregs,
their action might also be amenable to circumvention.
Indeed, Chakraborty et al. [32] have shown that in the
presence of anti-IL-10 antibody, a more prolonged
antitumor CTL response could be engineered through
an in vitro CTL generation assay. Further, we have
recently found that in the anti-MART-127-35 epitope
specific CTL generation model, the regulatory effect of
CD4+/CD25- T cells (iTregs) can be blocked in the
presence of antibodies to MHC class II molecules and
IL-10R (unpublished data). Since iTregs act primarily
through IL-10, TGFb or CTLA-4, their action can,
therefore, be circumvented by appropriate blocking re-
agents. Further studies will be needed to answer the
question and to test the hypotheses posed here.
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Conclusion

In 2002, Shevach pointed out that there are ‘‘more
questions than answers’’ on the topic of Treg cells [85].
Some of the unanswered questions have been answered.
Nonetheless, after several thousand more papers on the
subject, since then, essentially the same can be said in the
beginning of 2005. Hopefully, many remaining issues
will be resolved with time. Presently, although many
questions remain unanswered and despite a recent
scathing commentary on Treg cells by Cohn [86], it is
safe to say that suppressor cells (in a Treg cell camou-
flage) are in. An impressive body of evidence has
emerged to suggest that in addition to having control
over autoimmunity, they also have regulatory function
over tumor immunity. Useful knowledge has already
emerged on their biology. More insight will be gained
from the massive amount of ongoing work in the field.
Meanwhile, just as optimism has risen that some day
Treg cells will be used in the treatment of autoimmune
pathologies, there are reasons to be hopeful that the
Treg biology can also be exploited to bolster antitumor
immunity and to design better therapeutic strategies.
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