
Suppressor T cells play important roles in the regulation of
immune responses and the mediation of dominant immunolog-
ic tolerance. Studies of suppressor T-cell function have been
hampered until their recent identification as a minor fraction
(approximately 10%) of CD4+ T cells that coexpress CD25.
CD4+CD25+ T cells have been shown to play a critical role in
the prevention of organ-specific autoimmunity and allograft
rejection. Because tumor antigens are self-antigens, it is not
surprising that CD4+CD25+ T cells also inhibit the induction of
tumor immunity. The spectrum of activity of CD4+CD25+ cells
extends to non–self-antigens, including infectious agents.
Indeed, T cell–mediated suppression might be responsible for
the low level of chronic infection seen with many pathogens.
Interestingly, however, this persistent level of infection might
be beneficial to the host and needed for maintenance of
immunologic memory. Although CD4+CD25+ T cells are capa-
ble of inhibiting TH2 responses, their role in the suppression of
allergic responses has not been firmly established. Depending
on the desired immune response, enhancement or restraint of
suppressor T-cell function might be required. Therefore
immunologic or pharmacologic manipulation of regulatory T-
cell populations represents an important future approach to
immunotherapy of a wide range of immune responses. (J
Allergy Clin Immunol 2002;110:693-702.)
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An important and still unsolved problem for immunol-
ogists and clinicians is natural tolerance to self-antigens.
Models of passive-recessive tolerance, such as thymic
deletion of autoreactive T cells or nonresponsiveness in
the periphery because of anergy or ignorance, cannot
account for the presence of circulating autoreactive cells
in a host, leading to a small but significant incidence of
autoimmunity in the population. The concept of the sup-

pressor T cell has endured an arduous and controversial
journey toward acceptance into mainstream immunolo-
gy. The phenomenon of T-cell suppression of autoim-
mune disease was first described in the late 1960s.
Nishizuka and Sakakura1 found that thymectomy of mice
on the third day of life (d3Tx) would result in organ-spe-
cific autoimmunity, but disease would not develop if the
mice were thymectomized as early as day 2 or as late as
day 7 of life. Suppression of d3Tx-induced autoimmunity
could be achieved if the animal with d3Tx was reconsti-
tuted by 2 weeks of life with adult thymocytes or spleno-
cytes from an adult animal but not with cells from an
adult animal that had d3Tx.2 These studies indicated
qualitative differences between the cells emigrating from
the thymus before and after the third day of life.

It was not until the mid-1990s that serious considera-
tion was given to the thought of a suppressor T-cell pop-
ulation. Sakaguchi et al3 identified a subpopulation
(approximately 10%) of CD4+ cells that expressed the
IL-2 receptor α chain (CD25). Depletion of CD25+ cells
from adult splenocytes and transfer of the resulting
CD25– T cells to immunocompromised hosts induced the
same spectrum of autoimmune diseases as seen in ani-
mals with d3Tx. Cotransfer of CD4+CD25+ cells would
inhibit the induction of autoimmunity in this cell-transfer
model, as well as in the d3Tx model.4

The availability of a marker to define a subpopulation
of T cells has certainly furthered their characterization as
a distinct lineage of cells. Over the past decade, these
cells have been functionally analyzed in vitro5-8 and
described for their suppressive function in many experi-
mental and spontaneous autoimmune diseases.3,4,9-12
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GVHD: Graft-versus-host disease

HC: Hematopoietic cell
IPD: Inflammatory pulmonary reaction

MLR: Mixed lymphocyte culture reaction
RAG: Recombination activating gene
TCR: T-cell receptor
TGF: Transforming growth factor
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Functionally and phenotypically similar cells have also
been described in human subjects.13 CD4+CD25+ T cells
are considered anergic because they do not proliferate or
produce IL-2 in response to T-cell receptor (TCR) stimu-
lus. They do, on TCR stimulus, suppress proliferation of
responding CD4+ and CD8+ T cells by inhibiting the pro-
duction of IL-2, as well as inhibiting the upregulation of
IL-2 receptors. In vitro analysis reveals that their inhibi-
tion is through cell-cell contact and is not dependent on
immunosuppressive cytokines. Their activity in vivo,
however, seems to have a certain dependency on the pro-
duction of IL-4, IL-10, and transforming growth factor
(TGF) β.9,14,15

In addition to the naturally suppressive CD4+CD25+-

CD45RBlo populations described above, other types of
induced regulatory T cells have been described, including
those generated by activation in the presence of IL-10 (TR1
cells),16 oral tolerance,17 or repeated stimulations with
immature dendritic cells.18 The establishment of an active
mechanism for control of immune responses (ie, dominant
tolerance) allows for an ideal target of therapeutic manipu-
lation to enhance or reduce immune control.

Although much knowledge has been gained over the
last decade of study (Table I), there are still many ques-
tions unanswered regarding the role of suppressor T
cells. These have been recently addressed,19 but let us
reiterate some of them here.
• How are suppressor T cells educated, generated, and

maintained?
• What markers can be used to identify the suppressive

subpopulations?
• How do they exert their suppressive functions?
• What is their antigen specificity?
• How do they distinguish a protective and productive

immune response from a deleterious one?
• Can the regulators be regulated?

Recently, the potential for CD4+CD25+ T cell–mediat-
ed immunoregulation has extended beyond autoimmuni-
ty and into a broad scope of immune responses, includ-

ing tumor immunity and transplantation tolerance (Fig
1). This review will focus on the role CD4+CD25+ T
cells, as well as other T-regulatory cells, play in these
immune responses. It is also a goal to see whether the
study of these cells in these immune models might help
answer these questions. In addition, the manipulation of
their function for therapeutic purposes in the vaccination
against tumor antigens and the clearance or control of
persistent bacterial infections will be addressed.

DEPLETION OF CD4+CD25+ REGULATORY T

CELLS FOR TUMOR IMMUNITY

There is evidence that the immune response raised
against tumor-expressed antigens can cross-react with
normal tissue, resulting in tumor regression but also
inducing autoimmunity.20-23 These findings indicate that
tumor immunity and autoimmunity might be linked, and
the control mechanisms leading to suppression of
autoimmmune effectors might also impede generation of
an effector antitumor response. One might wonder, how-
ever, why the immune system would develop a mode of
action that would protect against autoimmunity but leave
a risk for tumor development. Perhaps this could be
answered by analyzing when the 2 immune disorders
occur in an individual. Many autoimmune diseases pre-
sent on or before childbearing age, whereas tumors are
considered a degenerative disease, occurring late in life.
Therefore providing immune protection at the earlier
stages in life would allow for childbirth and rearing.

Regulatory T cells can potently inhibit immune
responses to many self-antigens. Recently, it has been
described that CD4+CD25+ T cells also suppress immune
responses to tumor antigens. The evidence for their
action in controlling activation of tumor-specific effector
cells comes from models of CD25+ cell depletions (Fig
2).24-27 Suppression of an aggressive antitumor response
was actually described over 20 years ago.28 North et
al29,30 described the induction of a population of CD4+ T
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TABLE I. In vitro and in vivo characteristics of CD4+CD25+ T cells

In vitro In vivo

Considered anergic, no proliferation or IL-2 production in response Absent or reduced numbers in animals deficient in IL-2, IL-2
to TCR stimulus receptors, costimulatory pathways (CD28, B71/2, CD40/CD154)

Inhibit IL-2 production of responding CD4 and CD8 T cells Suppress autoreactive cells in d3Tx-induced organ-specific 
autoimmunity, IBD, IDDM

Induction of CD25 expression on CD25– T cells does not enable Generation in thymus by selection on self-peptide presented by
suppressive phenotype MHC class II–positive cortical epithelial cells

IL-2, anti-CD28, anti-CTLA-4, anti-TGF-β, anti-GITR have Anti-CTLA-4, anti-TGF-β, anti-IL-10 reverse suppression of IBD
overcome suppression

TCR activation is required for suppressive activity Evidence for recognition of tissue-specific antigens for
autoimmune suppression

Mechanism of suppression is considered cell-contact dependent Mechanism of suppression is undetermined, but antibodies to
some cytokines can overcome suppression of autoimmune
disease

IBD, Inflammatory bowel disease; IDDM, insulin-dependent diabetes mellitus.
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FIG 1. Summary of immune responses that have demonstrated CD4+CD25+ T cell–mediated suppression.
CD4+CD25+ T cells have suppressive functions in many immune responses. These cells have beneficial
roles, including prevention of autoimmune disease and promotion of graft acceptance. These cells, how-
ever, also suppress some beneficial immune responses, such as those to tumor and bacterial antigens. By
eliminating or inactivating their suppressive function, it is possible to enhance effector immune responses
to these antigens.

FIG 2. Depletion of CD4+CD25+ T cells enhances immunity to tumors. Adult mice are depleted of CD25+ cells
through repeated anti-CD25 antibody injections. Depleted animals are challenged with tumor cells or tumor
vaccines, followed by tumor challenge. Mice efficiently depleted of CD25+ cells have enhanced responses
against primary and established tumors.
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cells from tumor-bearing mice that can downregulate the
effector immune response against Meth-A sarcoma. This
tumor-induced suppression could be broken by using
similar methods to break tolerance for the induction of
autoimmunity. Treatment with cyclophosphamide or irra-
diation could break the action of these immunosuppres-
sive T cells and allow regression of various tumors.31,32

The majority of the recent studies to improve respons-
es to tumor antigens and tumor-based vaccines have
focused on selective depletion of CD25+ cells. Taguchi
and Takahashi33 previously demonstrated that in vivo
elimination of CD25+ cells by means of antibody injec-
tion could spontaneously lead to organ-specific autoim-
mune disease, indicating that the mere depletion of
CD25+ cells from the CD4+ T-cell repertoire could break
tolerance to self-antigens, inducing an effector immune
response. Many investigators took advantage of this phe-
nomena and eliminated regulatory cells, resulting in pro-
tection from several types of tumors.24-26 Surprisingly,
the selective depletion of CD25+ cells that could induce
tumor immunity did not induce organ-specific autoim-
mune disease in these studies.

In addition to preventing the growth of primary tumors,
depletion of CD25+ T cells enhanced the immunogenicity
of tumor vaccines, as well as treatment of recently estab-
lished tumors. B16 tumors expressing either IFN-α or GM-
CSF were prevented from growing in CD25+ cell–depleted
animals. In addition, injection of anti-CD25 antibody in
combination with repeated injection of a B16 tumor
expressing GM-CSF improved regression of a preinjected
B16 tumor.27 Survival of mice was even further improved
with the combination of CD25+ cell depletion and cytotox-
ic T-lymphocyte antigen 4 (CTLA-4) blockage.

The potential control of human tumors by
CD4+CD25+ cells has recently been described. Woo et
al34 were able to isolate CD4+CD25+ cells that coexpress
CTLA-4 from lung tumor tissue. These cells were shown
to have suppressive effects in vitro on autologous, but not
allogenic, T cells, indicating a level of antigen specifici-
ty in the enriched CD4+CD25+ T-cell population.
Although there is evidence of tissue specificity in
autoimmune models,35,36 the antigen specificity of
tumor-suppressive CD4+CD25+ T cells has yet to be
determined. Would injection of tumor cells generate
tumor antigen-specific suppressors, or are CD4+CD25+ T
cells triggered by activation of tumor-self–specific T
cells? In vitro functional analysis7 has shown that once
activated CD4+CD25+ T cells are activated through their
TCR, their ability to suppress an immune response is
antigen independent. Does this property also occur in
vivo? These questions still remain to be addressed.

With the potential for CD25+ T cells to regulate respons-
es to tumors in human subjects, one could envision tumor
immunotherapy or vaccination in combination with
removal or inactivation of CD25+ T cells. It has been con-
firmed that CD25+ cell depletion from host animals will
not, by itself, induce autoimmune disease. In combination
with strong TCR stimuli, however, absence of CD4+CD25+

regulatory cells can result in multiorgan specific autoim-

mune disease.37 Therefore inactivation or removal of regu-
latory cells as a therapeutic enhancement for an antitumor
immune response should proceed with caution.

REGULATORY T CELLS CONTROLLING

TRANSPLANT TOLERANCE

The idea of an active mechanism for transplant accept-
ance has also been theorized for many years.38,39 Manip-
ulations, such as depleting CD4 antibody injections or
blockade of CD28/B7 or CD40/CD40L interactions in
combination with transfer of donor hematopoietic cells
(HCs), have promoted allograft survival in many
species.40 Splenocytes from these long-term survivors
confer transplant tolerance to syngeneic recipients. These
cells that transfer active tolerance were described as
CD4+ T cells, but analysis in vitro revealed that these T
cells could proliferate and produce inflammatory
cytokines in response to the alloantigens.41 The majority
of these early studies analyzed unseparated T-cell popu-
lations, and therefore the distinction between alloreactive
memory cells, naive autoreactive T cells, and transplant-
induced regulatory T cells was uninterpretable.

Markers that delineate these cells were used to subdivide
T cells from tolerant animals into CD4+CD45RBhi,
CD4+CD45RBlo, and CD4+CD25+ subsets to investigate
the role regulatory T cells play in transplant tolerance. Hara
et al,42 using a protocol of depleting anti-CD4 mAb in
combination with HC transfer for cardiac allograft survival,
were able to determine that the CD45RBhi and CD45RBlo

subsets from tolerant donors responded differently in vitro
to allogeneic stimulation. Whereas CD4+CD45RBhi T cells
from both tolerant and naive mice produced IL-2 and IFN-
γ in response to the alloantigen, the CD4+CD45RBlo sub-
population failed to proliferate or produce either TH1 or
TH2 cytokines. CD4+CD45RBlo and CD4+CD25+ but not
CD4+CD25– T cells from tolerant donors were found to
confer tolerance to syngeneic recipients through an IL-
10–dependent mechanism. CD4+CD25+ T cell–mediated
transplant tolerance is dependent on both IL-10 and CTLA-
4 because blockade of either pathway completely abrogat-
ed transplant survival.43 In a model using donor cell infu-
sion with anti-CD154 treatment,44 anti-CTLA-4 treatment
only had effects on inhibiting tolerance when used at the
induction phase. Once tolerance was established, no effect
of anti-CTLA-4 or anti-CD25 treatment was observed.

Kingsley et al43 further defined that CD4+CD25+ T
cells were generated using the tolerance induction proto-
col before allograft transplantation. This exposure was
critical because enriched CD4+CD25+ cells from naive
animals could not suppress allograft rejection, indicating
the necessity of stimulation with specific antigens. Addi-
tionally, tolerized animals did not exert universal
immunosuppression because third-party grafts could be
readily rejected. Therefore the regulatory cells seem to
be H-2 specific, but are they also tissue specific? Recent-
ly, regulatory cells have been suggested to reside and be
maintained within the tolerized graft itself45 and can
transfer tolerance to a naive recipient. This suggests that
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retention within the tissue is possibly mediated by TCR
interactions with MHC. Although initial tolerizing tissue
exposure involved HCs, it is unknown whether the regu-
latory T cells are only specific for donor antigens
expressed on HCs or also acquire specificity for non-HC
tissue-specific antigens.

Taylor et al46 investigated how CD4+CD25+ T cells
played a role in tolerance induced in vitro by establishing
a mixed lymphocyte culture reaction (MLR) in the pres-
ence of antibodies blocking CD28/B7 or CD40/CD154
costimulatory pathways. Alloreactive CD4+ T cells stim-
ulated under these conditions would not induce graft-ver-
sus-host disease (GVHD) on transfer to recipient ani-
mals. It was crucial, however, that CD4+CD25+ T cells
were present in this in vitro culture. Depletion of
CD4+CD25+ T cells before the MLR and costimulatory
blockage induced CD4+ T cells that could mediate
GVHD. Mechanistically, this tolerance-inducing regi-
men is still undefined. Do the blocking antibodies have a
direct effect on enhancing CD4+CD25+ T-cell function,
or are these cells necessary to downregulate IL-2 pro-
duction in alloreactive CD4+ T cells that, in combination
with costimulatory blockade, induce tolerance? It still
remains to be determined whether naive CD4+CD25+ T-
cell reconstitution to animals receiving the GVHD-
inducing cells would have an effect on host survival. In
addition, it is unclear whether removal of CD4+CD25+ T
cells after the tolerance-inducing MLR would have any
effect on GVHD in the recipient animal.

Although the previous studies found no role for
CD4+CD25– cells in transplant tolerance, a recent
study47 on skin transplantation found that both
CD4+CD25+ and CD4+CD25– cells could regulate trans-
plant rejection, although the CD25– subpopulation
required 10-fold greater numbers for suppression. This
model of CD25+ T cell–mediated transplant tolerance,
unlike the models described earlier, has no dependence
on IL-10 or CTLA-4. Indeed, the study by Graca et al47

investigated tolerance to only minor H-2 differences,
whereas Kingsley et al43 used full H-2 differences.
Therefore it is possible that differences in the tolerance
induction protocol or the origin of the allograft have
alternate requirements for suppression. This is true for
different autoimmune diseases because inflammatory
bowel disease is dependent on IL-10 and TGF-β expres-
sion, but autoimmune gastritis is not.48,49

The regulatory populations defined by Graca et al47

represent 2 distinct populations with likely different
modes of action. Serial analysis of gene expression
revealed that the CD25+ and CD25– subpopulations have
different patterns of gene expression. A more detailed
serial analysis of gene expression comparison of various
populations of regulatory T cells and freshly isolated
CD4+CD25– and CD4+CD25+ cell populations, as well
as rejecting syngeneic and tolerized skin grafts, was per-
formed.50 Many genes found to be upregulated in the
tolerized skin are also present in the naturally suppres-
sive CD4+CD25+ population,51,52 including prepro-
enkephalin, CD103, and a member of the TNF super-

family, glucocorticoid-induced TNF receptor (GITR).
However, many of these genes have also been identified
in activated CD4+CD25– T-cell populations,51 and there-
fore it is difficult to determine whether the regulatory
cells present in tolerized skin are derived from the natu-
rally suppressive CD4+CD25+ population or arose
through activation of another population of CD4+ T cells.

Some analyses of CD4+CD25+ T cells in human sub-
jects have revealed that they have the capacity to recruit
CD4+CD25– T cells to become suppressive.53,54 These
CD25– suppressor cells seem to mediate their action
through soluble inhibitory cytokines, such as IL-10 or
TGF-β. Could a similar phenomenon be taking place
within transplant models in the mouse? Many of these
models are highly dependent on IL-10 production, and
various means of inducing IL-10 production within the
regulatory subpopulations seem to enhance tissue
engraftment.55,56

REGULATION OF IMMUNE RESPONSES TO

INFECTIOUS DISEASE

All the above-described immune responses controlled
by CD4+CD25+ regulatory T cells have been against self-
antigens, either by suppressing autoimmune disease or
immune responses to tumors or by enhancing graft
acceptance. Immunologists and clinicians have many
questions concerning other roles these cells might play in
immune responses.
• Can their ability to control immune responses go

beyond suppression of self-reactivity into the realm of
an effector response against foreign antigens and
pathogens? In initial analysis of CD4+CD45RBlo reg-
ulatory cells, it was demonstrated in the susceptible
BALB/c model of Leishmania major infection that
there was a population of L major–specific T cells that
could suppress the TH1 effector T cells.57 In addition,
inflammatory bowel disease is dependent on microflo-
ra located in the gut,58 indicating that suppression
could result in control of both autoreactive and
non–self-specific T cells that induce wasting disease.

• Can clinicians exploit the properties of CD4+CD25+

regulatory T cells to control immune responses that
result in tissue pathology? Indeed, it has been theo-
rized59 that the presence of regulatory T cells is not to
exclusively control responses to self-antigens but to
adjust all immune responses to an appropriate level.

• Additionally, do bacterial or viral pathogens use regula-
tory T cells to promote their growth within the host?
Many laboratories are beginning to investigate these

questions. Recently, it has been demonstrated that
CD4+CD25+ T cells can prevent the CD4 T-cell mediat-
ed immunopathology and death after Pneumocystis
carinii infection.60 This microorganism is nonpathogen-
ic in immunocompetent hosts; however, if infected
recombination activating gene (RAG)–/– hosts are recon-
stituted with naive CD4+ T cells, a massive inflammato-
ry pulmonary reaction (IPD) will kill the animal within a
few weeks.61 Reconstitution of infected RAG–/– animals
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with CD4+CD25+ T cells does not result in IPD and can
actually control IPD induced by naive CD4+CD25– T
cells.60 In addition to controlling the acute lethal pathol-
ogy caused by the immune response of the CD4 T cells,
clearance of the microorganism is also prevented, and
therefore CD4+CD25+ T cells seem to play a role in the
maintenance of chronic infections.

Indeed, maintenance of a low, persistent level of infec-
tion is seen with many pathogens, including Mycobacteri-
um tuberculosis,62 HIV,63 and L major.64 In the L
major–resistant mouse strain C57BL6, there is an initial
increase in parasite load after infection. This induces a
strong TH1 immune response that does result in a healing
lesion, but a low level of parasite persists within this
lesion, which is dependent on IL-10 production.65 By
using a cell-transfer model, reconstitution of L
major–infected RAG–/– animals with CD4+CD25– T cells
completely clears the infection. Cotransfer of CD4+CD25+

T cells results in a healing lesion, with persistent low par-

asite load in the host. The suppression of a sterilizing
immunity is dependent on IL-10 as a treatment with anti-
IL-10, or the use of IL-10–/– CD4+CD25+ T cells results in
complete clearance of the parasite from the host.66

Why would CD4+CD25+ T cells play a role in allowing
a protective immune response to invading pathogens to
occur but suppress complete clearance of the antigen? Inter-
estingly, in the L major model the persistent level of parasite
is required for induction of long-term immunity. If, in the
cell-transfer model, the parasite load is completely cleared
by CD4+ T cells, a memory response to the pathogen is not
generated or maintained. Challenge of healed IL-10–/– ani-
mals or healed wild-type animals treated with anti-IL-10
receptor resulted in a response similar to that after a prima-
ry infection. There was no evidence of an L major memory
response. The necessity to allow immune protection from
the invading pathogen and immune control for sustained
antigen presence indicates a delicate regulatory balance, the
maintenance of which is presently unknown.
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FIG 3. Possible manipulation of regulatory T-cell activity to enhance or reduce immune responses. Reduc-
tion of CD4+CD25+ T-cell activity by means of cell depletion, GITR signaling, or blocking effector cytokine
function might serve as a target to enhance immune responses to tumors or vaccination. Enhancement of
regulatory T-cell function by means of blocking GITR signaling or modifying antigen-presenting cells to
generate IL-10–producing regulatory cells might serve as a target for downregulation of autoimmune or
alloreactive effector cells, as well as control the inflammatory response to foreign antigen.
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Unfortunately, the regulatory T cell’s ability to sup-
press an immune response might be exploited by
pathogens to enhance their growth within a host. Recent
studies on chronic Friend retroviral infection67 and
hepatitis C virus infection68 demonstrate that regulatory T
cells can be generated and play a role in suppression of
the antiviral immune response. In addition to virus-
induced regulatory T cells, Bordetella pertussis might
promote the generation of pathogen-specific TR1 cells by
modifying dendritic cells in the lung to secrete IL-10.69

Therefore depending on the pathogen in question, it might
be necessary to reduce or enhance the activity of regula-
tory T cells to achieve an appropriate immune response.

DO REGULATORY T CELLS PLAY A ROLE IN

ALLERGIC RESPONSES?

One of the most clinically relevant effector responses
is immune hypersensitivity. In developed nations the
incidence of allergy, especially asthma, has been on the
rise for several decades. The responses to allergens are
typically of the TH2 phenotype,70 with IL-4, IL-5, and
IL-13 playing roles in IgE isotype switching and
eosinophil recruitment to the site of inflammation.71-74

CD4+CD25+ T cells have been shown to regulate TH2
immune responses75; however, their role in control of
allergic responses has yet to be defined.

Cottrez et al76 has demonstrated that regulatory T cells
can modify allergic responses in mice. By using an oval-
bumin-specific TR1 clone developed to exclusively pro-
duce IL-10 on antigen challenge, this group was able to
downregulate antigen-specific IgE responses induced by
immunization of ovalbumin in alum. These regulatory
cells, however, were derived in vitro, making the use of
this type of clone for human therapeutics unlikely.
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FIG 4. Models of GITR-L expression and interaction with GITR on CD4+CD25+ T cells. For in vivo control of
CD4+CD25+ T-cell activity, GITR-L might be induced on various cell types to turn off suppressive activity. Per-
haps a strong inflammatory stimulus might upregulate GITR-L on effector T cells or antigen-presenting cells
to instruct CD4+CD25+ T cells to turn off their regulatory function. In turn, GITR-L might be upregulated on
activated suppressor cells to serve as a negative feedback loop for suppressive activity.

TABLE II. Therapeutic implications of CD4+CD25+ T cells

Reduction of CD4+CD25+ regulatory function
• Enhancement of tumor immunity
• Clearance of persistent infection–sterilizing immunity
• Improvement of responses to vaccines

Enhancement of CD4+CD25+ regulatory function
• Treatment of autoimmunity
• Treatment of allergic responses
• Inducement of transplant tolerance
• Control of pathogenic inflammatory responses to foreign antigen
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Recently, Suto et al77 looked at a role of CD4+CD25+ T
cells in an airway hypersensitivity model. By using an in
vivo CD25+ cell-depletion protocol and cell transfer, it
was demonstrated that antigen-induced eosinophil recruit-
ment was enhanced in the absence of CD25+ T cells. In
these studies, however, direct suppression of airway hyper-
sensitivity by CD25+ T cells was not demonstrated.

CONCLUSIONS

Evidence presented in this review establishes a role for
CD4+CD25+ T cells in multiple effector responses
beyond autoimmunity. Can they be used as a target for
therapeutic manipulation of immune responses? Depend-
ing on the desired immune response, it would be neces-
sary to enhance or suppress the function of the regulato-
ry T cells (Fig 3). Indeed, removal of these cells has been
shown to enhance immune responses to both tumor and
foreign antigens. In addition to depletion, could their
function be downregulated by other means? Recently, 2
groups independently demonstrated that engagement and
signaling through GITR on the surface of CD4+CD25+ T
cells could temporarily turn off their suppressive func-
tion in vitro.51,78 It still remains to be determined how
GITR interactions with its ligand (GITR-L) in vivo might
downregulate CD4+CD25+ functions. Some models
describing where GITR-L might be expressed and how it
might interact with CD4+CD25+ T cells are shown in Fig
4. In turn, blocking the natural interaction between GITR
and GITR-L might enhance their suppressive abilities.
Additionally, other methods, such as treatment with an
active form of vitamin D3 and the immunosuppressant
mycophenolate mofetil,55 might enhance regulatory T-
cell function by manipulating local dendritic cells to
secrete IL-10 without IL-12. Clearly, now that
CD4+CD25+ T cells have been accepted as a unique lin-
eage of suppressor T cells, investigation should be con-
sidered on how manipulating their function can be used
in the clinical setting (Table II).
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