
Mechanisms of immune regulation

A critical feature of immune system is homeostasis
maintenance. Based on this characteristic, immune system
inhibits the development of autoimmunity, but induces an
effective immune response against microbial challenge
(29). The immune system contains potent mechanisms that
eliminate pathogenic microorganisms and infected cells,
and parallel regulatory mechanisms that keep effector cells
under control during physiological conditions and after acti-
vation elicited by an inflammatory process. Effective regu-
lation of the inflammation is required to reduce the tissue
damage caused by an excessive immune activation.

At the end of 1980’s, Mosmann and Coffman established
a functional categorization of Th cells (24). Th cells were
thought to be divided into two separate populations, which
perform their effector functions via cytokines. Th1 cells are
secreting INF-γ and IL-2, while Th2 cells produce mainly
IL-4, IL-5, and IL-13. Th1 cells are involved in macrophage
activation and cytotoxic killing of intracellular pathogenes.
In addition, they also play a role in autoimmune diseases
such as the 4th type of hypersensitivity reaction and chronic
infections. Th2 cells, on the other hand, are regulating
B cells for production of immunoglobulins, including IgE
class, thus play a role in allergy and defence against hel-
minthic parasites. Th1 and Th2 T cells are in an antagonis-

tic relationship and their balance is important for efficient
immune response.

In 2003, a subset of T cells designated regulatory T cells
(Tregs) was found to express the transcription factor FoxP3,
and was identified as a pivotal part for control of the in-
flammatory processes (14). Sakaguchi et al. demonstrated
in mice that displacement of Treg by neonatal thymectomy
led to multiple organ autoimmunity. This process could be
reversed by adoptive transfer of these CD4+CD25+ T cells
(28).

Veldhoen et al. and Bettelli et al. independently dis-
covered highly proinflammatory Th subset secreting IL-17
called Th17 cells (2, 34). It is known that Th17 cells are dif-
ferent from Th1, Th2, and Treg cells, and have an influence
on autoimmunity, allergy, tumor development, and organ
transplantation. Th17 differentiation is induced by TGF-β
and IL-6. This subset produces a number of cytokines, such
as IL-6, IL-17A, IL-17F, IL-20, IL-22, IL-26, and TNF-α,
respectively (reviewed in 8). Fig. 1 reflects ours percep-
tions about regulation relationship between CD4+ T cell
subsets.

Among Treg cells, four unique populations of CD4+
T cells have been identified so far (natural CD4+ Treg cells,
Th3 cells, Tr1 cells, and CD8+ Treg cells) that are directly
involved in the regulation of immune responses to patho-
gens, allergens, and self-antigens (reviewed in 25).
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Detection of Tregs

The best method which is now available to identify Treg
cells is flow cytometry. The capture and analysis of these
cells requires multiple markers. A common approach to the
identification and isolation of Tregs is exploiting CD4+ and
CD25+ expression. It is a difficult task to identify Treg cells
by flow cytometry, as the most specific marker FoxP3 is
localized intracellulary (5, 6, 29). That is, why FoxP3 de-
tection is only possible after cell permeabilization. Per-
meabilization step is not very advantageous for routine
laboratory testing. However, it has been recently recognized
that FoxP3+ cells are expressing a subunit of IL-7R,
CD127, in a significantly lower density. It was proved ex-
perimentally that CD4+/CD25high/CD127low cells are Fox
P3+. It is now generally accepted that this phenotype can
serve as a surrogate marker for Treg cells (22). For routine
testing, CD25high/CD127low/- phenotype is enough specific
and sensitive to identify Treg.

Different types of Treg cells

Several subsets of Treg cells have already been identi-
fied, such as natural CD4+ Treg cells, Th3 cells, Tr1 cells,
and CD8+ Treg cells, respectively. It is very likely that the
other distinct subsets will be added to this list in future.

Natural Treg cells represent 5–10 % of total CD4+ helper
inducer T cells (4, 32). They are characterized by the inter-
mediate to high expression of the cell surface IL-2 receptor

(CD25), as well as the intracellular expression of transcrip-
tion factor FoxP3. Whereas suppression in many model sys-
tems in vivo and in vitro is mediated by the secretion of the
suppressor cytokines, the mechanism of suppression me-
diated by CD4+CD25+ cells appears to be mediated by cell-
to-cell contact- dependent mechanism (2, 31, 32).

Phenotype of Tr1 cells is CD25-FoxP3-CD4+ (1). These
cells, upon activation via the TcR, produce high amounts of
IL-10 and very low levels of IL-2, but they do not produce
IL-4 (5). Battaglia et al. demonstrated that Tr1 cells are be-
neficial for the induction of tolerance to self-, allo-, and
non-harmful foreign antigens, such as food antigens (1).
Tr1 cells inhibit both the proliferation and cytokine pro-
duction of effector T cells, and the function of APCs in an
IL-10 dependent manner (20).

Th3 cells are phenotypically resemble Tr1 cells, but their
principal modulator is TGF-β (3, 15, 35). Th3 cells provide
a help for IgA synthesis and chemotaxis of leukocytes. They
have suppressive properties for Th1 and other immune
cells. The production of TGF-β by Th3 is critical for the
maintainance of tolerance at mucosal surfaces, exemplified
by oral tolerance induced by feeding of antigen at low dosage
(20).

Functional properties of Treg cells

The crucial role of T cell system in the pathogenesis of
immunopathological disorders is fully accepted now. T cells
are responsible for the induction of autoimmune immuno-
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Fig. 1: Regulation relationship between CD4+ T cell subsets.



pathological processes, their development, extent, and pu-
tative resolution. Regulatory Treg cells participate in the
maintainance of peripheral tolerance (10). Sakaguchi et al.
confirmed that Treg cell activity is regulated by numerous
costimulatory interactions and cytokine microenvironment
both in thymus and in tissues to maintain autotolerance
(28). They display the most potent immunosuppressive po-
tential among cell populations tested (17).

Mature Treg cells are released from thymus after sti-
mulation by chemokines and other mediators emanating
from the location of tissue injury and inflammation. They
nonrandomly migrate into these sites and corresponding
lymphoid tissues (13). Jonuleit et al. reported that Treg-
mediated immunosuppression is a result of their direct in-
teractions with effector cells (17). It is thought that IL-2
overproduction is inhibited by Treg cells with a subsequent
downmodulation of CD25α subunit of IL-2 receptor. There
is a feedback control of Treg cells activation (29, 32).

Tregs are characterized as a functionally highly spe-
cialized T cell subset responsible for the optimalization of
immune response. Treg cells are able to downmodulate un-
wanted activities of autoreactive clones of T cells, such as
their activation and clonal expansion. Treg cells participate
in induction and maintainance of immune tolerance by re-
cognition of autoantigens which are released from injured
tissues with subsequent modulation of immune response,
mediated by either intimate cell to cell contact or via so-
luble cytokines (32, 36).

Vojdani et al. published that Treg cells mediate the pre-
vention of autoimmunity in two ways. The first one involves
the prevention of autoreactive T cell priming and differen-
tiation in the draining lymph nodes. Treg cells located
around dendritic cells in the lymph nodes can prevent the
early stages of T cell activation. The second action of Treg
cell suppression involves the activation, proliferation, and
subsequent trafficking of Treg cells to the affected tissue to
restrain effector cell functions locally (reviewed in 37).

Another mechanism of Treg cells action is their cytoto-
xic activity which is mediated by granzymes and perforin
release. Numerous target cells e.g. CD4+ and CD8+ subpo-
pulations of T cells (9, 11), NK and NKT cells, monocytes,
dendritic cells and granulocytes are regulated by this cyto-
toxic activity of Treg cells (26, 31, 33). Tregs are able to re-
strict CD8+ memory effector T cells (19, 26). Thus, it is
conceivable that increasing of the number of cutaneous
Treg cells could diminish pathogenic CD8+ T cell functions
in the inflammatory process of psoriasis (21).

Chen et al. emphasized that the balance between acti-
vated effector cells and Treg cells is important for efficient
immune response (16). Upregulation of Treg cell function
or increase in the number of these cells might be beneficial
for treatment of autoimmune diseases and allergies, and for
prevention allograft rejection. Moreover, inhibiting Treg
cell function or decreasing Treg number might assist im-
munity against tumors and pathogenic microorganisms
(25).

Skin is normally covered with innocuous and weakly
immunogenic normal bacterial, viral, and fungal flora, to
which vigorous ongoing immune responses would cause
immunological chaos and chronic inflammation. Tregs li-
mit effector T cell activation to this normal nonpathogenic
resident flora, while permitting the necessary T cell activa-
tion to acute infection (12, 18).

The ability to induce Treg cells and to promote their
long-term survival in the periphery could be the proof of ef-
ficacy of immunosuppressive therapy. Tr1 cells could be in-
duced from naive T cells by repeated stimulation of their
TcR in the presence of IL-10 (1). Battaglia et al. demon-
strated that functional Tr1 Tregs are also produced by di-
rect association of CD46 membrane molecule with CD3
complex in the presence of IL-2 (1). TGF-β has a major
positive role in the generation, function, and survival of
adaptive CD4+ and CD8+ Treg subsets (reviewed in 38).
Cultivation of naive T cells simultaneously with TcR stimu-
lation in the presence of IL-2 and TGF-β, results in up-re-
gulation of expression of FoxP3 transcription factor. These
induced Tregs are capable of inhibiting proliferation of ef-
fector T cells (38). By maintaining the pool size of natural
CD4+CD25+ cells in periphery, TGF-β plays an important
role in Treg homeostasis. Thus, it has become evident that
TGF-β displays effects on both natural and adaptive Treg
cells (23). IL-2 is critical for homeostasis, function, and de-
velopment of Treg cells. Treg cells cannot expand their
numbers, survive, or suppress T cell proliferation in the ab-
sence of IL-2 (20, 38). Zheng et al. demonstrated that sy-
nergistic effects of IL-2 and TGF-β can induce naive CD4+
cells to become CD25+FoxP3+ suppressor cells that ex-
press characteristic markers of natural Treg cells (38).

Treg cells in immunodeficiency 
and immunopathological diseases

Deficiency in FoxP3 due to genetic mutations results in
the immunodysregulation, polyendocrinopathy, enteropathy,
X linked (IPEX) syndrome. This multiple autoimmune dis-
order is characterized by severe intestinal pathology, with
massive T cell infiltration, type 1 diabetes mellitus, eczema,
anemia, liver infiltration, thrombocytopenia, hypothyro-
idism, and the presence of a variety of autoantibodies.
Death typically occurs in early childhood, unless treated
with aggressive immunosuppression, hematopoietic stem
cell transplantation, or both (20, 25).

Alpha subunit of IL-2 receptor, CD25 molecule, is one
of the key surface marker of Treg cells. Deficiency of CD25
molecule results in chronic inflammation in the intestine
and lungs. Infectious complications similar to those ob-
served in patients with T cell deficiency, such as recurrent
cytomegalovirus-induced pneumonitis, candidal infections,
and chronic gastrointestinal diseases, are present in CD25
deficient patients. Patients lacking CD25 suffer from bilia-
ry duct inflammation, simulating primary biliary cirrhosis,
eczema, hemolytic anemia and hepatosplenomegaly (20,
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25). In addition, deficiency of IL-10, a key Tr1 cytokine, re-
sults in uncontrolled inflammation at the mucosal surface
(20).

Dysregulation in Treg cell frequency or functions may
result in a plethora of autoimmune diseases, including mul-
tiple sclerosis, type 1 diabetes mellitus, myasthenia gravis,
systemic lupus erythematodes, autoimmune lymphopro-
liferative syndrome, rheumatoid arthritis, and psoriasis, to
name a few (37). Multiple sclerosis is an immune driven
chronic demyelinating inflammatory disease. Its typical fea-
ture is lymphocyte infiltration and inflammation of the
central nervous system. Impaired number and dysfunction
in Treg cells may induce the overstimulation of CD4+ ef-
fector cells, resulting in the production of proinflammatory
cytokines and neuronal damage (37). Type 1 diabetes mel-
litus is a chronic Th1 cell-mediated autoimmune disease
resulting in the destruction of β cells in the islets of Lan-
gerhans, that are producing insulin. Impaired suppression
of the effector CD4+ and CD8+ T cells is involved in the
pathogenesis of type 1 diabetes. This impaired suppression
is caused by depression in several immunoregulatory sub-
sets, including natural killer cells and Treg cells (37).
Myasthenia gravis is an autoimmune disease affecting neu-
romuscular signal transmission. Patients with myasthenia
gravis show a markedly diminished ability to suppress ef-
fector T cell proliferation. Therefore, the pathogenesis and
progression of myasthenia gravis may be dependent on ab-
normal Treg cell functions (37). Systemic lupus erythema-
todes and autoimmune lymphoproliferative syndrome are
chronic, systemic, autoimmune diseases. In their pathoge-
nesis, decreased frequency of Treg cells is involved (7, 37).
Rheumatoid arthritis is a chronic inflammatory disease
accompanied by the destruction of joint architecture. The
presence of proinflammatory cytokines plays a key role in
the development and maintenance of rheumatoid arthritis.
Treg cells in patients with rheumatoid arthritis are able to
suppress effector T cell proliferation, but are incapable to
suppress TNF-α and INF-γ production. This suggests that
dysfunction of Tregs‘ ability to suppress cytokine produc-
tion contributes to etiology of rheumatoid arthritis (37). It is
widely accepted that psoriasis is a systemic, predominantly
T cell-mediated inflammatory disorder, with skin manifes-
tation. Psoriasis is characterized by hyperproliferation and
abnormal differentiation of keratinocytes with activated
T cells and granulocytes accumulated in involved skin areas.
Psoriatic Treg cells are functionally deficient in suppressing
effector T cell responses. Although this deficiency is not ab-
solute, higher numbers of psoriatic Treg cells are required
to provide suppression similar to that of normal regulatory
cells (30). These findings suggest that Treg cells are in-
volved in the pathogenesis of psoriasis (21).

Conclusion

Self-tolerance is critical for the prevention of autoim-
munity and maintenance of immune homeostasis. The abi-

lity of the immune system to discriminate between self and
nonself is controlled by mechanisms of central and peri-
pheral tolerance.

Regulatory T cells (Tregs) are a specialized, phenotypi-
cally, and functionally distinct, subpopulation of T cells that
modulate immune response, thereby maintaining homeo-
stasis and self-tolerance. It has been shown that Tregs are
able to inhibit T cell proliferation and cytokine production
and play a critical role in preventing autoimmunity. Treg
cells are accountable for hyporesponsiveness to tumor anti-
gens and can be exploited to induce transplantation toleran-
ce. T cells are considered to be of fundamental importance
in a variety of immune disorders. Defect in a distinct Treg
subset results in enhanced inflammatory reaction directed
predominantly to the mucosal surfaces. Tregs are a good
target for investigation of immunopathogenesis, diagnoses,
treatment and/or prevention of immunological disorders.
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