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Abstract Regulatory T cells (Treg) are a CD4+ lymphocyte subset involved in self-tolerance and autoimmunity
prevention. There is evidence for a phenotypic and/or
functional impairment of this cell subset during the natural history of several chronic autoimmune/inflammatory
diseases, including rheumatoid arthritis (RA). Although
the intracellular transcription factor FoxP3 is thought to
be the master regulator of Treg cell function, a number of
other molecules expressed on the cell surface have been
proposed for the identification of Treg cells. This is
important in order to favour their possible selective isolation and in the development of new therapeutic strategies.
In the present paper, available data on phenotypic and
functional characterization of Treg cells in both peripheral blood and synovial fluid from RA patients are reviewed
and their possible pathogenic role in triggering and perpetuating rheumatoid joint inflammation is discussed.
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Introduction
Regulatory T (Treg) cells are a specialized CD4+ lymphocyte subset able to modulate immune response to
environmental pathogens as well as to prevent immune
responses against inappropriate targets, including self
antigens [1]. In fact, Treg cells can suppress autoreactive
lymphocyte clones that have escaped the negative selection in the thymus by different mechanisms, thus preventing the activation and expansion of these effector cell
subsets. Suppression can be either in a cell–cell contact
manner or via soluble factors produced by Treg cells
themselves [2, 3].
The well-known role played by T cells in the development of autoimmunity was characterized in the mid1990s by Sakaguchi et al. who demonstrated that a T-cell
subset expressing high levels of IL-2 receptor α-chains
(CD25) was able to prevent the onset of systemic autoimmune diseases in thymectomized mice [4]. The high surface expression of the CD25 molecule, in association
with the intracellular expression of the forkhead wingedhelix transcription factor Foxp3 (forkhead fox p3),
allows isolation of Treg cells also in human peripheral
blood (PB) and the definition of Treg cells as
CD4+CD25highFoxP3+ has therefore been considered one
of their main phenotypic features [5].
The hypothesis that Treg cells could be involved in
the pathogenesis of autoimmune diseases led to subsequent investigations not only in animal models with
autoimmune disorders, but also in patients with such diseases in order to clarify the degree to which the Treg cells
might be functionally impaired [6, 7].
With regard to their origin, Treg cells can be divided
into two main populations with similar phenotypes but

46

different developments. Natural Treg cells are generated
in the thymus in the early years of life and show the ability to bind self antigens by their T-cell receptor. They are
distinguished from adaptive Treg cells that are induced in
the PB throughout life by conversion of CD4+CD25−
naive T cells in the presence of a particular cytokine
microenvironment [8–10].
Although Treg cells could be considered a simple
population of suppressor T cells, it has been shown that
they are more heterogeneous and play a pivotal role in
the maintenance of immune tolerance. They can exert
their suppressive activity via different mechanisms in
order to eliminate autoreactive effector lymphocyte
clones. In particular conditions which allow cell–cell
contact, Treg cells are able to trigger apoptotic pathways
that lead to the death of effector cells. On the other hand,
they secrete soluble molecules such as IL-10 and TGF-β
which restore an antiinflammatory milieu and thus block
the stimuli for effector cells.
Although Treg cells were identified in early studies
by their surface expression of CD4 and high levels of
CD25, additional surface molecules have subsequently
been proposed as specific Treg cell markers, including
cytotoxic T lymphocyte antigen-4 (CTLA-4), CD127 and
glucocorticoid-induced TNF receptor-related protein
(GITR) [11, 12]. GITR is a well-known marker of Treg
cells in mice, but little is known about its role in humans.
Unfortunately, the fact that CD25, CTLA-4, and GITR
are also upregulated on the surface of activated T cells
makes the interpretation of some experimental data difficult in healthy subjects as well as in patients. The discovery of Foxp3 as master regulator for Treg cells added a
key marker for this T-cell subset. Foxp3, previously
called JM2, was first characterized as the target gene
mutated in a murine autoimmune syndrome (X-linked
autoimmunity-allergic dysregulation syndrome) and was
subsequently related to the human counterpart of this
syndrome (immunodysregulation polyendocrinopathy
enteropathy X-linked syndrome) [13, 14].
Further studies following Treg cell isolation have
shown that this transcription factor is constitutively
expressed at high levels in both natural and adaptive
CD4+CD25high Treg cells in humans and mice. Foxp3 is
required for the natural Treg cell lineage commitment in
the thymus and it is essential in stabilizing and amplifying a Treg cell program, inclusive of anergy and defective
IL-2 production, induced by interaction of Treg cell precursors with stromal cells in the thymus [14, 15].
Furthermore, recent investigations on induced Foxp3
expression in activated CD4+CD25− T cells have shown
that the presence of Foxp3 at high levels as well as the
persistence of its expression are fundamental for maintaining suppressor function [15, 16]. Interestingly, it is
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now well accepted that Foxp3, despite being a distinctive
marker for Treg cells, can also be expressed by human
effector T cells after activation [17]. However, its expression on T cells is transient, occasional, and never as high
as in Treg cells. An intriguing finding is that FoxP3-positive T-cell populations with absent, or at least low, surface expression of CD25 (CD25−/low), are able to exert an
in vitro suppressive activity towards effector T cells,
thereby displaying a regulatory function [18]. Such a cell
subset seems to be increased in patients with autoimmune diseases such as systemic lupus erythematosus
compared to normal controls, but no data have been published so far on rheumatoid arthritis (RA) [19].
Further studies are required to better characterize its
phenotypic and functional features. In this setting, our
group is assessing the functional activity of CD25−/low
cells expressing FoxP3 as well as high levels of GITR on
the cell surface. The aim of our study was to better characterize this supposed regulatory CD25−/low subset and to
investigate the possible role of GITR as a specific marker of Treg cells also in humans, as mentioned above.

The paradox of Treg cell expansion in RA patients
The hypothesis that Treg cells may play a key role in the
pathogenesis of autoimmune diseases has been tested by
several groups. Plenty of data have been published on
Treg cell numbers and function in different human chronic inflammatory diseases [20–26]. RA is a systemic
inflammatory disorder characterized by chronic synovial
inflammation resulting in cartilage and bone damage
eventually leading to joint destruction. The aetiology and
pathogenesis of RA are not fully understood, although
breakdown of self-tolerance is a hallmark of the disease.
Several studies have been carried out with the aim of
clarifying whether Treg cell dysregulation could be
involved as a disease trigger and/or in maintenance of the
disease, and in an attempt to shed some light on possible
underlying mechanisms by which this dysregulation
occurs. Early evidence came from studies performed on
murine models of inflammatory arthritis, such as collagen-induced arthritis (CIA) [27]. It has been shown that
mice depleted of CD4+CD25+ cells develop a more
severe arthritis and higher titres of anticollagen antibodies [28]. On the other hand, a single transfer of
CD4+CD25+ Treg cells into mice exhibiting arthritis
symptoms is able to markedly slow disease progression
[29]. Moreover, the above-mentioned marker of murine
Treg cells, GITR, has been shown to be involved in the
development of CIA, as demonstrated by a reduced susceptibility to CIA of GITR-deficient mice [30]. The abolition of GITR signalling in effector T cells is able to
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reduce the severity of arthritis because of the lack of activation stimuli triggered by this pathway [30].
Initial studies performed in RA patients investigated
Treg cell phenotype in PB and synovial fluid (SF) with the
aim of also evaluating possible imbalance of Treg cell
number in human chronic inflammatory diseases [31, 32].
As summarized in Table 1, conflicting data have been published so far regarding the percentages CD4+CD25+ cells
in the PB of RA patients [33–37, 40, 41]. On the contrary,
there is general agreement that CD4+CD25+ cells are
increased in the SF of RA patients [33–37, 40, 41].
Although the entire CD4+CD25+ cell population could
include variable amounts of effector T cells expressing
CD25 at low levels, these studies also demonstrated an
expansion of the CD25high cell subset in the SF of RA
patients, and this subset is thought to include most of the
cells with Treg function. However, since the phenotypic
characterization of Treg cells by flow cytometry is dependent on the gating set by the operator, the CD25high cell population identified in each of these studies may not correspond, but such a technical issue seems to significantly
affect the results only when there are small variations in
the percentage of Treg cells. This appears to be supported
by both the conflicting data in the PB of RA patients and
the homogeneous findings in the SF of RA patients.
Interestingly, Lawson et al. determined the percentage of Treg cell in the PB of selected patients with early
RA, naive to any pharmacological therapy, and found a
reduction of the PB CD4+CD25+ Treg cell population.
This evidence supports the idea that a deficiency of this
cell subset may be a possible factor in susceptibility to
RA [42]. This hypothesis seems to be further supported
by investigations of the correlation between the percentage of Treg cells in PB and disease duration, which have

confirmed higher numbers of circulating Treg cells in
patients with long-standing disease [35, 39]. Moreover,
in established disease, where proinflammatory cytokines,
including TNFα, are present at high levels in PB and target organs, FoxP3 expression within the CD4+CD25+ cell
population seems to be reduced, giving rise to the
hypothesis that proinflammatory molecules play a role in
inducing an abnormal Treg cell phenotype [37, 40].
A more accurate phenotypic characterization of the
CD4+CD25high cell population in RA patients was subsequently performed by evaluating the coexpression of potential Treg cell markers other than FoxP3 with the aim of confirming their regulatory phenotype. In this setting, some
studies have found high levels of GITR on the surface of
CD4+CD25high cells in the SF of RA patients [33–35].
However, its specificity as a Treg cell marker in humans is
not yet well established, so these findings are still inconclusive. Moreover, CTLA-4 expression on the surface of
CD4+CD25high cells in the PB of RA patients has been
found to be reduced by FACS analysis, and this can be
explained by increased internalization of this molecule as
shown by confocal microscopy. Following anti-TNF therapy, CTLA-4 expression on the cell surface was restored and
this finding seems to corroborate the effects of circulating
inflammatory cytokines on the Treg cell phenotype by modulating the turnover of specific markers [43]. In addition,
low surface expression of CD127 has been proposed as a
highly specific feature of Treg cells in normal subjects and
in patients with other autoimmune diseases [44]. Its assessment in Treg cells of patients with RA, however, appears
not to be so specific in this context, since effector T cells
can also display low levels of CD127 and CD25. Thus, it
has been suggested that only FoxP3 detection may be helpful in distinguishing Treg from RA effector cells [17].

Table 1 Phenotypic characterization of Treg cells in rheumatoid arthritis
Reference

33
34
35
36
42
38
40
41
39
37

No. of patients

27
79
18
60
43 (early)
44
11
75
14
99

CD4+CD25+
cells (%)

CD4+CD25high
cells (%)

PB

SF

PB

SF

=
↑
=
=

↑
↑
↑
↑
ND
ND
↑
ND
ND
ND

=
ND
↓
=

↑
ND
↑
↑
ND
ND
↓
ND
ND
ND

ND
↓
=
ND
↑

ND
↓
ND
ND
↑

↑ , ↓ or =: increased, decreased or equal as compared to normal controls; ND not done.
aAlso reduced in CD25high subset.

CD4+CD25+
cells expressing
FoxP3 (%)

CD4+CD25+
cells expressing
GITR (%)

ND
ND
↑ in SF
ND
ND
↓ in SF
↓
=
ND
↓a

↑ in SF
ND
↑ in SF
ND
ND
ND
ND
ND
ND
+
high
↑ in PB CD4 CD25
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Since phenotypic characterization does not allow a definite conclusion as to whether expanded CD4+CD25high T
cells in the SF are actually Treg, the most convincing evidence is undoubtedly provided by in vitro functional studies. Suppressive activity of CD4+CD25high T cells in the SF
has been confirmed in some studies by coculture with
autologous effector T cells [33–39]. In contrast, some
authors have demonstrated a reduced suppressive activity
of Treg cells in PB from RA patients, that can be restored
by adequate pharmacological therapy, as discussed in detail
below (see Table 2).
Functional differences between SF and PB Treg cells
may be due to the fact that the in vitro assays deal with
single cells removed from the inflammatory context and
therefore cultured in a cytokine-free environment. In this
context, their suppressor function could be lost in a
microenvironment, such as the RA synovium, where
proinflammatory cytokines are abundant.
Taken together, these observations have led to different hypotheses regarding the meaning of paradoxical in
vivo Treg cell expansion in the joints of RA patients. It
has been suggested that it may reflect a compensatory
mechanism aimed at counteracting the rheumatoid proinflammatory microenvironment. In other words, Treg cells

may be affected by cytokines produced within the RA
synovium, and thus lose their suppressive activity. In this
context, the suppressor activity displayed by Treg cells
from RA patients in vitro may indicate that the physiological function of these cells can be recovered in the
absence of proinflammatory stimuli. This impaired Treg
cell function may favour the recruitment of other Treg
cells into the target organs in an attempt to control the
inflammatory process. Additional evidence supporting
this hypothesis has come from the assessment of the
chemokine secretory pattern of cells accumulating in RA
synovium and SF [45]. It has been shown, indeed, that
most of the CD4+CD25+ cells expressing FoxP3 also
express high levels of inflammation-related trafficking
chemokine receptors, including CCR4, CCR5 and
CXCR4, that have been proven to be involved in Treg
cell trafficking.

Influence of pharmacological therapies on Treg cells
in RA
The observed Treg cell expansion in rheumatoid joints
and their supposed functional impairment related to the

Table 2 Effect of TNFa blockers on Treg cell phenotype and function in rheumatoid arthritis
Reference

No. of patients

CD4+CD25high (%)

Drug
Phenotype

Function

Beforea

Afterb

Beforea

Afterb

48

27

Infliximab

ND

ND

Normal suppressive activity
but no inhibition of
inflammatory cytokines

Recovered ability to
inhibit inflammatory
cytokines

50

17

Infliximab

↓

↑

↑ apoptosis of
+
high
T cells
CD4 CD25

↓ apoptosis of
+
high
CD4 CD25
T cells

51

18

Adalimumab

↓

↑

↓ suppressive activity and ↑
apoptosis of
+
high
T cells
CD4 CD25

↑ suppressive activity
and ↓ apoptosis of
+
high
CD4 CD25
T cells

52

15

Infliximab

ND

ND

53

10

Adalimumab

↑

Same
percentage
as before

ND

ND

49

31

Infliximab

↑

but with
different
phenotype

↓ suppressive activity

↑ suppressive activity

ND not done.
levels as compared to normal controls.
bAs compared to levels before therapy.
aBaseline

No suppressive activity Recovered suppressive activity
and reduced inhibition of
inflammatory cytokines
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RA inflammatory environment, prompted an analysis of
the effect of inhibition of proinflammatory cytokines by
administration of pharmacological treatments.
The role of corticosteroids (CS) in downregulating
proinflammatory cytokines, such as TNFa, is well established. Supporting evidence in this setting has come from
studies aimed at evaluating the effect of CS therapy on
Treg cells in asthma, in which inhaled CS were demonstrated to upregulate both CD4+CD25high T cell numbers
and intracellular FoxP3 expression in this cell subset
[46]. A recent longitudinal study in RA patients assessed
the potential effect of local CS injections in modulating
the Treg cell phenotype and their percentages in RA synovium and SF [47]. Immunohistochemistry and flow
cytometry confirmed the previously reported findings of
increased numbers of CD4+CD25+ T cells in SF and also
showed an expansion of this cell subset in synovial tissue. Moreover, an enhanced number of CD4+CD25low T
cells expressing FoxP3 was also observed in RA synovium. Interestingly, the analysis of synovial infiltrate after
CS injection revealed a parallel reduction of total and
FoxP3 + T cells. This finding may suggest that
CD4+CD25low T cells are recruited as Treg cells from the
PB and are expanded in the synovial tissue to help suppress local inflammation. Subsequently, they may undergo conversion into effector cells induced by inflammatory mediators and are thus recognized as pathogenic by
CS [47].
The increasing use of biological agents in clinical
practice in rheumatic diseases has provided researchers
with an interesting substrate to investigate the effect of
TNF blockade in modulating Treg cell activity. As summarized in Table 2, recent studies by Ehrenstein et al.
represent a milestone in this field [48–50]. They showed
that infliximab is able to restore the ability of PB Treg
cells from RA patients to inhibit proinflammatory
cytokine secretion, including TNFα, in in vitro culture
supernatants [48]. They also argued that anti-TNF therapy may generate a new Treg cell population in RA
patients by converting effector T cells into Treg cells following unknown processes. This hypothesis has been
confirmed in further studies which have demonstrated the
induction of an adaptative Treg cell subset able to exert a
suppressive effect via TGFβ in a cohort of infliximabtreated RA patients [49].
Subsequently, the effect of other anti-TNF agents on
Treg cells were also evaluated. In this setting, infliximab
and adalimumab were shown to interfere with Treg function both counteracting Treg apoptosis and restoring their
suppressive activity [50–53]. Preliminary data on the
effect of IL-6 inhibitors on Treg cells in vivo in a murine
model of inflammatory arthritis have recently been
reported. However, data on IL-6 blockade by the mono-
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clonal antibody tocilizumab on Treg cells in RA are not
available yet [54].

Conclusion
The current knowledge of Treg cells in RA reveals a very
complex scenario which takes place both in rheumatoid
synovium and in PB. In RA target organs, Treg cells
appear to be increased. However, inflammation is not
extinguished despite the enhanced presence of this
immunoregulatory T cell subset. Further studies are
needed to assess if blockade of proinflammatory mediators from the rheumatoid synovial environment by biological therapy may be beneficial not only by suppressing the inflammatory process but also by enhancing Treg
cell-mediated suppression.
Taken together, these findings strengthen the hypothesis that an increase in Treg cell function and/or number
in RA synovium may be a challenging therapeutic target.
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