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Abstract
Accumulating evidences support that CD4+CD25high T regulatory (Treg) cells play an essential role
in controlling and preventing autoimmunity. Paradoxically, RA patients have elevated numbers of
circulating CD4+CD25high T cells, however, the inflammation is still ongoing. Further identification
of these CD4+CD25high T cells may contribute to a better understanding of underlying mechanisms.
We show here that these CD4+CD25high T cells were composed of CD4+CD25highFoxP3+ Treg cells
and activated CD4+CD25highFoxP3− effector cells. Moreover, there were significantly more Treg
cells and effector T cells expressing GITR, and more monocytes expressing GITR-L. Thus, although
RA patients have elevated numbers of CD4+CD25high T cells, the suppressive function is not
increased, because of the increased number of activated effector T cells. In addition, the GITR-GITR-
L system was activated in RA patients, which might lead to diminish suppressive activity of Treg
cells and/or lead to resist to suppression of Treg cells by activated effector T cells, thus, contributing
to the ongoing inflammation in RA patients.
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Introduction
Rheumatoid arthritis (RA) is an autoimmune disease characterized by chronic joint
inflammation leading to swelling, pain, cartilage and bone damage, and eventually to functional
joint impairment. The etiology and pathogenesis of RA are not understood fully, although
breakdown of self-tolerance is a hallmark of this disease. Accumulating evidences support that
CD4+CD25high Treg cells play an essential role in controlling and preventing autoimmunity
[1–3]. During the last 5 years, somewhat paradoxically, several reports have described
increased numbers of CD4+CD25high T cells in the peripheral blood [4–6] and synovial fluid
[7–9] of RA patients. Although high expression of CD25 is the typical cell surface marker used
to identify Treg cells, its specificity is not limited to Treg cells. High CD25 levels also can be
expressed by activated effector T cells. Therefore, it is important to investigate whether the
increase in CD4+CD25high T cells in RA patients is attributable to an increase in Treg cells or
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activated effector T cells. The forkhead transcription factor (FoxP3) is specifically expressed
in CD4+CD25high Treg cells, is crucial for development of Treg cells in the thymus, and is
needed to maintain the suppressive function of mature peripheral Treg cells [10]. Decreased
FoxP3 expression causes immune disease by subverting the suppressive function of Treg cells
and converting Treg cells into effector cells [11]. Although some studies report that FoxP3 can
be transiently expressed in activated human effector T cells in vitro, such peripheral generation
of persisting stable expression Foxp3 Treg cells, rather than thymic derivation, is the major
source of circulating Treg cells in adult human beings [12]. Therefore, FoxP3 is a specific
molecular marker for Treg cells in human peripheral blood. However, several reports
describing the increase of CD4+CD25high Treg cells in peripheral blood of RA patients did not
take FoxP3 into account [4–9]. Therefore, it is necessary to detect FoxP3 expression by the
CD4+CD25high T cells in RA patients.

Stimulation of T cells through GITR (glucocorticoid-induced tumour-necrosis-factor-receptor-
related protein) with GITR-Ligand (GITR-L) has been shown to enhance immunity to tumors
and viral pathogens, and to exacerbate autoimmune disease by attenuation of the effector
activity of immunosuppressive CD4+CD25high Treg cells [13]. An abnormally activated co-
stimulation GITR-GITR-L system will lead to diminished suppressive activity of these Treg
cells [14]. These observations suggest that GITR-GITR-L co-stimulation also plays an
important role in regulating the function of CD4+CD25high Treg cells, but little is known about
the expression profiles of GITR and GITR-L in the peripheral blood of patients with RA.

Here, we explored the intracellular expression of FoxP3 in CD4+CD25high T cells to determine
whether the increase in CD4+CD25high T cells in RA patients is attributable to an increase in
Treg cells or activated effector T cells. In addition, the co-stimulation GITR-GITR-L system
was explored by evaluating the expression of GITR on CD4+CD25high, CD4+CD25low and
CD4+CD25− T cells and the expression of GITR-L on monocytes in peripheral blood from RA
patients and healthy controls (HCs).

Materials and Methods
Patients

Ninty-nine RA patients who fulfilled at least four criteria of the American College of
Rheumatology for diagnosis of RA, were enrolled in the study. All standard therapy for RA
including non steroidal anti-inflammatory drugs (NSAIDs), disease-modifying anti-rheumatic
drugs (DMARDs), combinations of DMARDs or adding oral prednisone (< 10 mg/day) were
allowed as long as doses were stable for 2 months prior to participation in the study. Forty-
four age- and gender-matched HCs served as the comparison group; none had evidence of acute
infections or chronic diseases (e.g., other autoimmune disorders). Peripheral blood was
obtained from the patients with RA and the HC individuals based on signed consent forms
approved by the IRBs of University of Massachusetts and the New York State Department of
Health, and the New England IRB.

Reagents
CD45-fluorescein isothiocyanate (FITC), CD152-phycoerythrin (PE), CD4-peridinin
chlorophyll protein (PerCP), CD25- allophycocyanin (APC), CD3-FITC/CD8-PE/CD45-
PerCP/CD4-APC (Mix), CD3-FITC/CD56+CD16-PE/CD45-PerCP/CD19-APC (Mix), and
appropriate isotype controls were purchased from Pharmingen/Becton Dickinson (San Diego,
Calif.). The anti-human FoxP3 Mab (PE) and its isotype control were from eBioscience. FITC
labeled anti-human GITR antibody and FITC labeled anti-human GITR-Ligand antibody were
from R&D system (St Paul,MN,USA). Purified NA/LE mouse anti-Human CD3 (UCHT1)
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and CD28 (CD28.2) were obtained from BD Pharmingen (San Diego, Calif.). Complete Kit
for separation Human CD4+CD25+ T Cells was obtained from StemCell Technologies.

Immunophenotype analysis
For the TruCOUNT assay, whole EDTA-treated peripheral blood (PB) samples (50 µl) were
directly stained. Intracellular staining analysis followed the protocol for anti-human FoxP3
staining set. GITR expression on CD4+ T cells and GITR-L expression on Monocytes analysis
followed the protocol from R&D system (St Paul,MN,USA). The specimens were analyzed
on a BD FACSCalibur using CellQuest software.

Cell isolation
Peripheral blood mononuclear cells (PBMC) were separated using density gradient
sedimentation over Histopaque 1077 (Sigma-Aldrich Company, St. Louis, MO) from
heparinized venous blood from healthy controls and RA patients. For further suppressive
functional assay, after washing with recommended medium (PBS containing 2%FBS and 1mM
EDTA), CD25+ PBMC and CD25− PBMC (deplete CD25+ cells from PBMC) were isolated
according to manufacturer’s instructions (StemCell Technologies Inc)

Cell suppression and proliferation assay
Using bead-isolated CD25+ and CD25− PBMC, we performed suppression assays. CD25+

PBMC and CD25− PBMC were plated in triplicate wells with 2 × 104 cells per well. CD25+

PBMC and CD25− PBMC were also co-cultured at ratio 1:1 (2 × 104 cells: 2 × 104 cells) per
well. Cells were cultured in 96-well flat-bottom tissue culture plates with 10 µg/ml of plate-
bound anti-CD3 and 5 µg/ml of soluble anti-CD28 in culture medium at 37 °C in a humidified
atmosphere of 5% CO2 in air. Culture medium was Roswell Park Memorial Institute (RPMI)
1640 supplemented with 1 mM sodium pyruvate, 1.2% sodium bicarbonate (BioWhittaker), 2
mM glutamine (Sigma), 25 µg/ml gentamicin (Sigma), and 5% heat-inactivated human AB
serum (HyClone, Logan, UT). After 5 days of culture, 0.5 µCi/well [3H]-thymidine (Dupont-
NEN, Wilmington, DE) was added for an additional 18 h before harvesting with Basic 96
Harvester (Skatron Instruments, Lier, Norway). The phosphostimulated luminesence (PSL)
image was read by a BAS 2000 Fujix reader and analyzed by the TINA 2.0 software program.

Intracellular cytokine Staining
Isolated PBMCs were stimulated with 50 ng/mL phorbol 12- myristate 13-actate (PMA) and
1 µg/mL Ionomycin for 4 hours in the presence of 10 µM Brefeldin A (Sigma-Aldrich Co., St.
Louis, MO) in culture medium at 37 °C in a humidified atmosphere of 5% CO2 in air. The cells
were harvested, washed in PBS, and then incubated with PerCP-conjugated anti-CD4 or APC-
conjugated anti-CD8. After fixed and permeabilized with BD Cytofix/Cytoperm buffer, cells
were stained with anti-IFN-γ-FITC, anti-IL-6-FITC, anti-IL-10-FITC and PE-labeled antibody
against IL-4, TNF-α and IL-2. As a negative control, cells were stained with IgG isotype-
matched controls. The cells were washed and then analyzed by flow cytometry.

Statistical analysis
Statistical analysis was performed with Sigma plot 9.0 software. Results were expressed as
mean value ± standard error of the mean (SEM). The level of significance was set at P<0.05.
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RESULTS
RA patients have elevated numbers of peripheral blood CD4+CD25high and CD4+CD25low T
cells

We analyzed peripheral blood from 99 RA patients and 44 HCs for the prevalence of
CD4+CD25high, CD4+CD25low and CD4+CD25− T cells. The population of CD4+CD25high,
CD4+CD25low and CD4+CD25− T cells as a percentage of total CD4+ T cells was identified
by flow cytometry after cell surface labeling for expression of CD45, CD3, CD4, and CD25.
Based on the isotype control (Fig. 1A), the cutoff for CD25− cells was established.
Representative dot plots of a HC (Fig. 1B) and RA patient (Fig. 1C) are shown. As shown (Fig.
1D), the mean percentages of CD4+CD25high T cells ± SEM (23.0 ± 1.3 %, RA, and 14.4 ±
0.8 %, HC); of CD4+CD25low T cells (33.5 ± 0.8 %, RA, and 28.3 ± 1.2 %, HC); and of
CD4+CD25− T cells (43.6 ± 1.6 %, RA, and 55.7 ± 2.1 %, HC) demonstrated significant
differences between the RA and HC populations. In addition, the absolute numbers of
CD4+CD25high T cells (220.1 ± 16.9 cells/µl RA blood; 127.1 ± 9.0 cells/µl HC blood) and of
CD4+CD25low T cells (325.2 ± 16.9 cells/µl RA blood; 253.5 ± 16.0 cells/µl HC blood) were
significantly different. However, the absolute numbers of CD4+CD25− T cells (433.3 ± 25.2
cells/µl RA blood; 507.5 ± 35.5 cells/µl HC blood) were not significantly different.

No relationship existed between the increased numbers of CD4+CD25high T cells and disease
activity

Since a main purpose of CD4+CD25high Treg cells is to control autoimmunity disease, we
addressed the question of whether the increased number of CD4+CD25high T cells in the
peripheral blood of patients with RA can ameliorate disease activity. We used the number of
swollen and tender joints, ESR and CRP as clinical parameters for disease activity. The RA
patients were separated into three groups according to the ratio of CD4+CD25high: CD4+ T
cells. The RA1 group had a ratio of ≤ 0.15, which was equivalent to the average ratio for HCs.
The RA2 group had an intermediate ratio (0.16–0.21), and the RA3 group had a ratio of ≥ 0.22
(0.22 was the mean value for all of the RA patients). As shown (Table 1 and Supplementary
Fig. 1), we did not find any relationship between the increased number of CD4+CD25high T
cells and the number of swollen and tender joints. In addition, we did not find any relationship
between the increased number of CD4+CD25high T cells and ESR or CRP (data not show).

Increased CD4+CD25high T cells in patients with RA were not associated with therapy and
age

It has been suggested that immunosuppressive drugs and glucocorticoids can increase
CD4+CD25high T cells in peripheral blood [15,16]. Thus, the different CD4+CD25high T cell
ratios could be a result of current treatments. However, we did not find any relationship between
the numbers of CD4+CD25high T cells with a different treatment of the RA patients (Table 1).
In addition, to rule out the possibility that the number of CD4+CD25high T cells was greater in
a more elderly group, we examined the influence of age [17]. We did not find any relationship
between the numbers of CD4+CD25high T cells and age (Table 1).

Both CD4+CD25highFoxP3+ Treg cells and activated CD4+CD25highFoxP3− effector T cells
attributed to the increased number of CD4+CD25high T cells in RA patients

Although RA patients have elevated numbers of circulating CD4+CD25high T cells, the
inflammation is still ongoing. It was, therefore, important to investigate whether the increased
number of CD4+CD25high T cells in RA patients is due to more Treg cells or activated effector
T cells. We compared the intracellular expression of FoxP3 by CD4+CD25high,
CD4+CD25low and CD4+CD25− T cells from RA patients and HCs (Fig.2). FoxP3 was
expressed mainly by CD4+CD25high T cells (74.09 ± 2.3 % for HCs; 59.28 ± 2.4 % for RA
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patients); very few CD4+CD25− T cells expressed FoxP3 (3.29 ± 0.3 % for HCs, and 4.79 ±
0.6 % for RA patients) (Fig.2A). Although CD4+CD25high T cells from RA patients expressed
a significantly (P<0.001) lower percentage of FoxP3 (Fig. 2B), the amount of FoxP3 per cell
(MFI) was significantly greater in the RA patients than in the HC population (Fig. 2C). The
FoxP3 difference suggests that more of CD4+CD25high T cells from RA patients are not Treg
cells. However, there were more CD4+CD25highFoxP3+ Treg cells in RA patients (170 ± 25.6
cells/µl blood) than HCs (108 ± 11.6 cells/µl blood), but the number of
CD4+CD25highFoxP3− T cells was also significantly increased (113 ± 13.0 cells/µl RA blood
and 37 ± 5.3 cells/µl HC blood) (Fig. 2D). Thus, the ratio of Treg cells to activated effector T
cells is significantly greater in HCs.

In vitro anti-CD3/anti-CD28 co-stimulation of CD4+CD25− cells generates
CD4+CD25+FoxP3− and CD4+CD25+FoxP3+ cells

It has been reported that decreased FoxP3 expression causes immune disease by subverting
the suppressive function of Treg cells and converting Treg cells into effector cells [11].
Decreased FoxP3 expression levels have been reported in patients with other autoimmune
diseases [18,19]. Thus, we investigated CD25 and FoxP3 expression by CD4+CD25− cells
after activation. Interestingly, both CD25+FoxP3− and CD25+FoxP3+ cells are generated, but
the majority of the cells are FoxP3− (see Supplementary Fig. 2). Although this result does not
address the potential to lose FoxP3 expression, it confirms that CD4+CD25− cells can be
generated into FoxP3− and Foxp3+ cells, as previously reported [20].

CD25high cells isolated from the peripheral blood of patients with RA have suppressive
activity

To assess whether CD25high cells can mediate suppression, CD25high PBMC and CD25−
PBMC (representative dot plots, Fig. 3A) were isolated from the peripheral blood of HCs and
patients with RA using a magnetic bead method (as described in Materials and Methods).
CD25high PBMC, CD25− PBMC and co-cultured PBMC were stimulated with plate-bound
anti-CD3 and soluble anti-CD28. With cells from patients with RA and HCs, CD25high PBMCs
displayed significantly reduced proliferative responses compared to CD25− PBMCs (Fig. 3B).
Although the degree of proliferation of CD25− PBMC from RA patients (36206 ± 8505 PSL)
was greater than that from HCs (26312 ± 4559 PSL), it was not significantly different. There
also was no significant difference for the proliferative capacity of CD25high PBMC from RA
patients (16701 ± 4849 PSL) and HCs (5407 ± 1069 PSL). In co-cultures, CD25high PBMCs
from HCs and RA patients were able to suppress the proliferation of CD25− PBMCs at a 1:1
ratio (Fig. 3B). There was no significant difference in the degree of suppression by the
CD4+CD25high T cells from HCs and patients with RA (RA, 34.1 ± 10.1% suppression; HC,
45.6 ± 13.9% suppression) (Fig. 3C). Even though the CD4+CD25high T cells from RA patients
appear to be slightly less active than CD4+CD25high T cells from HCs (Fig. 3C), it is important
to note that the CD4+CD25high population from the RA patients had a lower percentage of
FoxP3+ cells (Fig. 2B). The FoxP3+ percentage of the CD4+CD25high T cell subset was
approximately 15 % lower than that from the HCs.

RA patients have elevated numbers of peripheral blood CD4+CD25highFoxP3+ Treg cells and
CD4+CD25highFoxP3− effector cells expressing GITR

GITR is particularly abundant on CD4+CD25high Treg cells [21]. Although it has been
proposed that GITR is a more faithful marker of Treg cells, GITR expression does not
exclusively distinguish this subset, as up-regulation of GITR also occurs following activation
of CD25− T cells [22], as shown (Supplementary Fig.3). There was more GITR expression on
CD4+CD25high T cells and CD4+CD25low T cells than on CD4+CD25− T cells from both RA
patients and HCs (data not shown). Furthermore, the number of
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CD4+CD25highFoxP3+GITR+ Treg cells was significantly greater in RA patients (24.3 ± 3.7
cells/µl blood) than in HCs (15.4 ± 2.0 cells/µl blood). The number of
CD4+CD25highFoxP3−GITR+ effector T cells was also significantly greater in RA patients
(42.3 ± 8.5 cells/µl blood) than in HCs (13.3 ± 1.9 cells/µl blood) (Fig.4A).

RA patients have elevated numbers of peripheral blood monocytes and monocytes
expressing GITR-L

In addition to T cells, monocyte/macrophages and their mediators also contribute to the
inflammatory process of RA. Therefore, we assessed the numbers of monocytes in the
peripheral blood from HCs and RA patients. As shown (Fig. 4B), there were significantly more
monocytes in RA patients (493.1 ± 31.3 cells/µl blood) than in HCs (370.6 ± 22.5 cells/µl
blood). In addition, although the frequency of monocytes that express GITRL was not greatly
altered, the numbers of monocytes expressing GITR-L were increased significantly in RA
patients (306.0 ± 32.5 cells/µl blood) as compared with HCs (218.2 ± 14.7 cells/µl blood) (Fig.
4B).

Cytokine expressing T cells
It has been suggested that proinflammatory cytokines induce reversal of CD4+CD25high Treg-
mediated suppression [23]. Therefore, we determined whether more of the T cells in RA
patients with higher numbers of CD4+CD25high T cells (RA3 group) produce these
proinflammatory cytokines than the T cells from patients with lower numbers of
CD4+CD25high T cells (RA1 group) and from HCs. Intracellular IFN-γ, IL-4, IL-6, IL-10,
TNF-α and IL-2 expression by CD4+ and CD8+ T cells was assessed (Fig.5). There was a
significant increase in IL-2 producing CD8+ T cells from the RA patients with higher numbers
of CD4+CD25high T cells (RA3 group). Interestingly, there also was a significant increase in
IL-6 producing CD8+ T cells, but only in the RA patients expressing a low number of
CD4+CD25high T cells (RA1 group); this increased percentage of IL-6+ CD8+ T cells was
significantly lower in the RA3 patients. There were no differences for any cytokine with
CD4+ cells from the HCs and the RA1 and RA3 patients.

Increased numbers of CD4+CD25high T cells were associated with a decreased number of
CD4+CD25− and CD3+CD8+ T cells in RA patients

Recent data indicate that Treg cells develop in the thymus during ontogeny as well as in the
periphery from naive T cells [24]. Our results indicated that CD4+CD25highFoxP3+ Treg cells
and activated CD4+CD25highFoxP3− effector cells can come from activated CD4+CD25− T
cells (see Supplementary Fig. 2). To further address the relative numbers of additional
lymphoid subsets, we evaluated the relationship between the numbers of CD4+CD25high T
cells and the number of other lymphoid subsets in the peripheral blood of RA1, RA2, and RA3
patients with those from HCs. As previously stated, the RA1 group had numbers of
CD4+CD25high T cells equivalent to the HCs. A significant decrease in the number of
CD4+CD25− T cells in the RA patients was associated with an increase in the number of
CD4+CD25high T cells. There were significantly increased numbers of CD4+CD25low T cells
in the RA2 and RA3 groups compared with HCs. The increased number of CD4+CD25+ T
cells in peripheral blood of RA patients indicates that a shift from CD4+CD25− T cells in RA
patients toward CD4+CD25low and CD4+CD25high T cells. The RA1 and RA2 groups did not
have significantly lower numbers of the CD3+CD8+ cells, whereas this subset was significantly
lower for the RA3 group (Table 1 and Supplementary Fig. 4). Interestingly, The RA2 group
had significantly more B cells than the RA1, RA3, and HC populations.
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Discussion
We have demonstrated that there are more CD4+CD25high T cells in the peripheral blood of
RA patients than in that of HCs. Since a main purpose of CD4+CD25high Treg cells is to control
autoimmunity disease, we addressed the question of whether the increased number of
CD4+CD25high T cells in the peripheral blood of patients with RA can ameliorate disease
activity. However, our and other groups have shown that no relationship exists between the
number of CD4+CD25high T cells and disease activity [4,5]. Therefore, we questioned whether
the increase in CD4+CD25high T cells in RA patients is attributable to an increase in Treg cells
or an increase in activated T cells. FoxP3 is specifically expressed in CD4+CD25+ Treg cells,
is crucial for development of Treg cells in the thymus, and is needed to maintain the suppressive
function of mature peripheral Treg cells [10]. Although some studies report that FoxP3 can be
transiently expressed in activated human effector T cells in vitro, such peripheral generation
of persisting stable expression Foxp3 Treg cells, rather than thymic derivation, is the major
source of circulating Treg cells in adult human beings [12]. Over-expression of FoxP3 by in
vitro transfection induces T cells to become anergic and to exert a complete or partial
suppressive activity [25]. On the contrary, decreased FoxP3 expression enhances autoimmune
responses by subverting the suppressive function of Treg cells and converting Treg cells into
effector cells [10,11]. Therefore, expression of FoxP3 plays a necessary role in confirming and
governing Treg cell action. However, several reports describing the increase of
CD4+CD25high Treg cells in the peripheral blood of RA patients did not take FoxP3 into
account [4–9]. Our result show that the majority of CD4+CD25high T cells expressed FoxP3;
very few CD4+CD25− T cells expressed FoxP3. However, a significantly lower percentage of
the CD4+CD25high T cells from RA patients than from HCs expressed FoxP3 even though the
FoxP3+ cells from RA patients expressed more FoxP3 per cell. Of the CD4+CD25high

populations, the ratio of the FoxP3+ to FoxP3− cells was almost 2-folder higher for the HCs.
The elevated numbers of CD4+CD25highFoxP3− T cells in the RA patients mainly account for
this differential ratio and also likely account for the appearance of less suppressive activity in
the RA patients.

In addition to FoxP3, the GITR-GITR-L co-stimulatory system plays an important role for net
CD4+CD25high Treg cell activity. GITR is expressed at low levels on resting responder T
lymphocytes and is up-regulated on T regulatory cells and on activated T cells. GITR is
activated by its ligand, GITRL, mainly expressed on antigen presenting and endothelial cells
[13]. The co-stimulatory system involves interplay between regulatory and effector T cells and
antigen-presening cells (APC). For instance, stimulation of T cells through GITR has been
shown to exacerbate autoimmune disease. The effects of stimulation through GITR are
generally thought to be caused by attenuation of the immunosuppressive activity of CD4+

CD25high Treg cells [14], as well as by increased resistance of effector T cells to
CD4+CD25high Treg cell-induced suppression [26]. In addition, SEB inhibits Treg cells by
inducing GITR-L expression on monocytes [27]. Our results show that both
CD4+CD25highFoxP3+ Treg cells and CD4+CD25highFoxP3− effector T cells from RA patients
were significantly increased in the number of GITR expressing cells. In addition, although the
frequency of monocytes that express GITRL was not greatly altered, RA patients also had
elevated numbers of peripheral blood monocytes expressing GITR-L. These results indicate
that the GITR-GITR-L system is activated in peripheral blood of patients with RA. The
increased CD4+CD25highFoxP3+GITR+ Treg cells and CD4+CD25highFoxP3−GITR+ T cells
interacting with activated monocytes in peripheral blood would hypothetically lead to a net
increase in immunity or autoimmunity in vivo. Thus, the ongoing inflammation in RA patients
seems to be due more to elevated levels of activated effector T cells than lack of Treg activity.

Since a recent study suggested that proinflammatory cytokines induce a reversal of
CD4+CD25high Treg-mediated suppression [23], we wanted to address whether elevated
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numbers of CD4+CD25high cells in RA patients influence proinflammatory cytokine
production. We analyzed the intracellular cytokine expressions of CD4+ and CD8+ T cells in
RA patients with higher numbers of CD4+CD25high T cells. The results did not provide
evidence that more proinflammatory cytokines produced by CD4+ and CD8+ T cells could be
responsible for inhibition of CD4+CD25high Treg cell activity in RA patients with higher
numbers of CD4+CD25high T cells in peripheral blood. In fact the only cytokine elevated was
IL-2 and IL-2 is known to promote Treg development [28]. Interestingly, the RA1 population
which has a level of Treg cells equivalent to the HCs had an elevated percentage of CD8+ T
cells that expressed IL-6, a cytokine known to inhibit level of Treg cells [29]. These results
appear to explain that the CD8+ T cells of the RA1 population expressing higher amounts of
IL-6 does seem to correlate with lower numbers of CD4+CD25high T cells than RA3 population
since IL-6 can inhibits the generation of Foxp3+ Treg cells induced by TGF-beta [30]. In
addition, the percentage or number difference of CD4+CD25high cells among RA patients
maybe due to the different production of cytokines, such as IL-2 and/or IL-6.

The elevated numbers of peripheral blood CD4+CD25high T cells in patients with RA could
not be correlated with disease severity, age or therapies. There are reports of significant
increases in CD4+CD25high Treg cells in patients with cancer [25,31] and infectious disease
[32]. Our and other results [20] showed that CD4+CD25− T cells can convert to activated
CD4+CD25highFoxP3+ T cells and CD4+CD25highFoxP3− T cells after TCR stimulation. These
CD4+CD25highFoxP3+ T cells have suppressive function [20]. Recent reports have
documented that IL-2 is essential for TGF-β to convert naive CD4+CD25− cells to
CD4+CD25high FoxP3+ Treg cells [33], and administration of IL-2 increased the Treg cell pool
in patients with cancer [34–36]. A decline in the number of CD4+CD25− T cells was associated
with an increased number of CD4+CD25high T cells in RA patients. Therefore, these results
suggest that increased CD4+CD25high T cells in RA patients might come from chronic antigen
activation of CD4+CD25− T cells in vivo.

RA patients who had numbers of CD4+CD25high T cells significantly above those of the HCs
had lower numbers of CD3+CD8+ T cells. Although the decline in the number of
CD3+CD8+ T cells appeared associated with the increased the number of CD4+CD25high T
cells, we did not establish the relationship between them. That is to say, whether the increased
number of CD4+CD25high T cells lead to the decreased number of CD3+CD8+ cells or the
decreased number of CD3+CD8+ cells lead to increased number of CD4+CD25high T cells. In
addition, we can not rule out the possibility that decreases of CD8+ T cells in peripheral blood
may indicate that there is a selective migration of these cells out of the peripheral blood and
into tissues or that they have decreased survival. The possibility maybe that higher production
of IL-2 in peripheral blood due to feedback of significantly decreased number of CD8+ T cells
lead to a shift from CD4+CD25− T cells in RA patients toward CD4+CD25high T cells in the
peripheral blood of RA patients with existing chronic antigen stimulation. However, whether
the increased number of CD4+CD25high T cells in peripheral blood of patients with RA is the
result of the increased IL-2 by CD8+ T cells need further investigation.

In summary, RA patients have elevated numbers of circulating CD4+CD25high T cells, the
increased numbers of CD4+CD25high T cells are suggested to come from chronic antigen
activation of CD4+CD25− T cells since there is chronic inflammation ongoing. Our results
show that the increased numbers of CD4+CD25high T cells are composed of
CD4+CD25highFoxP3+ Treg cells and activated CD4+CD25highFoxP3− effector cells with an
imbalance in the RA patients. In addition, the increased number of
CD4+CD25highFoxP3+GITR+Treg cells and CD4+CD25highFoxP3−GITR+ T cells interacting
with greater numbers of activated monocytes might lead to diminish suppressive activity of
the Treg cells and/or lead to resist to Treg cells by these activated effector T cells in vivo, thus
contributing to the ongoing inflammation in RA patients.
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Figure 1. RA patients have elevated numbers of peripheral blood CD4+CD25high and
CD4+CD25low T Cells
The percentage and numbers of peripheral blood CD4+CD25high, CD4+CD25low and
CD4+CD25− T cells subsets from RA patients (n = 99) and healthy controls (HC, n = 44) were
quantified by flow cytometry as described in Materials and Methods. Representative dot plots
of healthy control (B) and RA patient (C) are shown (A IgG control). The mean percentages
± SEM of CD4+CD25high, CD4+CD25low, and CD4+CD25− T cells for RA patients and HCs
are shown in (D). The absolute numbers (cells/µL ± SEM) of CD4+CD25high,
CD4+CD25low, and CD4+CD25− T cells for RA patients and HCs are shown in (E).
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Figure 2. Percentage and the absolute number of FoxP3+ and FoxP3− T cells in the CD4+ T cell
subsets
Typical flow cytometric analysis of forkhead Box P3 (FoxP3) expression in CD4+CD25high,
CD4+CD25low and CD4+CD25− T cell dot plots from RA patients and HCs are shown in
(A). The values at the top right of each plot were the average percentages of FoxP3+ cells for
RA patients (n=20) and HCs (n=20). The percentage and MFI differences of FoxP3 expression
in the CD4+CD25high populations for the RA patients and HCs are shown in (B) and (C),
respectively. Results represent the mean number per µL blood ± SEM for the subsets from RA
patients and HCs (D). The numbers were calculated as described in Material & Methods. The
results are expressed as mean values ± SEM.
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Figure 3. CD4+CD25high T cells isolated from the peripheral blood of patients with RA have
suppressive activity
CD25high PBMC and CD25− PBMC were isolated using a magnetic bead method (as described
in Materials and Methods) from peripheral blood of HCs (n=4) and patients with RA (n=6)
Representative dot plots of the CD25high PBMC and CD25− PBMC populations are shown
(A). Isolated or combined (1:1) CD25− PBMC and CD25high PBMC were polyclonally
stimulated with plate-bound anti-CD3 and soluble anti-CD28 antibodies for 5 days, and
proliferation was measured for the last 18 hr of incubation using [3H]-thymidine incorporation
(B). Results are expressed as mean PSL value ± SEM. In co-cultures, CD25high PBMCs were
able to suppress CD25− PBMC proliferation. To assess the suppressive activity of CD25high
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PBMC, coculture experiments were performed in which CD25−PBMC were cultured in the
absence or presence of CD25high PBMC at 1:1 ratio (C), after which the relative difference in
proliferative response between the two conditions was calculated. Results are expressed as
mean values ± SEM; NS means not significant.
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Figure 4. The GITR-GITR-L system is activated in peripheral blood of patients with RA
(A) The number of CD4+ T subsets in the peripheral blood of RA patients and HCs were assayed
for expression of CD25, FoxP3 and GITR cells. (B) The number of monocyte was increased
in RA patients as compared with HCs. The higher percentage of monocytes from the RA
patients also expressed GITR-L. Results are expressed as mean number of cells/µL blood ±
SEM.
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Figure 5. Intracellular cytokine expression by T cells from RA patients and HCs
CD8+ A, B) and CD4+ (C, D) T cells from the peripheral blood of patients with RA and HCs
were assayed for cytokine expression after in vitro stimulation with PMA and ION in the
presence of brefeldin A. The percentages of T cells expressing cytokine were assayed (A, C)
as well as relative amount (MFI) of cytokine per cell (B, D).
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