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Subpopulations of Regulatory T Cells in Rheumatoid Arthritis, 
Systemic Lupus Erythematosus, and Behcet’s Disease

Recently, subpopulations of regulatory T (Treg) cells, resting Treg (rTreg) and activated Treg 
(aTreg), have been discovered. The authors investigated the relationship between the 
change of Treg, aTreg and rTreg and autoimmune diseases. Treg cells and those 
subpopulations were analyzed by using the human regulatory T cell staining kit and 
CD45RA surface marker for 42 rheumatoid arthritis (RA), 13 systemic lupus sclerosis (SLE), 
7 Behcet’s disease (BD), and 22 healthy controls. The proportion of Treg cells was 
significantly lower in RA (3.8% ± 1.0%) (P < 0.001) and BD (3.3% ± 0.5%) (P < 0.01) 
compared to healthy controls (5.0% ± 1.3%). The proportion of aTreg cells was also 
significantly lower in RA (0.4% ± 0.2%) (P = 0.008) and BD (0.3% ± 0.1%) (P = 0.013) 
compared to healthy controls (0.6% ± 0.3%). The rTreg cells showed no significant 
differences. The ratio of aTreg to rTreg was lower in RA patients (0.4% ± 0.2%) than that 
in healthy controls (0.7% ± 0.4%) (P = 0.002). This study suggests that the decrement of 
aTreg not rTreg cells contributes the decrement of total Treg cells in peripheral blood of RA 
and BD autoimmune diseases. Detailed analysis of Treg subpopulations would be more 
informative than total Treg cells in investigating mechanism of autoimmune disease. 
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INTRODUCTION

Since human regulatory T (Treg) cells were first identified from 
the peripheral blood, there have been considerable advances in 
identifying and typing human Treg cells. Human Treg cells were 
initially characterized relying on the expression of CD4+CD25high 
cell surface markers based on the finding that murine CD4+CD25+ 
T cells are highly suppressive (1). After the forkhead box P3 (FoxP3) 
was discovered as a “master control gene” for Treg cell develop-
ment and function, Treg cells were better characterized by the 
expression of intracellular FoxP3 as well as CD25 (2).
 Treg cells play an important role in the maintenance of pe-
ripheral immunological self-tolerance through suppression of 
the activation and/or proliferation of self-reactive T cells (3). 
Therefore, changes of the proportion of Treg cells in peripheral 
blood or defect of suppressive function in vitro have been re-
ported in several autoimmune diseases such as multiple scle-
rosis (MS), type I diabetes (T1D), psoriasis, autoimmune myas-
thenia gravis, systemic lupus sclerosis (SLE), Behcet’s disease 
(BD), and rheumatoid arthritis (RA) (4-15). Although most of 
those studies demonstrated significant decrement of Treg cells 
in autoimmune diseases, their results have been controversial.

 Recently, human Treg cells were divided into more detailed 
subpopulations functionally and/or phenotypically (4, 16).  
In one study, FoxP3 positive T cells were fractionized into 
CD4+CD25++CD45RA+ Treg, CD4+CD25+++CD45RA- Treg and 
cytokine-secreting CD4+CD25++CD45RA- non-suppressive T 
cells (16). The former two T cell populations were suppressive 
in vitro, then regarded as two Treg cell subpopulations: resting 
Treg (rTreg) and activated Treg (aTreg) cells. Indeed, the propor-
tion of these subpopulations showed disease-specific changes. 
In active SLE, the proportion of aTreg cells was decreased and 
the proportions of rTreg and non-suppressive Treg cells were 
relatively increased. In contrast, sarcoidosis patients showed 
increased aTreg subpopulation (16). However, studies for Treg 
subpopulations in autoimmune diseases are at an early stage 
and little data have been reported.
 The purpose of this study was first, to investigate whether 
proportion of Treg cells and its subpopulations, aTreg and rTreg, 
have changes in SLE, RA, and BD patients compared to healthy 
controls, and secondly to evaluate whether proportional change 
of Treg cell subpopulations have informative roles in investigat-
ing the autoimmune disease mechanism. 
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MATERIALS AND METHODS

Patients
Peripheral blood samples were obtained from 42 RA (31 males 
and 11 females, age 56.8 ± 12.5 yr), 13 SLE (13 females, age 42.0 ±  

16.1 yr) and 7 BD (3 male and 4 female, age 45.6 ± 9.7 yr) and 22 
healthy controls (16 male and 6 female, age 53.7 ± 3.4 yr). Each 
patient was diagnosed according to the 2010 American College 
of Rheumatology criteria for RA, the 1997 revised American Col-
lege of Rheumatology criteria for SLE and International Study 
Group Criteria for BD (17-19). 

Treg cell analysis
Peripheral blood samples were obtained freshly in sterile EDTA 
tubes before analysis. The total white blood cell (WBC) and lym-
phocyte counts, as well as lymphocyte fraction were detected 
using an ADVIA2120 automatic blood cell counter (Siemens 
Healthcare, NY, USA). Mononuclear cells (MNCs) were sepa-
rated by density gradient centrifugation using Ficoll-Paque (GE 
Healthcare Life Sciences, Milan, Italy). The isolated MNCs were 
resuspended in phosphate buffered saline (PBS) at the concen-
tration of 1 × 106 cells/mL. For the analysis of the lymphocyte 
subset, fluorescein isothiocyanate (FITC) CD3 and phycoery-
thrin (PE) CD4 (Beckman-Coulter, Marseille, France) were used. 
For the detection of Treg cells, the Human Regulatory T cell Stain-
ing kit (eBioscience, San Diego, CA, USA), including FITC CD4, 
PE CD25, and phycoerythrin-cyanin 5 (PE-Cy5) FoxP3 (fork-
head box P3) were used. The detection method was followed by 
manufacturer’s guide. After gating the lymphocyte population, 
the CD4+CD25highFoxP3+ population was sequentially gated and 
analyzed as Treg cells. For the analysis of Treg cell subpopula-
tions, PE anti-hCD45RA, PE-Cy5 CD25 and FITC CD4 (Beckman-
Coulter) cell surface markers were used. The CD4+CD25++CD45RA+ 
and CD4+CD25+++CD45RA- cell populations were gated as rTreg 
and aTreg cells, respectively (Fig. 1). 

Statistical analysis
Values are presented as mean ± standard deviation (SD). All re-
sults were analyzed using SPSS v 19.0 (SPSS, Chicago, IL, USA). 
Differences in means between each disease group and healthy 
control or between disease groups were analyzed by indepen-
dent T-test. A P  value < 0.05 was considered statistically signifi-
cant.

Ethics statement 
The study protocol was reviewed and approved by the institu-
tional review board of Dongsan Medical Center (IRB No.11-301). 
Informed consent was obtained from all patients and healthy 
controls.

RESULTS

WBC count, lymphocyte fraction, proportion of CD3+CD4+ 
cells and CD4+ helper T cell count 
The WBC count was generally higher in the disease groups 
(6,883.4 ± 2,540.9/μL) than the healthy controls (5,416.8 ±  

1,084.8/μL) (P < 0.001). Especially, the WBC count in the RA 
group (7,126.9 ± 2,653.4/μL) was significantly higher than healthy 
controls (P < 0.001). The lymphocyte fraction in WBC was sig-
nificantly lower in the SLE group (22.5% ± 9.9%) than in the 
healthy controls (32.8% ± 6.8%) (P = 0.001). There was no sig-
nificant difference between the RA or BD groups and healthy 
controls. The proportion of CD3+ T cells was similar between 
disease groups and healthy controls. However the proportion 
of CD4+ in CD3+ cells (helper T cell fraction) was different. The 
proportion of CD4+ was lower in the SLE group (48.5% ± 8.5%) 
than in RA (67.3% ± 10.5%) (P < 0.001), BD (58.2% ± 10.5%) 
(P = 0.036) or healthy controls (65.9% ± 9.1%) (P < 0.001). When 
we calculated the absolute count of the CD4+ T cells, the SLE 
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Fig. 1. Detection of Treg cells and subpopulations by flowcytometry. (A) CD25 and 
FoxP3 expression in CD4+ cells. The gated (a) population was regarded as CD25high 
FoxP3+ Treg cells. (B) CD25 and CD45RA expression in CD4+ cells. The gated (a) pop-
ulation was regarded as CD4+CD25+++CD45RA- activated Treg (aTreg) cells, the (b) 
population as CD4+CD25++CD45RA+ resting Treg (rTreg) cells and (c) population was 
regarded as CD4+CD25++CD45RA- non-suppressive T cells. Treg, regulatory T cells; 
FoxP3, forkhead box P3; PE-Cy5, phycoerythrin-cyanin 5; PE, phycoerythrin.
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Fig. 2. The proportion of CD3+CD4+ cells and the absolute CD4+ T cell count. (A) The proportion of CD4+ in CD3+ T cell was significantly lower in SLE group than RA, BD, or healthy 
controls. (B) The absolute count of the CD4+ T cells was significantly lower in SLE group than RA or healthy controls. RA, rheumatoid arthritis; BD, Behcet’s disease; SLE, sys-
temic lupus erythematosus; HC, healthy controls; Treg, regulatory T cells; aTreg, activated Treg cells; rTreg, resting Treg cells.
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Fig. 3. Comparison of proportions of total Treg cells, aTreg and rTreg subpopulations. (A) The proportion of Treg cells was significantly lower in RA and BD than healthy controls. 
(B) The proportion of aTreg cells was significantly lower in RA and BD compared to healthy controls. (C) The proportions of rTreg were not different between disease groups and 
healthy controls. (D) RA patients showed a significantly decreased ratio of aTreg to rTreg. RA, rheumatoid arthritis; BD, Behcet’s disease; SLE, systemic lupus erythematosus; 
HC, healthy controls; Treg, regulatory T cells; aTreg, activated Treg cells; rTreg, resting Treg cells.
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group (466.9 ± 356.9/μL) also showed a lower count than the 
RA (914.2 ± 458.9/μL) (P = 0.002) or healthy controls (742.6 ±  

208.1/μL) (P = 0.007) (Fig. 2).   

Proportion of CD25+ and CD4+CD25highFoxP3+ Treg cells
The proportion of all CD25+ cells in the CD4+ cell populations 
was similar among the disease groups or healthy controls. How-
ever, there was a clear difference in the relative proportion of 
CD4+CD25highFoxP3+ Treg cells. The proportion of CD4+CD25high 

FoxP3+ was significantly lower in RA patients (3.8% ± 1.0%) (P <  
0.001) and BD patients (3.3% ± 0.5%) (P < 0.001), compared to 
healthy controls (5.0% ± 1.3%). SLE patients also showed lower 
proportion of CD4+CD25highFoxP3+ cells (4.6% ± 1.3%) than con-
trols, but it was not statistically significant (Fig. 3A). 

Proportion of CD4+CD25++CD45RA+ (rTreg) and 
CD4+CD25+++CD45RA- (aTreg) 
The proportion of rTreg was similar among RA, SLE and BD pa-
tients and healthy controls (Fig. 3B). However, the proportion of 
aTreg cells was significantly lower in RA patients (0.4% ± 0.2%) 
(P = 0.008) and BD patients (0.3% ± 0.1%) (P = 0.013) compared 
to healthy controls (0.6% ± 0.3%) (Fig. 3C). Comparison of the 
ratio of aTreg to rTreg cells revealed a significantly decreased 
ratio in RA patients (0.4% ± 0.2%) (P < 0.002) compared to healthy 
controls (0.7% ± 0.4%). SLE and BD patients did not show sta-
tistically significant changes of the ratio of aTreg to rTreg cells 
compared to controls (Fig. 3D).

DISCUSSION 

The present study revealed that the proportion of total Treg and 
aTreg cells is significantly decreased in peripheral blood of RA 
and BD patients compared to healthy controls. Moreover, the 
decrement of the relative ratio of aTreg to rTreg was found in RA 
patient compared to healthy controls. 
 The Treg cells have been known to play a critical role in pre-
venting autoimmune disease by suppressing self-reactive T cells, 
then the decrement of Treg proportion or decreased suppres-
sive function has been investigated in several reports for auto-
immune patients. However, while many of the previous studies 
demonstrated a significantly decreased Treg cell population and 
its negative correlation with clinical activity (5-10), other studies 
demonstrated either no change or a significant increase of Treg 
cell proportion or normal suppressive capacity of Treg cells in 
autoimmune patients (11-15). These conflicting results may be 
due to differences in detection markers, gating strategies or pa-
rameters, methodologically. Even the healthy control’s Treg cells 
showed wide range (0.5%-12%) among previous studies (20). 
Variable disease activity status also could be another cause, be-
cause decrement of Treg cells was more distinct in active dis-
ease state than remission state (6, 8). Despite of these variabili-

ties, the proportional decrement or decreased suppressive func-
tion of Treg cells in autoimmune disease are generally accept-
ed, recently. We measured Treg cells according to expression of 
CD4+CD25highFoxP3+ which is the most widely used parameters 
for detection Treg cells recently. Our data for the proportion of 
Treg cells was 3.8% ± 1.0% in RA, 4.6% ± 1.3% in SLE, 3.3% ±  

0.5% in BD, and 5.0% ± 1.3% in healthy controls. In spite of the 
small number of patients, RA and BD patients showed signifi-
cantly low proportion of Treg cells than the healthy controls. 
However, we could not find significant changes in SLE, and this 
may be due to the limitation of a small number of SLE patients 
or variable disease status of activity at study point in our study. 
 In one recent study, functionally and phenotypically differ-
ent subpopulations of Treg cells were delineated: CD45RA+ 
CD25++, CD45RA- CD25++ and CD45RA- CD25+++ populations 
(16). CD45RA+CD25++ and CD45RA- CD25+++ cells possessed a 
fully functional FOXP3 gene, hardly secreted cytokines and po-
tently suppressed proliferation; these were designated as rTreg 
and aTreg cells, respectively. In contrast CD45RA-CD25++ cells 
were shown to be non-proliferative, capable of secreting cyto-
kines and unable to suppress proliferation in vitro, and were 
designated as secreting non-suppressive T cells. Interestingly, 
rTreg cells were able to proliferate upon T cell receptor (TCR) 
stimulation and acquire aTreg cell phenotype. Then, most of 
the aTreg cells in peripheral blood were revealed to be derived 
from recently activated proliferating rTreg cells. 
 Based on these findings, the decreased proportion of aTreg 
cells in active SLE, but not in the inactive or remission states, 
was found (16). Unfortunately, we could not find the significant 
changes of the proportion of aTreg or rTreg in SLE patients, and 
this result is supposed to be caused by inclusion of the variable 
disease states, both active and inactive state. However, there were 
significant decrements in the proportion of aTreg cells in RA 
and BD patients accompanying decrement of total Treg cells. 
Regarding the aTreg to rTreg ratio, RA patients displayed a sig-
nificantly decreased aTreg to rTreg ratio. Although BD and SLE 
patients showed no statistically significant differences in aTreg 
to rTreg ratio, the mean values were also lower than healthy con-
trols in the aTreg to rTreg ratio. These data imply that the decre-
ment of aTreg cells contributes the decrement of Treg cells in 
peripheral blood of RA and BD. Furthermore, the decreased 
conversion from rTreg or non-Treg cells to aTreg cells is assumed 
to contribute the total Treg cell decrement. Considering these 
findings, more detailed fractionation and analysis of subpopu-
lations of Treg cells would be more informative than analysis of 
total Treg cells in investigating autoimmune diseases, as men-
tioned in a previous study (16).
 In addition, the decreased proportion as well as the absolute 
count of CD4+ T helper (Th) cells was found in SLE patients. These 
findings are compatible with previous reports that the propor-
tion of CD4+ cells and CD16/56+ NK cells are significantly low-
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er in SLE patients compared to healthy controls (21).
 In conclusion, although there is a limitation for small num-
ber subjects, our data demonstrate that the decrement of Treg 
cell population in RA and BD patients results from the decre-
ment of aTreg cell fraction. It is suggested that the distinction 
and evaluation of Treg subpulations, especially aTreg cells would 
be more informative in assessing the dynamics of Treg cells as 
well as understanding the disease mechanism in autoimmune 
diseases. Further investigations including a larger number of 
patients will be needed.
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