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ABSTRACT
Background: Rheumatoid arthritis (RA) is the most common 
rheumatoid disease of unknown etiology, determined by the 
articular cartilage destruction and bone loss. The hallmark of RA 
is the defect in immune tolerance. Regulatory T cells (Treg) play a 
critical role in the protection of peripheral tolerance.
Objective: To assess the percentage of CD4+/CD25+/high/
CD127low/- Treg cells in peripheral blood of RA patients as compared 
with the healthy individuals.
Methods: The number of CD4+/CD25+/high/CD127low/- Treg cells was 
assessed by multicolor flow cytometry. The clinical disease activity 
of RA patients was determined by disease activity score 28 (DAS-
28). The correlations of DAS-28 and erythrocyte sedimentation 
rate (ESR) with Treg cells were evaluated. 
Results: The percentage of CD4+/CD25+/high/CD127low/- Treg cells in 
peripheral blood of RA patients significantly decreased as compared 
with the   healthy individuals (P= 0.0002). The percentage of CD4+/
CD25+/high/CD127low/- Treg cells negatively correlated with DAS-28 
and ESR.
Conclusion: This study concludes that the defect of Treg cells plays 
a vital role in the pathogenesis of this disease. Further studies are 
necessary to determine the role of Treg cells in the clinical course 
of rheumatoid arthritis.
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INTRODUCTION

Rheumatoid arthritis (RA), an autoimmune 
and progressive disease, is described by 
synovial inflammation and bone destruction 
(1, 2). RA affects approximately 0.18 
-1.07% of adults worldwide (3, 4), and its 

estimated prevalence in Iran is 0.33% (5). 
The actual etiology of this illness has yet to 
be identified.; however, the immune system, 
as well as genetic, and environmental factors 
have been implicated in its incidence (6, 7). 
B-cells, T-cells, as well as the interplay 
of pro-inflammatory cytokines ، have a 
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major role in the pathogenesis of RA. The 
pathology of this disease is specified by 
defective peripheral immune tolerance as 
well as immune system dysregulation along 
with a dominance of inflammatory cells (8, 
9). These pathological immune events mostly 
appear at the synovial membrane where the 
invasion or activation of mononuclear cells 
as well as the development of new blood 
vessels lead to synovitis (10). The immune 
system recruits several pathways to preserve 
self-tolerance and overpower the auto-
reactive T-cells (11). Among these pathways, 
T regulatory (Treg) cells play a key role in 
maintaining immune tolerance via balancing 
the action mechanisms of pro-inflammatory 
and anti-inflammatory cytokines (12-16). As 
well as failure to suppress pro-inflammatory 
cytokines such as interleukine-6 (IL-6) and 
tumor necrosis factor (TNF-α) released 
by monocytes and activated T-cells, the 
suppression of effector T-cell proliferation 
is among the major functions of regulatory 
T-cells. Above all, Tregs prevent the 
development of autoimmunity through the 
suppression of autoreactive lymphocytes that 
are induced by transforming growth factor-
beta (TGF-β) and IL-10 (17). Treg cells have 
been defined as CD4+ T-cells showing high 
expression of CD25+ (IL-2 receptor α-chain) 
(18, 19). These cells are distinguished through 
their expression of forkhead box protein p3 
(Foxp3) transcription factor. The defect of 
Treg cells or their absence is associated with 
the aggravation of autoimmune diseases, 
indicating that Treg cells have a vital role to 
play in the protection through self-tolerance 
(18, 20, 21). In recent years, the number 
and function of regulatory T-cells have 
been investigated in RA patients, but the 
frequency of Treg cells in peripheral blood 
(PB) has been different across reports (22-29).  
Because of these controversies, further 
studies must be conducted to analyze the 
count and quality of regulatory T-cells 
among RA patients. This study has examined 
the ratio of CD4+/CD25+/high/ CD127low/- 

regulatory T-cell populations in RA patients 

relative to healthy controls. Moreover, we 
analyzed the correlation between Treg cells 
with disease activity score in 28 joints (DAS-
28) and erythrocyte sedimentation rate 
(ESR) among patients.

MATERIALS AND METHODS

Our case group was comprised of 25 patients 
with RA diagnosed based on 2010 criteria of 
American College of Rheumatology (ACR) 
and European League with Rheumatism 
Collaborative (EULAR) (30). All the patients 
were newly diagnosed with RA disease and 
they had received no immunosuppressive 
drugs. None of the RA patients showed 
signs of other rheumatologic, inflammatory, 
and autoimmune diseases like psoriatic 
arthritis, systemic lupus erythematosus, and 
diabetes mellitus. RA patients were tested 
for ESR and rheumatoid factor (RF). Swollen 
joint count (SJC) and tender joint count 
(TJC) were evaluated by a rheumatologist. 
Besides, disease activity score in 28 joints 
(DAS-28) was estimated based on ACR, and 
scales of DAS-28 (0-9.4) were as follows: 
Remission:<2.6; low: ≥2.6 to <3.2; moderate: 
≥3.2 to ≤5.1 and severe: >5.1. (31, 32). The 
patient’s age range was 18-72 years. Patients’ 
blood samples and the healthy individual 
were matched in terms of age and sex. 
Healthy individuals, if females, were not, in 
their gestation period and had no history of 
autoimmune or metabolic systemic disorders.. 
All patients signed a written informed consent 
form. This study was approved by the Ahvaz 
Jundishapur University of Medicine’s Ethics 
Committee. (IR.AJUMS.REC.1394.633). 

Sample Collection and Flow Cytometry 
Analysis

After the diagnosis of RA in patients, PB 
samples were drawn from them and kept in 
heparinized tubes. We used Ficoll density-
gradient centrifugation (Ficoll Pague, 
Baharafshan, Iran) to separate peripheral 
blood mononuclear cells (PBMCs). The 
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isolated mononuclear cells were washed twice 
with phosphate-buffered saline (PBS) and 
subsequently resuspended in 1x106 cells/ml 
for further analysis. The purified cells were 
employed for the flow cytometry staining to 
detect T reg cells. All antibodies were made 
by the eBioscience Company (San Diego, CA, 
USA). The isolated cells were stained for 30 
minutes in darkness applying fluorescein 
isothiocyanate (FITC)–labeled monoclonal 
antibody (mAb) against CD4 (Clone RPA-T4), 
phycoerythrin (PE)-labeled mAb against 
CD25 (clone BC96), and allophycocyanin 
(APC)-labeled mAb against CD127 (clone 
eBioRDR5) via standard protocols. The 
cutoff value for all cell surface markers was 
determined according to isotype controls 
staining (33). For each marker, the relevant 
mouse isotype controls were provided by 
the eBioscience Company. After staining the 
surface markers, the cells were again washed 
by PBS. Data taken from 1×105 cells per sample 
were acquired making use of the FACSCalibur 
flow cytometer (Becton Dickinson, USA), and 
the FlowJo program was employed for data 
analysis (Tree Star, Ashland, USA).)The cells 
subject to analysis were gated for lymphocytes 
via forward and side scatter, CD4+ CD25+ cells 
were then gated, the CD25 gate was drawn 
against CD127, and the cells negative for 
CD127 marker were selected.

Statistical Analysis
The Mann-Whitney U test was applied for 

comparison between patients and the healthy 
controls of Treg CD4+/CD25high/+CD127low/- 

and Treg CD4+/CD25high cells. The 
correlations between DAS-28, ESR, and Treg 
cells in patients were analyzed by Spearman’s 
coefficient test. All data were analyzed 
using SPSS version 20 (SPSS Inc., Chicago, 
IL, USA), and graphical presentation was 
conducted by GraphPad Prism version 6 
software (GraphPad Software, Inc., USA). 
For all tests, P<0.05 was considered as the 
significance level.

RESULTS

The demographic features of the study 
groups are shown in Table 1. The mean age 
and ratio of male to female among patients 
were 45.2±7.1 years and 1:4, respectively, 
and the mean age of the healthy controls was 
48.3±5.9 years. The mean ESR was 44.3 in 
the patients’ population. Serum RF was 
positive in 72% of patients, and the mean 
TJC and SJC of patients were reported about 
9.9 and 7.4, respectively. Based on DAS-
28, 19 patients were in the mild state and 
six patients were in the moderate group. 
The age distribution of RA patients did 
not indicate any correlation with DAS-28  
(P=0.32, r=0.15).

We assessed Treg CD4+CD25high and Treg 
CD4+ CD25+/high CD127low/- cells in PB of RA 
patients and the healthy controls by the flow 
cytometry. RA patients had considerably 
lower number of Treg CD4+CD25high and Treg 
CD4+ CD25+/high CD127 low/- cells (P=0.003 
and P=0.0002, respectively) (Table 2 and 

Table 1. Characteristics of the study population

Healthy ControlsRA PatientsCharacteristics
25 (7/18)25 (5/20)Number (M/F)
48.3±5.945.2±7.1Age (Years)

-44.3±23.2ESR (mm/h)
-9.9±3.8TJC
-7.4±3.5SJC
-18 (72%)RF Positive, n (%)
-5.5±0.8DAS-28

ESR: Erythrocyte sedimentation rate; TJC: Tender Joint count; SJC: Swollen Joint count; RF: Rheumatoid factor; 
DAS28: Disease activity score in 28 joins. Values are mean±SD.
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Figure 1).
Figure 2 demonstrates dot plots for an RA 

patient. The red gates show the percentage of 
CD4+ CD25+/high CD127 low/- Treg cells.

We evaluated the correlation between the 
ratio of Treg CD4+CD25high CD127low/- cells in 
peripheral blood of RA patients with markers 
of disease activity such as DAS-28 and ESR in 
RA patients. The CD4+ CD25+/high CD127low/- 

Treg cells were inversely correlated with 
DAS-28 (P=0.0003) and ESR (P=0.0006) 
(Table 2).

Based on the scatter plot shown below, 
an inverse correlation is observed between 
Treg CD4+CD25high CD127low/- cells with 
DAS-28 and ESR. This means that Treg cells 
decreased in patients by increasing DAS-28 
and ESR values (Figure 3).

Table 2. Prevalence of the Treg cells subsets in RA patients and healthy controls.

P valueRA (n=25)HC (n=25)MarkerTreg Subsets
0.003*1.5±0.092.6±0.14CD4+ CD25highTreg Subset 1

0.0002*1.3±0.142.1±0.13CD4+ CD25highCD127lowTreg Subset 2
* Significant difference / Values are mean±SD.

Figure 1. The percentages of CD4+CD25high Treg cells (A) and CD4+ CD25+/high CD127 low/- Treg cells (B) 
in peripheral blood of RA patients and healthy controls. The mean frequencies of Treg CD4+CD25high 
cells and CD4+ CD25+/high CD127 low/- Treg cells in healthy controls were significantly higher than patients 
(P=0.003, P=0.0002, respectively). Asterisks show the significance of the differences. Significant when 
less than 0.001. Values are mean±SD.

Figure 2. Gating strategies and repertoire of CD4+ CD25+/high CD127low/- regulatory T cells in peripheral 
blood of RA patient. We first gated lymphocytes via forward and side scatte, then CD4+ CD25+ cells 
gated and the CD25 gate was drawn against CD127, and cells that were negative for the CD127 marker 
were selected Peripheral blood mononuclear cells were stained with anti-CD4 (FITC)(FL1), anti-CD25 
(PE)(FL2), anti-CD127 (APC)(FL4) antibodies and analyzed by flow cytometry.
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DISCUSSION

There is a hypothesis about immune disorder 
and intolerance in various collagen vascular 
diseases such as Behçet, systemic lupus 
erythematosus, and rheumatoid arthritis, 
but the exact mechanisms are not clear. Treg 
cells are thought to play a crucial role in the 
inhibition of autoimmunity (11, 14, 34-36). 
There is a recognized role for Treg cells 
as suppressors for auto-reactivation of the 
immune system, and several studies have 
supported this idea (34, 37, 38). However, 
in RA patients, the findings of studies are 
controversial (34). Enumerating the Treg 
cells of RA patients could be a valuable 
index to indicate the pathogenesis of RA 
and help settle likely target biomarkers for 
successful treatment of the disease (11, 38). To 
infer the defacement of immunosuppressive 
drugs that can potentially interfere with the 
Treg population, we sampled only newly 
diagnosed RA patients who had not taken 
any immunosuppressive drugs. In the current 
study, we found that Treg CD4+/ CD25+/

high/ CD127low/- cells ratio in the patients was 

significantly lower than the healthy group 
(P=0.0001), which had an inverse correlation 
with DAS-28 (r=-0.76 and P=0.0003) and ESR 
(r=-0.88 and P=0.0006). These findings are 
comparable to some previous investigations 
(22, 39-44). Kawashiri et al. have suggested 
that the frequency of CD4+CD25highCD127low/- 

Treg cells in PB of RA patients considerably 
decreased relative to the healthy group, and 
this frequency had a negative relationship 
with CRP, DAS28, and ESR in patients with 
RA (P<0.0001) (40). Li et al. evaluated the 
apoptosis status of Treg CD4+CD25highFoxp3+ 
cells and their correlation with RA patients’ 
clinical activity. Furthermore, they reported a 
decline of Treg cells in RA patients with active 
disease, and considerably higher expression of 
Fas, Caspase-3, and Caspase-8 was observed 
in Tregs of RA patients compared with the 
control group. The expression of Bcl-2 anti-
apoptotic protein on Tregs did not indicate 
any noteworthy differences among active RA 
patients and the healthy group. Besides, there 
was a positive relationship between the rates of 
apoptosis with Caspase-3 expression in Tregs 
and DAS-28 of active RA patients. (45). Ren 

Table 3. Spearman’s correlation test

DAS-28 ESR
Treg CD4+CD25+/high CD127low/- Correlation Coefficient -0.76** -0.88**

P value 0.0003 0.0006
N 25 25

** Correlation is significant when less than 0.05.

Figure 3. Scatter plot between Treg and DAS-28, ESR in RA patients. Plot (A) shows correlation 
between Treg and DAS-28 (P=0.0003, r=-0.76). Plot (B) shows correlation between Treg and ESR 
(P=0.0006, r=-0.88). Treg: Regulatory T cell, DAS-28=disease activity score in 28 joints, ESR=erythrocyte 
sedimentation rate.
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et al. evaluated the level of Tregs with CD4+/
CD25-/Foxp3+ markers by the flow cytometry 
and determined the expression of soluble 
programmed death-1 (SPD-1) in Treg cells 
applying western blot. It was observed that 
the frequency of Treg cells decreased in the 
peripheral blood of RA patients (P<0.001) and 
that the PD-1 level was higher than the healthy 
controls (P<0.001). It has been suggested that 
PD-1 may suppress the rate of CD4+/ CD25-/
Foxp3+ in patients with RA (43). Moreover, 
Cao and et al. in a murine model of RA 
demonstrated that the number of CD4+/CD25+ 
Treg cells decreased in juvenile idiopathic 
arthritis (JIA), spondyloarthropathies (SpA), 
and psoriatic arthritis (PsA), and they showed 
that Tregs with CD4+/CD25+ markers reduced 
in PB of patients as well (46). This finding 
was similar to ours in the RA patients. 
Despite the similarity between the results of 
Cao and the present study, there were two 
major differences in between. Firstly, Cao’s 
analysis focused on patients with active 
rheumatoid arthritis having positive RF and 
erosions in X-Ray. Treg cells may migrate 
from blood to joint surface to suppress the 
inflammatory process; whereas our patients 
were newly diagnosed and most of them 
had no bony erosion because of the lack of 
long-standing disease, most Treg cells were 
only produced in response to inflammation 
and did not migrate to peripheral blood. 
Secondly, the mouse models in the study 
of Cao had various collagen vascular 
diseases with multiple treatments and were 
under immunosuppressive drugs while we 
assessed only RA patients without any anti-
inflammatory drug history that may show a 
false reduction of Treg cells. Zare et al. stated 
that the number of Treg cells in patients with 
RA was lower than that of healthy subjects. 
Moreover, it is assumed that this population 
serves as a reservoir for actual Tregs (10). 
Contrary to studies that reported decreasing 
quantity of Tregs in RA patients as well as 
our findings, some previous investigations 
have revealed that Treg cell number increased 
in RA patients (23, 47, 48). Van Amelsfort 

et al. observed that the percentage of Treg 
was higher in peripheral blood and synovial 
fluid of RA patients than in the controls (23). 
Similar results were reported by Wang et al. 
who suggested that increasing frequencies 
of Treg cells could shift toward Th17 cells, 
but Treg cells have a suppressive function 
in peripheral blood of RA patients (47). If 
this finding is true, it may demonstrate how 
the increasing number of Treg cells could not 
prevent autoreactivity in RA patients. The 
results regarding the frequency and functional 
activity of Tregs may be related to several 
factors. First, patient selection could influence 
the proportion of the Treg population. In our 
study, we included newly diagnosed RA 
patients who had moderate disease activity 
and did not undergo suppressive treatments; 
however, in Van Amelsfort’s study, patients 
were chosen randomly and received various 
suppressive drugs such as methotrexate, 
corticosteroids, and TNF blockers. Moreover, 
the age of participants in their study was 
higher than in our patients with an average 
of 10 years with a mean disease duration of 
about 16 years. Active inflammation in Van 
Amelsfort’s study population suggests a 
negative feedback loop where CD4+CD25+ 
regulatory T-cells are generated by ongoing 
inflammation. Furthermore, the frequency 
and modulatory effect of Treg cells may 
differ in various stages of RA and as the 
disease progresses. The increasing presence 
of Tregs in the chronic inflammatory phase 
as observed in Van Amelsfort’s study may 
even be harmful to homeostatic control and 
the natural course of an effective immune 
response. 

There are also several reports indicating 
no significant difference in Treg cells of 
peripheral blood among RA patients (33, 49-
51). Fessler et al. stated that the frequency of 
Treg CD4+/CD25+/CD28+/Foxp3+ cells was 
equal in PB of both groups (p=0.988) (49). 
In the present study, a negative correlation 
was found between Treg cells with DAS-
28 and ESR. Also, de Paz et al. showed a 
negative relationship between Treg CD4+/
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CD25-/Foxp3+ and DAS-28 (52). Contrary to 
our findings and those of de Paz, Zare et al. 
found no associations between frequencies 
of Treg cells and DAS-28 (11), which may 
be because merely ntreg cells have been 
investigated in their study. Our study’s 
strength is that we chose patients who had 
recently been diagnosed and had not yet 
received any treatment. Patients in previous 
studies received a variety of treatments that 
could have influenced the frequencies of 
Treg cell population regarding the potency 
of treatment. One of the study’s shortcomings 
that cannot be overlooked is that we only 
looked at the frequency of one subset of Treg 
cells in RA patients but did not assess the 
function of Treg cells. Further multicentric 
studies with a larger number of patients seem 
to be necessary to determine the function and 
frequency of different subsets of T regulatory 
cells populations for understanding and 
treating RA in the clinical course of the 
disease and performing subsequent follow-
up of patients. 

CONCLUSION

Our current findings suggest that decreasing 
proportion of the Treg population in peripheral 
blood of RA patients is associated with the 
pathogenesis of the disease and also the 
disease activity. Further functional analysis 
in these patients may clarify the status of 
regulatory T-cells as well as their specific 
immunomodulatory role in RA individuals.
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