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Abstract. Rheumatoid arthritis  (RA) is a chronic disease 
of connective tissue caused by intolerance to self‑antigens. 
Regulatory T cells (Tregs) are key players in maintaining 
autotolerance through a variety of suppressor mechanisms. 
RA is generally believed to develop due to disorders in Tregs; 
however, there is no consensus on this issue. Thus, the present 
study focused on phenotypical analysis of Treg cells and their 
ability to suppress CD4+ and CD8+ cell proliferation. The 
present study used peripheral blood samples from 21 patients 
with RA and 22 healthy donors. The CD25+FoxP3+ subpopula‑
tion of Tregs was analyzed using flow cytometry to evaluate 
the expression of CTLA‑4, PD‑L1, HLA‑DR, CCR4, CD86 
and RORyt. Tregs suppressor activity was calculated in terms 
of suppression of the proliferation of CD4+ and CD8+ lympho‑
cytes in vitro. Suppressor activity of the total Treg population 
did not differ between patients with RA and healthy donors. 
However, the patients had elevated CD25loFoxP3+ levels and 
lower CD25hiFoxP3+ levels; in addition, they had more acti‑
vated Tregs expressing PD‑L1, HLA‑DR, CCR4 and CD86. 
The surface expression of CTLA‑4 was below the reference 
level. The patients also had transitional FoxP3+RORyt+ cells 
and elevated CD4+RORyt+ levels, which were highly corre‑
lated with disease activity. These results show that in RA, 
Treg cells are activated and have an immunosuppressive 
activity. However, it is the transitional FoxP3+RORyt+ cells 
and increased CD4+RORyt+ percentages in peripheral blood 
that appear to be associated with the pathological conversion 
of some Treg cells into Th‑17. This process appears to be key 
in RA pathogenesis.

Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease 
that primarily affects joints and other organ systems, often 
disabling the patient (1). RA pathogenesis lies in the excessive 
and continuous activation of effector cells by self-antigens, 
which causes progressive inflammation and damages tissues 
and organs (2). Regulatory T cells (Tregs) are primary immu‑
nosuppressive cells that keep immunity balanced and maintain 
tolerance to self‑antigens (3). It is assumed that dysfunction of 
these cells contributes to RA pathogenesis (4). The quantita‑
tive data currently available on Treg populations in RA are 
contradictory, due to a high level of heterogeneity in disease 
duration and therapy approaches in patients with RA (5‑7). 
There is no consensus on the suppressor activity of Treg cells 
in RA either, which may be due to research on the topic being 
limited (8‑11). The present study sought to analyze the Treg 
subpopulation and functional activity in RA.

Treg cells provide a broad range of regulatory mechanisms 
by contact or humoral interactions (3). For that reason, the 
present study investigated not only their ability to suppress 
the proliferation of responder cells, but also the expression of 
CTLA‑4 and PD‑L1 molecules involved in contact suppres‑
sion. The Treg ability to produce regulatory cytokines, TGF‑β 
and IL‑10, was also studied. In addition, the researchers studied 
the Treg migration potential via CCR4 expression (12) and the 
extent of their activation by HLA‑DR expression (13,14). Given 
that T‑cell receptors (TCRs) are involved in the trans‑endocy‑
tosis of CD80/86 molecules with CTLA‑4 involvement (15), 
to the best of our knowledge, the present study was the first to 
propose using CD86 molecules as a marker of the Treg/antigen 
presenting cell  (APC) interaction intensity, which may be 
representative of the contact suppressor activity of Treg cells 
against a specific range of antigens.

An increasing amount of data is available on the negative 
effects of converting Treg cells in RA‑associated inflamma‑
tion, including decreasing FoxP3 expression and triggering 
the expression of the RORyt transcription factor to Th17 cells. 
For example, exFoxP3 lymphocytes have stronger osteoclasto‑
genic potential compared with that in Th17 originating from 
Th0; they are less susceptible to Treg suppression (16,17). 
In addition, exFoxP3‑Th17 lymphocytes play a key role in 
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the inflammation and articular damage in RA, due to the 
intense production of inflammatory cytokines, IL‑17, IL‑21 
and IL‑22 (18). To effectively assess the Treg subpopulation 
and their ability to differentiate to Th17 cells, the present 
study counted transitional FoxP3+RORyt+ lymphocytes and 
CD4+RORyt+ lymphocytes in the peripheral blood of RA 
patients compared with that in the donor group. As RORyt is 
the main transcriptional factor of Th17 cells, then bi‑positive 
FoxP3+RORyt+ and CD4+RORyt+ lymphocytes may have 
potential for IL‑17 expression  (19), and might be involved 
in RA pathogenesis. Thus, the present study evaluated Treg 
cells in terms of their suppressor potential, the extent of 
activation and the degree of differentiation into pathogenic 
exFoxP3‑Th17 lymphocytes.

Materials and methods

Patients. The present study used peripheral blood samples 
from 22 conditionally healthy donors (controls) and 21 patients 
affected by oligo‑ or polyarticular RA, with low, moderate 
and high disease activity (20); the duration of disease was 
7.1±4.1 years on average. Disease activity was evaluated by 
the Disease Activity Score (DAS)‑28 criterion (21), which is 
an indicator that takes into account erythrocyte sedimenta‑
tion rate  (ESR) and number of inflamed or painful joints, 
as well as a subjective assessment of the patient's state of 
health through a patient global assessment based on patient 
reported outcomes (22). Additionally, ESR, level of C‑reactive 
Protein  (CRP), and level of rheumatoid factor  (RF) were 
evaluated in the laboratory. Blood was sampled in cases of 
manifestation of RA or exacerbation upon hospitalization 
of each patient to the immunopathology unit. The general 
patient group according to disease duration included: Patients 
with new‑onset RA [disease‑modifying anti‑rheumatic drugs 
(DMARD)‑naïve] 7  persons; and patients on DMARD 
therapy, 14 persons. DMARDs included basic commonly 
accepted treatments, methotrexate and glucocorticoids. Donor 
and patient groups were comparable in sex and age; the donors 
were aged 52±11 years; the patients were aged 51±16 years 
(Table I). RA was diagnosed following the 1987 American 
College of Rheumatology criteria (23).

Patients were recruited between November  2018 and 
December 2019 at the Clinic of Immunopathology of the 
Research Institute of Fundamental and Clinical Immunology 
(RIFCI; Novosibirsk, Russia).

The exclusion criteria were as follows: i) Pregnancy or 
lactation; ii) an acute infection; iii) any vaccination within 
3 months prior to the study; iv) any severe infection or somatic 
pathology; an v)  the use of any of genetically engineered 
biological drugs. In all cases, blood was sampled upon written 
voluntary informed consent and the local Ethics Committee's 
Approval (protocol no. 110: October 11, 2018; RIFCI Ethics 
Committee).

Flow cytometry. Peripheral blood mononuclear cells (PBMCs) 
were obtained via Ficoll‑Urografin (ρ=1,077  g/l) density 
gradient centrifugation (Ficoll® was supplied by Biolot; 
cat. 1.2.8.1., Urografin was supplied by Bayer AG), at 1,153 
RCF for 25 min at room temperature (24,25). Phenotypic traits 
of Treg‑cells (CD3+CD4+CD25+FoxP3+) from the PBMCs 

were tested using monoclonal antibodies: CD3 using FITC 
(cat. no. 300406), CD4 using APC/Cy7 (cat. no. 300518), CD25 
using APC (cat. no. 302610), FoxP3 using PE (cat. no. 320108), 
CTLA‑4 using PE/Cy7 (cat. no. 349914), PD‑L1 using PE/Cy7 
(cat. no. 329718), HLA‑DR using PerCP (cat. no. 307628), 
CD86 using PE/Cy7 (cat. no. 305422), and CCR4 using PE/Cy7 
(cat. no. 335405), which were all supplied by BioLegend, Inc. 
These antibodies were used at a volume of 5 µl per 106 cells. 
Cells were stained for RORyt using PerCP (R&D Systems, 
Inc.; cat. no. IC6006C; 10 µl per 106 cells). For intracellular 
staining, the present study used a True‑Nuclear Transcription 
Factor Buffer Set according to the manufacturer's instructions 
(BioLegend, Inc.; cat. no. 424401). CTLA‑4 expression anal‑
ysis estimated the surface and total (membrane + intracellular) 
expression of this molecule. When studying the phenotypical 
traits of Treg‑cells while experimentally suppressing the 
proliferation of responder T cells, intracellular markers were 
not used as the cultures were not rich in these cells. The 
phenotype (CD3+CD4+CD25+CD127lo) was evaluated using 
the following monoclonal antibodies: CD3 using PE/Cy7 
(cat.  no.  300420), CD4 using APC/Cy7 (cat.  no.  300518), 
CD25 using PE (cat. no. 302606), CD127 using PerCP/Cy5.5 
(cat. no. 351322), CTLA‑4 using APC (cat. no. 349908), and 
PD‑L1 using APC (cat. no. 329708), which were all supplied 
by BioLegend, Inc., at a volume of 5 µl per 106 cells. To assess 
the positive population when testing the expression of the 
studied molecules, the team applied fluorescence minus one 
controls, as well as isotype controls to assess the expression 
of RORyt. Additionally, the percentage of subpopulations of 
Treg cells with low and high CD25 expression was evaluated 
(CD25loFoxP3+ and CD25hiFoxP3+ respectively). Mean fluo‑
rescence intensity (MFI) was used for evaluation of expression 
density of CTLA‑4 and PD‑L1 on the Treg surface. Flow 
cytometry was performed on the BD FACS Canto II cytometer 
(BD Biosciences).

Treg suppressor activity. Treg functional activity was inves‑
tigated by evaluating the suppression of CD4+ and CD8+ 
proliferation in vitro upon stimulation. A pure Treg population 
was extracted using immunomagnetic separation from PBMCs 
by the Miltenyi Biotec Ltd. MACS Treg Isolation kit; the 
population was isolated to have a CD3+CD4+CD25+CD127low 
phenotype. The purity of magnetic sorting was 93.2±4%, on 
average. The Treg‑depleted PBMC fraction was stained with 
a carboxyfluorescein succinimidyl ester (CFSE) vital stain 
(Invitrogen; Thermo Fisher Scientific, Inc.) following the 
manufacturer's instructions. Then, Treg cells were cultured 
with PBMCs, at a 1:1 ratio (30,000 Treg per 30,000 PBMC) over 
4 days, in round‑bottomed plates with RPMI‑1640 medium 
(Sigma‑Aldrich; Merck KGaA), supplemented with 10% FCS 
(HyClone; Cytiva) and antibiotics at 37˚C and 5% CO2. IL‑2 
(25 U/ml (BIOTECH, Ltd.) coupled with anti‑CD3 antibodies 
(0.25 µg/ml) (Sorbent), were used as proliferation stimulants. 
The cells were also cultured without stimulants as controls. 
CFSE‑labeled PBMCs were cultured under the same condi‑
tions without Treg cells. Supernatants were sampled on 
day 3 to determine ELISA for IL‑10 (Vector‑Best) and TGFβ 
(BioLegend, Inc.) concentrations as these are the main Treg 
suppressor cytokines. CTLA‑4 and PD‑L1 expression on Treg 
cells was calculated on day 4; the Treg suppression index 
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was calculated for CD4+ and CD8+ cells using the following 
formula (26):

Statistical analysis. The data was analyzed using Statistica v6.0 
(TIBCO Software, Inc.) and two non‑parametric methods, the 
Wilcoxon test for dependent samples and the Mann‑Whitney 
test for independent samples, and one parametric method, 
a two‑tailed Student's t‑test. For multiple independent 
groups (>2), ANOVA was used (the Kruskal‑Wallis test in 
case of non‑parametric distribution), followed by post hoc 
analysis (Tukey's and Dunn's multiple comparison tests for 
parametric and non‑parametric distribution, respectively). 
The Shapiro‑Wilk test was used for investigating normality 
distribution. For correlation analysis, the Spearman's rank 
correlation test was used. P<0.05 was considered to indicate 
a statistically significant difference. Non‑parametric methods 
were used for descriptive statistics in cases of non‑parametric 
distribution: The median and interquartile ranges were calcu‑
lated at 25 and 75% percentiles. Parametric methods were 
used for descriptive statistics in cases of Gaussian distribution: 
Mean ± SD. Graphs were generated using GraphPad Prism 
(v7.03; GraphPad Software, Inc.).

Results

Peripheral blood Treg subpopulations in RA. To analyze 
the population of Treg cells in peripheral blood, the total 
CD25+FoxP3+ pool was calculated as a percentage, as were the 
subpopulations with low and high CD25 expression: CD25lo 
and CD25hi, respectively (Fig. 1A).

The percentage of CD25+FoxP3+ Treg  lymphocytes 
did not significantly differ from that in RA patients in 
either the new‑onset RA or DMRAD therapy groups 
(data  not shown). However, patients in both groups had 

significantly more CD25loFoxP3+Tregs and significantly fewer 
CD25hiFoxP3+Tregs (Fig. 1B; data shown for donors and the 
general group of RA patients).

In addition, receiver operating characteristics (ROC) curves 
were plotted for the Treg percentage (Fig. 2). The area under 
the ROC curve, of the Treg percentage for the RA prediction 
was 0.68, showing its low predictive ability (P=0.03). This 
confirmed the absence of a significant difference between 
donors and RA patients in the percentage of Tregs.

The IL‑2R/Jak/STAT5 pathway is important to the 
stable expression of FoxP3 (27), which might be disrupted 
by RA‑related inflammation, due to the effects of IL‑6 and 
TGF‑β (17), in which case the RORyt transcription factor is 
expressed and Treg cells differentiate into exFoxP3‑Th17 
lymphocytes (28). Thus, a lower expression of CD25 (IL‑2R) 
might be associated with the conversion of Treg cells to Th17. 
As a result, the expression of RORyt using CD4+ lymphocytes 
in the blood samples from donors and patients with RA, as a 
marker of early differentiation to Th17 lymphocytes.

Fig. 3A shows the examples of the flow cytometry plots 
reflecting the gating of the CD4+RORyt+ and FoxP3+RORyt+ 
cells. Patients with medium and high disease activity had 
significantly more RORyt‑expressing cells compared with that 
in the healthy donors and patients with low activity, both in 
CD4+ cells and in CD25+FoxP3+Treg cells (Fig. 3B and C). 
At the same time, FoxP3+RORyt+ had relatively low CD25 
expression (data not shown).

RORyt is the main transcription factor for Th17 
lymphocytes; therefore, FoxP3+RORyt+ cells are the 
Treg‑to‑Th17 transition stage (29). Thus, Treg cells in the 
patients were more prone to differentiate into Th17 (29). 
Furthermore, a strong correlation was found between the 
percentage of CD4+RORyt+ cells and DAS‑28, and between 
the percentage of FoxP3+RORyt+ cells and DAS‑28, which 
suggested that the process of transdifferentiation from 
Treg to Th17 could be involved in the pathogenesis of 
RA (Fig. 4A and B; RA patients from the general group). 

Table I. Clinical parameters of patients with RA and healthy donors.

	 Patients with RA
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Parameter	 Healthy donors	 Receiving DMARD therapy	 New‑onset 

Sex
  Male	 11	 5	 2
  Female	 11	 9	 5
Mean age ± SD, years	 52±11	 55±13	 45±14
Mean CRP ± SD, mg/dl	 ‑	 17.4±12.7	 22.8±14.2
Mean ESR ± SD, mm/h	 ‑	 34.8±13.4	 32.29±14.2
Mean RF ± SD, IU/ml	 ‑	 372.7±216.1	 386.7±219.1
Mean DAS‑28 ± SD	 ‑	 3.6±2.1	 3.9±2.4
Duration of treatmenta	 ‑	 6.2±4.5 years	 <2 weeks

No significant differences were found in CRP, ESR, RF or DAS‑28 between patients with new‑onset RA and those receiving DMARD therapy. 
aPresented as mean ± SD for RA patients with DMARD therapy (years) and number of weeks for patients with new‑onset RA. RA, rheumatoid 
arthritis; DMARD, disease‑modifying anti‑rheumatic drugs; CRP, C‑reactive protein; ESR, erythrocyte sedimentation rate; RF, rheumatoid 
factor.
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Additionally, a strong correlation was found between the 
percentage of FoxP3+RORyt+ and CD4+RORyt+  cells, 
which indicates transdifferentiation between Treg cells and 
Th‑17 lymphocytes. (Fig. 4C; RA patients from the general 
group) (30).

Thus, it was revealed that features of Treg cells in patients 
with RA could contribute to the pathogenesis of the disease 
by promotion and maintenance of inflammation. It is impor‑
tant to note that some studies did not find IL‑17 expression 
in different Treg cell subsets, while Th17 cells expressing 
IL‑17 were present in the blood (10,31). This may be due to 
the expression of RORyt being initiated at the early stage of 
Th17 cell differentiation and IL‑17 being undetectable in the 
transient stage of FoxP3+RORyt+ cells (32).

Expression of functional molecules and activation molecules 
on Treg‑cells in RA. For the following experiments, 12 donors 
and 12  patients with RA (DAS‑28 >3.2) were randomly 
selected from the general group, who were comparable by 
sex and age, and the expression of CD86, CTLA‑4, PD‑L1, 
HLA‑DR and CCR4 (the gating strategy is shown in Fig. 5), 
which are involved in the functional activity of Treg cells (14), 
was investigated. A total of 6 patients had new‑onset RA and 
six were receiving DMARD therapy. However, no significant 
differences were found between these RA groups using expres‑
sion density (MFI) of these molecules or the percentage of 
Treg cells, as determined by the positive expression of CD86, 
CTLA‑4, PD‑L1, HLA‑DR and CCR4 (Fig.  6A). Notably, 
with the patients with RA receiving DMARD therapy, the 
percentage of CCR4+Treg cells was slightly higher compared 
with that in the patients with new‑onset RA. This may be due 
to the different average durations of the disease in these groups 
(6.2±4.5 years and <2 weeks respectively).

Some differences were also found between donors and 
patients with RA from the common group. Investigating CD86 
expression on the surface of Treg, it was found that in patients 
with RA, the percentage of CD86+CD25+FoxP3+ cells was 
significantly higher (Fig. 6B).

The percentage of Treg cells with surface CTLA‑4 
expression was significantly lower in the all patients with RA 
compared with that in the healthy donors (Fig. 6B). The mean 
fluorescence, which is indicative of the CTLA‑4 expression 
density on cell surface, was also significantly lower for the 
general patient group (data not shown). However, at the same 
time, neither donors nor patients differed significantly, with 
respect to total (surficial + intracellular) CTLA‑4 expression: 
94.5 (range, 94‑98%) vs. 96.8% (range, 97‑98%), respectively 
(data not shown). This may be explained by the higher inten‑
sity of internalization of the CTLA‑4 molecule, in complex 
with CD86, in patients with RA, and by the exhaustion of the 
CTLA‑4 mediated mechanism of Treg‑suppression (15).

Patients with RA also had signif icantly more 
PD‑L1‑expressing Treg cells in peripheral blood (Fig. 6B). This 

Figure 2. Absence of a significant difference between donors and RA patients 
in the percentage of Tregs receiver operating characteristics curve of the Treg 
cell frequencies for the RA prediction. Healthy donors, n=22, RA patients, 
n=21. AUC, area under the curve; Treg, regulatory T cells; RA, rheumatoid 
arthritis.

Figure 1. Peripheral blood Treg subpopulations in RA. (A) Gating of the total Treg population and low and high CD25 expression populations from the 
CD3+CD4+ lymphocytes. Flow cytometry plots are representative of one healthy donor and one patient with RA. (B) Various Treg subpopulations in the periph‑
eral blood from healthy donors and patients with RA. Healthy donors, n=22, RA patients, n=21. The data are presented as the median and 25‑75% interquartile 
range. The Mann‑Whitney test was used to analyze the data. Lo, low; hi, high; RA, rheumatoid arthritis; Treg, regulatory T cells; ns, not significant.
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Figure 3. Flow cytometry plots reflecting the gating of the CD4+RORyt+ and FoxP3+RORyt+ cells. (A) Representative flow cytometry plots of CD4+RORyt+ 
and FoxP3+RORyt+ lymphocytes from one donor and two patients, with an index of DAS‑28, <3.2 and >3.2. (B) RORyt expression in the peripheral blood 
from CD4+ lymphocytes. (C) Percentage of FoxP3+RORyt+ lymphocytes from peripheral blood. Healthy donors, n=7, RA patients with DAS‑28<3.2, n=7, RA 
patients with DAS‑28>3.2, n=7. The data are presented as the mean ± SD and compared using one‑way ANOVA and Tukey's post hoc test. RA, rheumatoid 
arthritis; DAS‑28, Disease Activity Score‑28.

Figure 4. Correlation analysis suggests transdifferentiation from Treg to Th17. Correlation between blood (A) CD4+RORyt+ and (B) FoxP3+RORyt+ lymphocyte 
count and disease activity using DAS‑28, (C) correlation between CD4+RORyt+ and FoxP3+RORyt+ lymphocyte count. RA patients, n=7 (for each chart). RA, 
rheumatoid arthritis.
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Figure 5.The gating strategy for the evaluation of CD86, CTLA‑4, PD‑L1, HLA‑DR and CCR4 expression from Treg cells. Treg, regulatory T cells; HC, healthy 
controls; DMARD, disease‑modifying anti‑rheumatic drugs; RA, rheumatoid arthritis; FMO, fluorescence minus one.

Figure 6. Expression of functional molecules on Treg‑cells in RA. Expression of functional Treg markers in the peripheral blood in (A) patients with new‑onset 
RA (n=6) and those receiving DMARD (n=6) and in (B) donors (n=12) and patients with RA (n=12). The data are presented as the median and 25‑75% inter‑
quartile range and was analyzed using the Mann‑Whitney test. RA, rheumatoid arthritis; Treg, regulatory T cells; surf, surface; DMARD, disease‑modifying 
anti‑rheumatic drugs; ns, not significant.
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could be due to the higher CD86+Treg concentrations and was 
possibly associated with the Treg activation in RA. To further 
investigate this issue, the HLA‑DR activation marker expres‑
sion on Treg lymphocytes was determined. The expression 
of this molecule was previously found to be associated with 
elevated FoxP3 expression (14). HLA‑DR+Treg lymphocytes 
are activated inflammation‑associated Treg cells predomi‑
nant in inflammation foci in RA, and they can recirculate 
and emerge in peripheral blood. Such Treg cells have strong 
suppressive effects against effector lymphocytes (13,33). The 
present study identified an increased HLA‑DR+Treg percentage 
in all patients with RA (Fig. 6B).

To investigate the migration of Treg cells, the expression 
of CCR4 was investigated. Patients with RA had a higher 
CCR4+Treg percentage (Fig. 6B), In addition, CCR4+Treg cells 
had a higher FoxP3 expression in either group, as determined 
by the mean of the FoxP3‑PE channel fluorescence intensity 
(Fig. 7), which might also indicate the activation and greater 

functional activity of CCR4+Treg in RA in addition to 
HLA‑DR+Treg.

Thus, patients with RA had Treg cells with a lower CTLA‑4 
expression; however, they had higher PD‑L1, CD86, HLA‑DR 
and CCR4 expression.

Functional activity of Treg‑cells in RA. To investigate the 
Treg functionality and the key mechanisms involved, the Treg 
ability to inhibit the proliferation of CD4+ and CD8+ lympho‑
cytes, the TGF‑β and IL‑10 concentrations in the supernatant, 
and the CTLA‑4/PD‑L1 expression on the Treg membrane 
were determined. Patients with RA were exactly matched to 
age‑ and sex‑corresponded healthy donors for this analysis. 
In addition, in the Treg suppression assay, DMARD and 
new‑onset RA patients were calculated as two separate groups.

Suppression of proliferation was determined using the 
suppressor index, which did not differ in donors or different 
groups of patients, which indicated preserved suppressor 

Figure 7. Evaluation of FoxP3 expression on Treg‑cells in RA. (A) MFI of FoxP3 expression in CD25+FoxP3+Treg cells, as a function of CCR4 expression in 
the peripheral blood from donors (n=12) and patients with RA (n=12). (B) Gating of CCR4+Treg from CD25+FoxP3+ lymphocytes in one patient with RA. The 
data are presented as the median and 25‑75% interquartile range and analyzed using the Mann‑Whitney test. Treg, regulatory T cells; MFI, mean fluorescence 
intensity; FMO, fluorescence minus one.

Figure 8. CD4+ and CD8+ suppression index calculation. (A) Treg CD4+ and CD8+ suppression index for the donors (n=8), and patients with new‑onset RA (n=7) 
and receiving DMARD (n=8). (B) Gating for suppressor index calculation. The data are presented as the median and 25‑75% interquartile range and analyzed 
using a Kruskal‑Wallis test followed by Dunn's post hoc test. Treg, regulatory T cells; HC, healthy controls; DMARD, disease‑modifying anti‑rheumatic drugs; 
RA, rheumatoid arthritis; PMBC, peripheral blood mononuclear cells; CFSE, carboxyfluorescein succinimidyl ester; ns, not significant.
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activity of the general Treg cell pool in RA, with respect to 
both CD4+ and CD8+ (Fig. 8).

As the suppression activity of Treg cells did not differ 
between patients with RA and receiving DMARD therapy and 
patients with new‑onset RA, the expression of CTLA‑4/PD‑L1 
and the secretion of IL‑10 and TGF‑β were determined in a 
common group of patients. After 4 days of cultivation, surface 
CTLA‑4 and PD‑L1 expression did not differ between donors 
and patients (Fig. 9A). In addition, in donors and patients 
with RA, the percentage of CTLA‑4+Treg increased during 
stimulation. The percentage of PD‑L1+Treg was significantly 
increased under anti‑CD3+IL‑2 stimulation only in donors.

The densities of CTLA‑4 and PD‑L1 expression on Treg 
cells also increased during stimulation with anti‑CD3+IL‑2 in 
both the patients with RA and the donor groups, but did not 

differ between these groups (Fig. 9B). Thus, anti‑CD3+IL‑2 
stimulation could increase Treg suppressive ability by 
promoting PD‑L1 and CTLA‑4 expression.

With respect to the secretion of cytokines during cultivation 
with anti‑CD3 + IL‑2 stimulation, TGF‑β and IL‑10 produc‑
tion was significantly higher in patients with RA compared 
with that in donors. In addition, anti‑CD3+IL‑2 stimulation 
increased secretion of these cytokines, particularly in the 
patient group (Fig. 10).

Discussion

Previous studies have revealed that autotolerance disorders 
are associated with autoimmune conditions, for example, 
RA develops from the imbalance of regulatory and effector 

Figure 9. CTLA4+ and PD‑L1+ expression on Treg. (A) CTLA4+ and PD‑L1+Treg percentage from culture. Healthy donors, n=12, RA patients, n=15. (B) MFI 
of CTLA‑4 and PD‑L1 expression on Treg in culture. Healthy donors, n=12, RA patients, n=15. (C) Gating strategy for CTLA‑4 and PD‑L1. The data are 
presented as the median and 25‑75% interquartile range, and was analyzed using the Mann‑Whitney test for independent groups and with the Wilcoxon test for 
related groups. *P<0.01. w/o, without; a, anti; stim, stimulated; Treg, regulatory T cells; HC, healthy controls; RA, rheumatoid arthritis; MFI, mean fluorescence 
intensity; FMO, fluorescence minus one.

Figure 10. Secretion of cytokines during cultivation with anti‑CD3 + IL‑2 stimulation. Concentrations of IL‑10 and TGF‑β in supernatant from co‑culture of 
Treg and PBMCs. Healthy donors, n=6, RA patients, n=7. The data are presented as the median and 25‑75% interquartile range and was analyzed using the 
Mann‑Whitney test for independent groups and with the Wilcoxon test for related groups. *P<0.05. w/o, without; a, anti; stim, stimulated; Treg, regulatory 
T cells; RA, rheumatoid arthritis; PMBC, peripheral blood mononuclear cells.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  21:  209,  2021 9

mechanisms, and the imbalance itself was associated, not only 
with the excess activation of effectors, but also with defects 
in regulatory T cells (34‑36). However, in the present study it 
was found that the Treg pool in patients with RA has the same 
quantitative and qualitative characteristics compared with 
that in the healthy donors. Namely, that the general Treg pool 
retains healthy suppressor activity, with respect to CD4+ and 
CD8+ lymphocytes. Furthermore, there were no significant 
associations between percentage of Treg and clinical param‑
eters, such as ESR, CRP and RF (data not shown). This may 
be due to the preservation of Treg numbers in the peripheral 
blood in RA, which is consistent with the ROC analysis of 
Treg percentage.

Stimulation with anti‑CD3+IL‑2 promoted PD‑L1 and 
CTLA‑4 expression on Treg cells in healthy donors and RA 
patients since IL‑2 is one of the most important cytokines for 
Treg cell homeostasis, which, when combined with a strong 
signal using TCR, by anti‑CD3 stimulation, can lead to activa‑
tion and increasing suppressor capacity of Treg cells (3).

In addition, the cultures of RA patients had higher IL‑10 and 
TGF‑β production levels, under anti‑CD3+IL‑2 stimulation, 
which is a sign of increased Treg activation. It can be hypoth‑
esized that regulatory T cells require activation to maintain 
the immunity balance in RA, i.e. to compensate for the excess 
activation of effector cells. This hypothesis was supported by 
the raised concentrations of CCR4+ ‑a chemokine receptor that 
enables homing to inflammation foci, and HLA‑DR+Treg cells 
with higher FoxP3 expression, as well as by the elevated 
expression of PD‑L1 in patients with RA‑a finding consistent 
with previous studies (37‑39). Lower CTLA‑4 expression on 
the surface of Tregs in RA has been hypothesized to be associ‑
ated with a reduction in suppressor activity (40,41); however, it 
might also indicate a greater Treg involvement in contact with 
APCs. CTLA‑4 molecules are constitutively expressed by 
Treg cells intracellularly, near the membrane in vesicles (42). 
These vesicles merge with the membrane from time to time, 
which causes CTLA‑4 molecules to emerge on the lympho‑
cyte surface. Such recirculation of CTLA‑4 is amplified when 
stimulating Treg TCRs by interacting with the peptide part 
of MHC‑II on APCs (43). Thus, when a Treg contacts APCs, 
surface CTLA‑4 molecules bind to CD80/86 co‑stimulation 
molecules and disrupt antigen presentation  (44). Then, a 
segment of the membrane near the CTLA‑4‑CD80/86 complex 
submerges into the Treg and recreates the vesicles, which merge 
with lysosomes, causing co‑stimulation molecules to degrade. 
However, not all B7 molecules undergo lysis as some might 
emerge on the Treg surface (15). This leads to the hypothesis 
that lower CTLA‑4 expression on Treg cells, as well as a 
greater CD86+Treg concentration in RA, may be due to these 
cells being more active and involved in contact suppression 
with APCs. With respect to the CTLA‑4/CD86 interaction 
during strong TCR signaling, which leads to an increase in 
trans‑endocytosis, that may suggest that Treg lymphocytes are 
involved in contacting APC to a greater extent in RA compared 
with that in healthy individuals (15). Apparently, clones with a 
high affinity to self‑antigens better represent in the CD86+Treg 
subset. However, this assumption requires further investiga‑
tion. Therefore, it can be hypothesized that the expression of 
B7 molecules on the Treg surface demonstrates the higher 
functional activity of some antigen‑specific clones of Tregs; 

however subsequent effects of this expression are understudied 
and require additional research.

The increased activation and persistent suppressor activity 
of Treg cells in RA indicated that cells had adapted to chronic 
inflammation; however, RA still disrupted the immune 
balance. Earlier study proved that Treg cells were unable to 
effectively suppress CD161+Th proliferation, while still being 
able to suppress the proliferation of other CD161‑Th lympho‑
cytes (16). CD161+Th lymphocytes are a pool of CD4+RORyt+ 
cells producing IL‑17A, IL‑17F, IL‑22, TNFα and other 
pro‑inflammatory factors (45,46). This leads to the assumption 
that it is not a lower suppressor activity of the general Treg pool 
that disrupts the immune balance in RA; rather, it is the insuf‑
ficient suppressor activity against specific CD161+RORyt+ 
lymphocytes, the peripheral‑blood and synovial concentration, 
which rises in RA (17,47). The present study also showed that 
patients with RA had more FoxP3+RORyt+ and CD4+RORyt+ 
cells, and their percentage was highly correlated with disease 
activity; however, these cells are still only a small part of the 
Th pool and could not have significantly affected the Treg 
suppressor activity estimates. It is worth noting that IL‑17 
expression determined using flow cytometry requires previous 
stimulation and may not reflect the initial expression of IL‑17 
in lymphocytes from PBMCs (48,49). Therefore, the transcrip‑
tion factor, RORyt, was used as a marker of differentiation for 
Th‑17 cells, which reflects the initial stage of transition when 
the IL‑17 expression may not be detected (19,29).

Another immune imbalance mechanism triggered by 
RA is the effector resistance to Treg suppression in inflam‑
mation. The resistance to Treg‑issued inhibitory signals has 
been shown to be unrelated to APC activation or the effector 
cell memory phenotype; rather, it depends on the activation 
of protein kinase B (PKB)/c‑akt in effector cells exposed to 
TNFα and IL‑6 at inflammation sites  (50). Inhibiting this 
kinase restores the effector cell response to Treg suppression. 
Another study showed that when removed from the inflamma‑
tory environment, Tregs effectively suppressed the production 
of proinflammatory cytokines and the proliferation of effector 
T cells (51). Taken together, the general Treg pool does not lose 
its function in RA.

Balancing effector and regulatory immunity are active 
processes where multiple mechanisms are involved to attain a 
dynamic balance (3). This may be why the general Treg pool 
retains its suppressor activity in RA, while Treg cells have 
an activated phenotype due to greater tension imposed on 
the regulatory mechanisms in chronic inflammation  (33). 
Evidently, the inflammatory microenvironment causes 
some Treg  cells to continuously convert into pathogenic 
exFoxP3‑Th‑17 lymphocytes (17), that resist Treg inhibition 
and cause self‑sustained inflammation (16). Rossetti et al (33) 
found that some activated Treg cells, pertaining to synovial 
inflammation, share the TCR antigenic specificity with 
effector T  lymphocytes involved in sustaining articular 
inflammation; these Treg cells express HLA‑DR. This means 
that Treg cells have some antigen‑specific effects. It therefore 
seems important to consider, not only the Treg subpopulation 
in terms of the expression of different molecules, but also the 
heterogeneity of this population, as determined by the antigen 
specificity of TCRs. Perhaps the regulatory defects in RA are 
not population‑wide, but pertain to a limited set of Treg clones 
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highly specific to particular antigens, the tolerance to which 
has been compromised (3,52).

In conclusion, intolerance to body‑produced antigens in 
RA could be due to excessive activation of effector cells, as 
well as defects in regulatory T cells (1,11). The present study 
showed that Treg cells were activated in RA and retained 
suppressor activity against CD4+ and CD8+ in both patients 
with new‑onset RA and those receiving DMARD treatment. 
Transitional FoxP3+RORyt+ forms and increased CD4+RORyt+ 
concentrations indicated the pathological propensity of 
Treg cells to convert into Th17 in RA, which could to be the 
most important factor of sustaining a chronic autoimmune 
process, particularly in light of a previous report that the 
inability of Treg cells to effectively suppress exFoxP3‑Th17 
proliferation and proinflammatory cytokine production (16).
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