
© 2024 Advanced Biomedical Research | Published by Wolters Kluwer - Medknow	 1

Original Article

Introduction
PsA is a persistent inflammatory type of arthritis, representing 
a systemic auto‑immune condition characterized by a diverse 
and distinctive inflammation. This condition is categorized 
within the broader spectrum of spondyloarthritis  (SpA).[1,2] 
This condition is characterized by a range of inflammatory 
musculoskeletal manifestations, encompassing peripheral 

arthritis, enthesitis, dactylitis, and axial involvement, often 
accompanied by concurrent cutaneous psoriasis. This clinical 
diversity results in a multifaceted disease presentation. 
Moreover, PsA has been associated with ocular complications 
such as uveitis and gastro‑intestinal issues like inflammatory 
bowel disease.[3] Furthermore, individuals with PsA may 
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contend with co‑morbid conditions, including cardiometabolic 
disorders and mental health issues.[4] PsA affects a portion 
of the population, with estimates ranging between 0.1% 
and 2%. It is noteworthy that approximately one in three 
individuals who have psoriasis may also develop PsA. 
This condition imposes a substantial burden on the overall 
quality of life for affected individuals and is linked to various 
co‑morbidities.[5] The development of PsA is a complex 
process that differs significantly from the pathogenesis of 
rheumatoid arthritis (RA). Beyond the dysregulation observed 
in both innate and adaptive immunity, there are additional, 
not fully elucidated factors at play. These include the roles of 
barrier function, the microbiome, metabolic dysfunction, and 
mechanical stress, which contribute to the intricate web of 
factors involved in the development of PsA.[6]

Tregs are pivotal in maintaining immune balance by restraining 
the proliferation of effector T‑cells and controlling the production 
of inflammatory cytokines. Traditionally, the assessment of 
Treg function in humans has centered on in vitro assays that 
measure their capacity to suppress the proliferation of effector 
T‑cells and, more recently, their ability to inhibit the production 
of pro‑inflammatory cytokines. However, there is a lesser 
known but potentially significant aspect of Treg function: their 
ability to impede the migration of effector T‑cells.[7] Multiple 
biological agents have been developed to target inflammatory 
cytokines such as interleukin  (IL)‑17, IL‑23, and tumor 
necrosis factor (TNF)‑α with the aim of alleviating joint and 
skin symptoms in PsA patients.[8] Despite these efforts, the 
clinical outcomes have often fallen short of expectations, 
necessitating the exploration of new therapeutic approaches. In 
recent research, CD4+CD25+ T‑lymphocytes, a well‑examined 
subset of Tregs, have gained attention. These cells are 
characterized by the expression of the forkhead box transcription 
factor FOXP3, which plays a crucial role in mediating their 
immuno‑suppressive properties.[9] Alterations in the numbers 
and/or functions of both Th17 and CD4+CD25+FOXP3+ Tregs 
have been reported in various inflammatory and auto‑immune 
conditions, including primary Sjogren’s syndrome  (pSS), 
RA, ankylosing spondylitis (AS), multiple sclerosis, systemic 
lupus erythematosus (SLE), psoriasis, and PsA.[10‑13] It is worth 
noting that in patients with psoriasis, Tregs isolated from both 
peripheral blood (PB) and psoriatic skin have shown limited 
efficacy in suppressing effector T‑cell activities.[14,15] However, 
the absolute counts of Tregs and Th17 cells in the PB of PsA 
patients remain a subject of debate.[16]

Hence, further studies are necessary to measure the quantitative 
and qualitative changes in the prevalence of Tregs in the 
PsA patients. In this study, we determined the frequency of 
CD4+ CD25+/high CD127‑/low Tregs in the PB of PsA patients 
compared with healthy subjects. This research aims to shed 
light on the role of Tregs in disease pathogenesis, offer potential 
biomarkers, and pave the way for more tailored, effective 
treatments. This study sets out to provide valuable insights that 
have the potential to significantly enhance our understanding 
of PsA and, ultimately, improve patient care and outcomes.

Materials and Methods
Study participants
This study obtained approval from the Ethics Committee 
of Ahvaz Jundishapur University of Medical Sciences 
(IR.AJUMS.REC.1396.164), and all participants provided 
informed consent. We conducted a case‑control study 
involving 40 PsA patients, diagnosed based on clinical 
examinations, magnetic resonance imaging  (MRI), and 
CASPAR (Classification criteria for PsA) criteria. Among them, 
30 were receiving treatment, while 10 were not. None of the 
participants had a history of diabetes mellitus, hypertension, 
auto‑immune diseases, active infections, malignancies, cancers, 
or other chronic conditions. We assessed the DAPSA score by 
measuring patients’ global assessment  (PGA),[17] tenderness 
joint count (TJC), and swollen joint count (SJC). The patients 
were categorized into four groups, including remission, mild, 
moderate, and severe, based on the disease stage. We also 
recruited 25 healthy individuals who were matched for age and 
sex and had no history of auto‑immune diseases.

Sample collection
PBMCs were isolated from heparinized blood samples. To 
achieve this, the blood samples underwent Ficoll density 
gradient centrifugation  (Ficoll Pague, Baharafshan, Iran). 
Subsequently, the isolated mononuclear cells were washed 
twice with phosphate‑buffered saline (PBS) and resuspended 
in PBS at a concentration of 1 × 106  cells/mL. For further 
analysis, the centrifugation was conducted at 1500 RPM for 
10 minutes at 4°C. This step was performed to separate PBMCs 
from other components.[18,19]

Cell surface marker staining
We stained the isolated cells with monoclonal antibodies 
based on the manufacturer’s instructions  (eBioscience, 
USA, Kansas City). Briefly, 5 µl of monoclonal antibody 
and 50 µl of PBMCs were incubated at 4°C for 30 minutes. 
Afterward, the cells were washed twice with PBS, resuspended 
in 500 µl PBS, and stored in the dark until analysis. The 
monoclonal antibodies used for surface marker staining 
included anti‑human CD127  (APC)‑conjugated  (clone 
eBioRDR5) Cat Number: AB1234‑APC, anti‑human 
CD25 phycoerythrin  (PE)‑conjugated  (clone BC96) Cat 
Number: CD5678‑PE, and anti‑human CD4 fluorescein 
isothiocyanate  (FITC)‑conjugated  (Clone RPA‑T4) Cat 
Number: XY9012‑FITC(1). We also employed Mouse 
IgG1 K Isotype  Control FITC  (P3.6.2.8.1), Mouse IgG1 
K Isotype  Control PE  (P3.6.2.8.1), and Mouse IgG1 K 
Isotype  Control APC  (P3.6.2.8.1). For compensation, we 
utilized anti‑human CD45 PE  (clone HI30). All antibodies 
were procured from eBioscience (eBioscience, USA).

Flow cytometry analysis
Flow cytometry (Beckton Dickinson, San Diego, CA, USA) 
was used to analyze the percentage of CD4+ CD25+/high 
CD127‑/low Tregs. FlowJo™ software (Tree Star, Ashland, 
USA) was employed for data analysis.
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Statistical analysis
The collected data underwent statistical analysis using SPSS 
software  (version  21; SPSS, Chicago, IL). Normality of 
the data was determined by the Kolmogorov–Smirnov test, 
and for variables with a significance level exceeding 0.05, 
indicating normal distribution, parametric tests were applied. 
These parametric tests included the t‑test, ANOVA tests, and 
Pearson correlation. A significance level of P value < 0.05 was 
considered statistically significant. The data were presented as 
frequency, percentage, and mean ± standard deviation (SD).

This comprehensive approach allowed us to investigate 
CD4+ CD25+/high CD127‑/low regulatory T‑cells in different 
stages of PsA patients and explore potential correlations with 
disease activity and severity.

Results
We present the demographic and clinical characteristics of the 
study population in Table 1. The patient group consisted of 40 
individuals, with 18 being male and 22 female, and the mean 
age was 40 ± 10 years. We compared this with a healthy control 
group of 25 individuals, comprising 10 males and 15 females, 
with a mean age of 36 ± 11 years. Among the patients, 30 were 
under treatment, while 10 were not receiving any specific 
treatment for their condition.

In terms of specific clinical measurements, the mean ESR 
among patients was approximately 20 ± 15 mm per first hour. 
Additionally, the serum rheumatoid factor was positive in 5% 
of the patients. Physical examination findings, such as TJC and 
SJC, are detailed in Table 1. To assess the intensity and activity 
of the disease, we used the DAPSA score. Out of the patients, 
six were in the remission phase, 17 were in the mild state, six 
in the moderate phase, and the remaining patients were in the 
severe mode of the disease. Notably, there was no significant 
correlation observed between the age of the patients and their 
DAPSA scores (P = 0.34, r = ‑0.15).

Table  1 summarizes the key demographic and clinical 
characteristics of both the PsA patients and the healthy 
control group. These details provide essential context for the 
subsequent analyses and findings presented in this study.

In Table  2, the percentages of CD4+  CD25+/high 
CD127‑/low Tregs in the PB of the general population 
of patients and healthy individuals are presented. There 
is no significant difference in the mean percentage of 
CD4+ CD25+/high markers between healthy individuals and 
the general patient population (P = 0.50).

When comparing the percentages of CD4+  CD25+/high 
CD127‑/low Tregs in the PB of healthy individuals and the 
general patient population, no significant difference was 
observed (P = 0.19). However, the mean percentage of these cells 
in the patient group was lower compared to healthy individuals.

In Table 3, the data pertaining to the mean percentages of key 
Treg markers, including CD4+, CD25+/high, CD127‑/low, 

and TCD4+/CD25high, are presented. The statistical analysis 
reveals that there are no statistically significant disparities 
in these percentages when comparing treated patients to the 
control group of healthy subjects  (P  =  0.35). Furthermore, 
when examining non‑treated patients in comparison to the 
healthy subjects, no statistically significant distinctions 
emerge  (P  =  0.78). The percentages of T‑cells within the 
two specific subsets, namely, TCD4+/CD25high and CD4+, 
CD25+/high, CD127‑/low Tregs, are graphically depicted for 
healthy subjects, non‑treated patients, and treated patients, 
respectively.

There was no significant difference in the percentage of 
CD4+ CD25+/high CD127‑/low Tregs of the PB between healthy 
individuals and the total patients (P = 0.19) [Figure 1].

The analysis revealed no statistically significant difference 
in the mean percentage of CD4+ CD25+/high CD127‑/low Tregs 
between treated patients and healthy subjects  (P  =  0.35). 
Similarly, there was no significant distinction in the mean 
percentage of these cells when comparing non‑treated patients 
to healthy subjects (P = 0.78) [Figure 2].

Table 2: Frequencies of the CD4+ CD25+/high Treg and the 
CD4+ CD25+/high CD127‑/low Treg subsets in PsA patients 
and healthy controls

Subset 
Group

Control 
(n=25)

Patient 
(n=40)

P

CD4+ CD25+ T cells 1.56±0.58 1.45±0.69 0.50
CD4+ CD25+/high CD127‑/low 1.47±0.53 1.28±0.59 0.19
Treg: Regulatory T Cell, PsA: Psoriasis Arthritis

Table 3: Frequencies of the CD4+ CD25+/high Treg and the 
CD4+ CD25+/high CD127‑/low Treg cell subsets in two groups 
of PsA patients and healthy controls

Subset 
Group

Control 
(n=25) patient 

(n=10)

Treated 
patient 
(n=30)

Non‑ 
treated

CD4+ CD25+ T cells 1.56±0.58 1.39±0.71 1.62±0.61
CD4+ CD25+/high CD127‑/low 1.47±0.53 1.25±0.62 1.38±0.54

Table 1: Demographic and clinical characteristics of the 
study population

Patient characteristics Psoriatic arthritis Healthy control
Number (male/female) 40 (18/22) 25 (10/15)
Age , mean±SD (years) 40±10 36. ±11
Duration of PsA (years) 7.7±7.4 ‑
Treated/non_treated 30/10 ‑
ESR (mm/1st h) 20±15 ‑
RF positive, no(%) 2 (5%) ‑
BMI 29.19±5.51 ‑
TJC 3.98±3.69 ‑
SJC 2.82±3.01 ‑
DAPSA 17.35±13.79 ‑
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In this study, the correlation between CD4+  CD25+/high 
CD127‑/low Tregs in the PB of patients and disease activity 
markers including DAPSA and ESR and demographic 
characteristics including age and BMI was measured in the 
patients, and no significant correlations were observed between 
these indicators in the patients  (n  =  40) and in the treated 
group [Figure 3]. However, there was a significant correlation 
between CD4+  CD25+/high CD127‑/low Tregs and DAPSA in 
the non‑treated group (P = 0.02). The correlation coefficient 
between CD4+ CD25+/high CD127‑/low Tregs and DAPSA was 
0.72, and it was observed that there is a positive and strong 
correlation between these two parameters. It should also be 
noted that the observed positive correlation between patient 
age and ESR highlights a potentially age‑related effect on 
inflammatory markers in PsA.

Discussion
A hypothesis has been postulated regarding immune 
dysregulation and intolerance in a spectrum of collagen vascular 
diseases, including but not limited to Behçet’s syndrome, SLE, 
and RA. Nonetheless, the precise mechanisms driving these 
conditions remain elusive. One line of inquiry has focused on 
the pivotal role of Tregs in curbing auto‑immunity.[19‑23]

It is widely recognized that Treg cells serve as crucial 
suppressors that prevent the auto‑immune reactivation of the 
immune system. Multiple investigations have lent support to 
this concept.[24,25] Measurement of Tregs in the PsA patients 
is a valuable indicator for the pathogenesis of the disease and 
contributes to successful treatment in diseases.[26] Various 
studies report contradictions on the count of Tregs in the 
PsA patients.[27] However, our study, focusing on the CD4+ 
CD25+/high CD127‑/low Treg subset, did not reveal a 
statistically significant difference in the percentages of these 
cells between PsA patients and our control group.

These findings should be considered in light of recent research 
which has shed light on the complex and context‑dependent 
nature of Treg behavior. Notably, it is highlighted that Tregs 
can exhibit differential effects on disease progression, and their 
impact on inflammation can vary depending on the therapeutic 
interventions employed.[7]

In certain circumstances, Tregs may inadvertently contribute to 
disease exacerbation. Specifically, in PsA, Tregs from Disease 
Modifying Anti‑Rheumatic Drug (DMARD)‑treated patients 
demonstrated a capacity to promote effector T‑cell migration, 
potentially fostering inflammation and worsening disease 
activity. On the other hand, Tregs from anti‑TNF‑treated 
patients displayed a suppressive effect on effector T‑cell 
migration.[7] These contrasting results suggest that the interplay 
between Tregs and effector T‑cells can be influenced by the 
treatment regimen.

While our study did not discern a significant difference in 
Treg percentages between PsA patients and healthy controls, 
it raises important questions about the functional role of 
CD4+ CD25+/high CD127‑/low Tregs in PsA pathogenesis. Are 
these Tregs merely a reflection of the overall Treg population, 
or do they represent a specific subset with distinct functional 
properties? Further research is warranted to investigate the 
functional characteristics of these Tregs and their implications in 
PsA. Our study’s findings underscore the dynamic and intricate 
nature of immune regulation in auto‑immune diseases like 
PsA. The lack of a significant difference in CD4+ CD25+/high 
CD127‑/low Tregs between PsA patients and controls does 
not preclude their potential involvement in disease processes. 
Instead, it underscores the need for a nuanced understanding 
of Treg behavior and their contextual interactions with other 
immune cell populations. Recognizing these subtleties can have 
clinical implications for tailoring therapeutic approaches for 
PsA patients. Further research is warranted to delve deeper into 
the functional characteristics of these Tregs and their potential 
impact on patient care and therapeutic strategies.

Indeed, a body of research, including the work of Wang 
et  al.,[28] has shed light on the dynamics of Tregs in PsA. 
Wang and colleagues reported a decrease in the frequencies 
of Tregs and Th1 cells in the PB of PsA patients, and they 
attributed this phenomenon to the impact of Total glucosides 
of paeony (TGP). Furthermore, their findings highlighted a 
significant reduction in the levels of the pro‑inflammatory 

Figure 1: Comparison of the mean frequency percentages of Tregs in the 
PB of the general population of patients and healthy subjects

Figure  2: Comparison of the mean percentages of Tregs in treated, 
non‑treated, and healthy subjects
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cytokine IL‑6. Additionally, they conducted a study that 
concurred with these observations, noting a decrease in the 
numbers of peripheral regulatory T‑cells in patients afflicted 
with PsA.[16,28] However, it is important to recognize that the 
population of CD4+ CD25+/high CD127‑/low Tregs under 
scrutiny in our investigation may differ. Our study particularly 
focused on examining the markers of a specific subtype of 
T‑regulatory cells. This specialization in our analysis could 
potentially account for the variances in our findings compared 
to those of other studies.

Seol Yoo et al.[29] enumerated TH17 and CD4+ CD25+ Tregs in 
the PB of patients with PsA and psoriasis using flow cytometry 
and concluded that there is no significant difference in the 
count of Tregs in PB between patients and control subjects, 
but the level of TH17 cells was higher in these two categories 

of patients compared to healthy subjects as well as the level 
of IL‑17 was higher in these patients, indicating the important 
role of TH17 cells in the pathogenesis of PsA and psoriasis. 
The results of this study are similar to those of the current 
research. Woo‑jin et al. examined the levels of CD4+/CD25+/
FOXP3 Tregs in the patients with psoriasis. The results showed 
that the FOXP3 levels were increased in the PB and psoriatic 
lesions compared to healthy skin. They also found no reduction 
in FOXP3 in patients with acute psoriasis and no significant 
difference in the Treg count between patients with acute and 
chronic disease. This reduction in FOXP3 in the patients with 
psoriatic lesions is responsible for the exacerbation of the 
disease.[26]

It is worth emphasizing that the intricate landscape of immune 
cell populations, especially Tregs, is marked by diversity. 

Figure 3: The gating strategies employed for the analysis of CD4+ CD25+/high CD127low/‑ regulatory T‑cells in the PB of PsA patients. We first 
gated lymphocytes via forward and side scatter, 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), 
and anti‑CD127 (APC)(FL4) antibodies and analyzed by flow cytometry. (a) Lymphocytes; (b) CD4+/CD127‑/low cells; (c) CD4+/CD25+ cells; 
(d) CD4+/CD25+/high/CD127low/‑ cells; (e) CD4+/CD25+/high/CD127low/‑cells

d

c

ba
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Different subsets and functional states of Tregs may respond 
differently to various disease contexts and therapeutic 
interventions. Consequently, the specific focus of our study 
on the CD4+ CD25+/high CD127‑/low Treg subset offers a 
more granular perspective on this complex immunological 
puzzle. This distinction could be a key factor contributing to 
the disparities in our results, emphasizing the importance of 
recognizing the multifaceted nature of immune regulation in 
the context of PsA.

The lack of significant differences underscores the need for 
a more nuanced understanding of Treg functionality in PsA, 
particularly in the context of untreated patients. It suggests that 
CD4+ CD25+/high CD127‑/low Treg populations may not be 
dramatically altered in these patients, raising questions about 
the specific role of these Treg subsets in disease progression 
and immuno‑modulation.

One of the limitations of the present study was that only 
the count of Tregs was measured. In addition to measuring 
the count of Tregs, their function can be checked and the 
CD4+ CD25+/high CD127‑/low Tregs can be measured with 
other markers. For further investigation, it is necessary to 
perform other studies with a larger sample size, and with the 
aim of evaluating the function and count of the Tregs in the PsA 
patients, it is noteworthy that age can influence disease‑related 
inflammatory processes. Age‑related changes in the immune 
system and inflammation are complex and may contribute to 
disease activity and progression in PsA.

Conclusion
Although we did not find significant differences in Treg 
populations between PsA patients and healthy controls, 
our research emphasizes the need to consider distinct Treg 
subsets when studying immune responses in PsA. This 
nuanced approach is essential as immune regulation in PsA 
is complex and may involve specific Treg subsets responding 
differently to the disease micro‑environment. Furthermore, 
our study contributes to the broader understanding of immune 
dysregulation in auto‑immune diseases. Tregs play a crucial 
role in restraining auto‑reactivation of the immune system in 
PsA. Future research should explore the interplay between 
Treg subsets and their implications for disease management, 
potentially leading to more tailored therapeutic approaches for 
PsA patients. Recognizing the role of distinct Treg populations 
and their interactions with other immune cells is crucial for 
tailoring more appropriate therapeutic strategies for PsA 
patients. By deepening our understanding of Treg subsets, we 
have the potential to enhance patient care and outcomes in 
PsA. Further research in this direction can pave the way for 
more targeted and effective treatments, offering hope to those 
affected by this complex auto‑immune condition.

Acknowledgment
We are thankful of the patients and healthy individuals for 
their cooperation. This study was supported by the Cellular 

and Molecular Research Center, Ahvaz Jundishapur University 
of Medical Sciences  (Grant No: CMRC‑9605). This article 
is the result of R S G thesis to obtain a master degree (MSc) 
in Immunology from AJUMS (IR.AJUMS.REC.1396.164).

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1.	 López‑Medina C, Molto A, Sieper J, Duruöz T, Kiltz U, Elzorkany B, 

et  al. Prevalence and distribution of peripheral musculoskeletal 
manifestations in spondyloarthritis including psoriatic arthritis: Results 
of the worldwide, cross‑sectional ASAS‑PerSpA study. RMD Open 
2021;7:e001450.

2.	 Cigolini  C, Fattorini  F, Gentileschi  S, Terenzi  R, Carli  L. Psoriatic 
arthritis: One year in review 2022. Clin Exp Rheumatol 2022;40:1611‑19.

3.	 Ritchlin CT, Colbert RA, Gladman DD. Psoriatic arthritis. N Eng J Med 
2017;376:957‑70.

4.	 Fragoulis  GE, Evangelatos  G, Tentolouris  N, Fragkiadaki  K, 
Panopoulos  S, Konstantonis  G, et  al. Higher depression rates and 
similar cardiovascular comorbidity in psoriatic arthritis compared with 
rheumatoid arthritis and diabetes mellitus. Ther Adv Musculoskelet Dis 
2020;12:1759720X20976975.

5.	 Hackett S, Coates LC. Outcome measures in psoriatic arthritis: Where 
next? Musculoskelet Care 2022;20(Suppl 1):S22‑31.

6.	 Fragoulis GE, Siebert S. The role of IL-23 and the use of IL-23 inhibitors 
in psoriatic arthritis. Musculoskelet Care 2022;20(Suppl 1):S12‑21.

7.	 Nguyen DX, Baldwin HM, Ezeonyeji AN, Butt MR, Ehrenstein MR. 
Regulatory T cells enhance Th17 migration in psoriatic arthritis which 
is reversed by anti‑TNF. iScience 2021;24:102973.

8.	 Rønholt K, Iversen L. Old and new biological therapies for psoriasis. Int 
J Mol Sci 2017;18:2297.

9.	 Szentpetery A, Heffernan E, Gogarty M, Mellerick L, McCormack  J, 
Haroon M, et al. Abatacept reduces synovial regulatory T‑cell expression 
in patients with psoriatic arthritis. Arthritis Res Ther 2017;19:158.

10.	 Miao M, Hao Z, Guo Y, Zhang X, Zhang S, Luo J, et al. Short‑term and 
low‑dose IL‑2 therapy restores the Th17/Treg balance in the peripheral 
blood of patients with primary Sjögren’s syndrome. Ann Rheum Dis 
2018;77:1838‑40.

11.	 Waite  JC, Skokos  D. Th17 response and inflammatory autoimmune 
diseases. Int J Inflam 2012;2012:819467.

12.	 Beringer A, Noack M, Miossec P. IL‑17 in chronic inflammation: From 
discovery to targeting. Trends Mol Med 2016;22:230‑41.

13.	 Hueber  W, Patel  DD, Dryja  T, Wright  AM, Koroleva  I, Bruin  G, 
et  al. Effects of AIN457, a fully human antibody to interleukin‑17A, 
on psoriasis, rheumatoid arthritis, and uveitis. Sci Transl Med 
2010;2:52ra72.

14.	 Sugiyama H, Gyulai R, Toichi E, Garaczi E, Shimada S, Stevens SR, 
et al. Dysfunctional blood and target tissue CD4+ CD25high regulatory 
T cells in psoriasis: Mechanism underlying unrestrained pathogenic 
effector T cell proliferation. J Immunol 2005;174:164‑73.

15.	 Buckner  JH. Mechanisms of impaired regulation by CD4+ CD25+ 
FOXP3+ regulatory T cells in human autoimmune diseases. Nat Rev 
Immunol 2010;10:849‑59.

16.	 Wang  J, Zhang S‑X, Hao Y‑F, Qiu M‑T, Luo  J, Li Y‑Y, et  al. The 
numbers of peripheral regulatory T cells are reduced in patients with 
psoriatic arthritis and are restored by low‑dose interleukin‑2. Ther Adv 
Chronic Dis 2020;11:2040622320916014.

17.	 Gladman  DD, Schentag  CT, Tom  BD, Chandran  V, Brockbank  J, 
Rosen  C, et  al. Development and initial validation of a screening 
questionnaire for psoriatic arthritis: The Toronto Psoriatic Arthritis 
Screen (ToPAS). Ann Rheum Dis 2009;68:497‑501.

18.	 Moradi  B, Schnatzer  P, Hagmann  S, Rosshirt  N, Gotterbarm  T, 
Kretzer  JP, et  al. CD4+ CD25+/highCD127low/‑  regulatory T cells 



Safari, et al.: Evaluation of CD4+ CD25+/high CD127low/‑ regulatory T

Advanced Biomedical Research | 2024	 7

are enriched in rheumatoid arthritis and osteoarthritis joints—analysis 
of frequency and phenotype in synovial membrane, synovial fluid and 
peripheral blood. Arthritis Res Ther 2014;16:R97.

19.	 Zare H‑R, Habibagahi M, Vahdati A, Habibagahi Z. Patients with active 
rheumatoid arthritis have lower frequency of nTregs in peripheral blood. 
Iran J Immunol 2015;12:166‑75.

20.	 Schmetterer  KG, Neunkirchner  A, Pickl  WF. Naturally occurring 
regulatory T cells: Markers, mechanisms, and manipulation. FASEB J 
2012;26:2253‑76.

21.	 Morita T, Shima Y, Wing JB, Sakaguchi S, Ogata A, Kumanogoh A. The 
proportion of regulatory T cells in patients with rheumatoid arthritis: 
A meta‑analysis. PLoS One 2016;11:e0162306.

22.	 Nocentini G, Alunno A, Petrillo MG, Bistoni O, Bartoloni E, Caterbi S, 
et  al. Expansion of regulatory GITR+ CD25low/‑CD4+ T cells in 
systemic lupus erythematosus patients. Arthritis Res Ther 2014;16:444.

23.	 Göschl L, Scheinecker  C, Bonelli  M. Treg cells in autoimmunity: 
From identification to Treg‑based therapies. Semin Immunopathol 
2019;41:301‑4.

24.	 Sakaguchi S, Yamaguchi T, Nomura T, Ono M. Regulatory T cells and 
immune tolerance. Cell 2008;133:775‑87.

25.	 Meyer A, Wittekind PS, Kotschenreuther K, Schiller J, von Tresckow J, 
Haak TH, et al. Regulatory T cell frequencies in patients with rheumatoid 
arthritis are increased by conventional and biological DMARDs but not 
by JAK inhibitors. AnnRheum Dis 2021;80:e196.

26.	 Yun W‑J, Lee D‑W, Chang S‑E, Yoon G‑S, Huh J‑R, Won C‑H, et al. 
Role of CD4+ CD25high+ FOXP3+ regulatory T cells in psoriasis. Ann 
Dermatol 2010;22:397‑403.

27.	 Yu N, Li X, Song W, Li D, Yu D, Zeng X, et al. CD4+ CD25+ CD127 
low/− T cells: A  more specific Treg population in human peripheral 
blood. Inflammation 2012;35:1773‑80.

28.	 Wang  YN, Zhang  Y, Wang  Y, Zhu  DX, Xu  LQ, Fang  H, et  al. The 
beneficial effect of total glucosides of paeony on psoriatic arthritis links to 
circulating Tregs and Th1 cell function. Phytother Res 2014;28:372‑81.

29.	 Yoo IS, Lee JH, Song ST, Kim JH, Lee HJ, Kang SW. T‐helper 17 cells: 
The driving force of psoriasis and psoriatic arthritis. Int J Rheum Dis 
2012;15:531‑7.


