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Transcription Factor Assay of Peripheral Blood T Cells 
in Different Groups of Rheumatoid Arthritis Patients

Background: Rheumatoid Arthritis (RA) is an autoimmune disease characterized by chronic 
inflammation of the joints and other tissues and organs of the body. Previous reports have demonstrated 
the imbalance of T helper (Th) subsets and Treg activity in the development, progression, and remission 
of RA. Here, we investigated the mRNA expression of four major transcription factors T-bet (Th1), 
GATA (Th2), RORc (Th17), and Foxp3 (Treg) in peripheral blood of different groups of RA patients.

Materials and Methods: n this case-control study, 60 patients with RA, including 20 newly diagnosed, 
20 under treatment, and 20 in remission, as well as 20 patients with osteoarthritis, and 20 age- and 
the sex-matched healthy individual were enrolled. Diagnosis and classification of patients were done 
according to the American College of Rheumatology criteria. The relative mRNA expression of 
transcription factors, including T-bet, GATA, RORc, and Foxp3, was measured using qRT-PCR.

Results: The relative expression of T-bet in RA patients was significantly increased in healthy controls 
(P=0.002), while the relative expression of Foxp3 in RA patients was significantly decreased in 
healthy controls (P<0.0001). There was no significant difference in the expression of GATA3 or RORc 
among RA patients, healthy controls, and osteoarthritis group.

Conclusion: The results indicate the importance of Th1 and Treg cells in RA; however, the role of 
Th17 cells appear to be of little importance in these patients. It seems that Th2 cells do not interfere 
with RA development.
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Introduction

ne of the most important systemic 
autoimmune disorder is Rheumatoid 
Arthritis (RA). It is estimated that 

women have been affected by RA approximately five 
times more than men [1, 2]. RA inflammation most-
ly causes swelling and pain in small joints leading to 
chronic progressive joint destruction. This destruction is 
responsible for working disability, physical dysfunction, 
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and a decline in the quality of life [3]. It is presumed 
that in RA disease, the synovial membrane is the main 
affected tissue, characterized by activation of fibroblast-
like synoviocytes, the formation of pannus, as well as 
abnormal growth, and infiltration of inflammatory cells 
[4, 5]. Also, one of the most prevalent chronic situa-
tions of joint damage is Osteoarthritis (OA) that breaks 
down the cartilage or cushion between joints that leads 
to pain, swelling, and problems when moving the joint 
[6]. Interestingly, few leukocyte infiltrations in the sy-
novial membrane of OA patients are seen. Furthermore, 
joint involvement distribution in RA patients is generally 
symmetrical while OA patients have an asymmetrical dis-
tribution [7, 8]. 

Nowadays, the involvement of the innate and adaptive 
immune system components in RA development and 
chronicity is determined, but the immuno-pathogenesis 
of RA is still not fully disclosed [9]. The two above-men-
tioned immune responses play a vital role in RA patho-
physiology, including the generation of auto-antibodies, 
and T cell-mediated response [10, 11]. Some auto-anti-
bodies such as Rheumatoid Factor (RF) and anti-Cyclic 
Citrullinated Peptide (anti-CCP) have been recognized 
in approximately 50% to 80% of RA patients. They can 
emerge even before the appearance of arthritic symptoms 
[12, 13]. T-lymphocytes and specifically T-CD4+ cells 
play a vital role in the progress of autoimmune disorders 
such as RA [14, 15]. The T helper (Th) cells differenti-
ate into one of the lineages of these cells, including Th1, 
Th2, Th17, and regulatory T cell, and they are character-
ized by their pattern of cytokine secretion, and transcrip-
tion factors involved in the immuno-pathogenesis of RA 
[16, 17]. Previous studies indicate that the incidence and 
development of RA in some patients result from an im-
balance of Th1/Th2 and Th17/Treg cells [18, 19].

The main transcription factor involved in the differ-
entiation of Th1 is T-box transcription factor (T-bet). 
This factor is characterized by not only enhancing the 
secretion of interferon (IFN)-γ but also suppressing the 
development of other T helper cells [20, 21]. STAT6 
is the major transcription factor of Th2 differentiation, 
which leads to the overexpression of GATA-3 as the main 
regulator [22]. Increased Th2 cytokine secretion and in-
hibition of Th1 differentiation are two different mecha-
nisms of GATA3 involvement in Th2 differentiation [23]. 
Moreover, RORγt is the major transcription factor of 
Th17 which is transcribed by the RORc gene [21]. Ac-
cordingly, Foxp3 is not only expressed in CD4+ CD25+ 

Treg cells but also is the main lineage-specific transcrip-
tion factor involved in iTreg differentiation [24, 25]. 

However, many previous studies demonstrated the 
expression of these transcription factors in RA patients 
with contradictory findings [26-28]. Accordingly, in the 
current study, the mRNA expression of four main tran-
scription factors of T helper subsets and Tregs, includ-
ing T-bet, GATA-3, RORc, and Foxp3 in patients with 
RA were evaluated during different stages of the disease: 
newly diagnosed, under treatment, and remission. Also, 
non-autoimmune arthritis patients (osteoarthritis) and 
healthy controls were monitored and evaluated.

Patients and Methods

Study patients and controls

We enrolled the consecutive patients aged between 
18  and 80 years referring to the Rheumatology Clinic 
of Alborz Hospital in Karaj City, Iran between January 
2015 and December 2016. The patients who met the 
American College of Rheumatology (ACR)/European 
League Against Rheumatism (EULAR) 2010 criteria for 
RA were selected and divided into three groups: group 
1 or “RA new case” (n=20) were newly diagnosed RA 
patients with no pharmacological treatment at the time of 
sampling; group 2 or “RA under treatment” (n=20) were 
those patients treated with prednisolone, methotrexate, 
and vitamin D at least for six recent months without a 
significant improvement in their clinical condition; and 
group 3 or “RA with remission” (n=20) were those pa-
tients who showed a significant clinical improvement of 
the disease (based on the criteria of ACR, 2010) over the 
past 6 months while they only received minimal treat-
ment. Furthermore, 20 patients who fulfilled the ACR 
classification criteria for OA were selected as group 4, 
and finally, 20 healthy volunteers with no history of any 
rheumatologic or other chronic inflammatory diseases 
were selected as the healthy control group. Written in-
formed consent was taken from all participants and the 
study was approved by the Ethics Committee of Mazan-
daran University of Medical Sciences. Medical routine 
laboratory tests for RA patients such as Erythrocyte Sed-
imentation Rate (ESR), C-Reactive Protein (CRP), and 
RF were performed and collected by the clinical labora-
tory of Alborz Hospital. The major clinical and labora-
tory characteristics of patients with RA or osteoarthritis 
and healthy controls are summarized in Table 1. 

RNA isolation and cDNA synthesis 

The whole blood specimens were collected, and total 
RNA was extracted from specimens using GENEzolTM-

TriRNA Pure Kit (Geneaid, USA) based on the manufac-
turer’s protocol. First, the quality of extracted RNA was 
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evaluated by nano-spectrophotometer (Thermo Fisher 
Scientific Inc., USA) and agarose gel electrophoresis. 
Then, DNA was removed by deoxyribonuclease1 (Invi-
trogen, USA) enzyme. The synthesis of complementary 
DNA (cDNA) was done using the Thermo Scientific Re-
vertAid first-strand cDNA synthesis kit (Thermo Scien-
tific, Massachusetts, USA) based on the manufacturer’s 
instructions.

Quantitative reverse-transcriptase PCR

To measure the four main transcription factors expres-
sion, quantitative reverse-transcriptase (qRT)-PCR was 
carried out using SYBR Green/ROX qPCR Master Mix 
(Thermo Scientific, USA) reagent in a real-time PCR 
with Light Cycler® system (Roche, Germany) using the 
following specific primers. The primer sequences are 
shown in Table 2. The primer efficiencies were defined 
as 98.7%, 101%, 104.1%, 102%, and 99.4% for T-bet, 
GATA-3, Foxp-3, RORc, and GAPDH, respectively. The 
PCR reactions were amplified at 95°C for initial denatur-
ation followed by 40 cycles at 95°C for 15 seconds, 57°C 
(T-bet), 58°C (GATA-3), 59°C (Foxp-3), 60°C (RORc) 
and 60°C (GAPDH) for 30 seconds, and extension at 
72°C for 30 seconds. The PCR amplicon sizes were 128 
bp, 88 bp, 163 bp, 101 bp, and 126 bp for T-bet, GATA-3, 
Foxp-3, RORc, and GAPDH, respectively. The relative 
expression level of these genes was carried out with 2-ΔCt 
value using GAPDH as an internal housekeeping gene.

Statistical analysis

For the statistical study, Graph Pad Prism statistical 
software, version 5.01 (Graph Pad, San Diego, CA, 
USA) was used. The data normality was evaluated by the 
Kolmogorov-Smirnov test. Mann-Whitney U test was 
considered to compare the mean differences between the 
two groups. Also, for comparing quantitative differences 
of transcription factors expression among the groups, the 
Kruskal-Wallis test was used. Spearman’s rank correla-
tion analysis was used to calculate the correlation coeffi-
cients. Data are presented as median (interquartile range) 
and P values less than 0.05 were considered significant. 

Results 

Up-regulation of T-bet mRNA expression in new-
ly diagnosed RA patients

To evaluate the gene expression profile of an important 
transcription factor of Th1 cells, the relative mRNA ex-
pression of T-bet was examined in patients with RA us-
ing the qRT-PCR method. Also, GAPDH was amplified 

in all the experiments as an internal control. Our finding 
showed that the relative expression of T-bet was signifi-
cantly different in five groups (P=0.002, Figure 1). T-bet 
was highly upregulated in newly diagnosed RA patients 
compared to normal subjects (P=0.005, Figure 1A). It is 
interesting to note that, T-bet mRNA level measured in 
newly diagnosed RA patients was four times higher than 
that of healthy controls (Figure 1B). Also, the mRNA ex-
pression of T-bet in the treatment groups, the remission 
groups, and the osteoarthritis groups was significantly 
higher than that in the normal subjects (P=0.07, P<0.0001, 
P=0.006, respectively, Figure 1A). In this regard, T-bet 
mRNA level measured in the treatment groups, the remis-
sion groups, and the osteoarthritis groups were nearly two 
times higher than that of normal subjects (Figure 1B).

GATA-3 was not expressed in RA new cases

The relative mRNA expression of GATA-3 in all groups 
did not show a statistically significant difference (P=0.3, 
Figure 2A). As shown in Figure 2B, the fold increase of 
mRNA expression of GATA-3 was calculated. Also, the dif-
ference between all groups was not statistically significant.

Down-regulation of Foxp3 in RA patients 

Foxp3 mRNA expression was evaluated using qRT-
PCR in five groups. As shown in Figure 3, the relative 
expression of Foxp3 was significantly different among 
the five study groups (P<0.0001). The expression of 
Foxp3 was significantly lower in newly diagnosed RA 
patients, the treatment groups, and the remission groups 
compared to that in the healthy controls (P=0.002, 
P<0.0001, and P<0.0001, respectively, Figure 3 A&B). 
Similarly, Foxp3 expression was lower in the osteoarthri-
tis groups in comparison with healthy controls although 
the difference was not statically significant (P=0.09, 
Figure 3). Notably, the relative expression of Foxp3 was 
significantly decreased in the treatment groups and the 
remission groups compared to the newly diagnosed RA 
patients (P<0.0001, P=0.01, respectively, Figure 3). Be-
sides, to explore Foxp3 expression in non-autoimmune 
arthritis, Foxp3 mRNA expression in osteoarthritis was 
also analyzed. The relative expression of Foxp3 was 
significantly lower in the treatment groups and remis-
sion groups of RA compared to the osteoarthritis groups 
(P<0.0001, P=0.03, respectively, Figure 3).

RORc expression was not statistically different in 
RA new case 

RORc mRNA expression in the whole blood of five 
study groups was evaluated using qRT-PCR. There was 
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no significant difference in RORc mRNA expression 
between the five groups. Similarly, it must be indicated 
that the calculated fold increases of mRNA expression 
of RORc were not statistically significant between all 
groups (P=0.2, Figure 4).

Anti-CCP was positively correlated with T-bet and 
RORc expression, and negatively correlated with GATA-
3 and Foxp3 expression in RA patients under treatment.

To find out any correlations between the expressions 
of T-bet, GATA-3, Foxp3, and RORc with the results of 
serological tests such as the levels of anti-CCP, RF, and 
ESR in RA patients under treatment were analyzed. As 
shown in Figure 5A, T-bet mRNA expression was signif-
icantly correlated with the levels of anti-CCP (r=0.443, 
P=0.05, Figure 5A). Moreover, no significant correla-
tions were observed between RORc mRNA expression 
and the levels of anti-CCP (r=0.383, P=0.1, Figure 5B). 

Inversely, the GATA-3 and Foxp3 mRNA expressions 
were negatively correlated with the levels of anti-CCP in 
RA patients under treatment, but not significantly differ-
ent (r=-0.092, P=0.7 and r=-0.173, P=0.4, respectively, 
Figure 5C&D). However, our results indicated that the 
expression of T-bet, GATA-3, Foxp3, and RORc were 
not significantly correlated with the levels of anti-CCP 
in newly diagnosed RA, remission RA patients, and pa-
tients with osteoarthritis; also the expression of these 
transcription factors was not significantly correlated 
with the levels of RF and ESR in RA patients under treat-
ment, newly diagnosed RA, remission RA patients, and 
patients with osteoarthritis (not depicted).

Discussion

The appearance and progression of autoimmune dis-
ease, due to the disturbance of CD4+ T cells has been il-
lustrated [29]. Therefore, numerous studies have shown 

Table 1. Major clinical and laboratory characteristics of RA patients, osteoarthritis patients, and healthy controls

Variabels
Mean±SD/No.(%)

RA-New Cases (n=20) RA-Treatment (n=20) Remission (n=20) Osteoarthritis 
(n=20) Control (n=20)

Age (y) 49.56±11 54.65±12.6 48.35±11.8 52.8±7 45±10

Gender Male
Female

6 (30)
14 (70)

6 (30)
14 (70)

2 (10)
18 (90)

0 (0)
20 (100)

6 (30)
14 (70)

ESR, mm/hour 37.3±6.8 30.3±13.7 9.8±4.3 14.3±2.4 -

CRP Positive
Negative

18 (100)
0 (0)

13 (65)
7 (35)

2 (10)
18 (90)

0 (0)
20 (100)

-
-

RF Positive
Negative

18 (100)
0 (0)

16 (80)
4 (20)

0 (0)
20 (100)

0 (0)
20 (100)

-
-

Anti-CCP, IU/mL 127.1±47.4 91.6±52.5 7.9±2.6 2.15±1.2 -

RA: Rheumatoid Arthritis; ESR: Erythrocyte Sedimentation Rate; CRP: C-Reactive Protein; RF: Rheumatoid Factor; anti-CCP: 
anti-Cyclic Citrullinated Peptide

Table 2. Primer sequences and amplicon lengths for the specific qRT-PCR of T-bet, GATA3, Foxp3, RORc, and GAPDH

Target Primer Sequence Amplicon

T-bet
Forward
Reverse

5’- TGCATATCGTTGAGGTGAACG -3’
5’- CTGAGTAATCTCGGCATTCTG -3’ 128 bp

GATA-3
Forward
Reverse

5’- GGCTCTACTACAAGCTTCACAAT -3’
5’- TTGCTAGACATTTTTCGGTTTCTG -3’ 88 bp

Foxp3
Forward
Reverse

5’- CAGCACATTCCCAGAGTTCC -3’
5’- GGCAAACATGCGTGTGAACC -3’ 163 bp

RORc
Forward
Reverse

5’- ACCGATGTGGACTTCGTTTTG -3’
5’- CGGTGTGCTGCGGAAACT -3’ 101 bp

GAPDH
Forward
Reverse

5’- AAGCTCATTTCCTGGTATGACG-3’
5’- TCTTCCTCTTGTGCTCTTGCTGG -3’ 126 bp
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that the imbalance between CD4+ T cell subsets contain-
ing Th1, Th2, Th17, and Treg cells play a critical role in 
the pathogenesis of RA. The purpose of the current study 
was to investigate the correlation of the transcription fac-
tors of CD4+ T cell subsets in five groups of subjects, 
including patients with newly diagnosed RA, RA under 
treatment, RA in remission, patients with osteoarthritis, 
and healthy controls.

Firstly, our findings showed that the expression of T-bet 
is upregulated in RA patients when compared to healthy 
controls, whenever the expression of Foxp3 is down-

regulated in RA patients. Additionally, T-bet mRNA 
expression was meaningfully correlated with anti-CCP 
levels. Interestingly, the expression levels of GATA-3 
and RORc were not significantly different among the 
five study groups. Moreover, no correlation exists be-
tween the levels of anti-CCP and RORc expression. In 
RA patients under treatment, the expression of GATA-3 
and Foxp3 were negatively correlated with the levels of 
anti-CCP. 

Recent studies demonstrated that the imbalance of Th1/
Th2 and Th17/Treg cells may cause the appearance and 

Figure 1. The mRNA expression of T-bet in RA patients, osteoarthritis, and healthy controls
A: The relative mRNA expression of T-bet; B: Fold increase 
The results are presented as Median±Interquartile Range (IQR). 

Figure 2. The mRNA expression of GATA-3 in RA patients, osteoarthritis, and healthy controls
A: The relative mRNA expression of GATA-3; B: Fold increase; 
The results are presented as Median±Interquartile Range (IQR).
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progression of RA [30]. Therefore, it is of utmost impor-
tance to restore this balance in RA [19]. Convincing evi-
dence supported that RA was a Th1 cell-driven chronic 
inflammatory condition [31]. Th1/Th2 imbalance origi-
nated from an increase in inflammatory cytokines leads 
to an accompanying decrease in anti-inflammatory cyto-
kines [32]. Our results disclosed that the expression of 
T-bet, as the main transcription factor for the Th1 subset, 
was notably elevated in RA patients. The expression of 
T-bet seems to be increased at the beginning of inflam-

mation, whereas during treatment gradually reduces the 
expression of this transcription factor by blocking cel-
lular immunity with immunosuppressive drugs. As it is 
mentioned above, since the expression of GATA-3 that 
is the key transcription factor for the Th2 subset did not 
exhibit notable differences among the five groups of the 
study subjects, humoral immunity in RA patients is not 
as consequential as cellular immunity. Our findings are 
in line with Chen et al. study results. The report dem-
onstrated that the frequency of Th1 and Th2 cells were 

Figure 3. The mRNA expression of Foxp3 in RA patients, osteoarthritis, and healthy controls
A: The relative mRNA expression of Foxp3; B: Fold increase
The results are presented as Median±Interquartile Range (IQR).

Figure 4. The mRNA expression of RORc in RA patients, osteoarthritis, and healthy controls
A: The relative mRNA expression of RORc; B: Fold increase; 
The results are presented as Median±Interquartile Range (IQR).
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higher and lower, respectively in RA patients [32]. Al-
though Th1/Th2 imbalance can reasonably clarify the 
pathogenesis of RA, there are still several indisputable 
facts [26].

The identification of Treg cells and Th17 cells have in-
duced vast lines of research into the potential roles of 
these cells in controlling RA [28]. The results of the pres-
ent study demonstrated the significantly lower relative 
mRNA expression of Foxp3, as the main transcription 
factor for Tregs, in RA patients compared to healthy con-
trols. It should be also indicated that the expression of 
RORc, as the main transcription factor for the Th17 sub-
set, did not show striking differences between the five 
groups of the study subjects. The involvement of Treg 
cells is shown in suppressing the activity of the immune 
system and at the same time blockade of the activity of 
Th1 and Th2 cells. Moreover, it can inhibit humoral and 
cellular immune responses leading to autoimmune pre-
vention. Contrary to our results, previous studies report 

that the frequency of Th17 cells is increased in all stages 
of RA patients compared with that in the healthy controls 
[33]. Furthermore, previous reports in patients with RA 
show that Treg cells are elevated not only in the frequen-
cy but also in the suppressive activity [34, 35]. While the 
exact mechanism is unclear, Treg cells are suggested to 
have an immune inhibition effect on the differentiation 
of Th17 cells. The imbalance of Th1/Th2 and Th17/Treg 
has been described in the appearance and progression of 
some autoimmune diseases such as RA [26]. Th1 and 
Th17 cells play a pro-inflammatory role and have been 
involved in several inflammatory situations in humans 
[36]; however, an anti-inflammatory role is ascribed to 
Th2 and Treg cells [32]. Besides, with increasing the se-
verity of the disease, the expression of T-bet exceeds the 
expression of Foxp3, and the severity of inflammation 
and disease activity relies on the increase in T-bet/Foxp3 
proportion [37]. Both Th1 and Th17 cells are responsible 
for CD4+ T cell-mediated inflammatory disease, but it 
is obvious that in the presence of Th1 responses, Th17 

Figure 5. Correlation analysis of T-bet, GATA-3, Foxp-3, and RORc mRNA expression with the levels of anti-CCP in RA patients 
under treatment
A: The levels of anti-CCP was significantly associated with the expression of T-bet (r=0.443, P=0.05); B: The expression of RORc 
(r=0.383, P=0.1); C: The expression of GATA-3 (r=-0.092, P=0.7); and D: Expression of Foxp3 of RA patients under treatment 
(r=-0.173, P=0.4). Statistical comparisons were done by the Spearman’s rank correlation test. 
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differentiation is inhibited due to IFN-γ production. Our 
result indicate that in new cases, Th17 subsets is promi-
nent to other subsets, but as the disease becomes chronic, 
Th17 cells shift to Th1 cells. In other words, antago-
nists treatment that block the development or function 
of Th17 cells such as anti-IL-17 are in clinical trials for 
several inflammatory diseases and are approved for the 
treatment of psoriasis. However, these antagonists are 
not effective in inflammatory bowel disease and perhaps 
in rheumatoid arthritis as well, so the role of Th17 cells 
in these diseases is uncertain.

As it was mentioned, the majority of studies have com-
pared the expression of genes between patients with 
the healthy group while in this study, the patients were 
analyzed for the first time in three stages of rheumatoid 
arthritis, and were compared with patients with osteoar-
thritis and healthy controls.

Conclusions

In summary, the study results indicate that alterations 
in the expression of T-bet and Foxp3 were greater than 
the expression of GATA-3 and RORc. In other words, 
Th1 and Treg cells were more important than Th2 and 
Th17 cells in RA pathogenesis. As a result, a better un-
derstanding of the biological mechanisms involved in 
this process may lead to more effective therapies for RA. 
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