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A B S T R A C T

Rheumatoid arthritis (RA) is an inflammatory autoimmune disorder. Autoreactive T cells play a very significant
role in the pathogenesis of RA. However, the exact mechanisms of disease severity and pathogenesis are poorly
understood. We attempted to correlate T-helper cell activities with sexes of newly diagnosed patients with RA.
The patients were divided based on their sex and disease severity. Examination of the expression of various
factors using quantitative real-time PCR and FACS analysis of peripheral blood mononuclear cells revealed that
T-bet, ROR-γt, Foxp3, and the level of cytokines associated with Th1 cells were almost identical among male and
female patients with RA.

Interestingly, there was a high correlation between Th17 expression and disease severity in female patients
with RA. In general, there was no significant correlation between Th1 cell population and the disease severity in
newly diagnosed patients with RA. In contrast, the frequency of both Th17 and Treg cells was higher in patients
with more severe disease. The results suggested that, in patients with RA, the T-helper cell balance within
peripheral blood was skewed towards the Th17 and Treg phenotypes. Besides Th17- and Treg-associated cy-
tokines, elevated expression of IL-27/IL-23 cytokines might also be responsible for increased disease severity in
female patients with RA.

1. Introduction

Rheumatoid arthritis (RA), an irreversible joint disorder, is char-
acterized by synovial hyperplasia, angiogenesis, and degradation of
bone and cartilage [1]. Disease onset involves infiltration of immune
cells viz. mast cells, macrophages, and activated B and T cells in the
synovial cavity, which leads to joint deformities. Loss of functional
ability and increased mortality are among the long-term effects of RA.
Multi-system damage is common in patients with RA, as vital tissues
and organs are adversely affected by the inflammatory milieu, as well
as oxidative stress-induced damage that occurs during disease pro-
gression [1,2]. Diagnostic tools, based on the rheumatoid factor (RF)
and anti-citrullinated peptide antibodies (ACPAs), revealed that around
1–2% of the world's population is affected by RA. Further, individuals
succumb to the disease more readily with age and females are three
times more affected than males [3,4].

The aetiology of the RA is complicated and difficult to understand.

However, it is believed that several immune-modulators and multi
signalling pathways are involved in its pathogenesis. Autoreactive T
cells reportedly play a crucial role in the pathology of RA. In general,
Th1 subclass of immunocompetent individuals show T-bet mediated
expression of cytokines viz. interferon-gamma (IFN-γ), IL-2, etc.
Meanwhile, Th2 cells secrete cytokines viz. interleukin-4 (IL-4), IL-5, IL-
10, etc. [5,6]. Excessive accumulation of pro-inflammatory cytokines
plays an important role in both the development and progression of RA
[6]. The IL-12 family cytokines viz. IL-12 (IL-12p35/IL-12p40), IL-23
(IL-23p19/IL-12p40), and IL-27 (IL-27p28/Ebi3) have also been re-
ported as important regulators of RA progression [7].

Traditionally, RA was believed to be a Th1 cell-mediated disease;
however, with the discovery of other T-helper subsets such as Th17
cells and T regulatory cells, the focus has been shifted from Th1/Th2
skewing to Th17 and Treg cell population. In the current paradigm,
both Th1 and Th17 cells are described as important mediators of RA
pathogenesis [1,8]. Th17 cells express retinoic acid receptor-related
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orphan receptor-γt (ROR-γt) and secrete pro-inflammatory cytokines
(such as IL-17, IL-21, and IL-22, etc.) involved in inflammation and
tissue damage within the joints of patients with RA. The differentiation
and activation of Th17 cells require participation of the pro-in-
flammatory IL-23 cytokine. The induced pro-inflammatory cytokines
promote activation and expression of other cytokines (such as IL-6 and
IL-8) that may produce joint inflammation [9]. T regulatory (Treg)
cells, through the use of forkhead transcription factor (FoxP3), secrete
IL-10 and TGF-β, which interact with various other immune cell types,
thereby regulating inflammation in patients with RA [10].

In addition to the pro-inflammatory response, there may occur a
compensatory anti-inflammatory responses mediated by IL-4, IL-5, IL-
10, and IL-13 in patients with RA [11]. Considering that females are
more prone to RA than males, we attempted to establish a correlation
between induced T helper cells and sex in patients with RA residing in
the north region of India. We found that an abundance of circulating
Th1, Th17, Treg cells and levels of associated transcription factors and
cytokines in patients with RA. Furthermore, we also studied the cor-
relation of pro- and anti-inflammatory markers in modulating the se-
verity of RA in inflicted patients.

2. Materials and methods

2.1. Patients

We followed a schedule approved by the Institutional Ethics and
Research Advisory Committee, Faculty of Medicine, Jawaharlal Nehru
Medical College, Aligarh Muslim University, India, to perform this
study. We examined 50 patients who were newly diagnosed with RA
(DMARD and corticosteroid naïve patients with symptom duration of
fewer than 12months) and who visited the Orthopaedic Out-Patient
Department of Jawaharlal Nehru Medical College, Aligarh (INDIA). The
patients enrolled in the study fulfilled the European League Against
Rheumatism (EULAR) 2010 classification criteria for RA [12]. The
study also included 30 age- and sex-matched healthy controls. Written
informed consent was obtained from patients with RA and from healthy
subjects who participated in the study. We ensured that both controls
and patients with RA exhibited no chronic disease (other than RA) nor
were they alcoholics or smokers. The characteristics of healthy controls
and patients with RA are given in Table 1.

2.2. Disease severity measurement

Disease severity was assessed by calculating a 28-joint count disease
activity score using C-reactive protein (DAS28 CRP). Disease severity
was assessed through examination of swollen and tender joints, CRP
level, and patient's health assessment as recorded on a visual analogue
scale. DAS28 CRP of ≤3.2 indicated low severity, DAS28
CRP > 3.2 < 5.1 indicated moderate severity, and DAS28 CRP > 5.2
indicated high disease severity [13].

2.3. Blood samples

Blood from the cubital vein was collected in an EDTA-coated vial.
We used ELISA to determine the levels of cytokines in plasma. PBMCs
were isolated using histopaque and examined for the expression of
cytokines and transcription factors at the mRNA level.

2.4. Enzyme-linked immune sorbent assay (ELISA)

The level of the cytokine IL-17 was estimated using a commercially
available ELISA kit (R&D System, USA) following the manufacturer's
protocol. ELISA kits from R&D Systems, USA were used to determine
the levels of IL-23 and IL-27 in plasma. The absorbance was read at
450 nm on a microtiter plate reader (Genetix GMB-580). The level of
cytokines was calculated by plotting the standard curve, and the con-
centration was expressed in pg/ml.

2.5. Quantitative real-time polymerase chain reaction

We used the PureLink@ RNA mini kit (Invitrogen, USA) to isolate
mRNA from the PBMCs of patients with RA. Isolated RNA was reverse-
transcribed into cDNA by Thermal Cycler (BioRad) using the High
Capacity cDNA Reverse Transcription Kit (Applied Biosystems, USA).
Amplification of the cDNA was achieved using an Applied Biosystems
7500 Real-Time PCR System. Forward and reverse primer sequences are
presented in Table 2. RT conditions were maintained as follows: 10min
@ 25 °C, 120min @ 37 °C and 5 s @ 85 °C, while PCR conditions were
as follows: 2 min @ 50 °C, 10min at 95 °C, and 40 cycles at 15 s @ 95 °C
followed by 1min @ 60 °C. The cycle threshold (Ct) values were used to
calculate the relative amount of mRNA expression using the 2-ΔΔCt

method.

2.6. Fluorescence-activated cell sorting (FACS) analysis

Harvested PBMCs from healthy subjects and patients newly diag-
nosed with RA were washed using a FACS staining buffer (PBS with 1%
BSA and 0.1% azide). Non-specific binding was blocked by Fc-gamma
receptor-specific antibodies or by PE/FITC/APC for 30min at 4 °C. A
total of 2×106 cells were further stained in duplicate with anti-CD4,
CD25, IFN-γ, IL-17, and Foxp3 antibodies using a BD Cytofix/Cytoperm
kit according to the manufacturer's instructions. The live lymphocytes
were gated on CD4+ cells, and the numbers of various subtypes viz.
CD4+ IFN-γ+, CD4+ IL17+, and CD4+ CD25+ Foxp3+ T cells
were calculated. Flow cytometric analysis was performed using FACS
Aria-II or LSR-II (BD Biosciences) platforms, and a minimum of 10,000
events were recorded for each sample. Data were analysed using SPICE
4.0 and FlowJo software (Tree Star).

2.7. Data analysis

Results are expressed as medians and interquartile ranges (IQRs).
The Shapiro-Wilk test was performed to check the data distributions.
Spearman's rank correlation test was used to determine the correlation
of the percentage of T-cell subsets with DAS28 CRP in male and female
patients with RA. Statistical analyses were performed using Kruskal
Wallis followed by Dunn's multiple comparison test. P-values < 0.05
(p-value < 0.05) were considered statistically significant.

3. Results

3.1. Flow cytometry analysis of Th1, Th17, and Treg cell population in
patients with RA

The frequency of CD4+ IFN-γ+ cells in peripheral blood was down-
regulated in both newly diagnosed male and female patients with RA
compared to that in their respective control groups (Fig. 1). A non-

Table 1
Demographic and clinical data of healthy controls and patients with RA in-
cluded in the study.

Parameters Controls Patients with RA

Age 36.5 (29–46.5) 42.5 (32–54)
Gender (M/F) 12/18 22/28
Height (cm) 162 (158–164) 163 (159.8–165)
Weight (Kg) 57 (54–61) 59 (57.75–64)

BMI 22.65 (21.03–23.1) 22.75 (21.68–23.75)
ESR (mm/h) 13 (9–18.25) 28 (22–34)

CRP 16 (12–18.5) 38.5 (25.75–49.5)
DAS28-CRP – 3.70 (3.09–4.13)
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significant difference was observed in the frequency of CD4+ IFN-γ+
cells in newly diagnosed male and female patients with RA. Although
the Th1 cell population was down-regulated in newly diagnosed pa-
tients with RA as compared to the healthy control subjects, the per-
centage of Th1 cells was almost equal in both male and female patients
with low and moderate/high disease severity. Further, we observed a
non-significant difference in the frequency of CD4+ IFN-γ+ cells in
male and female patients.

The percentage of CD4+ IL-17+ cells was elevated in both male and
female patients with RA as compared to that in their respective healthy
control groups. We observed a more pronounced increment in CD4+ IL-
17+ cells in male patients with RA (p < 0.001) (Fig. 2). A significant
difference in the percentage of CD4+ IL-17+ cells was observed in
patients with low and moderate severity RA (p < 0.05).

There was a substantial increase in the percentage of CD4+ CD25+

Foxp3+ cells in both male and female patients with RA as compared to
the respective healthy control groups (Fig. 3). No significant difference
was observed in the percentages of CD4+ CD25+ Foxp3+ cells between
male versus female patients with RA. The CD4+ CD25+ Foxp3+ cells
were found to be significantly higher in patients with moderate disease
severity as compared to those with low disease severity (p < 0.05).

We conducted a correlation analysis to determine the association of
T-cell subsets with disease severity in both male and female patients
with RA. Generally, the expression of Th1 cells in RA patients was
downregulated; however, we could not correlate the disease activity
score in male and female patients with RA (P > 0.05). A positive
correlation was found between the Th17 cell populations and disease
activity scores in male (p < 0.001) and female (p < 0.05) patients
with RA. Similarly, Treg cells were correlated with DAS28 CRP in male
(p < 0.001) and female (p < 0.001) patients with RA (Fig. 4).

3.2. Assessment of T-bet, ROR-γt, and Foxp3 expression in PBMCs of
patients with RA

The mRNA expression of T-bet was significantly lower in both male
(0.61; 0.45–0.73) and female patients with RA (0.59; 0.44–0.76) than
in respective healthy control groups (1.26; 0.95–1.44 in male controls
and 0.89; 0.71–1.21 in female controls). There was a significant change
in the T-bet expression in male versus female patients with RA
(p < 0.05). The expression of T-bet was independent of disease se-
verity in patients with both low (0.63; 0.51–0.75), and moderate se-
verity RA (0.59; 0.41–0.75) who displayed an almost similar expression
of T-bet transcription factor. There was upregulated expression of ROR-
γt in both male (2.70; 2.05–3.95) and female patients with RA (1.84;
1.14–2.34) as compared to healthy control subjects, with more promi-
nent increase in male patients (p < 0.001) (1.26; 0.92–1.37 in male
controls and 1.06; 0.67–1.35 in female controls). ROR-γt expression
was elevated in patients with DAS28 CRP > 3.2 (2.43; 1.84–3.30) as
compared to those with DAS28 CRP≤ 3.2 (1.72; 1.02–2.52)
(p < 0.01). Foxp3 expression was significantly higher in female pa-
tients with RA (2.33; 2.03–2.87) than in male patients (1.90;
1.44–2.50). In addition, patients with DAS28 CRP > 3.2 (2.50;
2.18–2.87) showed significantly increased Foxp3 expression as com-
pared to patients with low severity RA (1.65; 1.39–1.96) (p < 0.05)

(Fig. 5).

3.3. Expression of IFN-γ, TGF-ß, and IL-10 in newly diagnosed patients
with RA

The mRNA expression of IFN-γ was down-regulated in both male
(0.69; 0.51–0.86) and female patients with RA (0.52; 0.44–0.74) as
compared to their respective control groups [(male 1.04; 0.86–1.74);
(female 1.04; 0.78–1.31). Although significantly down-regulated as
compared to the healthy control group, no significant difference was
observed in the expression of IFN-γ when we compared levels between
male and female patients with RA. The expression of IFN-γ was also
independent of disease severity, as its expression was not significantly
different in patients with low (0.69; 0.522–0.76) and moderate severity
disease (0.52; 0.45–0.82). In contrast, significantly higher TGF-β ex-
pression was observed in female (2.74; 1.97–3.36) than in male patients
with RA (2.64; 1.50–3.20) (p < 0.05). However, the expression of TGF-
ß in both male and female patients was higher than levels observed in
the respective healthy control groups. The expression of TGF-ß was
higher in patients with DAS28 CRP > 3.2 (3.14; 2.30–3.86) as com-
pared to those with DAS28 CRP≤ 3.2 (1.68; 1.23–2.07) (p < 0.01).
The expression of IL-10 was upregulated in both male (2.81; 2.29–3.34)
and female patients with RA (3.01; 2.71–3.77) as compared to that in
healthy controls (0.81; 0.61–1.14 in male controls and 1.27;
0.69–1.62). Although non-significant, there was a higher expression of
IL-10 in female patients than in male patients with RA. Nevertheless,
the expression of IL-10 was significantly upregulated in patients with
moderate disease severity (3.12; 2.71–3.84) as compared to those with
low disease severity (2.53; 2.06–3.23) (p < 0.05) (Fig. 6).

3.4. Determination of the levels of IL-17, IL-23 and IL-27 cytokines in
plasma of newly diagnosed patients with RA

The plasma levels of the cytokine IL-17 were higher in both male
and female patients with RA than in their respective healthy controls.
Interestingly, significantly higher IL-17 levels were found in female
patients with RA than in male patients (P < 0.01). Furthermore, IL-17
levels were also elevated in patients with moderate disease severity as
compared to that in healthy controls (p < 0.001). Similarly, elevated
IL-23 levels were observed in both male (70.05; 61.93–78.68) and fe-
male patients with RA (80.95; 67.33–96.43) as compared to the healthy
controls (41.85; 31.08–48.13 in male control groups and 44.35;
37.15–49.65) in female control. IL-23 was also elevated in patients with
DAS28 CRP > 3.2 (82.10; 72.60–90.90) as compared to those with
DAS28 CRP≤ 3.2 (64.30; 54.75–71.2) (p < 0.001). Interestingly, the
level of IL-27 was higher in both male (180.0; 143.1–196.9) and female
patients with RA (202.4; 179.1–223.0) than in healthy controls (103.2;
96.2–116.0 in male controls and 108.80; 99.95–118.6 in female con-
trols). However, when we analysed these findings relative to sex, the
level of IL-27 levels were not found to be significantly different in male
and female patients with RA. There were significantly higher IL-27 le-
vels in patients with DAS28 CRP > 3.2 (204.3; 183.90–220.30) than in
those with DAS28 CRP≤ 3.2 (154.6; 139.6–184.3) (p < 0.05) (Fig. 7).

Table 2
Forward and reverse primers of different genes.

Gene Forward primer Reverse primer

IFN-γ 5′-TCGGTAACTGACTTGAATGTCCA-3′ 5′-TCCTTTTTCGCTTCCCTGTTTT-3′
IL-10 5′-GATGCCTTCAGCAGAGTGAA-3′ 5′-GCAACCCAGGTAACCCTTAAA-3′
TGF-β 5′-GCGTGCTAATGGTGGAAAC-3′ 5′-CGGTGACATCAAAAGATAACCAC-3′
T-bet 5′-CGGCTGCATATCGTTGAGGT-3′ 5′-GTCCCCATTGGCATTCCTC-3′
ROR-γt 5′-GTAACGCGGCCTACTCCTG-3′ 5′-GTCTTGACCACTGGTTCCTGT-3′
Foxp3 5′-CTGCCCCTAGTCATGGTGG-3′ 5′-CTGGAGGAGTGCCTGTAAGTG-3′
β-actin 5′-GCCAACCGCGAGAAGATGA-3′ 5′-CATCACGATGCCAGTGGTA-3′
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4. Discussion

In general, female patients with RA exhibit more severe disease
progression, including greater loss of function in both early and es-
tablished phases of the disease [14]. To the best of our knowledge, this
is the first study that correlates sex with the induction of CD4+ Th1,
Th17, and Treg cells in the patients with RA. We observed down-reg-
ulation of Th1 cell-associated cytokines and increase in Th17 and Treg
cell-associated cytokines in newly diagnosed patients with RA. Earlier,
Aldridge et al. reported an association between Th17 cells and disease
severity only in male patients [15]. Interestingly, we observed a sex-
based positive correlation of Th17 and Treg cells subpopulations with
disease severity in both male and female patients with RA.

In general, females possess increased RA specific immunoglobulin
(cf. anti-citrullinated peptide and rheumatoid factor) levels compared
to males. Further, the absolute number of CD4+ lymphocytes, Th1
mediated cellular immune responses, and cytokine profiles are higher
in females [16,17]. Various components of the CD4+ T-helper cells
analysed in the present study might explain disease progression in fe-
males as compared to males [18].

The transcription factor T-bet promotes the expression of Th1 cy-
tokines, specially IFN-γ and IL-2, etc. [19]. It also suppresses the
commitment of CD4+ T cells to Th2 and Th17 lineage [20]. The pro-
tective role of IFN-γ has been widely discussed in the literature. This
suggests that genetic disruption of IFN-γ or its receptor results in in-
creased RA severity in patients [21,22]. Our study found decreased Th1
cell populations in conjunction with downregulation of the mRNA of
both T-bet and IFN-γ in newly diagnosed patients with RA. This cor-
responds with an overall decrease in peripheral Th1 responses in pa-
tients with RA. No prior studies have found that T cell migration had a
high percentage of Th1 cells with elevated IFN-γ levels in the bone
joints, as compared to PBMCs, in patients with RA [23,24]. Surpris-
ingly, children with inflammatory arthritis also reportedly possess
elevated Th1 cell populations [25]. Pandya et al. reported a decrease in

the Th1 subset in early untreated patients with RA [26]. We have not
observed any significant association of Th1 cells and other related
mediators with sex or disease activity scores, in contrast with earlier
findings that indicated decreased cell-mediated immunity in patients
with active RA [27].

IL-27 is a member of the IL-12 family of cytokines. It possesses
stimulatory effects on both Th1 and Treg cells, while exerting inhibitory
effects on Th2 and Th17 cells, thus help in evoking both pro- and anti-
inflammatory responses in the host [28]. In concordance with our
findings, Wong et al. reported elevated levels of IL-27 in the blood of
patients with RA. They found that blocking of the cytokine IL-27 les-
sened disease severity [29]. Moreover, elevated IL-27 mRNA expression
was found in the synovial fluid macrophages of patients with RA [30].
The cytokine IL-27 downregulates differentiation of Th17 cells by in-
hibiting ROR-γT and STAT3 [31]. Recent studies have found that IL-27
inhibits the early differentiation of Th17 cells; however, it does not
affect the differentiation of mature Th17 cells [32]. It also upregulates
the expression of IL-10 by increasing the circulatory Treg cells in vivo
[31]. The protective role of IL-27 has also been reported in animal
models of arthritis. The IL-27 cytokine has been shown to ameliorate
the severity of arthritis by decreasing monocyte recruitment and an-
giogenesis in a collagen-induced arthritis model [33]. Contrary to our
observations, Lai et al. reported significantly higher IL-27 levels in fe-
male patients with chronic RA [32]. One can speculate that elevated IL-
27 was a natural response of the host to counter increases in RA se-
verity.

Th17 cells secrete effector molecules that act on many cellular
targets and ultimately damage cartilage along with bones [34]. Like
Th1 cells, Th17 cells can also induce secretion of pro-inflammatory
cytokines (IL-6 and IL-8). They also induce the expression of tissue-
destructive proteases (MMP-1 and MMP-3) by synovial fibroblasts [35].
IL-17 is a pleiotropic cytokine which is involved in the inflammation
and tissue destruction by stimulating the secretion of other pro-in-
flammatory cytokines and MMPs. IL-17 shows synergism with TNF-α

Fig. 4. Correlation analysis of T-cell subsets with DAS28 CRP in patients with RA. Correlation of DAS28 CRP with the percentage of Th1 cells [A, B], Th17 cells [C, D]
and Treg cells [E, F] in male and female patients with RA.
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and induces loss of cartilage while promoting osteoclastogenesis. IL-17
is involved in the synovitis and tissue destruction symptoms observed in
patients with RA [36]. The IL-23/IL-17 praxis has been reported to play
an important role in joint inflammation, activation of leukocytes and
osteoclastogenesis, etc. [37]. The two cytokines cumulatively induce
the differentiation of osteoclasts by upregulating RANKL in synovial
fibroblasts [38]. Mice, deficient in the IL-23p19 subunit, develop less-
severe arthritis [39]. Our observations of elevated Th17 cell popula-
tions in patients with RA corresponds to the findings of earlier studies
[24]. The cytokine IL-17 is reportedly increased in the PBMCs and sy-
novial fluid of patients with RA as compared to the healthy controls [4].
IL-23 has been positively correlated with functional impairment and
knee joint erosion in patients with RA [40]. Other reports also showed a
direct correlation between disease severity and IL-17 and IL-23 ex-
pression [40,41]. We observed a relatively smaller Th17 cell population
(p-value<0.05) and ROR-γt mRNA expression in female patients, as
compared to male patients. Surprisingly, the plasma levels of IL-17 and
IL-23 were significantly elevated in female patients as compared to
male patients (p < 0.001). On the basis of the total CD4+ cell popu-
lation, lower Th17 cell abundance has been reported in females com-
pared to males [42].

However, in unfractionated PBMCs, increased populations of IL-17A
positive cells were found in females as compared to males [43]. This
indirectly suggests that non-CD4 cells are the main contributors to IL-
17A in females. Mast cells and other immune cell populations are major
contributors to IL-17A in patients with RA [44,45]. A decline in Th17
cell populations and T-bet mRNA expression, along with the increase in
plasma levels of IL-17 and IL-23 in female patients with RA, strongly

correlates with the role of non-CD4 cells in the secretion of pro-in-
flammatory cytokines. This, in turn, plays a crucial destructive role in
the pathogenesis of RA.

T regulatory cells are a thymically produced subpopulation of T cells
which suppress the deleterious autoreactive activities of effector T cells.
Data pertaining to T regulatory cells in patients with RA are conflicting
[26]. Treg cells are enriched in the synovial fluid of patients with RA;
however, results gleaned from peripheral blood are conflicting [46,47].
An earlier report by F. Ponchel et al. suggested that Foxp3+ Treg cells
were downregulated in patients with RA [48]. In contrast, we found
incremental upregulation in Treg populations and Foxp3 mRNA ex-
pression in patients newly diagnosed with RA. We attribute our ob-
servation to the host immune system-mediated suppression of the in-
flammatory response propagated by Th17 cells [49].

The onset of RA is generally prompted by the Th1 cell subpopula-
tion. The activation of Th1 cells is cross-regulated by IL-10. IL-10 has
been reported to act on monocytes and macrophages by interfering with
their ability to activate Th1 cells. IL-10 is one of the key anti-in-
flammatory cytokines that inhibits the production of a variety of pro-
inflammatory cytokines and proteases by monocytes/macrophages
[50]. The activation of Th1 cell subpopulations is counter-regulated by
elevated plasma levels of IL-10 in patients with RA. Interestingly, there
were no significant differences in the Treg cell populations and mRNA
expressions of Foxp3 and IL-10 in both female and male patients with
RA. This suggests that the sex of patients with RA does not influence
Treg cell populations, on the one hand, and IL-10 levels on the other.
The role of TGF-β in RA progression is controversial. Many studies have
found TGF- β in the synovial fluid and synovial tissue of patients with

Fig. 5. Modulation in the expression of various regulating factors in patients with RA at the mRNA level. The mRNA expression of [A] and [D] T-bet, [B] and [E]
ROR-γt, [C] and [F] Foxp3 in the PBMCs of healthy controls and patients with RA sub-grouped according to sex and disease severity. *p < 0.05, **p < 0.01,
***p < 0.001.
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RA [51]. TGF- β has also been correlated with inflammation in the host.
Further, a positive correlation between TGF- β and clinical markers of
the disease has been found in the rheumatoid synovial fibroblasts [52].

In contrast, the expression of TGF- β isoforms in the joints of ar-
thritic mice has been correlated with the disease remission. It can be
concluded that TGF- β is induced in the joints at the time of onset, and
its level increases with progression of arthritis [53]. TGF- β plays an
important role in the differentiation and activation of Treg cells by
inducing the expression of Foxp3 [54]. The expressed TGF-β suppresses
immune responses in different target cells [55]. Apart from the anti-
inflammatory effect, TGF-β also induces differentiation of Th17 cells in
the presence of IL-6 or IL-21 cytokines [56,57]. The observed increase
in the TGF-β mRNA expression in female patients with RA indicates the
involvement of other CD4 cells with relatively fewer copies of CD4+
molecules (such as macrophages) in its expression [58]. Overall, an
increased population of Treg cells, mRNA expressions of Foxp3, IL-10,
and TGF-β might be well-correlated with induced inflammation in
newly diagnosed patients with RA.

5. Conclusion

The data of the present study demonstrate a skewed T helper cell
population in favour of both the Th17 and Treg cells phenotype in the
peripheral blood of patients newly diagnosed with RA. Furthermore, we
observed that inflammatory markers associated with Th1 and Treg cells
(except TGF-ß) could not be correlated with the sex of patients with RA.
In contrast, Th17 cell populations are different in male versus female
patients with RA. Interestingly, we observed elevated expression of
both IL-23 and IL-27 cytokines in plasma. It seems that the two

subpopulations are at play in the establishing phase; these populations
counter each other in patients that are newly inflicted with RA. The IL-
12 family of cytokines (cf. IL-23 and IL-27) might be responsible for
increased disease severity in female patients with RA.
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