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ARTICLE INFO ABSTRACT

Introduction: Rheumatoid arthritis (RA) is one of the most common prevalent autoimmune diseases. The 1858 C/
T (rs2476601) single nucleotide polymorphism (SNP) within the PTPN22 gene has been associated with sus-
ceptibility to inflammatory based diseases in several populations. It is implicated that altered cytokine pro-
duction has a potential pathogenic role in the development of RA. The aim of this work was to analyze the
association of 1858 C/T PTPN22 polymorphism in RA patients with cytokine profiles.

Materials and Methods: This study was performed on 120 RA patients who were referred to the Rheumatology
Research Centre, Shariati Hospital (Tehran, Iran), and 120 healthy controls. Genomic DNA was extracted and
genotyped for 1858 C/T PTPN22 gene SNP using the PCR-RFLP technique. Serum levels of IL-2, IL-4, IL-6, IL-10,
TNF-a and IFN-y as well as Anti — CCP and RF was measured by ELISA method.

Results: Results showed that 1858 C/T PTPN22 SNP significantly (P = 0.007, OR = 2.321, 95%
CI = 1.063-5.067) associated with RA. The 1858 T allele frequency was also significantly increased in RA pa-
tients in comparison to the controls (P = 0.008, OR = 3.583, 95% CI = 1.3-9.878). Our data demonstrated a
significant reduction of IL-4 and IL-10 in PTPN22 1858C/T compared to 1858C/C RA patients. In addition,
upregulation of IL-6, IFN-y, and TNF-a was observed in PTPN22 1858C/T vs. 1858C/C RA patients.
Discussion: Our findings implicate altered cytokine profiles as a possible pathogenic mechanism by which the
1858 T allele may contribute to the progress of RA.
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1. Introduction

Rheumatoid arthritis (RA), as one of the most common prevalent
autoimmune disease, is characterized by the destruction of joint carti-
lage and bone via induction of inflammation in the synovium and also
pathological infiltration of lymphocytes in the target tissues. Synovitis
might be resulted from both cell-mediated and humoral immune re-
sponses. In RA, the synovial membrane is infiltrated by T lymphocytes,
which are the main responsible cells to induce inflammation, and

damages the tissues. Loss of physiological tolerance to self-antigens is
the main reason for the onset of RA disease [1]. It can be associated
with progressive joint destruction and severe disability [2]. RA might
be complex with regard to the genetic background, and it involves
many genes, which encode proteins with important roles in the reg-
ulation of immune response [1,3]. In addition, the secretion of pro-
inflammatory cytokines can cause joint destruction and disability [4,5].
The precise basis of RA has not been recognized so far although several
investigates indicated that pro-inflammatory cytokines such as
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interleukin (IL)-1, IL-6, and tumor necrosis factor (TNF)-a have an es-
sential role in bone and cartilage destruction [6].

Protein tyrosine phosphatase non-receptor type 22 (PTPN22) mo-
lecules play a vital role in negative control of T lymphocytes activation
and development. Human PTPN22 gene is located on the chromosome
1p13 and encodes a lymphoid protein tyrosine phosphatase (LYP),
which is involved in the preventing spontaneous T lymphocytes acti-
vation by dephosphorylation and inactivation of T cell receptor (TCR)-
associated kinases and their substrates [1].

Accordingly, it has been reported that the substitution of arginine
for tryptophan at codon 620 (R620 W) of the mature protein is due to
the 1858 C/T single nucleotide polymorphism (SNP) in the PTPN22
gene, which is located in the first proline-rich domain (P1) of the LYP
protein [2,7]. Although, the 1858 C/T (rs2476601) SNP in the PTPN22
gene has been associated with susceptibility to multiple autoimmune
diseases [2,8], the roles that the SNP plays on the PTPN22 functions is
controversial [9]. However, some researches indicated that the 1858 T
allele is a hipomorphic allele with a diminished function and conse-
quently can be associated with uncontrolled TCR signaling. It has been
hypothesized that this impaired LYP function may result in hyper-re-
sponsive T and B-lymphocytes breaking tolerance, leading to the pro-
gress of the autoimmune diseases [10,11].

PTPN22 as a tyrosine phosphatase could downregulate Src and Syk
family kinase (SFK) activity downstream of immune-receptor signaling
pathways [12]. It has been demonstrated that numerous pathways in
various cell types including the B-cell receptor [13], T-cell receptor
[14], dectin-1 [15], as well as integrins [16] and Toll-Like Receptor
(TLR) signaling pathways [17-20] regulated with PTPN22. Although, it
has been established that the PTPN22 R620 W variant related to auto-
immunity exhibits decreased binding to the negative regulatory tyr-
osine kinase Csk due to a missense mutation in the P1 domain [12,21].

The inhibitory effect of Lyp on TCR transduction is increased fol-
lowing its cooperation with the tyrosine kinase CSK [12]. This relation
takes place by Lyp, which includes the PTPN22 R620 W polymorphism.
Polymorphism at this location may be estimated to change the sup-
pressive function on TCR signal transduction mediated by this complex.

It has been suggested that the 1858 T allele cooperated less strongly
with C-terminal Src kinase (CSK). Hence, it was concluded that the
PTPN22 1858 T allele could result in a failure of TCR inhibition and T
cell hyper-responsiveness [22]. The PTPN22 gene association with
lymphocyte signaling pathways and the relationship of the 1858 T allele
with multiple autoimmune diseases propose that they may lead to the
autoimmunity progression. Therefore, recognizing the efficient con-
sequences of the PTPN22 1858 T allele might explain a general immune
alteration relating to the pathogenesis of these diseases. In this regard,
the aim of this study was to analyze the association of 1858 C/T
PTPN22 polymorphism with cytokine profiles in RA patients and also
evaluate the relationship between the clinical and laboratory para-
meters with the status of PTPN22 1858 C/T allele in RA patients.

2. Materials and methods
2.1. Patients and controls

This study was performed on 120 RA patients (25 men and 95
women, with ages ranging from 19 to 77 years old) who were referred
to the Rheumatology Research Centre at Shariati Hospital (Tehran,
Iran). All samples were collected from the same race of Iranian people
that examined from April 2015 to October 2015. A group of rheuma-
tologists were selected patients based on American College of
Rheumatology criteria (ACR 2010) including joints swelling, duration
of disease (=6 weeks of disease onset), upregulation of acute phase
reactants; ESR and CRP, and presence of RF and anti-CCP auto-
antibodies [23]. Exclusion criteria for the patients of this study were
acute infections, endocrine disorders, diabetes, alcohol consumption,
emphysema, smoking habit, pregnancy and other immune diseases. A
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series of laboratory tests, including rheumatoid factor (RF) and ery-
throcyte sedimentation rate (ESR), were done (78.2% were RF positive
and the mean for ESR was 28.5 + 15.6) for all 120 RA patients. Age
and sex matched 120 control subjects were selected from individuals
referring to Shariati Hospital laboratory without any immunological
and autoimmune disease (35 men and 85 women, age range 18 to 65
years). All samples were gathered from the same race of Iranian people.
The medical ethics committees of Aja University of Medical Sciences
and Tehran University of Medical Sciences approved research protocols.
The study was explained to the subjects and an informed consent was
obtained from all participants prior to enrollment.

2.2. Autoantibodies measurement

The level of RF was measured by ELISA method according to the
manufacturer’s instructions (Abcam, USA). Moreover, anti-CCP anti-
body was determined by use of ELISA method (Anti-CCP,
Eurodiagnostica, Sweden).

2.3. Genomic DNA extraction

Whole blood samples were taken from the participants. RBCs were
excluded using RBC lysing buffer and then a QIAamp DNA Blood Mini
Kit (Qiagen, Germany) was used to extract genomic DNA from the
leukocyte sediments according to the manufacturer’s procedure.
Genomic DNA was used as a PCR template.

2.4. 1858 C/T PTPN22 gene polymorphism genotyping

Polymerase chain reaction-restriction fragment length poly-
morphism (PCR-RFLP) method was employed to genotype 1858 C/T
SNP (rs2476601). To perform PCR reaction, the following primers were
used: Forward: 5-ATGTTGCTTCAACGGAATTT-3” and Reverse: 5™-
CATGCTGCTATTGCTCTGCT-3. The 25uL PCR reaction mixture con-
tained 1 pg gDNA, 3 uM of each primers, 1 units Taq DNA polymerase
(Amplicon, UK), supplied buffer enzyme 1 x 3 mM MgCl, and 2.5 mM
of each dNTPs (Amplicon, UK). Thermal cycling was performed with an
initial activation step at 95 °C for 2 min, and then 35 cycles of dena-
turation at 95 °C for 30 s, annealing at 56 °C for 30 s, extension at 72 °C
for 30 s, and a final extension at 72 °C for 2 min. An amplified fragment
of 412 bp analyzed on a 2% agarose gel (Sigma, USA) stained with
GelRed (Biotium, USA) was resulted as the PCR product. Then, this
fragment was incubated with 3 units of Xcm I restriction enzyme (New
England BioLabs, USA) for 1h at 37 °C. Subsequently, the digested
fragment was run on a GelRed stained 3% agarose gel and analyzed as
follow: The wild-type genotype (CC) corresponds to a 412 bp fragment,
heterozygote genotype (CT) is represented by 412, 246 and 166 bp
fragments and homozygote polymorphic genotype (TT) corresponds to
246 and 166 bp fragments (Fig. 1).

2.5. Cytokines measurement

A blood sample was obtained from patient and control subjects;
centrifuged at 3000 rpm for 5 min. Serum levels of IL-2, IL-4, IL-6, IL-
10, TNF-a and IFN-y were measured using the ELISA kits (All from
eBioscience, USA) according to the instruction of the manufacturer.
Briefly, ELISA plates (Nunc, Denmark) were coated overnight with
100 pl of capture antibody at 4 °C. After washing, the plates were in-
cubated with blocking buffer for 1h at room temperature. The stan-
dards and samples were loaded and incubated for 2h at room tem-
perature. The wells were washed and then biotinylated antibodies of
each kit was used as the detection antibody followed by Streptavidin-
HRP. At last, the substrate 3,3’,5,5-Tetramethylbenzidine (TMB) (BD,
USA) was added to the wells and the reaction stopped using sulfuric
acid. The absorbance of the wells was read at 450 nm within 30 min.
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Fig. 1. PTPN22 +1858C/T genotypes. 1) 100bp size marker; 2, 4 and 6)
homozygous wild-type genotype (CC); 3 and 5) heterozygote genotype (CT).

2.6. Statistical analysis

Chi-square statistical test, with a 2 X 2 contingency table and one
degree of freedom, was used to measure the allele, genotype and hap-
lotype frequencies of case and control groups. SPSS statistical software
(Version 20.0) was employed to calculate two-sided p-values or Fisher’s
exact test, odds ratio (OR) and 95% confidence interval
(CD.Furthermore, association of RA with RF and ESR was evaluated
using chi-square and t-test, respectively. Cytokines levels between RA
patients and controls as well as two distinct genotypes were analyzed by
t-test. A multivariate regression analysis of the variables was per-
formed. A p value less than 0.05 was considered statistically significant.

3. Results
3.1. Population characteristics

Relevant information, including the characteristics of the cases and
control subjects, demographic and clinical data of the RA patients are

depicted in Table 1. The mean age of the RA cases was 47 = 10 years,

Table 1
Demographic and clinical characteristics of the RA patients.

RA patients (n = 120)

Demographic

Age (years)

Sex (females/males)
Clinical

Disease duration (years)

47 + 10 (19-77)
95/25

8.1 = 5.9 (1-32)

Deformity positive 38.2%

Stiffness < 1h = 26.3%
1-3h = 49.3%
>3 =16%

Negative = 8.4%
54%

83.5%

78.2%

28.5 + 15.6 (4-78)

Activity positive
Anti-CCP Ab positive
RF positive

ESR

108
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Table 2

Clinical and laboratory parameters in RA patients and controls.
Parameters RA patients Control P value
ESR (mm/h) 28.5 = 15.6 7.9 £ 5.1 < 0.001*
RA: n: 120, C: n: 120
Anti-CCP (u/ml) 73.5 = 18.9 1.73 + 1.09 < 0.001*

RA: n: 120, C: n: 120

The mean difference between groups was analyzed using t-test. Statistical sig-
nificance was set at P < 0.05. The values represent the mean + standard de-
viation. ESR, erythrocyte sedimentation rate; Anti-CCP, anti-cyclic citrullinated
peptide antibodies.*The Anti-CCP and ESR values were significant between RA
patients and controls.

and 37 * 9 years for the controls. RA patients showed significantly
higher levels of acute phase reactant ESR, RF and anti — CCP with re-
gard to the laboratory assessment compared to the controls (Table 2).

3.2. Genotype and allele frequencies of the 1858 C/T PTPN22 gene
polymorphism

As shown in Table 3, allele frequencies and genotype distributions
for +1858 C/T PTPN22 in the RA cases and control subjects have been
compared. The results showed that the PTPN22 C/T genotype (14.1%
vs. 4.1%) frequency was significantly higher in RA patients in com-
parison to the controls P= 0.007, OR = 2.321,
95%CI = 1.063-5.067). Also, the +1858T allele frequency was sig-
nificantly increased in RA patients compared to the controls (P =
0.008, OR = 3.583, 95%CI = 1.3-9.878) (Table 4).

Our results demonstrated that genotype distribution in both patient
and control groups for 1858 C/T PTPN22 polymorphism was not con-
cordant with Hardy-Weinberg equilibrium (HWE).

3.3. Clinical parameters and laboratory evaluation of RA patients,
according to the 1858 C/T PTPN22 gene polymorphism

According to the 1858 C/T PTPN22 gene SNP genotypes in the RA
patients, clinical parameters of RA patients and control subjects were
significantly different as shown in Tables 5 and 6. Accordingly, there
were significant differences between C/T and C/C genotypes regarding
deformity, duration of the disease and ESR (Table 5 and 6).

3.4. The PTPN22 C/T genotype associated with alteration in serum
cytokines production

To address the effects of the PTPN22 C/T genotype on the cytokines
balance in serum, we examined IL-2, IL-4, IL-6, IL-10, IFN-y, and TNF-a
cytokines concentration in control and RA patient subjects. Our data
showed that IL-4 and IL-10 levels significantly decreased in RA patients
compared to controls, whereas upregulated levels of IL-6, IFN-y, and
TNF-a were observed in RA patients. When the results were examined
based on genotype, reduced IL-4 and IL-10 were found in PTPN22
1858C/T relative to 1858C/C RA patients. In addition, IL-6, IFN-y, and
TNF-a were significantly increased in PTPN22 1858C/T compared to
1858C/C RA patients (Fig. 2).

In addition, multivariate regression analysis were employed for
predictors of cytokines levels in RA patients (Table 7).

4. Discussion

RA is a chronic pro-inflammatory based disease, which affects 1% of
the adult populations, and it is characterized by inflammation of the
synovial tissue of multiple joints, leading to pain, deformities and a
reduced quality of life. However, little is known about the etiology of
this disease [24]. Similarly, a growing number of established suscept-
ibility loci have been recognized for RA and other complex diseases
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Table 3
Distribution of the 1858 C/T PTPN22 genotype frequency in RA patients and controls.
Polymorphism Genotype RA Patients N = 120 (%) Control Subjects OR (CI) P value
N =120 (%)
PTPN22 c/C 103 (85.8) 115 (95.8) - -
C/T 17 (14.1) 5(4.1) 2.321 (1.063-5.067) 0.007°
T/T 0 0 - -

The values are presented as frequency in percentage and number of genotypes. The frequencies comparison between groups were analyzed by Chi-Square test.

Statistical significance was set at P < 0.05.

2 There was statistically significant difference in the distributions of PTPN22 gene polymorphism between RA patients and controls.

during the last decades [25]. It has been demonstrated that 1858 C/T
PTPN22 gene SNP results in a significant genetic contribution and in-
creases the risk of the RA by 40-80% in Caucasian populations [25].
Also, the importance of the PTPN22 gene in susceptibility to RA has
been emphasized by Taib and colleagues [26]. In addition, other studies
showed that this allele is not related with psoriasis [27] or multiple
sclerosis (MS) [28], while it raises the risk of numerous others, such as
Hashimoto's thyroiditis [29], rheumatoid arthritis [8,30], type 1 dia-
betes (T1D) [31-33], vitiligo [34], systemic lupus erythematosus (SLE)
[35] and Grave's disease [36]. Overall, the incidence of the 1858 C/T
PTPN22 gene SNP in general population is low, although in certain
regions, such as Scandinavia, it can reach ~15% [8,37]. Investigation
of this polymorphism frequency in various populations could clear that
what makes certain ethnic groups more susceptible to specific auto-
immune diseases. Hence, surveying the role of 1858 C/T PTPN22
polymorphisms across ethnic groups will proceed our perceptive of the
geo-environmental reinforcements that play a role in autoimmunity
appearance. Although, the correlation between the 1858 C/T PTPN22
SNP and RA have been shown in other studies [22,38-41], here we
evaluate the association of the 1858 C/T PTPN22 SNP with cytokine
profiles in the RA patients. Our results confirm the previous in-
vestigations regarding the important roles played by 1858 C/T PTPN22
SNP, and especially C/T genotype and T allele in the pathogenesis of
RA. Thus, it may be concluded that 1858 T allele and 1858C/T PTPN22
genotype can be considered as the risk factors for RA development.
Generally, different results were obtained in our study between the
1858 C/T PTPN22 gene SNP genotypes and some of the demographic
and clinical characteristics of the RA patients. These results showed that
the polymorphism in this gene not only increases the risk of the RA but
also is associated with deformity of the tissue and also duration of the
disease. Collectively, due to the results it appears that 1858 C/T
PTPN22 genotype and T allele are the risk factors for RA and they may
affect the pathogenesis and severity of RA.

The previous data that confirmed the association of RA and 1858 C/
T SNP as a relationship with RF positive RA patients, indicated the
possibility of PTPN22 1858 T allele influences in autoantibody pro-
duction [22]. These data are inconsistent with our results that showed
no significant differences in RF factor between PTPN22C/T and
PTPN22C/C RA patients. In addition, there were not any significant
differences in anti-CCP levels between PTPN22C/T and PTPN22C/C RA
patients according to our findings.

It has been suggested that the Lyp 620 W variant interacted less
strongly with CSK. Consequently, it was assumed that the PTPN22
1858 T isoform could cause a deficiency in TCR suppression and T cell

Table 5
Clinical and laboratory parameters in RA patients.
Genotype RF (P Deformity (P Activity (P Anti-CCP (P
value) value) value) value)
PTPN22C/C  0.347 0.001* 0.186 0.152
PTPN22C/T

@ There was statistically significant difference in the deformity of patients in
C/T genotype compared to C/C. P-values were calculated by chi-square test
with 2 X 2 contingency Table.

Table 6
Clinical and laboratory parameters in RA patients.

Genotype Duration (P value) ESR (P value) Erosion (P value)
PTPN22C/C 0.001* 0.025* 0.862
PTPN22C/T

The mean differences between groups were analyzed using t- test. Statistical
significance was set at P < 0.05.

* The duration and ESR were significant between two genotypes in the RA
patients.

hyper-responsiveness [22], although, recent studies using transfected
Jurkat cells, have demonstrated that the Lyp 620 W variant has a su-
perior suppression effect on TCR signaling [42]. Nevertheless, it has
been recommended that Lyp could play in autoimmunity through other
mechanisms beyond T cells, because B and other hemopoietic cells can
express Lyp, therefore, this protein possibly could influence on the
immune response by other uncharacterized manners. The obvious as-
sociation among lymphocyte signaling pathways and PTPN22, and the
relationship of the 1858 T variant with various autoimmune diseases
propose that PTPN22 polymorphism could influence a crucial and
general pathway, leading to the progress of autoimmunity. Discovering
the efficient effects of the PTPN22 1858 T variant could be useful to
reveal pathogenesis mechanisms of these diseases.

On the other hand, it has been suggested that RA is a Thl-type
disorder with abnormal T lymphocytes activation [43], which could
cause a Th1/Th2 cytokine imbalance [44] and associates with disease
activity [45]. In addition, the 1858 T allele of PTPN22 has been related
with susceptibility to diverse autoimmune diseases, including RA that
has an essential role in T lymphocytes activation [46,47]. Moreover,
recent in vitro researches have indicated that PTPN22 is dispensable for
Th1 induction in response to CD3 and CD28 stimulation [48]. There-
fore, we decided to evaluate the association of cytokine profiles in RA

Table 4
Allele frequencies of PTPN22 SNP in RA patients and controls.
Polymorphism Allele RA Patients N = 120 (%) Control Subjects OR (CD) P value
N =120 (%)
PTPN22 PTPN22C 223 (93) 235 (98) 3.583 (1.3-9.878) 0.008*
PTPN22T 17 (7) 5(2)

* PTPN22T allele significantly increased in the RA patients compared to controls (P-value < 0.05).
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patients with PTPN22 1858 C/T genotype and we observed an altered
balance of Th1/Th2 cytokines with up-regulated Thl-type cytokines
(IL-2 and IFN-y) and down-expressed Th2 cytokines (IL-4 and IL-10).
Moreover, our results showed that pro-inflammatory cytokines (IL-6
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Fig. 2. Cytokines profile in RA pa-
tients as well as with and without
1858T allele. To address the effects of
the PTPN22 1858 T allele on the cyto-
kines profile in serum, we examined IL-
2, IL-4, IL-6, IL-10, IFN-y, and TNF-a
cytokines concentration in control and
RA patient subjects. A blood sample was
obtained from patient and control sub-
jects; centrifuged at 3000 rpm for 5 min.
Serum levels of intended cytokines was
measured using the ELISA method. We
found that IL-4 and IL-10 levels sig-
nificantly reduced in RA patients com-
pared to controls, while IL-6, IFN-y, and
TNF-a significantly increased in RA pa-
tients (A). When the results were ex-
amined based on genotype, we indicated
that IL-4 and IL-10 was significantly
decreased in PTPN22 1858C/T com-
pared to 1858C/C RA patients. In addi-
tion, IL-6, IFN-y, and TNF-a was sig-
nificantly increased in PTPN22 1858C/T
compared to 1858C/C RA patients (B).
The data presented here are
p value less than 0.05, 0.01, 0.001 and
0.0001 respectively.

and TNF-a) significantly increased in RA patients with PTPN22 1858 C/
T genotype. Consequently, in line with previous studies, our data in-
dicated that RA is a Th1-dominant disease.

The PTPN22 gene is an essential inhibitor of T lymphocytes
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Table 7
Multivariate regression analysis for predictors of cytokines levels in RA pa-
tients.

Dependent variables Parameters B t P
IFN-y Anti-ccp 0.473 6.099 0.000
Duration 0.252 2.197 0.03
Deformity 0.282 3.12 0.002
Activity —0.147 —2.046 0.043
Erosion 0.015 0.213 0.831
RF 0.496 6.159 0.000
IL-2 Anti-ccp 0.08 1.191 0.041
Duration 0.182 1.29 0.2
Deformity 0.221 1.7 0.092
Activity 0.082 0.928 0.356
Erosion 0.068 0.758 0.45
RF 0.334 2.882 0.005
IL-4 Anti-ccp -0.189 —2.144 0.034
Duration —0.494 -3.79 0.000
Deformity —-0.015 —-0.126 0.9
Activity 0.085 1.036 0.302
Erosion —0.148 -1.79 0.076
RF —-0.107 —0.998 0.32
IL-6 Anti-ccp 0.215 2.49 0.014
Duration 0.146 1.14 0.254
Deformity 0.274 2.334 0.021
Activity —-0.012 —0.148 0.882
Erosion 0.05 0.618 0.538
RF 0.065 0.624 0.534
IL-10 Anti-ccp —0.142 -1.7 0.092
Duration —0.115 —0.926 0.357
Deformity —0.356 -3.122 0.002
Activity 0.09 1.155 0.25
Erosion —0.024 -0.31 0.757
RF —0.096 —0.946 0.346
TNF-a Anti-ccp 0.343 4.559 0.000
Duration 0.053 0.479 0.633
Deformity 0.42 0.49 0.01
Activity —0.004 —0.051 0.96
Erosion 0.081 1.153 0.251
RF 0.396 4.346 0.000

activation by its physical connection with Csk [12]. Csk could suppress
the kinases Fyn and Lck, which mediate T- lymphocytes activation
through binding to Lyp. Substitution of Arg (allele 1858C) by Trp at
amino acid residue 620 (allele 1858 T) could dramatically reduce
binding of Lyp to Csk [12,21], which might disrupt the function of Csk
as an inhibitor of T lymphocytes activation. Therefore, dissociation of
Lyp-Csk complex may possibly cause hyper-reactivity of T lymphocytes
and more likely increased risk of autoimmunity.

In line with our findings, Vang et al. indicated altered cytokine
profiles as a possible pathogenic mechanism, by which the 1858 T allele
could contribute to the progress of autoimmunity [49].

In addition, another study by Gerli et al. showed that patients with
active RA had dominance of Th1 activity, whereas those patients with
early onset RA mainly expressed IL-4 as a Th2 activity cytokine [50].

Moreover, it has been reported that production of IL-10 increased in
the 1858 C/T healthy subjects since memory T cells can produce high
levels of cytokines, mainly IL-10 [51].

Vang et al. [42] demonstrated a decreased secretion of IL-2 by T1D
patients CD4 T cells with 1858 T variant, whereas Rieck et al. detected a
tendency to diminished IL-2 production in healthy subjects with the
1858 T variant [51]. Knockout or defect of IL-10 cytokine in mice
model could develop autoimmunity risk because of amplification in
homeostatic proliferation of the auto-reactive cells and induction of
Th1 profile [49,52]. Thus, a decreased production or defects of IL-10
are able to cause the regulation failure, a trend toward autoimmunity
among individuals with the PTPN22 1858 C/T variant and expansion of
the memory T cell. This conclusion is supported by our findings that IL-
10 serum level was diminished in the 1858C/T patients, whereas pro-
inflammatory cytokines such as IFN-y and TNF-a were increased.
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Conversely, other study by Talaat RM et al. demonstrated an ele-
vated levels of serum IL-4 and reduced levels of serum IFN-y in RA
patients [53]. Altogether, those findings demonstrated that RA disease
is a Th1 type disorder, while in the early stage of disease a Th2 response
is observed [50]. The explanation for this inconsistency might have two
reasons: (1) the majority of researchers investigated RA patients with
different levels of disease activity and (2) the Th1/Th2 balance can alter
in RA patients with various disease activities [43]. Moreover, some
drugs such as corticosteroids and hydroxychloroquine were used to
alleviate clinical symptoms in RA patients, which could influence cy-
tokines production. According to these conflicting findings, it could be
concluded that Th1l and Th2 responses mutually play essential roles in
the pathogenesis of RA patient’s tissue damage.

Our results showed that serum level of IFNy was increased in RA
patients with 1858 C/T genotype compared to 1858 C/C genotype. In
consistent with our data, Vang et al. demonstrated that antigen sti-
mulation of CD4 ™" T cells from healthy subjects with 1858 T allele could
cause higher levels secretion of IFN-y and TNF-a compared to wild-type
allele subjects [54]. Moreover, incompatible with our results, Ruiz-Noa
et al. reported that RA patients with 1858 C/T genotype have a sig-
nificant reduce in IFN-y but interestingly, in healthy subjects it is re-
lated with a raise in IFN-y levels [55]. In addition, Capasso et al. ob-
served that T cell proliferation and IFN-y production reduced in a type 1
diabetic patient with 1858 T/T PTPN22 genotype [56]. According to
these findings, we could suggest that the discrepancy that was observed
between these works and our results could be due to the investigation of
this polymorphism effects in the RA patients in our study. Possibly, in
the RA patients, secretion of other cytokines might be altered through
this polymorphism.

Our findings implicate altered cytokine profiles as a possible pa-
thogenic mechanism by which the 1858 C/T genotype may contribute
to the progress of RA. Skewing of serum cytokine profiles toward Thl
and related pro-inflammatory cytokines in RA patients suggests that
PTPN22 1858 C/T genotype may utilize some of autoimmunity risk via
these changes in other autoimmune diseases. Further investigation of
the cytokine profiles in the other autoimmune diseases associated with
PTPN22 will probably improve our knowledge about the underlying
mechanisms in autoimmune phenomena.
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