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ABSTRACT

The 152476601 (R620W, C1858T) polymorphism in PTPN22 gene has been repeatedly
reported to be associated with rheumatoid arthritis (RA). The rs 2476601 is widely suggested
for predictive testing and risk assessment for RA. The aim of this study was to test the
possible association of this SNP with RA in Iranian population.

A total of 872 samples (405 confirmed RA patients and 467 healthy controls) were recruited
in this study. Genomic DNA was extracted from whole blood and the genotyping was
performed by polymerase chain reaction—restriction fragment length polymorphism (PCR-
RFLP). Genotyping for a set of samples were re-confirmed by two other rounds of genotyping,
using another PCR-RFLP experiment with different enzyme and DNA sequencing,

All 872 samples were genotyped as homozygous CC in first round of genotyping.
Genotyping was repeated for 30% of samples by another restriction enzyme and for 10% of
samples by sequencing. Again all samples showed homozygous CC genotype.

This study suggests that the rs2476601 polymorphism of PTPN22 gene is mono-morphic
in Iranian population, containing only C allele.

Considering that previous studies in other populations reported the T allele as the risk
allele at this locus, the present study concluded that 152476601 play no role in susceptibility
to RA and other autoimmune diseases in Iranian population. This finding has significant
future clinical implications in determining the strategy for risk assessment and predictive
testing for such diseases in Iranian population.
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INTRODUCTION common autoimmune diseases. It is an inflammatory,
autoimmune systemic disease, and is characterized by
Rheumatoid arthritis (RA) is known as one of the most the chronic inflammation and progressive destruction
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of the synovial joint, occasionally with systemic
involvement that leads to disability and joint damage.*
There is a remarkable consistency in the overall
prevalence of RA in most adult population worldwide
(~1%). The etiology of RA, like other autoimmune
disorders is not fully understood; however, RA is
complex disorder that interaction of genetic and
environmental factor contribute to susceptibility. The
genetic contribution to a susceptibility to RA is
confirmed from studies of twins,? families® and in
genome-wide linkage scans * which determine
heritability estimate of 50-60% and suggest genetic
component has a significant impact on disease
susceptibility. The major genetic risk factors that have
been reproducibly shown strong association with
susceptibility are Human leukocyte antigen of DRB1
alleles Human leukocyte antigen of DRB1 alleles
(HLA-DRB1), and Protein tyrosine phosphatases non-
receptor 22 (PTPN22) genes.’ Particular alleles of
HLA-DRB1 gene account for 30-50% of overall
genetic susceptibility to RA.°

After the first report of association between the
PTPN22 Arg 620 Trp (R 620W) variant (rs2476601)
and type 1 diabetes,” this variant emerged as the
strongest common genetic risk factor for human
autoimmunity outside the major histocompatability
complex.?

The PTPN22 gene, maps to chromosome 1p13 and
encodes a lymphoid-specific phosphatase known as
LYP. LYP is an intracellular PTP which contains an N-
terminal catalytic conserved domain and non catalytic
C-terminus with 4 proline-rich domains and is involved
in down regulation of T-cell activation through
physical interaction of its proline-rich motif (referred to
as P1) to the SH3 domain of C-terminal Src kinase
(Csk). The rs2476601 functional polymorphism of
PTPN22 (1858C>T) lies at the P1 motif, substitution of
Trp for Arg at amino acid 620 (R620W) disrupts the
interaction between LYP and Csk® and TCR signaling
has been reduced in T cells containing mutated T allele.
Surprisingly, the R620W substitution is a gain-of-
function mutation and generates a more active
phosphatase that acts as a more potent inhibitor in TCR
signaling than the wild-type enzyme.® The effect of
these structural changes seems to be an increase in the
threshold level of stimulation required for TCR
signaling. It was speculated that this activated mutation
in LYP may cause a predisposition to autoimmune
diseases either by failure to delete auto-reactive T cells
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or due to insufficient activity of regulatory T cells.™

Having the above findings, the aim of the current
study was to determine the association between the
rs2476601 of PTPN22 gene and RA susceptibility in
Iranian population. This work is a part of a larger study
evaluating the possibility of using different genetic
variations as predictive markers in risk assessment for
RA in Iranian population.

PATIENTS AND METHODS

The study was designed as a case-control population-
based association study. In total 872 individuals (405
cases and 467 controls) participated in the study. All
participants were of Iranian origin and gave informed
written consent before entering to the study. All patients
had been diagnosed with RA according to the 1987
American College of Rheumatology criteria for RA.*
Besides that, the history of autoimmune diseases is one
of exclusion criteria in selection of case and control
groups. The control group was matched with the case
group through their race and demographic features and
the differences were not statistically significant. The
demographic features of cases and controls are shown in
the previous article.” The study was approved by the
ethics committees at the Tehran University of Medical
Sciences in terms of ethical and legal requirements. The
experiments were performed in the genetic laboratories
at the Department of Medical Genetics, School of
Medicine, Tehran University of Medical Sciences.

Single Nucleotide Polymorphism (SNP) Genotyping

Whole blood was collected in ethylenediamine tetra
acetic acid (EDTA) containing tubes. Genomic DNA
was isolated, using standard phenol/chlorophorm
extraction method.*®

Genotyping was performed by polymerase chain
reaction-restriction fragment length polymorphism
(PCR-RFLP) technique and confirmed by direct DNA
sequencing. The forward primer 5-TCA CCA GCT
TCC TCA ACC ACA-3" and the reverse primer 5'-
GAT AAT GTT GCT TCA ACG GAA TTTA-3" were
used as described by Bottini et al.” The polymerase
chain reaction (PCR) was carried out in a total volume
of 25ul containing 100-200 ng of genomic DNA, 0.5
mM of each primer, 2 mM MgCI2, 0.2 mM dNTP, and
2.5 units Tag DNA polymerase.

Amplification was performed with a denaturation
step at 95°C for 2 min, followed by 35 cycles of
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denaturation at 95°C for 1 min, annealing at 60°C for 30
s, extension at 72°C, and the final extension at 72°C for
5 min. 3-5 pl of PCR products were run on agarose gel
to see the target band before setting the restriction
digestion reaction. Digestion was performed in a total
volume of 20 pl, containing 15 pl of PCR products, 5
units of Rsal (10 Units/ul, Fermentas Inc.) or Xcm | (5
Units/ul, New England Biolabs Inc.), 2 pl 10x enzyme
buffer, and 2.5 or 2 pl of ddH,0. Digestion reaction was
incubated at 37°C overnight.

The amplified PCR fragment had a size of 215 bp
(Figure 1). The Rsal restriction enzyme recognizes the
-5’-...GTAC site...-3’. Therefore, only amplified
fragments with C allele at rs2476601 locus were cut
with enzyme resulting in two fragments of 42 and 173
bp (Figure.3). On the other hand, the Xcm | recognition
site is 5’-...CCANNNNNNNNNTGG...-3’. Hence,
only amplified fragments with T allele at rs2476601
locus were cut with enzyme producing two fragments
of 46 and 169 bp.

Products of restriction digestion were run on 3%
agarose gel next to an appropriate DNA size marker,
stained by ethidium bromide, visualized under UV light
and photographed.

Direct sequencing of PCR products was performed
by 3730xI DNA Analyzer (Applied Biosystems) using
big dye terminator.

RESULTS

In total, 872 samples (405 patients and 467
controls) were analyzed for the rs2476601 of PTPN22
gene. The first round of genotyping for all samples was

Figure 1. PCR products from various gDNA samples.
M: 100-bp DNA ladder, lane 1: negative control, lane 2 to
5 PCR products
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performed by PCR-RFLP using Rsal enzyme. All
samples were genotyped as homozygous CC,
Producing two fragments of 173 and 42 bp after
restriction digestion and there was neither CT nor TT
genotypes (Figure 2, and Table 1).

To confirm this finding, around 30% of samples
(250 samples) were re-genotyped by another PCR-
RFLP using Xcml enzyme. All samples showed CC
genotype, appeared by only one band of 215 bp in
agarose gel after digestion and there was neither CT
nor TT genotype (Figure 4).

Figure 2. Digestion of PCR products with Rsal restriction
Enzyme. Lane M contains ultra low range ladder from
Fermentase. Lanel: negative control (without enzyme),
lane 2-3 represents PCR products digested with Rsal in
two cases and lane 4-5 show PCR products of controls
digested with Rsal. All samples have CC genotype (GG
on the complementary strand).

215bp ===

Figure 3. Digestion of PCR product with Xcml restriction
Enzyme. Lane M contains ultra low range ladder from
Fermentase. Lanel contains PCR product only, lane 2
negative control (without enzyme), lane 3-5 represents case 1,
case 2 and control 1, respectively digested with Xcml
enzyme. All samples have CC genotype (GG on the
complementary strand).
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Table 1. PTPN22 rs2476601 genotype frequencies in RA patients and control subjects

Rs2476601

cC CT TT Total
(C1858T)
Cases 405 0 0 405
Controls 467 0 0 467
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Figure 4. Sequencing result for rs2476601. Chromatogram shows homozygote GG (CC on complementary strand) genotype

for rs2476601 of PTPN22 gene.

Nearly 10% of samples (85 samples) were re-
genotyped by direct sequencing of PCR products. All
samples showed only C allele. The T allele was not
detected in our study samples, suggesting that the
rs2476601 is a mono-morphic site with only C allele in
Iranian population (Figure 4).

DISCUSSION

The rs2476601 is a functional polymorphism of the
PTPN22. It has been identified as a major common risk
factor for several autoimmune disorders besides RA
and Type 1 Diabetes, including Systemic lupus
erythmatosus,** Juveline idiopathic arthritis,"® Graves
disease *° generalized vitiligo,"” Hashimato thyroiditis
8 Mysthenia gravis *°, systemic sclerosis *° and
Addison’s disease.* In addition, recent meta-analysis
of the RA Genome Wide association Studies (GWAS)
dataset indicate that rs2476601 of PTPNZ22 associates
with susceptibility to RA.?

Although the risk allele for this SNP (T allele) was
the same in different association studies, the geographic
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differences in allele frequency were a major finding.
The frequency of T allele was reported approximately
12% in North Europe, while it is estimated around 6%
in Southern Europe.? Interestingly, this polymorphism
is extremely rare in East Asian and African-American
populations.®**

The different allele frequency of T allele is very
important in determining the population attributable
risk of this allele for the autoimmune diseases in
different populations. It also affects any suggested
screening or predictive testing protocol for these
diseases. For example, a population attributable risk of
up to 8% was reported for rs2476601 in different
populations of European decent for RA.?® Genotyping
of this SNP is also suggested as a part of predictive
testing strategy for RA beside HLA-SE genotyping and
Anti-cyclic Citrullinated Peptide Antibodies (anti-CCP)
measurement in serum.” The combination of HLA-SE
and the PTPN22 1858T allele (rs2476601 T allele)
gave sensitivity of 24.1% and specificity of 92.9% in
European population.”® On the other hand, adding
positive serum anti-CCP Antibodies to the combination
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HLA-SE and PTPN22 1858T allele showed a
sensitivity of 22.1%, specificity of 100%, and Odds
Ratio (OR) of 132.03.%

The absence of risk allele T in the gene pool of East
Asians undermines the importance of this locus as a
susceptibility locus for the RA and other autoimmune
diseases. Having this, there is no basis for having
rs2476601 genotyping in any predictive or screening
protocol for such diseases in these populations.

Admittedly, in three separate studies on leprosy, RA
and tuberculosis, no homozygous TT genotype was
seen for rs2476601 of PTPN22.23" There are many
reasons in this regard. First reason is incomplete
digestion of one restriction enzyme which they used in
their studies. Moreover if they have CT genotype in
their gene pool, they should find at least one TT
genotype. However, many of our samples were
genotyped with two restriction enzymes and there was
not any evidence of incomplete digestion of restriction
enzyme, also 10% of the samples including both cases
and controls were sequenced and interestingly showed
that there was no T allele in the gene pool of Iranian
population, similar to other Asians/East Asians
populations. This finding suggests that rs2476601 does
not play a role in individual variation in susceptibility
to RA and other autoimmune diseases in Iranian
population and therefore suggests no place in future
risk assessment strategy for these diseases.

In addition to such clinical applications of this
finding for Iranian population, it may gain socio-
historical and evolutionary implications. Presence of T
allele in Turkish population® and increasing frequency
of this allele towards North European populations are
very interesting, suggesting possible origin of T allele
in North Europe.

In conclusion, the rs2476601 of PTPN22 gene is a
mono-morph locus, having only C allele in Iranian
population; also this SNP plays no role in causing
susceptibility to RA and other autoimmune diseases in
Iranian population.
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