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Background: Lymphoid-tyrosine-phosphatase which is encoded by the protein
tyrosine phosphatase non-receptor 22 (PTPN22) gene plays a pivotal role in the
regulation of immune responses by dephosphorylating several signaling intermediates
of immune cells.

Objective: Since a balanced immune response has been shown to be important during
pregnancy, the purpose of this research was to compare the frequency of the PTPN22
C1858T polymorphism in women with unexplained recurrent pregnancy loss (URPL) vs.
in a control group for the first time.

Materials and Methods: Genomic DNA from 200 individuals with URPL and 200
individuals without URPL (the control group) at the infertility center in Yazd, Iran was
isolated using the salting-out method. The PTPN22 C1858T polymorphism of the
two groups was analyzed using polymerase chain reaction-restriction fragment length
polymorphism. Genotype frequencies in the women with URPL and the fertile control
group were compared using the Chi-square test.

Results: There were significant differences in the frequency of the PTPN22 1858T
polymorphism in the URPL individuals vs. the healthy controls, i.e. 32.0% and 21.5%,
respectively (p = 0.01).

Conclusion: Our findings suggest that the PTPN22 1858T polymorphism could
play a role in recurrent pregnancy loss. Therefore, genotyping of the mentioned
polymorphism can help clinicians to predict the probable risk of URPL.

Recurrent pregnancy loss, PTPN22 protein, Single nucleotide

polymorphism.
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1. Introduction

Recurrent pregnancy loss (RPL) is defined as
three or more pregnancy losses before the 20"
wk of gestation (1, 2), Around 50% of RPL cases
do not have any clinical detectable trigger. These
abortions are referred to as unexplained recurrent
pregnancy loss (URPL). It has been assumed that
most of them are associated with immunological
abnormalities; thus, in recent years much effort has
been invested to understand the immunological
mechanisms in pregnancy. It has been concluded
that a balanced immune response is necessary for
a successful pregnancy (1, 3, 4).

Lymphoid-tyrosine-phosphatase (Lyp) plays
a key role in maintaining the hemostasis of
the immune system. It regulates signaling by
dephosphorylating several signaling intermediates
of immune cells such as the lymphocyte-specific
protein tyrosine kinase. This phosphatase is
encoded by the locus PTPN22 on the short arm
of chromosome 1 (1p13.3-13.1). Recent studies
have shown an association between autoimmune
diseases and PTPN22 C1858T which is a single
nucleotide change at residue 1858 from C to T
that results in the substitution of arginine (R) for
tryptophan (W) at position 620 of the Lyp enzyme
(R620W). Functional consequences of the PTPN22
C1858T polymorphism remain unresolved, but
most studies have indicated that R620 is a gain of

function variant (5, 6).

Increased phosphatase activity leads to

over-inhibition of immune cell signaling and
increases the stimulation threshold of immune
receptors such as the B cell receptor (BCR)
and the T cell receptor; as a result defective
tolerance leads to autoimmune responses such as
autoantibody production (7, 8). Studies have shown
that there is a statistical association between the
PTPN22 R620W mutation and

diseases such as rheumatoid arthritis (9), Type 1

autoimmune
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diabetes (10), Graves’ disease (11), and systemic
lupus (12). This single nucleotide polymorphism
(SNP) is a risk factor for autoimmune diseases in
which autoantibodies are involved (13). So far, no
studies have been conducted to investigate the
association between the mentioned polymorphism
and URPL, but a statistically significant association
has been found between the PTPN22 R620W
polymorphism and endometriosis.

Studies in autoimmune individuals and healthy
individuals who carry the mentioned SNP have
shown that functional consequences of PTPN22
C1858T on the
to pregnancy loss, due to the prominent role

immune response can lead

of Lyp in modulating the immune response.
Given the importance of a balanced immune
response for pregnancy outcomes, the aim of
the present study was to explore the association
between PTPN22 C1858T and URPL for the first

time.

2. Materials and Methods
21. Study populations

In this
with at
miscarriages before the 20™ wk of gestation with

case-control study, 200 women

least three unexplained consecutive

the same partner who were referred to the Yazd
Reproductive Sciences Institute in Iran between
May 2015 and March 2016 were selected as the
case group and 200 healthy, fertile, non-pregnant
women with at least one child and no history
of abortion were selected as the control group.
They were recruited into the study after signing a
consent form.

The inclusion criteria for the control group
included fertility and having at least one child
so women who had had even one miscarriage
were excluded from the control group. Case group
participants were examined for uterus anomalies,

https://doi.org/10.18502/ijrm.v19i10.9819
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chromosomal abnormalities, hormonal disorders,
and infection, as these can be causes of pregnancy
loss. After examination, women without any known
causes of abortion were chosen as the case
group and women with any of the aforementioned
conditions were excluded from the study. In
addition, the semen of the case group spouses
was analyzed. People with known causes of
recurrent miscarriage or a history of infertility were
excluded.

2.2. Genotyping of the PTPN22 1858
polymorphism

Blood
containing

samples were collected in tubes

Ethylenediaminetetraacetic acid.
Peripheral blood leukocyte DNA was extracted

using the salting-out method. For the determination

of the PTPN22 alleles, polymerase chain
reaction followed by restriction fragment
length polymorphism assay (PCR-RFLP) was

performed.

PTPN22 C1858T polymorphism and URPL

was done
of DNA,
Denmark),

The  amplification reaction
in 25 pl
13 Pl of master mix
7 Pl of H,O, 1 pl of forward primer (5-
TGCCCATCCCACACTTTAT-3’) and 1 pI of reverse
(5’-ACCTCCTGGGTTTGTACCTTA-3’).

Thermal cycling was performed with an initial

which contained 3 [l
(Ampligon,

primer

denaturation step at 95°C for five min, then
35 cycles of denaturation at 94°C for one min,
annealing temperature 56°C for 45 sec, extension
at 72°C for 45 sec, and a final extension at 72°C for
five min.

The 326-bp PCR product was
agarose gel (Merk, Germany). The quality was

run on 1%

confirmed using green viewer (Parstous, Iran) and
a UV transiluminator. Then for RFLP, the PCR
product was treated with 1U of Rsal enzyme (New
England Biolabs, USA) at 37°C for two hr and was
subsequently analyzed on 1.5% agarose gel. The
620W variant (T allele) in the presence of restriction
enzyme breaks down to a segment of 272 bp, and
the C allele (wild type) to a fragment of 228 bp

(Figure 1).

Figure 1. Genotyping of the PTPN22 1858 polymorphism by PCR-RFLP. Lane 6: 50bp DNA ladder, Lane 5,4: Samples with
heterozygous patterns (CT 272 & 228 bp), Lane 3,4: Samples with homozygote pattern (CC 228 bp), Lane 1: PCR product (326

bp).
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2.3. Ethical considerations

The study protocol approved by
the Ethics Committee of Shahid Sadoughi
University of Medical Sciences, Yazd, Iran (Code:
IR.SSU.MEDICINE.REC.1394.264). Written informed
consent was provided by all participants.

was

2.4, Statistical analysis

The data were analyzed using the Statistical
Package for the Social Sciences, version 16
software (SPSS, IBM, Armonk, NY, USA). The
Chi-square test was used to compare the
frequency of genotypes and alleles between
the two groups. Odds ratios were calculated with a
confidence interval of 95%. The t test was used to
compare the mean ages in the URPL and control
groups and p < 0.05 was considered statistically
significant.

3. Results

There was no statistical difference found
between the mean age in the case vs. control
groups (the mean age in the case and control

groups was 35.15 and 34.92, respectively; p = 0.55).

Khanbarari et al.

None of the participants had a history of infection
orillness.

In the case group, 160 (80%) of the participants
had pain and bleeding during an abortion, and 40
(20%) had no pain or bleeding. More women aged
35 yr and older had experienced miscarriages than
women aged < 35 yr, but this difference was not
significant (p = 0.1). The Chi-square test showed
that the number of miscarriages was not associated
with the polymorphism (Table ).

The ttest indicated that there was no association
between the genotype and the time of miscarriage
during pregnancy (the mean of the abortion time in
individuals who had PTPN22 1858T and individuals
who had wild type was 6.03 and 5.76, respectively;
p = 0.57).

This study was conducted to determine
the association between the PTPN22 R620W
polymorphism and the probability of URPL. The
statistical analyses showed a significant difference
in the presence of the polymorphism between the
URPL and control participants. The frequencies
of the T allele in the control and the case groups
were 10.75% and 16.00%, respectively (p = 0.02).
32% of case group had the PTPN22 620W variant,
while the control value was 21.5% (p = 0.01). The
allelic and genotypic frequencies of the case and
control groups are presented in Table Il.

Table I. Genotype frequencies of the PTPN22 1858 SNP in URPL individuals, stratified by the number of miscarriages

Number of miscarriages CT

3 46 (35.9)
4 15 (27.3)
5 3 (17.6)

CcC p-value
82 (64.1)
40 (72.7) 0.21
14 (82.4)

Data presented as n (%). Chi-square test and p < 0.05 was considered significant

Table Il. Genotypes and allelic frequencies of PTPN22 1858 for the case and control groups

Type Case group Control group OR (95% ClI) p-value
Genotype
TT 0 (0) 0 (0)
CcC 136 (68) 157 (78.5) 1.72 (1.07-2.76) 0.01
CT 64 (32) 43 (21.5)
Allele
_ 336 (84) BB 1.58 (1.02-2.44) 0.02
T 64 (16) 43 (10.75)

Data presented as n (%). Chi-square test and p < 0.05 was considered significant. OR: Odds ratio, Cl: Confidence interval
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4. Discussion

This study demonstrated a relationship
between the PTPN22 1858T polymorphism and
susceptibility to URPL; indeed, the frequency of the
1858T polymorphism was significantly higher in
the women with URPL compared to in the healthy
controls (32.0% vs. 21.5%). This study, like previous
studies, indicates the importance of a balanced
immune response for a successful pregnancy. Lyp,
as the protein tyrosine phosphatase unique to the
immune tissues, plays a vital role in maintaining
response. The PTPN22
620W polymorphism increases Lyp activity, which

a balanced immune
results in reduced immune cell signaling and the
development of autoimmune responses (14).

The BCR signaling threshold plays a crucial
role in the fate of the autoreactive B cell
Apoptosis occurs in immature B cells which react
to self-antigen with high affinity, whereas defective
BCR signaling causes autoreactive B cells to
escape from apoptosis and central tolerance.

The PTPN22 R620W mutation disturbs B cell
signaling and increases the stimulation threshold
of BCR. An increased stimulation threshold of B
cells affects the selection of these cells during
tolerance, causes resistance to BCR-derived
apoptosis and survival of autoreactive cells, and
ultimately leads to loss of tolerance, resulting
in increased autoreactive progenitor cells in the
peripheral blood. Individuals carrying the 1858T
allele deliver a source of autoreactive B cells that
can produce autoantibodies. Previous studies have
shown that in people carrying the 1858T allele, the
abundance of anergic IgD* IgM~ B cells is higher.
Recent studies have indicated that these B cells
may be the peripheral source of autoreactive cells
(15-17).

In addition, impaired Lyp enzymes cause
changes in thymic selection. Although there has

been no report on the role and involvement of

https://doi.org/10.18502/ijrm.v19i10.9819
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Lyp in the positive and negative selection of the
thymus, the high expression of Lyp in thymocytes
indicates its major role in the T cell education
process in the thymus. In fact, the 620W Lyp
causes autoreactive cells to escape from the
negative selection mechanism of the thymus and
leads to loss of central T cell tolerance through
over-inhibition of T cells.

Furthermore, the mentioned mutation reduces
the efficiency of Treg activities and ultimately
degrades the peripheral tolerance by increasing
the signaling threshold of the Treg (8, 18). Finally,
central and peripheral tolerance failure of immune
cells results in self-immune responses in the
body. Thus, the PTPN22 1858T polymorphism is
considered as one of the prominent risk factors
for autoimmune diseases outside the Human
leukocyte antigen locus (14).

A meta-analysis showed that there was a
statistically significant correlation between the
presence of the 1858T allele and autoimmune
diseases such as rheumatoid arthritis, systemic
lupus erythematosus, Graves’ disease, Type 1
diabetes, and juvenile idiopathic arthritis (19, 20).
Autoimmune reactions increase the incidence of
recurrent abortions (21). For example, the rate of
recurrent miscarriage is higher in women with
systemic lupus erythematosus than in healthy
women; in point of fact anti-nuclear antibody and
anti-cardiolipin antibody autoantibodies seemed
to be important risk factors for the incidence of
RPL (22, 23) and previous studies have indicated
that there is a statistically significant correlation
between the PTPN22 R620W mutation and the
presence of these two autoantibodies (12, 24).
It can be deduced that the PTPN22 620W
polymorphism could increase the likelihood of
recurrent abortions by increasing autoantibody
production.

So far, no study has been conducted to examine
the association between this SNP and URPL.
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However, few studies have been performed to
investigate the association between the PTPN22
620W polymorphism and endometriosis, as one of
the common complications of fertility. For example,
a study on the Italian population showed that the
frequency of the PTPN22 620W allele in individuals
suffering from endometriosis was higher than
in healthy subjects. A study on the Brazilian
population in 2009 also showed that there was
a statistically significant correlation between the
presence of the PTPN22 620W polymorphism and
endometriosis (25, 26).

In addition, the correlation between this variant
and abortion can be discussed from another
perspective. Cytokines are divided into two types
(pro-inflammatory and anti-inflammatory), which
are produced by Th1 and Th2 cells, respectively.
During pregnancy, TCD4+ cells are more likely
to differentiate into Th2 cells and produce anti-
inflammatory cytokines such as IL-4 and IL-10, while
pro-inflammatory cytokines such as TNF-a and
IFN-y are harmful to pregnancy (27). The PTPN22
1858T allele alters the balance of Th1/Th2 cytokine
profiles. Studies have shown that individuals who
carry PTPN221858T exhibit more pro-inflammatory
cytokines such as IFN-y and fewer Th2 cytokines
(IL-4 and IL-10) than individuals homozygous for
the C allele. Therefore, it can be stated that
the PTPN22 620W mutation may lead to URPL
by skewing of cytokine profiles toward Th1 (28,
29).

Based on our findings, it can be concluded
that functional consequences of PTPN22 C1858T
on immune responses can lead to pregnancy
loss. To the best of our knowledge, no other
study has examined the association between
this polymorphism and URPL so far. This study
compared the frequency of the PTPN22 620W
polymorphism between women with recurrent
pregnancy loss and healthy people. Based on
the results of this study, the PTPN22 1858T
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polymorphism seems to influence the incidence
of URPL. Our team also conducted a study to
ascertain the association between URPL and the
rs2488457 polymorphism, which is located in
the promoter region of PTPNZ22: the frequency
of the

in URPL
controls (7.00% vs. 4.75%); however, there was

rs2488457 polymorphism was higher

individuals compared with in fertile
no significant difference (p = 0.16) (30). These
two types of polymorphisms are completely
independent in terms of inheritance pattern and
function. PTPN22 1858T is more common in
European populations, especially of the Caucasian
race, while the rs2488457 polymorphism is
more prevalent in East Asia. Indeed, different
ethnic backgrounds may have caused this
discrepancy in the results. Our findings suggest
that the frequency distribution of the mentioned
polymorphisms in the Iranian population was
similar to in European populations, but further
epidemiologic research should be performed to
confirm our findings.

Given that the Yazd Infertility Center is located in
the center of Iran and given that people are referred
to this center from different parts of the country, the
results can be generalized to the entire population
of the country. Therefore, the obtained information
from this study can be useful in understanding
the genetic structural information of the lIranian

population.

5. Conclusion

We can conclude that PTPN22 1858T could be
considered as one of the causes of URPL and
targeting of this functional variant can help to
diagnose women at risk of recurrent pregnancy
loss. Therefore, the results of this study can
be helpful in explaining and clarifying one of
the possible causes of URPL and for diagnostic
purposes.

https://doi.org/10.18502/ijrm.v19i10.9819



International Journal of Reproductive BioMedicine

Acknowledgments

Our special thanks and gratitude are to Shahid

Sadoughi University of Medical Science for

financial support and the Infertility Clinic of Yazd.

Conflict of Interest

The authors declare that there is no conflict of
interest.

References

[11 Zzhao X, Jiang Y, Wang L, Li Zh, Li Q, Feng X.
Advances in understanding the immune imbalance
between T-lymphocyte subsets and NK cells in

recurrent spontaneous abortion. Geburtshilfe
Frauenheilkd 2018; 78: 677-683.
[2] Fotoohi M, Ghasemi N, Mirghanizadeh SA,

Vakili M, Samadi M. Association between HLA-
E gene polymorphism and unexplained recurrent
spontaneous abortion (RSA) in Iranian women. Int J
Reprod BioMed 2016; 14: 477-482.

[3] Krieg S, Westphal L. Immune function and recurrent
pregnancy loss. Semin Reprod Med 2015; 33: 305—
312.

[4] Arjmand F, Samadi
insertion/deletion polymorphism of HLA-G gene
with idiopathic recurrent miscarriages in infertility
center patients in Yazd, Iran. J Immunotoxicol 2016;
13: 249-254.

[5] Tizaoui K, Kim SH, Jeong GH, Kronbichler A,
Lee KS, Lee KH, et al. Association of PTPN22
1858C/T polymorphism with autoimmune diseases:
A systematic review and bayesian approach. J Clin
Med 2019; 8: 347.

[6] Carmona FD, Martin J. The potential of PTPN22 as a
therapeutic target for rheumatoid arthritis. Exp Opin
Ther Targets 2018; 22: 879-891.

[7] Takeuchi Y, Hirota K, Sakaguchi Sh. Impaired T
cell receptor signaling and development of T cell-

mediated autoimmune arthritis. Immunol Rev 2020;
294: 164-176.

M. Association of 14-bp

https://doi.org/10.18502/ijrm.v19i10.9819

.—.
=
w

it

PTPN22 C1858T polymorphism and URPL

[8] Mustelin T, Bottini N, Stanford SM. The contribution
of PTPN22 to Rheumatic disease. Arthritis
Rheumatol 2019; 71: 486—495.

[9] Elshazli R, Settin A. Association of PTPN22
rs2476601 and STAT4 rs7574865 polymorphisms
with rheumatoid arthritis: A meta-analysis update.
Immunobiology 2015; 220: 1012-1024.

[10] Tang S, Peng W, Wang Ch, Tang H, Zhang

Q. Association of the PTPN22 gene (+1858C/T,
-1123G/C)
mellitus: A systematic review and meta-analysis.
Diabetes Res Clin Pract 2012; 97: 446-452.

M Wu H, Wan S, Qu M, Ren B, Liu L, Shen H.
The relationship between PTPN22 R620W
polymorphisms and the  susceptibilty to
autoimmune thyroid diseases: An updated meta-

polymorphisms with type 1 diabetes

analysis. Immunol Invest 2020: 1-14.

[12] Ostanek L, Ostanek-Panka M, Bobrowska-Snarska

D, Binczak-Kuleta A, Fischer K, Kaczmarczyk M, et al.
PTPN22 1858C>T gene polymorphism in patients
with SLE: Association with serological and clinical
results. Mol Biol Rep 2014; 41: 6195-6200.

Rawlings DJ, Dai X, Buckner JH. The role of PTPN22
risk variant in the development of autoimmunity:
Finding common ground between mouse and
human. J Immunol 2015; 194: 2977-2984.

[14] Burn GL, Svensson L, Sanchez-Blanco C, Saini

M, Cope AP. Why is PTPN22 a good candidate
susceptibility gene for autoimmune disease? FEBS
Lett 2011; 585: 3689-3698.

[15] Arechiga AF, Habib T, He Y, Zhang X, Zhang ZhY,

Funk A, et al. Cutting edge: The PTPN22 allelic
variant associated with autoimmunity impairs B cell
signaling. J Immunol 2009; 182: 3343-3347.

[16] Habib T, Funk A, Rieck M, Brahmandam A, Dai X,

Panigrahi AK, et al. Altered B cell homeostasis is
associated with type | diabetes and carriers of the
PTPN22 allelic variant. J Immunol 2012; 188: 487—-
496.

[17] Sharp RC, Abdulrahim M, Naser ES, Naser SA.
Genetic variations of PTPN2 and PTPN22: Role in
the pathogenesis of type 1 diabetes and Crohn’s
disease. Front Cell Infect Microbiol 2015; 5: 95.

[18] Goulielmos GN, Chiaroni-Clarke RC, Dimopoulou

DG, Zervou MI, Trachana M, Pratsidou-Gertsi P,
et al. Association of juvenile idiopathic arthritis with

Page 879



International Journal of Reproductive BioMedicine

PTPN22 rs2476601 is specific to females in a Greek
population. Pediatr Rheumatol Online J 2016; 14: 25.

[19] Hersh AO, Prahalad S. Immunogenetics of juvenile
idiopathic arthritis: A comprehensive
Autoimmun 2015; 64: 113-124.

review. J

[20] Bottini N, Peterson EJ. Tyrosine phosphatase
PTPN22: Multifunctional regulator of
signaling, development, and disease. Annu Rev
Immunol 2014; 32: 83—119.

immune

[21] Sharif K, Sharif Y, Watad A, Yavne Y, Lichtbroun
B, Bragazzi NL, et al. Vitamin D, autoimmunity and
recurrent pregnancy loss: More than an association.
Am J Reprod Immunol 2018; 80: e12991.

[22] Wong LF, Porter TF, de Jeslus GR. Recurrent early
pregnancy loss and antiphospholipid antibodies:
Where do we stand? Lupus 2014; 23:1226-1228.

[23] Lu Ch, Liu Y, Jiang HL. Aspirin or heparin or both
in the treatment of recurrent spontaneous abortion
in women with antiphospholipid antibody syndrome:
A meta-analysis of randomized controlled trials. J
Matern Fetal Neonatal Med 2019; 32: 1299-1311.

[24] de Lima SC, Adelino JE, Crovella S, de Azevedo

Silva J, Sandrin-Garcia P. PTPN22 1858C > T
and susceptibility to systemic
lupus erythematosus: A meta-analysis update.
Autoimmunity 2017; 50: 428-434.

polymorphism

Page 880

Khanbarari et al.

[25] Gomes FMCS, Bianco B, Teles JS, Christofolini DM,
de Souza AMB, Guedes AD, et al. PTPN22 C1858T
polymorphism in women with endometriosis. Am J
Reprod Immunol 2010; 63: 227-232.

[26] Pabalan N, Jarjanazi H, Christofolini DM, Bianco
B, Barbosa CP. Association of the protein tyrosine
phosphatase non-receptor 22 polymorphism
(PTPN22) with endometriosis: A meta-analysis.
Einstein (SGo Paulo) 2017; 15: 105-111.

[27] Abdollahi E, Tavasolian F, Ghasemi N,
Mirghanizadeh SA, Azizi M, Ghoryani M, et al.
Association between lower frequency of R381Q
variant (rs11209026) in IL-23 receptor gene and
increased risk of recurrent spontaneous abortion
(RSA). J Immunotoxicol 2015; 12: 317-321.

[28] Boechat AL, Ogusku MM, Sadahiro A, dos Santos
MC. Association between the PTPN22 1858C/T
gene polymorphism and tuberculosis resistance.
Infec Genet Evol 2013; 16: 310-313.

[29] Ghorban Kh, Ezzeddini R, Eslami M, Yousefi B,
Sadighi Moghaddam B, Tahoori MT, et al. PTPN22
1858 C/T polymorphism is associated with alteration
of cytokine profiles as a potential pathogenic
mechanism in rheumatoid arthritis. Immunol Lett
2019; 216: 106-113.

[30] Khanbarari F, Vakili M, Samadi M. The relationship
between rs2488457 polymorphism of PTPN22 gene
and recurrent pregnancy loss (RPL). Iran J Obstet
Gynecol Infertil 2017; 20: 49-55.

https://doi.org/10.18502/ijrm.v19i10.9819



