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Abstract
Background Recurrent spontaneous abortion (RSA) is defined
as three or more consecutive abortions before the 20th week of
gestation. There is increasing evidence to support an immuno-
logical mechanism for the occurrence of RSA. The purpose of
our study was to examine whether single-nucleotide polymor-
phisms (SNPs) of the interleukin-4 receptor gene IL4R influ-
ence susceptibility to, recurrent spontaneous abortion.
Materials and methods This is a case-control study. We re-
cruited 200 patients with RSA (case group) using established
diagnostic criteria and 200, normal individuals (control group)
at the fertility and infertility center in Yazd city and Isfahan
city during 2012 to 2013. We screened the I50V variant
in IL-4R in patients and controls by PCR-RFLF method, and
we performed an association analysis between I50V variant
and RSA.the data was analyzed by spss 16 software using
Chi-square test.
Results No differences in the genotype and allele frequencies
of the I50V SNPs were identified between patients with RSA
and healthy controls.
Conclusions The frequency of SNP in IL-4 receptor (I50V) in
patients with recurrent spontaneous abortion did not differ
significantly compared with the control group. Analysis
of IL4R SNP haplotypes or complex alleles suggested no
dominant protection in patients with RSA.
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Introduction

The human conceptus is a semi-allograft and hence antigeni-
cally foreign to the mother [1]. Therefore, the process of
implantation may include mechanisms to prevent allograft
rejection, but once immunological tolerance becomes imbal-
anced, pathological pregnancy, such as spontaneous abortion
could occur [2].

Unexplained recurrent spontaneous abortion (RSA), a con-
dition defined as three or more consecutive pregnancy losses
before the 20th week of gestation after routine screening tests
(normal uterine cavity, parental karyotypes, endocrine and
infection parameters), is thought to be caused by immunolog-
ical rejection of the fetus by the mother [3]. CD4+ Tcells have
been implicated in unexplained RSA in both experimental and
clinical studies that link CD4+/CD8+ augmentation, Th1/Th2
cytokine imbalance, and Treg depletion to this condition [4,
5]. However, the precise mechanisms by which the immune
system is modulated in patients with unexplained RSA remain
elusive. Recently, the new Th17 subpopulation of CD4+
effector T cells, distinct from the well-described Th1, Th2
and Treg cells, has been described and its discovery has
substantially advanced our understanding of T cell-mediated
immunity [6]. Human Th17 cells producing IL-17 may play a
major role in rejecting conceptus antigens and therefore may
be harmful to the maintenance of pregnancy [7, 8]. The
cytokines IL-6 and tumor growth factor TGFβ are crucial
for the generation of Th17 cells in the mouse, while IL-1β,
IL-6 and IL-23 induce and maintain the differentiation of
human Th17 cells [9]. Th17 cell development and cytokine
secretion are down regulated in vitro by IFN and IL-4 pro-
duced by Th1 and Th2 cells, respectively [10]. Expression of
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IL-17 is also increased in autoimmune conditions, inflamma-
tory disease and immunological rejection disease, and neutral-
ization of IL-17 by an IL-17R-IgG-Fc fusion protein has been
shown to prevent acute rejection of aortic allografts and pro-
long survival of cardiac allografts [11]. Whether a similar
treatment to inhibit IL-17 or Th17 cells would prevent unex-
plained RSA. And understanding the mechanisms of Th17
regulation in human disease is essential for the development
of novel, targeted therapies and to guide therapeutic decision-
making [12]. Several findings suggest that the Th2 cytokine IL-
4 and its receptor may be of particular interest in the control of
Th17-induced inflammation. In humans, a diminished response
to IL-4 is thought to contribute to autoimmune inflammation. A
single nucleotide polymorphism (SNP) in the coding region of
the IL-4R,I50V [rs1805010] governs the presence of isoleucine
(I) versus valine (V) at position 50 in the amino acid sequence.
This polymorphism in IL-4R is functionally important because
it affects the strength of signaling through the receptor and may
be able to regulate IL-17 production [13, 14]. With this regards,
RSA is now suspected to be driven by pathogenic Th17 cells
that secrete IL-17 and can be regulated by IL-4. And inherited
polymorphism of the IL-4R (I50V) may be controls the ability
of the human immune system to regulate the magnitude of IL-
17 production. So the aim of this study was to evaluate a
frequency of functional I50V variant in IL-4 receptor gene
and to determine an association between functional I50V var-
iant in IL-4 receptor gene and Recurrent Spontaneous Abortion.

Material and methods

Subjects: patients and controls

We carried out a case–control study. The recruitment of the
study individuals was performed at the fertility and infertility
center in Yazd city and Isfahan city during 2012 to 2013. We
analyzed a total of 200 patients with three or more recurrent
spontaneous abortions (as a case group) and 200 healthy
women without any history of abortion (as a control group).
During the entire investigation period the current laws of
ethical committee were followed; the patients gave their in-
formed consent for use of their blood collected. Studied pa-
tients were without anatomical, microbial, viral, genetical
disease hormone profile tests and tests for ovulation and tubal
patency of them were normal. Male partner’s patients were
with normal investigations included in the study. The investi-
gations included semen analysis in other hand, according to
medical evidences, etiology of patients abortions was unex-
plained. The following data for the patients were obtained:
age, age at each abortion, numbers of abortions, time of
abortion during each pregnancy, familial history of abortion,
occurrence of bleeding and pain during abortion.

Genotyping of the I50V ln IL-4R variant

The blood samples of the control group and of the patients were
collected in tubes containing EDTA. The molecular analyses
were performed using DNA extracted from peripheral blood
leukocytes with a routine salting out procedure. The I50V poly-
morphism was genotyped using the polymerase chain reaction
(PCR) followed by restriction fragment length polymorphism
assay (PCR-RFLP). We performed PCR using Amplicon master
mix and a primer annealing temperature of 55 °C.analysis using
the primer pair 5-GGCAGGTGTGAGGAGCATCC, 252–
233 bp upstream of the Ile50Val polymorphic site and 5-GCCT
CCGTTGTTCTCAGGTA (nn 399–418). The cycling condi-
tions used were: 94 °C for 5 min; 35 cycles of 94 °C for
1min, 55 °C for 1min, 72 °C for 30 s; and a final cycle extension
at 72 °C for 5 min. The 275-bp PCR product was run on a 1 %
agarosa gel. Green viewer (containing ethidium bromide) was
used for staining and visualization on a UV transiluminator. For
RFLP digestion, 5 ul of amplified PCR product was digested
with 1U of Rsa1 enzyme incubated overnight at 37 °C and
subsequently analyzed on 2 % agarose. The I allele is seen as
273 bps band and Vallele produces two fragments of 254 bp and
11 bp as shown in Fig. 1.

Statistical analysis

The data were analyzed by using the Chi-square test in the
presence and absence of I50V polymorphismin IL-4R ex-
pressing individuals. Odds ratio was calculated with a confi-
dence interval of 95 %. The data were processed by SPSS 16
software. The significance level of the tests for considering P-
values as significant was set to <0.05.

Result

The statistical analysis showed that there is no significant
difference between mean age in the case group and control

Fig. 1 Genotyping of the Ile50Val polymorphism of IL4R by PCR-
RFLP method in eight unrelated subjects. Line 1 is a 50bp ladder; 2,3
homozygote for the Ile50 allele; 4,6,9 homozygote for the Val50 allele
and 5,7,8 heterozygote for the Ile50 and Val50 allele
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group (the mean age in the case group was:35.3 yr±5.8 (range
19–43), the mean age in the control group was: 34.9 yr±3.2,
(range 20–41) P value =0.40), in addition, some features of
patients shown in Table 1. To examine the possible contribu-
tion of I50V polymorphism of IL4R to RSA susceptibility, we
performed a case–control association study. The distribution
of the genotypes in the RSA patient and control groups is
shown in Table 2. I50V polymorphism was in Hardy-
Weinberg equilibrium, and the frequencies were consistent
with those previously reported by other investigators. There
were no significant differences in the genotype and allele
frequencies between RSA patients and healthy controls (p
value =0.67; CI:95 %). Moreover, no differences between
the RSA patient and control cohorts were observed in the
distribution of possible IL4R haplotypes calculated from the
frequencies of this SNP. Thus, this change-in-function IL4R
polymorphism do not appear to be associated with RSA
susceptibility as shown in graphs 1, 2, 3 and 4.

Discussion

At the maternal-fetal interface, where maternal cells encounter
histo-incompatible fetal cells, an initial sterile inflammatory
immune response to danger signals from embryonic

implantation is established, which is essential for angiogenesis
and trophoblast development [15]. The dominant T helper 1
inflammatory immune response (TNFα, IFN ) is switched to a
T helper 2 interleukin (IL-4, IL-10) immune response and
induction of maternal immune tolerance to the allogenic fetus
assures successful implantation and reproductive outcome
[16, 17]. Various cellular immune responses involving NK
cells, cytotoxic Tcells, natural killer-T (NKT) cells, regulatory
T (Treg) cells and cytokine networks have been reported to be
related to this process [18]. In addition, regulatory molecules,
such as human leukocyte antigen HLA-G, inhibitory Tcell co-
stimulatory molecules, complement regulatory proteins of
trophoblasts, and the immunosuppressive enzyme,
indoleamine 2, 3 dioxygenase have been suggested as protec-
tion mechanisms for the allogenic fetus from maternal im-
mune responses [19, 20]. Therefore, a complex cellular and
molecular network is utilized for successful implantation and
pregnancy. Th17 cells have been reported as a new unique
subpopulation of CD4+ T cells, characterized by the expres-
sion of IL-17A, IL-17 F, IL-21, IL-22, IL-6 and TNFα [21].
Th17 cells have been implicated in either the initiation or
progression of inflammatory diseases, autoimmune diseases
and transplant rejection in humans. Previous studies demon-
strated that the proportions of Th17 (CD4+IL-17A+) cells in
both peripheral blood and decidua were significantly higher in
unexplained RSA than in normal pregnant women [22]. Th17
cells were relatively enriched in the decidua of unexplained
RSA patients, suggesting that these cells may play a key role
in the maternal–fetal local immunological rejection [23]. Also
IL-17, which is secreted by Th17 cells was also suggested to
play a major role in angiogenesis and/or immune regulation
[24]. IL-17 is localized in both cyto and syncytiotrophoblasts
[25]. And expression of IL-17A on CD4+ T cells was signif-
icantly higher in unexplained RSA than in normal pregnant
women [12, 26]. We propose that factors promoting immune
tolerance and rejection may co-exist at the maternal-fetal
interface, and the balance between pro-inflammatory factors
and immune regulation has a profound impact on the outcome
of a pregnancy [27]. A predominance of Th17 cells coupled
with a decrease in Treg cells in peripheral blood and decidua

Table 1 Clinical characteristics of patients with RSA

Patients (n=200) n(%)

Number of abortions 2 29(14.6 %)

3 96(48 %)

4 55(27.6 %)

5 20(9.8 %)

Time of abortion during gestation 1–5 83(41.5 %)

6–10 90(45 %)

11–15 22(11 %)

16–19 5(2.5 %)

Bleeding and pain during abortion Yes 160(80 %)

No 40(20 %)

Table 2 The distribution of I50V polymorphism in case and control group

I50V Total

II IV VV

Group Case Count 58 102 40 200

% within group 29.0 % 51.0 % 20.0 % 100.0 %

control Count 60 94 46 200

% within group 30.0 % 47.0 % 23.0 % 100.0 %

Total Count 118 196 86 400

% within group 29.5 % 49.0 % 21.5 % 100.0 %
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in unexplained RSA patients suggests that an immunologic
imbalance and subsequent immune dysregulation by the al-
tered Th17/Treg cell populations strongly influences pregnan-
cy outcomes [28]. Tregs and Th17 cells are two lymphocyte
subsets with opposing actions. In normal pregnancy, Tregs
prevent the generation of an immune response against fetal
tissue and a decrease in the number of Tregs is associated with
abortion [29]. In contrast to the Tregs, Th17 cells promote
inflammatory, autoimmunity and transplant rejection in
humans and increased Th17 cells companied with decreased
Tregs had been shown in unexplained RSA [30]. Determining
the regulatory mechanisms that could suppress Th17 cells

might lead to novel approaches to the treatment of RSA. At
the maternal-fetal interface, a Th2 type cytokine response is
orchestrated by trophoblasts and decidual leukocytes [31]. IL-
4 expression of the first trimester chorionic villi has been
demonstrated in human vil lous and extravil lous
cytotrophoblasts [32], and Since Th17 could mediated RSA,
the investigation of the inhibitory effect of IL4R allelic vari-
ants on the transcription of relevant molecules is of high
priority in understanding the nature of the newly identified
association between the I50V IL4R SNP and RSA. Our pres-
ent study is the first to demonstrate the role of a single
nucleotide polymorphism in the IL-4R to determine an

Graph 1 The distribution of I50V polymorphism in case and control
group

Graph 2 The distribution of each genotype in case and control

Graph 3 The distribution of I allele in case and control group

Graph 4 The distribution of V allele in case and control group
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association between functional I50V variant in IL-4 receptor
gene and Recurrent Spontaneous Abortion. Previous studies
showed that CD4 T cells isolated from individuals homozy-
gous for the I50 allele demonstrated significantly better re-
sponses to IL-4 than CD4 T cells isolated from V50/V50
individuals [33]. I50/I50 CD4 T cells reacted more effectively
to the effect of IL-4 on GATA-3 expression, a key transcrip-
tion factor in Th2 cell differentiation [34], and to the inhibitory
effect of IL-4 on IL-17 secretion, The reduced up-regulation
of a Th2-relevant transcription factor and the diminished
down modulation of a IL-17 secretion based on surface re-
ceptor by IL-4 in CD4 T cells from V50/V50 individuals as
demonstrated here could explain the association of the V50
homozygosity with RSA [35]. Alternatively, diminished re-
sponsiveness to the regulatory effects of IL-4 on other inflam-
matory cells involved in the pathogenesis of RSA, such as B
cells, and macrophages, could also contribute to the associa-
tion of this decrease-in-function IL4R polymorphism and
RSA [35]. Together, these findings provide a mechanism that
might underlie the association between the I50V SNP of IL4R
and occurance of RSA, Delineating the mechanisms that
underlie genetic associations in RSA is critical for understand-
ing the pathogenesis of the disease. In this study, we investi-
gated the association between IL4R and occurance of RSA.
Although no association was observed with the occurrence of
RSA. Previous studies indicated that a polymorphism in IL-
4R in part controls production of IL-17 by Th17 cells cultured
from healthy individuals. Specifically, IL-4 significantly
inhibited IL-17 production by cells from subjects with the I/I
genotype and the I/V genotype, but not the V/V genotype. But
our study has failed to confirm an association of the I50V
polymorphism with RSA.
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