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Abstract
Purpose Pre-eclampsia is a relatively common pregnancy disorder. Serum concentrations of certain pro-inflammatory molecules
and cytokines like interleukin-23 may affect the pathogenesis of pre-eclampsia. The interleukin-23 receptor (IL-23R) gene plays
an important role in the progression of inflammatory and autoimmune diseases and IL-23 polymorphisms might influence the
susceptibility of pre-eclampsia. The aim of the recent study was to establish the association between IL-23R gene polymorphisms
and the susceptibility for developing of pre-eclampsia.
Methods One hundred and fifty-eight pregnant patients with pre-eclampsia and 153 controls were genotyped using RFLP-PCR
and AS-PCR. Also, an in silico analysis was performed to predict possible effects of these variations on IL-23R mRNA and
protein structures.
Results The frequency of the AG genotype of rs11209026 is related to a higher risk of pre-eclampsia. The mutant C and A allele
in rs10889677 and rs11209026 SNPs, respectively, are correlated with the risk of pre-eclampsia and they are more frequent in
severe late onset PE. We found higher frequency of the haplotype CG in patients with pre-eclampsia in comparison to healthy
controls, as well as, the CG haplotype frequency significantly increased the risk of PE in severe, early onset, and late onset sub-
groups. The results of computational analysis predicted rs11209026 and rs10889677 SNPs as functional variations, which can
influence IL-23R mRNA and protein.
Conclusions The results of present study show positive association between polymorphisms in the IL-23R gene and pre-eclamp-
sia. Therefore, the presence of IL-23R rs11209026, rs10889677 polymorphism might be markers for the genetic susceptibility to
pre-eclampsia.
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Introduction

Pre-eclampsia (PE) is a pregnancy-specific disorder with
multifactorial origin that can be described as the progress
of concurrent hypertension (> 140/90 mmHg) and

proteinuria (> 300 mg/24 h) after the 20 weeks of preg-
nancy. About 2–8% of pregnant women worldwide expe-
rienced pre-eclampsia during pregnancy. It is one of the
major reasons for mortality and morbidity of maternal and
neonatal around the world [1]. In spite of universal re-
searches on the pathogenesis of PE, the mechanisms of
the disease have not been recognized in the twenty-first-
century. In normal pregnancy, several parts of the inflam-
matory network are associated, resulting in minor system-
ic changes that have been considered to be part of the
physiology of pregnancy. In PE, this systemic immune
response is enhanced and leads to placental disorder, en-
dothelial cell dysfunction and systemic vasospasm [2–4].
It has been proposed that the clinical characteristics of PE
are best defined as an excessive maternal inflammatory
response which are promoted by cytokines [5, 6]. T helper
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17 (Th17) cells, well-defined by the IL-17 production,
may impact a successful pregnancy along with the patho-
genesis of PE. Extra Th17 cell numbers and high concen-
tration of IL-17, IL-6, and IL-1β have been detected in
PE, and unrestrained Th17 cells may develop as signifi-
cant inflammatory mediators [7]. According to familial
background of PE, the role of genetic factors in PE cannot
be ignored and several reports have clarified the genetic
component to it [8–10]. Throughout the past decades, nu-
merous attempts have been made to determine genetic
factors related to an increased risk of PE based on candi-
date gene analyses and epidemiologic investigations
(reviewed by [11]). Recently, multiple genes have been
studied to recognize the disease-gene relationship in PE
[12–14]; however, the mechanisms underlying PE are
very controversial [11].

It has been suggested that polymorphisms in regulatory
regions of cytokine genes have an impact on the level of its

gene expression and may be related to the variety of clin-
ical features or the effects of the diseases [15]. Several
reports have been focused on the polymorphisms in rela-
tion with PE, for instance, the single-nucleotide polymor-
phism rs1800896 mapped to the IL-10 gene promoter [16],
the 86 base pairs (bp) variable number of tandem repeats
(VNTR) in intron 2 of interleukin-1Ra [17], and the
rs1800795 in the interleukin-6 gene promoter [18]. The
pathogenesis of PE could have been affected by the serum
concentrations of certain c78′[vczxxz.ytokines like
interleukin-23 (IL-23). Recent studies were focused on
the interleukin-23 receptor (IL23R) gene polymorphism
which is located within 151 kb of the IL-12RB2 gene on
chromosome 1, 1p32.1–p31.2 (Fig. 1) [19]. Although there
are 11 exons for the expression of standard form of IL23R,
alternative splicing can generate at least six spliced iso-
forms (IL23R1–6) [20]. Furthermore, deletion of exon 7
and/or exon 10 and either premature termination that

Fig. 1 IL23R rs11209026 (Arg381Gln) and rs10889677 genemaps; human IL23R genemapwas deduced fromNCBI data bank, which rs11209026 and
rs10889677 are shown

Table 1 Demographic
characteristics of study
population

Healthy pregnant women
(n = 153)

Pre-eclampsia
(n = 158)

P value

Age (years) 27.79 ± 5.31 28.04 ± 6.41 0.7087

BMI (weight/length2) 28.36 ± 4.65 29.44 ± 5.23 0.0555

Gestation at sample (weeks) 32.47 ± 2.86 32.93 ± 2.47 0.4184

Gestational age at delivery
(weeks)

39.27 ± 1.66 36.07 ± 2.84 < 0.0001

Systolic pressure (mmHg) 118.93 ± 14.11 153.79 ± 16.05 < 0.0001

Diastolic pressure (mmHg) 66.84 ± 7.29 98.71 ± 9.26 < 0.0001

Proteinuria (g/24 h urine) 0 + or more < 0.0001

Smoking, n (%) 16 (10.45) 18 (11.39) 0.7917

Family history of PE, n (%) 39 (25.49) 51 (32.27) 0.1877

Parity

Primigravida, n (%) 86 (56.20) 87 (55.06) 0.8389

Multi gravid, n (%) 67 (43.79) 71 (44.93)

Low socioeconomic status, n (%) 38 (24.83) 43 (27.21) 0.8389

Birthweight (g) 3269.63 ± 377.86 2258.28 ± 1214.57 < 0.0001

Values are given as mean ± SD
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caused by splicing result in a frame shift mutation or a
different form of receptor ectodomain and generate
IL23R intracellular domain with variable lengths [21]. As
stated in National Human Genome Research Institute cat-
alog of genome-wide association studies (GWAS), IL-23R
gene is important in the progress of inflammatory and au-
toimmune diseases [22]. Considering the influence of IL-
23R polymorphisms on susceptibility, severity, and out-
come of PE, the aim of our report was to study the corre-
lation between IL-23R polymorphisms including the
IL23R Arg381Gln (rs11209026) substi tution and
rs10889677 variant. This includes the susceptibility for
developing PE and the clinical implication of PE in
Iranian population, to demonstrate if these SNPs were re-
lated to the progress of the disease. This study followed
with a novel in silico analysis to investigate functional
effect of these SNPs on IL-23R mRNA and protein
structures.

Material and methods

Subjects

The case-control study was performedwith the approval of the
ethics committee of the Zabol University of Medical Science,
and the written informed consent was collected from all the
participants. The case series was composed of 158 pre-
eclampsia patients, at Imam Ali Hospital, southeastern Iran,
between April 2015 and December 2017. The patients were
identified according to pre-eclampsia diagnostic criteria as
described previously [6]. Pre-eclampsia was diagnosed as hy-
pertension (≥ 140 mmHg systolic or ≥ 90 mmHg diastolic on
two or more measurements at least 6 h apart) and proteinuria
(≥ 0.3 g/24 h or ≥+ 1) on a urine dipstick after 20 weeks of
gestation. Women with twin or multiple pregnancies,
hydatidiform mole, hydrops fetalis, diabetes, renal disease,
liver dysfunction, and all systemic diseases were excluded
from the study. None of the PE patients and healthy controls
had a history of hypertension. Severe PE was defined either as
severe hypertension (SBP ≥ 160 mmHg or DBP ≥
110mmHg) or severe proteinuria (≥ 5 g protein in a 24-h urine
collection). Severe PE was defined as the presence of each of
the severity signs including SBP ≥ 160 mmHg or DBP ≥
110 mmHg, severe proteinuria (2 g protein in a 24-h urine
collection), ≥ 2+ dipstick, headache, visual disturbances, up-
per abdominal pain, oliguria, convulsion, elevated serum

creatinine, thrombocytopenia, marked serum transaminase el-
evation, fetal growth restriction, or pulmonary edema. For
subgroup analysis, 158 pre-eclampsia women were engaged
and assigned into two different sub-groups, contain 96 severe
pre-eclampsia, 62 mild pre-eclampsia. Other sub-groups were
early-onset and late-onset pre-eclampsia which distinct as
manifestation before and/or thereafter 34 gestational weeks.
The control group containing 153 unrelated age-matched nor-
mal pregnant women was included in this report.

DNA extraction and genotyping

Blood samples of patients and healthy controls were collected
in 2-ml EDTANa2 tubes and kept at − 20 °C. Genomic DNA
was extracted using the commercial extraction kit (Sinaclon,
Iran). The PCR-RFLP method using forward primer 5′-
AGGGGATTGCTGGGCCATAT-3′ and reverse primer 5′-
TGTGCCTGTATGTGTGACCA-3′ was done for genotyping
of IL23R rs10889677 gene polymorphism. The PCR reagents
and conditions were set as previously described, with anneal-
ing temperature 60.3 [23]. Then, 10 μl of PCR product is
digested with MnlI restriction enzyme. The wild-type allele
C was digested and produced 154-bp and 61-bp fragments,
while the mutant allele A was undigested and produced 215-
bp product.

Genotyping of IL23R rs1209026 polymorphism was car-
ried out by allele-specific polymerase chain reaction (AS-
PCR). The wild and mutant allele reactions were carried out
in separate tubes with the same forward primer, 5′-CTTT
TCTGGCAGGGTCATTTT-3′ but differed in reverse primer
G allele: 5′-TGGGATATTTAACAGATCATTCGC-3′ and A
allele: 5′-TGGGATATTTAACAG ATCATTCGT-3′. The β-
globin gene was co-amplified as an internal positive control
as previously reported [24]. The wild and mutant allele prod-
ucts were loaded in separate wells and electrophoresed at con-
stant voltage of 130 V for 40 min. The PCR products were
analyzed in a 2% agarose gel. More than 30% of the samples
of both of two SNPs, rs10889677 and rs11209026, were cho-
sen randomly selected for repeated assays, and the results
were 100% consistent.

In silico analysis

Possible biological functions of IL-23R rs11209026 and
rs10889677 gene polymorphisms were evaluated by compu-
tational analysis. The Arg381Gln (rs11209026) substitution
was localized in exon number 9 of IL23R coding region

Table 2 The P value of test for
deviation from Hardy–Weinberg
equilibrium (HWE)

SNP ID Control Total PE Severe PE Mild PE Early onset PE Late onset PE

rs10889677 0.21974 0.93205 0.27673 0.2272 0.46700 0.59782

rs11209026 < 0.00001 0.00046 0.00046 0.3066 0.43760 < 0.00001
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(Fig. 1). The possible impact of Arg381Gln substitution on the
stability and function of human IL23R proteins was predicted
[25]. Potential effect of rs11209026 SNP was assessed on
mRNA structure, physicochemical properties, and secondary
structure of protein [25, 26]. Moreover, the situation of the
residue 381 on three-dimensional structure of IL23R protein
was predicted [25]. The rs10889677 SNP was located on 3′
untranslated region of IL23R gene (Fig. 1), so the possible
effect of this polymorphism on the mRNA structure and
mRNA-miRNA interaction was evaluated via different
Bioinformatic tools, as previously described [26].

Furthermore, Bioinformatic servers were recruited to assess
the conservation of DNA sequences containing IL-23R
rs11209026 and rs10889677 polymorphism sites and further
illustrated [23, 27].

Statistical analysis

The SPSS software version 18 was used for data analyzed.
The Hardy–Weinberg equilibriumwas assessed byChi-square
analyses. Kolmogorov–Smirnov test was used to examine the
normality of variables. The data were expressed as mean ± SD

Table 5 Haplotype association of
the IL-23R with pre-eclampsia rs10889677 rs11209026 Control (%) PE (%) p value [OR (95% CI)]

A A 148 (0.484) 130 (0.411) 0.0699 [0.746 (0.543–1.024)]

C A 145 (0.474) 157 (0.497) 0.5664 [1.096 (0.800–1.502)]

C G 13 (0.042) 29 (0.092) 0.0143 [2.277 (1.161–4.469])]

Fig. 2 Polyphen-2 and SNAP prediction results. Polyphen-2 predicted
IL-23 R381Q mutation to be probably damaging in both HumDiv and
HumVar models (a). SNAP predicted IL-23 R381Qmutation to be effect,

the p value color direction and graphic summary (a), and result of the
analysis shown in table form (b)
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for normally distributed variable, and asmedian and interquar-
tile range for non-normally distributed variables. The demo-
graphic characteristics were compared using Student’s t test,
and non-normally distributed variables were analyzed by
Mann–Whitney U test. Differences in enumeration data be-
tween PE patients and control subjects were analyzed using
the Chi-square test, as were differences in distributions of
genotypes and alleles between PE patients and control sub-
jects. Logistic regression analyses were used to assess the
contribution of the major risk factors. The online software
platform SHEsis were used to assign haplotypes and linkage
distribution (LD) [28]. The power analysis was performed
using OpenEpi software. The p < 0.05 was considered statis-
tically significant.

Results

Clinical, demographic, and laboratory characteristics
of the study participants

A total of 158 pregnant patients with pre-eclampsia ranging in
age from 19 to 44 (mean ± SD, 28.04 ± 6.41) and 153 controls
ranging in age from 18 to 41 (mean ± SD, 27.79 ± 5.31) with
normal pregnancy were included in this study. All cases were
women without history of PE. Demographic and clinical fea-
tures of PE patients and healthy pregnant women are demon-
strated in Table 1. The gestational age at delivery was statisti-
cally lower in PE patients (p < 0.0001). Moreover, the PE
patients had significantly high systolic and diastolic pressure,
proteinuria, and low birth weight compared to control healthy
pregnant women (p < 0.0001).

Distribution of IL-23R rs10889677 A/C and IL-23R
rs11209026 G/A genotypes in severe and mild PE

We tested SNPs of interleukin-23 receptors rs11209026
and rs10889677 for association with PE. Total two SNPs
in our report were efficaciously genotyped in PE patients
and controls. The distribution of genotypes at SNPs loci
rs11209026 and rs10889677 in the PE groups and in the
controls deviated from the Hardy–Weinberg equilibrium
(HWE) (Table 2). However, genotypes of rs10889677 in
the controls and all of different PE patient’s groups were
in accordance with the Hardy–Weinberg equilibrium, but
genotypes of rs11209026 were in accordance with the
HWE only in mild PE and early onset PE sub-groups
(p ≤ 0.05). Genotypes and allelic frequencies of IL-23R
rs10889677 and rs11209026 for the PE and control co-
horts have been illustrated in Table 3. Genotypes and al-
lelic frequencies of IL-23R rs10889677 were examined by
PCR-RFLP. Our results revealed that no significant differ-
ences were found in the presence of this genetic variant inTa
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PE patients and healthy controls, 54.90% and 48.10%,
respectively (p = 0.819). The frequency of AC, genotypes
of rs10889677 showed no association with severe and
mild PE (p = 0.685 and p = 0.358, respectively). The fre-
quency of mutant genotype CC was approximately 1.7-
fold higher in the total PE, severe, and mild PE groups

compared with the controls, but those differences were
not statistically significant (p = 0.092, p = 0.125, and p =
0.247, respectively). Also, the allele C frequencies have
shown significant differences in total PE and severe PE
patients compared to normal pregnant women (p = 0.008
and p = 0.012, respectively) (Table 3). The frequency of

Table 7 Physicochemical
properties for wild type and 381Q
phenotype of IL-23R protein

Protein
Phenotype

Molecular
weight

Theoretical
pI

Asp + Glu Arg + Lys Instability
index

Aliphatic
index

GRAVYa

Wild 71,722.50 5.32 69 51 40.21 86.44 − 0.293
381Q 71,623.36 5.27 69 50 40.08 86.44 − 0. 300

aGrand average of hydropathicity

Fig. 3 The SNP effects on local RNA secondary structure, analyzed by
RNAsnp. Local region with maximum differences in wild-type and mu-
tant (a, b). The upper and lower triangle of the matrix represents the base
pair probabilities of wild-type and mutant sequences, respectively. The
mutated nucleotide is shown in yellow. P value color direction and

graphic summary of the analysis (a′ and b′). The SNP-affected region is
not colored in black since of the p value less than 0.2, which is significant
structural change in mRNA structure. The optimal secondary structure of
global wild-type sequence depicted in green (a″ and b″). The optimal
secondary structure of global mutant sequence shown in red (a″, b″)
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Fig. 4 Hydrophobicity, Ramachandran plot, and secondary structure predictions: hydrophobicity plot for 381R (a) and 381Q (a′) phenotypes;
Ramachandran plot for 381R (b) and 381Q (b′) phenotypes; secondary structure for 381R (c) and 381Q (c′) phenotypes

J Assist Reprod Genet (2019) 36:1523–1536 1531



AG genotypes (1142G→A or reduced-function polymor-
phism) of rs11209026 was significantly increased in the
total PE and severe and mild PE groups, as well (p =
0.020, p = 0.042, and p = 0.037, respectively), compared
with the controls (p = 0.020). The frequencies of individ-
uals with G allele (AG + GG genotypes) significantly
increased risk of pre-eclampsia in total PE and severe
PE sub-group (p = 0.020, p = 0.042, and p = 0.037, re-
spectively). In addition, we found that the A allele
seemed to be associated with an increased risk of de-
velopment of pre-eclampsia in total PE and severe PE
groups (p = 0.016 and p = 0.015, respectively) (Table 3).

Association between IL-23R rs10889677 A/C
and IL-23R rs11209026 G/A genotypes and early onset
and late onset PE

The frequency of the interleukin-23R genotypes and alleles in
cases with early and late onset PE has been illustrated in
Table 4. Three genotypes, AA, AC, and CC of rs10889677,
were observed in the different PE onset and control groups
(Table 4). The AC genotypes were significantly more frequent
in late onset patients than in the control group (39.25% versus
24.18%, respectively [OR = 2.13, 95% CI = 1.023 to 4.459,
p = 0.043]). Additionally, the C allele seemed to be

Fig. 6 Illustration of sequence
conservation. WebLogo
illustrated clearly the
conservation of the DNA
sequences around IL23R
rs11209026 and rs10889677 SNP
locus; human DNA sequences
around these locus are presented
at the top. Blue vertical line
indicates the positions of the
variant locus SNPs in human and
the conservation of wild allele
across multiple mammalian
species

Fig. 5 Third structure prediction
and receptor-ligand binding site
of the IL-23R protein; the posi-
tions of residue 381 as well the
ligand are indicated
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significantly associated with an increased risk for develop-
ment of late onset PE (OR = 1.718, 95% CI = 1.204 to
2.451, p = 0.002, Table 4). When the frequency distribution
of different allele and genotypes of the IL23R 1142G→A
SNP was adjusted by early and late onset PE, and control
groups, we found that (i) the A allele seemed to be associated
with an increased risk of development of early onset (OR =
2.449, 95% CI = 1.039 to 5.772, p = 0.040) and late (OR =
2.196, 95%CI = 1.60 to 4.549, p = 0.034) of PE, and (ii) wom-
en harboring the AG genotype seemed to be at greater risk of
development of early onset PE than controls (OR = 4.982,
95% CI = 1.785 to 13.90, p = 0.002, Table 4).

Association between IL-23R rs10889677 A/C
and IL-23R rs11209026 G/A haplotypes and PE

Haplotypes were constructed in PE patients and controls and
the haplotypes with frequency of > 3% were built from IL-
23R rs10889677 and rs11209026. These analyses revealed
that there was no association between AA and CA haplotypes
and PE in comparison to control group, so susceptibility to PE
was not influenced by either the AA (OR = 0.746, 95% CI =
0.543 to 1.024, p = 0.0699) or CA (OR = 1.096, 95% CI =
0.800 to 1.502, p = 0.5664) haplotypes (Table 5). However,
CG haplotype was associated with a significant increase in
susceptibility to PE (OR = 2.277, 95% CI = 1.161 to 4.469
p = 0.0143, Table 5). In addition, we studied the haplotype
association of the IL-23R polymorphism with different sub-
groups of pre-eclampsia (Table 6). We found that AA haplo-
type is significantly associated with decreased risk of severe
PE and shown a protective role (OR = 0.669, 95% CI = 0.464
to 0.966, p = 0.0318). Furthermore, the CG haplotype fre-
quency significantly increased the risk of PE in different
sub-groups so that it was indeed increased more than 2-fold
in severe, early onset, and late onset of PE groups, p = 0.012,
p = 0.035, and p = 0.030, respectively.

Bioinformatic analysis

In silico analysis predicted IL23R-Arg381Gln variation
to be probably damaging in both HumDiv and HumVar

models analyzing with a scores 1 and 0.995, respective-
ly (Fig. 2a). Moreover, as shown in Fig. 2b, additional
analysis revealed that a significant effect of Arg381Gln
substitutions on the protein structure, with a high score
95, indicated that this substitution may has damaging
effects in IL23R structure. The physicochemical proper-
ties of IL23R wild and 381Q mutant phenotype are
summarized in Table 5. Bioinformatic results revealed
that several parameters were different in IL23R normal
protein compared to 381Q mutant phenotype including
molecular weight, isoelectric point, number of positively
charged amino acids (Arg + Lys), instability index, and
grand average of hydropathicity (Table 7).

Bioinformatic analysis revealed that the IL-23R
rs11209026 and rs10889677 SNPs do not have important
change on the IL-23R-mRNA secondary structure, p = 0.463
and p = 0.7224, respectively; the p value less than 0.2 is sig-
nificant (Fig. 3). The hydrophobic score of IL23R at position
381 was − 0.72 for arginine in comparison with − 0.52 for
glutamine residue (Fig. 4a and a′). Ramachandran plot results
confirmed that 381 residue has different phi-psi coordinates in
mutant phenotype compared to wild types (Fig. 4b and b′). In
addition, predicted secondary structures of IL23R phenotypes
in wild and mutant types were so different. The structural
differences of IL23R wild and mutant phenotypes are shown
in the Fig. 4c and c′. Three-dimensional structure analysis of
the of IL23R revealed that the residue 381 situated in alpha-
helix motif of IL23R protein in nearby of ligand binding site
(Fig. 5). As displayed in Fig. 6, Bioinformatic tools predicted
that IL-23R rs11209026, but not rs10889677 polymorphism
was located in a well-conserved region across multiple mam-
malian species.

As summarized in Table 8, the list of miR-TS-SNPs con-
sists of rs10889677 SNP predicted to create microRNA-
mediated post-transcriptional repression of IL23R gene. The
mutant allele C of rs10889677 SNP can create two new bind-
ing site sequences for hsa-miR-1827 and hsa-miR-5680 in 3′-
UTR region of IL23R gene. As well, the transversion of allele
A to allele C would lead to the decrease of the binding score
and binding energy value of miRNA-mRNA complex, and on
the other hand, increases the stability of the connection (lower

Table 8 List of miR^TS^SNP
consist of rs10889677 SNP
predicted to create microRNA-
mediated post-transcriptional re-
pression of IL23R gene

Gene miRNA 3′ UTR SNP ID Effect Allele Score Energy

IL23R hsa-miR-1827 rs10889677 create A

C 159.00 − 19.12
hsa-miR-4735-5p decrease A 160.00 − 6.77

C 152.00 − 6.77
hsa-miR-4775 decrease A 141.00 − 6.94

C 140.00 − 6.25
hsa-miR-5680 create A

C 145.00 − 10.37
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binding energy value is more stable). The increasing of the
stability of miRNA-mRNA duplex causes to a reduction in the
possibility of their repeal, so the mRNAwill not be translated
and finally degraded by nucleases. Further, in silico analysis
predicted rs10889677 SNP as a functional SNPs in 3UTR
region of IL23R gene (Table 9). IL23R rs10889677 gene
polymorphism with mutant allele A was predicted as a func-
tion class C, the derived allele creates a new miRNA site. As
shown in Table 7, this SNP was able to create nine new bind-
ing sites for miRNAs while, the wild allele C classified as a
function class D and it had three miRSite, as derived allele that
disrupted a conserved miRNA site in IL23R-3′ UTR.

Discussion

PE is a common systemic pregnancy-specific complications
described by the state of excessive inflammatory response.
The balance of immune-regulation shows a critical impact
on the development of PE, and strong activation of the innate
immune and a switch to an inflammatory cytokine profile
have been reported [7, 29]. High Th17 cell numbers and in-
creased amount of IL-17, IL-6, and IL-1β have been detected
in PE, specifying that unrestrained Th17 cells may develop as
significant inflammatory mediators and tissue damage in
pregnancy-related diseases [7]. Additionally, the functional
polymorphisms of cytokine genes were assumed important
for susceptibility, severity, and outcome of pre-eclampsia;
thus, more studies have been concentrated on the probable
role of gene polymorphisms in the development of the dis-
eases [30–32]. The IL-23R gene is mapped on chromosome
1p31, which reveals many SNPs listed in public SNP data-
bases [33]. Lately, a lot of reports have shown that numerous

single SNPs in the IL23R gene are correlated to immune-
related diseases, like inflammatory bowel disease, Crohn’s
disease, psoriasis, ankylosing spondylitis, and Behcet’s dis-
ease [34–37].

In the present study, we evaluated the impact of the genetic
variability of the IL-23R gene on pre-eclampsia. To the best of
our knowledge, this is the first report investigation of the re-
lationship between IL-23R polymorphisms and susceptibility
to PE.We hypothesized that IL-23R polymorphismmay affect
the progress of PE in pregnant women. Our results indicate
that the frequency of the AG genotype of rs11209026 is asso-
ciated with a higher risk of presenting PE. The pregnant wom-
en bearing the AG genotype showed a 2.89-fold risk of PE.
The distributions of genotypes of rs10889677 revealed no
significant difference between cases and controls. The mutant
C and A alleles in rs10889677 and rs11209026 SNPs, respec-
tively, are correlated with the risk of PE and they are more
frequent in severe late onset PE. The frequency of the haplo-
type CG was higher in patients with PE than in healthy con-
trols, as well as, the CG haplotype frequency was significantly
increased the risk of PE in severe, early onset, and late onset
sub-groups. In the literatures, there are no published articles
related to SNPs in the IL-23R gene in PE.

Although our study revealed that polymorphisms IL-23R
may be involved in the development of PE in Iranian popula-
tion but the function of IL-23R gene variants in PE is still
unclear. Various probable mechanisms could be proposed by
which polymorphisms may regulate the IL-23R gene func-
tion. (i) The common IL-23 receptor is encoded by 12 exons.
At least six spliced isoforms of IL-23R (IL-23R1 to 6) could
be produced via alternative splicing which translation predic-
tion illustrated that a frame shift and premature termination
codons result in the production of different lengths of the IL-

Table 9 Functional SNP in 3UTR region of IL23R gene predicted to induce disruption of conserved miRNA site or formation of newmirRNA binding
site

Location dbSNP ID Variant
type

Ancestral
allele

Allele miR ID miRSite Function
class

Context + score
change

67725120 rs10889677 SNP C C hsa-miR-1252-3p ctgcCTCATTTct D − 0.033
hsa-miR-1827 CTGCCTCA

tttct
D − 0.418

hsa-miR-5680 ctgcctCATTTCT D − 0.088
A hsa-miR-1910-3p CTGCCTAatttct C − 0.17

hsa-miR-2682-5p CTGCCTAatttct C − 0.179
hsa-miR-34b-5p CTGCCTAatttct C − 0.182
hsa-miR-4423-3p cTGCCTAAtttct C − 0.181
hsa-miR-449c-5p CTGCCTAatttct C − 0.192
hsa-miR-6511a-5p CTGCCTAatttct C − 0.174
hsa-miR-6808-5p CTGCCTAatttct C − 0.157
hsa-miR-6893-5p CTGCCTAatttct C − 0.15
hsa-miR-940 CTGCCTAatttct C − 0.153
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23R endodomain [21]. (ii) The rs11209026 polymorphism,
Arg381Gln, is positioned between the transmembrane domain
and the putative JAK2 binding site in the cytoplasmic portion
of IL23R protein and is more conserved among species [38].
Substituting conserved Arg381 by Gln381 possibly adjusts
IL-17 and IL-22 expression after stimulation of IL-23 that
could prove the functional consequences of the SNPs on sig-
naling pathway of IL-23R [39, 40]. (iii). The rs10889677
polymorphism, located in the 3′-UTR, might stimulate over-
expression of the IL-23R via rising mRNA stability and pro-
moting T cells to differentiate to Th17, and causing inflamma-
tion by increasing other cytokine release [41]. (iv) The
rs10889677 variant might improve both mRNA and protein
expression of IL-23R and result in loss of binding capacity to
the microRNAs (miRNAs) Let-7e and Let-7f. It revealed that
miRNA-mediated dysregulation of IL-23R signaling related
to SNP in the IL-23R gene was completely paired with PE
sensitivity and hypnotizing that this mutation can cause dif-
ferent IL-23R signaling [42]. Furthermore, the interaction of
ligand IL-23 with its receptor promotes the IL-17, TNF-α, and
IL-6 production that are strong pro-inflammatory cytokines
and have previously been recognized to be involved in PE
[43, 44].

In present study, the possible biological effects of IL-23R
rs11209026 and rs10889677 gene polymorphisms were inves-
tigated via a novel in silico analysis. The results of computa-
tional analysis predicted damaging structure for IL-23R 381Q
mutant phenotype. This mutation may disrupt the interaction
between IL-23R protein and its ligand IL-23, which may re-
sult in impaired immune responses. However, these SNPs do
not have significant effect on the local secondary structure of
IL-23R–mRNA, but rs11209026 non-synonymous SNP
caused a lot of changes in the properties and secondary struc-
ture of IL-23R protein. Also, our novel bioinformatic analysis
revealed that rs10889677 SNP occurs in miRNA binding site
of IL-23R-mRNA, which this gene polymorphism had differ-
ent binding site sequences for distinct miRNAs in wild and/or
mutant alleles that result in different pattern of inhibition of
translation process hence, controlling the gene expression of
IL-23R gene. Moreover, according to conservational results,
IL-23R rs11209026, but not rs10889677 gene polymorphism,
was mapped in the well-conserved regions of mammalian
species, indicates relative functions for this variant.

In summary, the current study provides a comprehensive
examination of the available evidence for the association be-
tween polymorphisms in the IL-23R gene and PE, and this
analysis suggests that IL-23R gene polymorphisms are corre-
lated with PE susceptibility so the presence of IL-23
rs11209026, rs10889677 variants may be capable to be uti-
lized as indicators for the genetic susceptibility to PE.
However, larger sample size epidemiological studies taking
environmental risk factors into account and including more
ethnic groups should be investigated in future to approve the

results from our analysis. Second, our data may not complete-
ly represent the association between these SNPs and PE risk,
and consequently, the analysis of further loci is required to
confirm the association between IL23 and PE. Additional
functional investigations also need to be done to illuminate
the probable mechanisms underlying the linkage between
the SNPs and susceptibility to PE.
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