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A B S T R A C T

Estrogen receptor (ER) signaling is key regulator for maintaining successful pregnancy. Several research sug-
gested that genetic variation in ER genes (ESR)1 and ESR2 is associated with the susceptibility to unexplained
recurrent pregnancy loss (RPL), often with inconclusive results. In this study, we investigate the relationship
between ESR1 and ESR2 polymorphisms and idiopathic RPL. A total of 444 patients with RPL, defined as three or
more consecutive pregnancy losses of unknown etiology, and 446 control women were recruited to the study and
their genotypes for ESR1-rs2234693, ESR1-rs3020314, and ESR2-rs928554 variants were determined using al-
lelic exclusion method on real-time polymerase chain reaction. Minor allele frequencies (MAF) of tagging SNPs
ESR1 rs2234693 and rs3020314, and ESR2 rs928554 were not significantly different between RPL cases and
control women. Considerable higher frequencies of homozygous (2/2) ESR1 rs2234693 genotype carriers were
seen between patients vs. control women, which maintained after controlling for age, body mass index (BMI),
and menarche. ESR1 haplotype analysis demonstrated two common haplotype (rs2234693-rs3020314) with no
linkage disequilibrium between both polymorphisms, and no 2-locus haplotype linked with RPL risk was re-
vealed.

The present study confirmed a significant association of specific ESR1 variant (rs2234693) with an increased
risk of RPL, further supporting a role for ESR1 as an important candidate locus inducing RPL.

1. Introduction

Recurrent pregnancy loss (RPL) is a major pregnancy complication,
which affect 2–3% of otherwise healthy women. The European Society
of Human Reproduction and Embryology (ESHRE) defines RPL as three
or more consecutive failed pregnancies before the 24th week of gesta-
tion (Jauniaux et al., 2006), while the American Society for Re-
productive medicine (ASRM) defines recurrent miscarriage as two
previous losses (Practice Committee of American Society for
Reproductive, 2013). RPL is multifactorial in nature, and multiple risk
factors were implicated in its pathogenesis. These include uterine

anatomic abnormalities, genetic defects (parental chromosomal
anomalies), endocrine and metabolic disorders (hypothyroidism, dia-
betes mellitus), thrombophilia and autoimmunity (anti-phospholipid
syndrome) (Brown, 2008; McNamee et al., 2012; Stephenson and
Kutteh, 2007). Despite the identification of these and related factors,
the exact cause of more than half of the etiologies of RPL remain poorly
defined (Branch et al., 2010; Kaiser and Branch, 2016; Stephenson and
Kutteh, 2007).

Estrogen is the principal female sex hormone. Estrogens are pro-
duced in ovaries, and exert their effects by regulating the development
of the female reproductive system and secondary sex characteristics,
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such as breasts, and regulate the endometrium thickening and the
menstrual cycle (Albrecht et al., 2000; Lombardi et al., 2001). Estrogens
act by binding their cytosolic receptor (ER), a dimeric nuclear DNA-
binding protein, which controls gene expression in estrogen-responsive
cells, such as the ovaries, breast, and uterus (Soltysik and Czekaj, 2013).
Similar to other steroid hormones, estrogen diffuses passively into the
cell, where it binds to, and activates its cytosolic receptor (ER), forming
estrogen:ER complex. This complex in turn translocates to the nucleus,
where it binds specific DNA sequences termed hormone response ele-
ments, which regulate the transcription of target genes (Deroo and
Korach, 2006; Htun et al., 1999). Since estrogen can enter all cells
owing to its hydrophobic nature, its activity depends on the presence,
and type of the ER present in target tissues (Ascenzi et al., 2006; Zhu
et al., 2006).

There are two distinct ER forms, referred to as ERα and ERβ, with
distinct tissue distribution and substrate specificity (Zhu et al., 2006).
ERα is encoded by ESR1 gene located on chromosome 6 (6q25.1), while
ERβ is encoded by ESR2 genes present on chromosome 14 (14q23.2).
ESR1 and ESR2 genes are highly polymorphic, with most of the 44,710
ESR1 (97.8%) variants (www.ncbi.nlm.nih.gov/gene/2099), and 8,777
of the ESR2 gene variants (89.5%) (www.ncbi.nlm.nih.gov/gene/2100)
present in intronic regions. Some of the reported ESR1 and ESR2 genes
variants were associated with reproductive anomalies (de Mattos et al.,
2014; Ghali et al., 2018; Lazaros et al., 2014), including RPL (Kim et al.,
2015; Su et al., 2011).

Estrogens are required for maintaining successful pregnancy, and
deficient estradiol in the luteal phase was associated with heightened
risk of pregnancy loss (Quenby and Farquharson, 1993). Recent studies
suggested that genetic polymorphisms in ESR1 and ESR2 are associated
with RPL, often with inconclusive findings. Due to the significance of
optimal sex hormone receptor signaling in maintaining pregnancy, this
study investigated genetic variations in estrogen pathway, and their
association with RPL. We focused on two SNPs in ESR1 gene and one
SNP in the ESR2 gene, which have been associated with menstrual
disorders (Huo et al., 2007), breast cancer (Ghali et al., 2018; Yu et al.,
2011), endometrial cancer (Wedren et al., 2008), and unexplained in-
fertility (Safarinejad et al., 2010).

2. Subjects and methods

2.1. Population

This was a retrospective case-control study, which was performed at
the outpatient OB/GYN service of Farhat Hached Hospital (Sousse,
Tunisia), and Fattouma Bourguiba Hospital (Monastir, Tunisia).
Between January 2014-September 2017, 444 women with confirmed
RPL diagnosis (mean age 33.4 ± 5.7 years) were recruited. RPL was
defined as≥3 miscarriages of unknown etiology with the same partner,
which occurred during 1st trimester of gestation. RPL was assessed as
per the guidelines of Royal College of Obstetricians and Gynecologists
(www.rcog.org.uk/guidelines), which were consistent with the guide-
lines of American College of Obstetricians and Gynecologists.

These included karyotyping of both partners, anatomical uterine
evaluation by pelvic ultrasound scan, and screening for anti-phospho-
lipid antibodies and for inherited thrombophilia (factor V-Leiden, factor
II G20210A); all cases had these procedures done.

Exclusion criteria included Rh disease/incompatibility, older age at
first pregnancy (> 40 years), anatomic and chromosomal abnormal-
ities, biochemical pregnancy, preclinical miscarriages, diabetes, sys-
temic autoimmunity, hypertension, thyroid and liver function ab-
normalities, hyperprolactinemia prior to luteal phase defects, and
infections. Due to socio-cultural concerns, and also to religious con-
siderations, karyotyping of the outcome of conception was not reg-
ulatory done.

Controls comprised 446 multiparous university and hospital em-
ployees, or volunteer women (mean age 34.1 ± 6.8 years) with two or

more successful pregnancies, no spontaneous or induced miscarriages,
and negative family history of miscarriage. Controls were matched to
cases according to self-declared ethnic origin (all Tunisian Arabs).
Controls were also excluded if they reported past induced terminations
of pregnancy (TOPs), uterine rupture, intrauterine infection, malig-
nancy, and obstetric bleeding. All participants were required to sign a
consent form prior to inclusion in the study. From both controls and
cases, 5 ml blood were collected in EDTA-containing tube for total
genomic DNA extraction. The Research and Ethics Committee of the
University of Monastir and Farhat Hached University Hospital approved
the protocol of this study.

2.2. Genotyping

We included 2 tagging single nucleotide polymorphisms (SNPs) in
ESR1 gene (rs2234693 and rs3020314), and one ESR2 SNP (rs928554)
with a minor allele frequency (MAF) exceeding 10%, and which were
previously reported with clinical relevance using NCBI Entrez Gene SNP
Geneview. ESR1/ESR2 genotyping was done by VIC- and FAM-labelled
allelic discrimination method, using assay-on-demand TaqMan assays,
which were ordered from Applied Biosystems (Foster City, CA). The
reaction was performed in 6 μl volume on StepOne Plus real-time PCR
system, according to manufacturer’s instructions (Applied Biosystems).
Five percent duplicate samples were included for quality control pur-
poses to assess reproducibility of the genotyping results. The con-
cordance among blind duplicate pairs was> 99.9%, with the average
successful genotyping rate for each sample and SNP was 96.9%.

2.3. Data analysis

Statistical analysis was done using SPSS version 24 (IBM; Armonk,
NY). Continuous variables were presented as means (± SD), while
categorical variables were expressed as percent total. Differences in
means were analyzed by Student’s t-test, and Pearson χ2 test were used
for assessing inter–group significance. Hardy–Weinberg equilibrium
(HWE) was estimated by Haploview 4.2 (www.broad.mit.edu/mpg/
haploview). Study power calculation for detecting an association be-
tween ESR1 and ESR2 variants and RPL was done using Genetic Power
Calculator (http://pngu.mgh.harvard.edu/~purcell/cgi-bin/cc2k.cgi).
The parameters used were 444 women with RPL and 446 control
women, 3.0% RPL prevalence rate, MAF for the tested SNPs, genotypic
relative risk for heterozygote and minor allele homozygous. Assuming
these parameters, we calculated the overall power (67.3%) as the
average power of the tested SNPs. We also compare MAF seen here to
those previously reported for Caucasians (CEU) and Sub-Saharan
Africans (YRI) [obtained from HapMap release #28]. Considering the
control women group as reference, logistic regression analysis was
utilized for determining 95% confidence intervals (95%CI) and odds
ratios (OR) linked with RPL risk.

Each polymorphism was tested for Hardy-Weinberg equilibrium
(HWE) using Haploview 4.2 (www.broad.mit.edu/mpg/haploview). All
analyses were conducted under additive genetic effect, using SNPStats
(www.bioinfo.iconcologia.net/snpstats/). Haploview 4.2 was used to
evaluate linkage disequilibrium (LD) between the two tested SNPs and
reconstitution of Haplotype profiles. ESR1 haplotypes were re-
constructed by the expectation maximization method (Haploview 4.2).

3. Results

Table 1 presents the demographic and clinical profile of patients
with RPL and control women. Mean age at entry into the study, Pre-
vious oral contraceptive use, Testosterone, Triglyceride, Total choles-
terol, and HDL Cholesterol were comparable between RPL cases and
controls. On the other hand, significant differences between the two
participant groups were seen in body-mass index and LDL cholesterol.
In total, women with RPL reported around a median of 3 miscarriages,
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while controls reported a median of 3 live births / woman and no
miscarriages.

Accordingly, these were the covariates that were controlled for in
subsequent analysis.

Genotype distribution of ESR1 rs2234693, and rs3020314, and
ESR2 rs928554 were in HWE among study subjects (Table 2). MAF of
the tested ESR1 and ESR2 SNPs in women with RPL and control women
are presented in Table 2. MAF of ESR1 rs2234693 (P = 0.142), and
rs3020314 (P = 0.887), and ESR2 rs928554 (P = 0.559) was not sig-
nificantly different between RPL cases and control women.

The distribution of ESR1 and ESR2 genotypes in women with RPL
and control women are summarized in Table 3. Significantly higher
frequencies of homozygous (2/2) ESR1 rs2234693 (27.8 vs. 19.2%;
P = 3.0 × 10−3) genotype carriers were shown between RPL cases vs.
control women, respectively. This persisted after controlling for age,
BMI, and menarche [P = 1.0 × 103; OR (95% CI) = 1.80 (1.26–2.58)].
In contrast, the genotype distribution of ESR1 rs3020314 (P = 0.55),
and ESR2 rs928554 (P = 0.48) was not significantly different between
RPL cases and control women, which persisted after controlling for age,
BMI, and menarche.

As ESR1 is located on chromosome 6 (6q25.1-q25.2), and ESR2 is
found on chromosome 14 (14q23.2-q23.3), linkage analysis between
the two genes was not feasible. ESR1 2-locus (rs2234693-rs3020314)
haplotype analysis failed to identify any 2-locus ESR1 haplotype asso-
ciated with altered risk of RPL (Table 4).

4. Discussion

Despite the progress made in the last decade towards understanding
the pathophysiology of RPL, the contribution of genetic factors to the
RPL manifestation have not been clearly defined. Insofar deficiency in
estrogen signaling, stemming from genetic polymorphisms in ESR1 and
ESR2 gene, is associated with increased risk of RPL (Kim et al., 2015; Su

et al., 2011). We tested the notion that genetic variations in ESR1 and
ESR2 gene influence the risk of RPL. Of the ESR1 (rs2234693,
rs3020314) and ESR2 (rs928554) tested variants, only rs2234693
(ESR1) was consistently associated with increased risk of RPL, further
supporting a key role for estrogen receptor signaling in pregnancy
outcome.

The minor allele frequencies of the tested ESR1 and ESR2 gene
variants among control women reflect the ethnic origin of present-day
Tunisians, which results from admixture of distinct ethnic groups, who
sequentially invaded, and populated Tunisia throughout history.
Historically, these included Iberomarusians, Capsians, Phoenicians
(ancestors of present-day Lebanese), Romans, Vandals, Byzantines, and
Arabs, followed by massive Bedouin immigration in the 11th century
(Hajjej et al., 2006). MAF of the ESR1 variant rs3020314 established for
healthy Tunisians (34.0%) was comparable to that established for
Caucasians (33.8%) (HapMap-CEU), both of which were higher than
MAF among Africans (22.5%), while MAF of rs2234693 among Tuni-
sians (48.0%) was generally comparable to both Caucasians (40.0%)
and Africans (44.4%). In contrast, MAF of the ESR2 variant rs928554
among Tunisians (36.0%) was comparable to that of Caucasians (CEU)
of 39.5%, but both were markedly higher than that recorded for Afri-
cans (7.8%). This further underscores the need for assessment of dif-
ferences in ethnic/racial background in genetic association studies.

The main finding here was the strong association of rs2234693
ESR1 gene variant with RPL, based on differences in allele and genotype
distribution between RPL cases and control women. This variant
(rs2234693), defined by PvuII restriction enzyme in the first intron of
ESR1 gene, was associated with an increased risk for miscarriage. Our
results were in agreement with earlier German (Gerhardt et al., 2006)
and Spanish (Pineda et al., 2010) studies, but not with Brazilian
(Alessio et al., 2008) Western Canadian (Vancouver area) (Hanna et al.,
2010), Chinese (Pan et al., 2014), and Iranian (Mahdavipour et al.,
2014) studies. This discrepancy is attributed to differences in sample
size between our study and other studies (Alessio et al., 2008) along
with differences in ethnic background (Mahdavipour et al., 2014; Pan
et al., 2014), and experimental setting (Mahdavipour et al., 2014). In
addition to rs2234693 variant, we also investigated the possible asso-
ciation of rs3020314 ESR1 gene variant with RPL, but found no sig-
nificant association. This was in agreement with an earlier German
study, which reported negative association of rs3020314 variant with
the risk of RPL (Cupisti et al., 2009).

Functionally, ESR1 rs2234693 (PvuII) gene variant was linked with
pathologies associated with central role of estrogens (Huo et al., 2007;
Wedren et al., 2008; Yu et al., 2011), including idiopathic miscarriage
(Gerhardt et al., 2006; Safarinejad et al., 2010). While not the scope of
the current study, this association is possibly due to the presence within
rs2234693 of functional binding site for the transcription factor c-MYB
proto-oncogene, suggested to act as regulator of ERα expression
(Herrington et al., 2002). Insofar as ERα expression regulates the cell
cycle, it is tempting to speculate that the presence of rs2234693 minor
allele influences the oscillatory expression of ERα which occur during
cell division. This involves induction of high c-MYB activity during cell
cycle, which translates into augmented downstream transcriptional
activity in ER-sensitive cells (Drabsch et al., 2007; Vantaggiato et al.,
2014). Collectively, this suggests that engagement of c-myb leads to

Table 1
Characteristics of RPL cases and Control women.

Cases (n = 444) Controls
(n = 446)

P1

Age at inclusion in study 2 33.4 ± 5.7 34.1 ± 6.8 0.098
Body-mass index (kg/m2) 2 25.5 ± 4.2 26.4 ± 5.5 0.01
Previous oral contraceptive use

[n (%)] 3
13 (4.2) 26 (5.6) 0.358

Testosterone (ng/ml) 2 0.5 ± 0.1 0.4 ± 0.1 0.154
Cholesterol (mmol/L) 2 4.2 ± 1.0 4.5 ± 1.2 0.054
HDL-C (mmol/L) 2 1.2 ± 0.2 1.3 ± 0.2 0.545
LDL-C (mmol/L) 2 2.3 ± 0.8 2.7 ± 0.9 0.018
Triglyceride (mmol/L) 2 1.2 ± 0.8 1.3 ± 0.7 0.833
Menarche (years) 2 12.2 ± 1.1 12.8 ± 1.0 <0.001
Live births4 0 (0–2) 3 (2–9) <0.001
Miscarriages4 3 (3–12) 0 (0–0) <0.001

Italicface indicates statistical significance.
1. Student’s t-test (continuous variables), Pearson’s χ2 test (categorical vari-
ables).
2. Mean ± SD.
3. Percent of total within each group/subgroup.
4. Median (IQR).

Table 2
ESR1 and ESR2 SNPs Analyzed.

Gene SNP Percent genotyped Power (%) Allele HWE Cases1 Controls1 P

ESR1 rs2234693 95.2 42.8 T > C 0.24 0.51 2 0.48 0.142
rs3020314 73.3 79.5 C > T 0.16 0.34 0.34 0.887

ESR2 rs928554 87.3 79.5 A > G 0.59 0.35 0.36 0.559

1 Study subjects comprised 444 RPL patients and 446 control subjects.
2 Minor allele frequency.
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decline in ESR1 expression, and thus loss of reproductive efficiency.
ESR2 rs928554 was not associated with altered risk of RPL in our

cohort, in agreement with studies on Caucasian and Asian populations.
A Korean study involving 305 RPL cases and 299 control women (Kim
et al., 2015), and an earlier Chinese study of 196 women with RPL and
182 control women (Hu et al., 2012) independently confirmed lack of
association of ESR2 rs928554 with RPL. Similarly, a Brazilian study on
75 women with RPL and 75 control subjects (Alessio et al., 2008), and a
study on RPL cases and control women from Western Canada (Van-
couver area) (Hanna et al., 2010) confirmed lack of association of this
ESR2 variant with RPL, without excluding the possibility of contribu-
tion of other ESR2 variants in modulating RPL risk (Hanna et al., 2010).

Our study has strengths, namely selection of only Tunisian Arab
women, so as to minimize the impact of ethnic and racial heterogeneity,
thereby reducing the problems of differences in genetic background
inherent in gene association studies. Another strength is controlling for
potential covariates throughout the analysis. On the other hand, there
were shortcomings, which must be taken into consideration, notably
only three SNPs were evaluated, thus rising the probability of missing
critical links between other ESR1 and ESR2 variants and RPL. Also, we
did not rely subgroup analysis according to the type of RPL due to the
fact that most of pregnancy losses were not karyotyped. Another point
that necessitated caution in the interpretation of results, notably the
retrospective nature of the study, which cannot prove alone a causal
link between the investigated genes and the risk of RPL.

5. Conclusions

This is the first case-control study that addresses the association
between ESR1 and ESR2 gene variants and the risk of RPL in North
African Arab population. Despite the shortcomings, our work demon-
strates that ESR1-rs2234693, but not ESR1- rs3020314 or ESR2-
rs928554, is associated with RPL risk in Tunisian population. Further
functional reaserachs of genetic variants could contribute to an in-
creased understanding of the role of ESR1 genes as an important can-
didate locus inducing RPL.
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