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The Association Between Genetic Polymorphisms in
Estrogen Receptor Genes and the Risk of Ocular Disease:
A Meta-Analysis
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Abstract

Objectives: To evaluate the association between estrogen receptor (ER) genes polymorphisms and the risk of ocular disease.
Materials and Methods: A meta-analysis was performed of all available studies that investigated the association between ER gene

polymorphisms and the risk of ocular disease.

Results: Studies that were selected based on inclusion criteria reported 5 and 4 single-nucleotide polymorphisms (SNPs) identified
in the ESR1 (ERQ) (rs2234093, rs12154178, rs1884054, rs1801132, and rs9340799) and ESR2 (ERP) (rs1268656, rs7159462,
1256031, and rs4986938) genes, respectively. The pooled result showed a significant association between ESR2 rs1256031 gene
polymorphism and ocular disease (odds ratio: 0.55, 95% confidence interval: 0.41-0.74, p<0.0001).

Conclusion: The recessive genotype of ESR2 rs1256031 gene polymorphism had a protective effect against ocular disease, which

supports the hypothesis that the estrogen-signaling pathway through ERf plays a pivotal role in the pathogenesis of ophthalmic

disorders.
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Introduction

Estradiol (E)) is a female sex steroid hormone and considered
a major form of estrogen.! E, biosynthesis is regulated by rate-
limiting enzyme aromatase, which is encoded by the cypl9al
gene.”*** Although the ovary is known as the main site of E,
production, local E, synthesis is also observed in several tissues
including the brain, adipocytes, bone, liver, and retina.>” Some
evidence suggests an association between gonadal hormones and
several diseases that are not related to the reproductive organs,
such as diabetes, obesity, and myocardial infarction.*** However,
lictle is known about the role of E, in relation to the eye.

In mammals, expression of cypl9al is detected in the
inner nuclear layer, outer plexiform layer, outer nuclear layer,

and photoreceptors, while estrogen receptor (ER) is localized
in almost all retina layers, cornea, lens, conjunctiva, lacrimal
719, implying that E, synthesis and its
signaling are necessary for the eye. It has been reported that E,

and meibomian glands

exerts a neuroprotective effect in the retina and optic nerve."
Moreover, E, seems to be involved in several eye pathologies
such as glauc_oma, myopia, age-related maculopathy (ARM), and
cataract.'>1»145 Furchermore, the prevalence of dry eye disease is
predominantly found in females, particularly in the menopausal
and postmenopausal age group.'® Together, these support the
notion that estrogen is a contributing factor to the development
of ocular disease.

DNA polymorphisms are different DNA sequences that
commonly occur among individuals and populations. The
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most common type of DNA polymorphism is the single
nucleotide polymorphism (SNP), which is characterized by a
single nucleotide change in the DNA sequence. Interestingly,
however, alterations in DNA sequences may be directly
or indirectly correlated with the development of disease
through the modification of its expression and functional
effect.'” Estrogen-mediated effects are mainly modulated
by ERa and ERp, which are encoded by the ESRI1 and
ESR?2 genes, respectively.'® The association between genetic
polymorphisms of ER genes and the risk of disease has been
reported extensively, particularly in cancer."”? Two common
SNPs have been identified in ESR1 (rs223469, rs9340799)
and ESR2 (rs1256031, rs4986938).>"** Thus, SNPs in ESR
genes may directly or indirectly affect normal physiological
functions of estrogen and may affect the risk of ocular disease.
Therefore, in the present study, a meta-analysis of all eligible
studies was performed to provide an accurate estimation of
the association between ER polymorphisms and the risk of
ocular disease.

Methods

A literature search was conducted from PubMed, Google
Scholar, Scopus, and Web of Science. Keywords such as ER,
polymorphisms, and ocular disease were used in combination.

The literature search was updated until September 2019. The
selection criteria were as follows: (1) evaluating the associations
between ER gene polymorphisms and the risk of ocular disease
and (2) case-control design. The genotypic frequency for the ER
polymorphisms was tested by Hardy-Weinberg equilibrium
(HWE). Associations between the ER polymorphisms and risk
of ocular disease were estimated by calculating pooled odds
ratios (OR) and 95% confidence interval (CI). The random-
effect model was used to allow heterogeneity. Heterogeneity was
evaluated with Q-test and I°. Egger’s regression test was used
to assess publication bias. P value of <0.05 was indicative of
statistical significance.

Results

From the literature search, 5 studies were selected based
on inclusion criteria. The characteristics of the selected studies
are shown in Table 1. Mabuchi et al.'? recruited 425 glaucoma
patients (220 males and 205 females) with the average age of
63.55, while Kosior-Jarecka et al.’' enrolled 235 glaucoma
patients (72 males and 163 females) with an average age of
75.7. Seitzman et al.' and Imbert et al.?* recruited only female
participants with an average age of 65 and 62.2, respectively. A
study by Skilji¢ et al."” did not provide information regarding the
gender and age of the participants. However, the study evaluated

Table 1. Summary of the studies evaluating the association between ER polymorphisms and the risk of ocular disease
Author Country | Ocular | Gender | Age® SNP Genotype distribution PHWE® | Allele distribution
disease | (f/m) Case Control Case Control
ww | wu | MM | ww | wM | M w (M |[w [M
ESRI
Imbert USA Dryeye | 82% 62259 | 2234093 |12 |22 |12 |5 9 |7 |0536114 34 |34 |14 |16
etal.”
Kosior- Poland POAG | 163/72 | 75.75%% | rs12154178 | 127 |93 |13 |90 |68 |6 |0.111733 | 220 | 106 | 158 | 74
i’;‘f;fkf I 51884054 | 107 |93 |23 |79 |67 |19 | 0410095 | 200 | 116 | 146 | 86
Seitzman USA ARM | 1123% |65 152234093 |NA |NA |NA [NA |[NA |NA |NA 453 | 415 | 478 | 430
ecal” 59340799 |NA |NA |NA [NA |NA |NA | NA 555 | 307 | 588 | 328
151801132 |NA |NA |NA [NA [NA |NA | NA 673 | 187 | 707 | 209
Skilji¢ Estonia Cataract | NA NA 152234693 | 130 | 240 | 121 | 54 96 |35 |0.053831 | 370 | 361 | 150 | 131
ecal.” 9340799 | 249 |195 |47 |96 |72 |17 | 0513599 | 444 | 242 | 168 |89
ESR2
Kosior- Poland POAG | 163/72 | 75.75%% | 151268656 | 154 |53 |13 | 124 [33 |5 |o0.142854 | 207 | 66 | 157 |38
i"t‘f:ldf NA 7159462 [177 |38 |6 [142 22 |1 [o0883193 [ 215 |44 | 164 |23
Mabuchi Japan POAG | 326/290 | 65.45%%/ | 51256031 | 112 | 220 |93 [49 [84 |58 |0.101595 | 313 | 332|142 | 133
etal.” 03.55%* | 4086938 |328 |80 |8 [157 |48 |7 [o0.287639 [ 417 |97 |185 |55
Skilji¢ Estonia | Cataract | NA NA 51256031 | 178 | 228 |84 |[53 [101 |31 |0.143495 | 406 | 312 | 154 | 132
etal.” 4986938 192 | 225 |74 |69 |95 |21 |o0.168862 | 417 | 299 | 164 | 116
#only female, *did not classified by gender, **combined mean, *the mean age of case and control, PP for HWE equilibrium test in controls, NA: Not available, WW: Wild-type homozygote, WM:
Heterozygote, MM: Mutant homozygote, W: Wild-type allele, M: Mutant allele, POAG: Primary open-angle glaucoma, ARM: Age-related maculopathy, SNP: Single nucleotide polymorphism,
f: Female, m: Male
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estrogen-related polymorphism in age-related cataracts. All
of the studies used age- and gender-matched controls. Thus,
this current study mainly consisted of menopausal female
participants.

Five and 4 SNPs occurred in the ESRI (rs2234093,
rs12154178, rs1884054, rs1801132, and rs9340799) and ESR2
(rs1268656, rs7159462, rs1256031, and rs4986938) genes,
respectively. All SNPs complied with the HWE (p>0.05).
Finally, only 3 studies were included in our meta-analysis of
the association between ESRI (rs2234093 and rs9340799)
and ESR2 (151256031 and rs4986938) polymorphisms with
ocular disease. The pooled results on the association between
ER polymorphisms and the risk of ocular disease are shown in
Table 2. There was no significant association between ESR1
gene polymorphisms and risk of ocular disease. However,
the recessive model of ESR2 rs1256031 gene polymorphism
showed a 45% decrease in odds ratio (OR: 0.55, 95% CI: 0.41-
0.74, p<0.0001, with low heterogeneity I’=15%), suggesting
a protective effect of recessive genotype in ESR2 rs1256031
against ocular disease. No publication bias was observed for
the association of ER polymorphisms and risk of ocular disease

Discussion

In this study, 4 ocular diseases (primary open-angle
glaucoma, dry eye, cataract, and ARM) were included in the
analysis. Interestingly, such cases are mostly correlated with
increased age. Indeed, low estrogen levels are observed in
menopausal women and have been associated with increased
cytokine production and ocular disease.”>** Moreover,
menopausal women treated with hormone replacement therapy

show a reduction of intraocular pressure”=°

, which suggests a
protective effect of estrogen. However, there is a conflicting
result in regards to cypl9al polymorphism. A woman with
cypl19al (rs10046) polymorphism has a higher susceptibility to
myopia*!, while there is no evidence of cyp19al polymorphism
being associated with the risk of cataract.” Furthermore,
Nishikawa et al.”” provided evidence that there is no change in
sex steroid hormone levels in patients with vitreoretinal disease.
Nonetheless, the role of estrogen on ocular disease needs further
investigation.

Because the action of estrogen depends on the interaction
with its receptors, understanding ER genetic variations become
important to evaluate the association of ER polymorphisms and

(P per s> 0-05). the risk of ocular disease. This report indicated that the recessive
model of ESR2 rs1256031 gene polymorphism was correlated

Table 2. Meta-analysis for the association between ER polymorphisms and the risk of ocular disease
Model Number of studies | OR 95% CI 2 (%) p value
ESRI 52234093
Allele model 3 1.05 0.89-1.24 0 0.61
Dominant model 2 1.37 0.92-2.04 0 0.12
Recessive model 2 0.86 0.60-1.22 0 0.39
Homozygous model 2 253 0.11-60.68 78 0.57
Heterozygous model 2 0.93 0.64-1.36 0 0.05
ESR1 rs93407992
Allele model 2 0.99 0.82-1.19 0 0.90
ESR21rs1256031
Allele model 2 1.16 0.97-1.40 0 0.10
Dominant model 2 1.29 0.99-1.68 0 0.06
Recessive model 2 0.55 0.41-0.74 15 <0.0001°*
Homozygous model 2 0.75 0.53-1.07 0 0.11
Heterozygous model 2 0.85 0.44-1.64 77 0.63
ESR2rs4986938
Allele model 2 1.15 0.83-1.59 54 0.40
Dominant model 2 1.2 0.93-1.56 0 0.37
Recessive model 2 0.93 0.35-2.44 66 0.09
Homozygous model 2 0.86 0.34-2.19 62 0.11
Heterozygous model 2 1.09 0.48-2.49 52 0.15
afor ESR1 159340799 polymorphism was made only the comparison of allele model due to genotype frequency is not provided from one study. *p<0.05, OR: Odds ratio, CI: Confidence interval
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with a reduction of ocular disease risk, which has been also
reported as a protective factor in developing type 2 diabetes
mellitus.®® Mice lacking ERf are more susceptible to in vivo
injury to RPE cells®, which supports a protective effect of ER.
It has been reported that the expression of ER[} is more abundant
than ERa in the central nervous system*%*, including the retina.
Moreover, the expression of ERf is relatively more constant than
ERa in the human eye®!, suggesting a prominent role of ERf in
regulating normal physiological function in the eye.

Study Limitations

There are limitations to this study. First, the number of
studies included in the meta-analysis was relatively small due to
the limited availability of published papers. From 5 published
papers, only 3 were suitable for further analysis, while the rest
evaluated different SNPs. Second, major and minor alleles might
have different roles in the risk of ocular disease, resulting in
heterogeneity of the studies. Third, although this study was
mainly generated from the pooled data of menopausal women,
some studies enrolled both male and female participants, which
may affect the pooled estimate. Thus, these findings should be
interpreted with caution.

Conclusion

In summary, the current meta-analysis suggests that ESR2
1s1256031 gene polymorphism is significantly associated with
the risk of ocular disease. The recessive genotype of ESR2
1s1256031 gene polymorphism was associated with a reduced
risk of developing ocular disease. It is expected that more studies
will become available, which may help the accurate estimation
of the relationship of ER with ocular disease to verify this
conclusion.
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