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Endometriosis is a common cause of morbidity in women of unknown etiology. Several
studies have shown that endometriosis with a polygenic/multifactorial trait. To evaluate
o and g estrogen receptor (ER) gene polymorphisms against endometriosis, this study was
analyzed from endometriosis outpatient’s clinic which compared 83 women with
endometriosis and 76 women without endometriosis. The ER o gene rs9340799 A/G and
ER p gene rs4986938 G/A polymorphism was identified by restriction fragment length
polymorphism-polymerase chain reaction. Genotype distribution and allele frequency of
the +1730 G/A polymorphism in the ER o gene rs9340799 A/G and ER g gene rs4986938
G/A. The genetic model on the ER« rs2234693 SNP analysis that there is no significant
difference in the four genetic models, but on the ER@ 15498638 it appears that the genetic
model dominant (GG vs (GA + AA) and co-dominant (GA vs GG + AA) showed significant
differences with p<0.05, i.e. 0.013 and 0.06 respectively and with OR (95% CI) 0.350 and
3.258, respectively. For other genetic models, this SNP did not show significant
differences. The data suggest that the ER B gene rs4986938 G/A polymorphism can be
associated with the risk of endometriosis development, regardless of the stage of the
disease.
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INTRODUCTION

Endometriosis is a form of endometrial-like tissue that
grows and develops outside the uterine cavity, especially in
the peritoneum of the ovaries.! This tissue grows abnormally
and is common in women of reproductive age. The main
symptoms of the clinical picture of this incident are pain
around the waist during menstruation (dysmenorrhea), pain
during intercourse (dyspareunia) and infertility."? This is
because endometriosis is multifactorial, namely a disease
caused by the interaction of several factors: environmental,
immunological and genetic. Locations where endometriosis
tissue develops are the pelvis and the abdominal cavity.?
Based on clinical data obtained from various hospitals in
Indonesia, the incidence of endometriosis reached 13.6-69.5%
from the infertile group and data from the Immuno-
Endocrinology Polyclinic of the Department of Obstetrics and
Gynecology FKUI-RSCM in 2006-2010 recorded as much as
approximately 10%. endometriosis in women of reproductive
age*

Indications for endometriosis are characterized by high
concentrations of estrogen levels in local tissues. Estrogen is
the main candidate gene associated with endometriosis. The
action of estrogen is mediated by its specific receptor, the
estrogen receptor (ER).”> The estrogen receptor gene consists
of two isoforms, namely ERo and ERp which belong to the
nuclear gene receptor family and play a role in intracellular
transcription factors by activating ligands. Several previous
studies suggest that there is an association of the estrogen
receptor gene polymorphism with endometriosis.®”

According to Jakimiuk et al (2007), the results of the study
of ERa gene polymorphisms are still experiencing a lot of
controversy, while the molecular mechanism of
polymorphism influencing ER activity in endometriosis is still
unclear.® The ERa gene polymorphism is located in the
intronic gene area which is a non-functional gene region.
Genetic abnormalities in humans are more than 50% known
to be caused by disruption of the normal splicing pattern of
intron regions. SNnRNA and protein malfunctions can result
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from the splicing process that has a detrimental effect on
cells.?

According to Zhao et al (2016) that the incidence of
genetic mutations in the ERo gene tends to indicate the
expression of aberrant genes or abnormalities involved in the
pathogenesis and development of endometriosis. The ER«
gene variants with restriction sites Pvull (rs2234693 position
397 T/C) and Xbal (rs9340799 position 351 A/G) were the
most studied. This is the main reason to further study the role
of polymorphisms in the diagnosis and incidence of recurrent
endometriosis.'® According to Bulun (2012), the etiology and
pathogenesis of endometriosis are still not fully understood,
but it is known that estrogen can stimulate the growth of
endometrial tissue.!!

Two ER« gene polymorphism sites separated by 50 base
pairs in the polymorphism study conducted by Cai (2003)
showed that the ERx gene polymorphism in the intron one
region was also thought to be influenced by linkage
disequilibrium (LD).2'2 LD is the correlation between adjacent
variants such as alleles in neighboring polymorphisms
observed on the same chromosome that are associated in the
population more often than unlinked. The results of the stated
that three ERx gene polymorphisms in the intron one region,
namely RFLP Pvull, Xbal and repeating TA dinucleotide
polymorphisms were stated to have strong LDs between
polymorphism sites in intron one and microsatellite TA
dinucleotide polymorphisms with high coincidence levels.
from the short TA allele and the Pvull and Xbal restriction
sites.!314

Linkage and association studies are the most commonly
used methods for complex disease investigations.
Fundamentally, these methods follow the same principles,
such as determining the co-inheritance of adjacent DNA. For
generations between cases and controls in haplotypic linkage
identification studies suggest that a trait that is inherited for
several generations in association study investigations, is
retention of adjacent versions of DNA."> Many studies have
succeeded in revealing that SNPs and alleles are associated
with disease. The association between SNPs and disease
indicates that there are genes in that area that contribute to
disease. If two haploid genomes are compared randomly there
are approximately three million differences.'® The number of
variations of DNA sites containing SNPs in humans is not fully
known, but between 10 and 30 million SNPs is approximately
one every 100 to 300 bases. SNPs generally have a frequency
above 20%.17

We conducted research on ER gene polymorphisms
against endometrial disease represented by several hospitals
in Jakarta. The results of this study are expected to be able to
determine the ER gene variants and the association that cause
endometriosis in the Indonesian population considering that
until now there has been no comprehensive study of the ER
gene polymorphisms and there is no data base for ER gene
polymorphisms and their effects on endometriosis.

METHOD

The design of this study is a case control study which
compares women with endometriosis (cases) and normal
women (controls). The sample that will be used in this study
is peripheral blood from 159 patients. The total number of
samples used for polymorphism examination in this study
were 159 samples consisting of two groups, namely 83 people
with endometriosis (cases) and 76 people without
endometriosis (control II). Clinical data and peripheral blood
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samples were collected only after explaining the objectives of
the study and obtaining signed informed consent, as approved
by the Research Ethics Committee of the RSCM-UI school of
medicine.

Peripheral blood was collected from each patient and
control in an EDTA-containing tube. Genomic DNA was
extracted from peripheral blood lymphocytes with salting out
method using an DNeasy Blood and Tissue (Qiagen, USA),
according to the manufacturer’s instructions. Molecular
analysis of the ER o gene rs9340799 A/G and ER @ gene
14986938 G/A polymorphism was performed according to
the protocol of Lee et al. (2012) with modifications.!® The
primers ERo used were: 5¢-CAGGGTTATGTGGCAATGAC-3¢
(forward) dan 5¢-TACCTATAAAAATGACAAAA-3¢ (reverse)
and ERB 5¢-CGGCAGAGGACAGTAAAAGC-3¢ (forward) dan
5¢-AGGCCATTGAGTGTGGAAAC-3¢  (reverse). The PCR
reaction was carried out in a final volume of 25 1L, containing
5 uL genome DNA, 12,5 puL master mix (kappa, Bioline), 0,5 uL
primer forward, 0,5 pL primer reverse and 6,5 pL aqua
bidestillata (ddH20). Amplification was performed with an
initial denaturation step at 94°C for 6 min, followed by 35
cycles of: denaturation at 94°C for 60 s, annealing at 56°C for
40 s, elongation at 72°C for 90 s and a final extension step at
54°C for 5 min.

The PCR products were analyzed for RFLP by using 5 U of
Alul restriction enzyme at 37°C overnight and visualized in 2%
agarose gel stained with ethidium bromide under UV light.
Allele and genotype frequencies were compared between
groups using the c2 test. All p values were two-tailed and 95%
confidence intervals (CIs) were calculated. A p value < 0.05
was considered to be significant.

RESULT AND DISCUSSION

Case and control studies generally compare disease-
specific prevalence of individuals with normal alleles and
variant alleles in individuals resulting in an odd ratio (OR). The
most common type of allele variation to the SNP distinguishes
between homozygous major allele (MM), heterozygous (Mm)
and homozygous minor allele (mm). Odds are given for each
genotype and the pair is OR. The data is displayed using the
2x2 contingency method in determining the OR. There are
several genetic models that are often used to determine OR:
dominant, multiplicative, recessive and over dominant.

The association of dominant, recessive, additive, co-
dominant genetic models is in the ERa gene in intron 1
1s9340799 (Xbal) and rs2234693 (Pvull) and ERp exon
rs4986938 (Alul). For the genetic model with 3 SNPs from the
ER (Table 1), it can be seen in the table that the REx rs9340799
SNP with the dominant genetic model (AA vs AG + GG) did not
show significant differences as well as the co-dominant
genetic model (AG vs AA + GG): recessive (GG vs GA + AA) and
additive (GG vs AA) allele frequencies showed significant
differences with p<0.05, respectively, were 0.038 and 0.024
with OR values were 2.017 and 2.545 (95% CI), respectively.
while the dominant and co-dominant genetic models did not
show significant differences.

The genetic model on the ERx 1s2234693 SNP, it can be
seen from the analysis results that there is no significant
difference in the four genetic models, but on the ERp rs498638
SNP it appears that the genetic model dominant (GG vs (GA +
AA) and co-dominant (GA vs GG + AA) showed significant
differences with p<0.05, i.e. 0.013 and 0.06 respectively and
with OR (95% CI) 0.350 and 3.258, respectively. For other
genetic models, this SNP did not show significant differences.
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Table 1.
Association of Allele Frequency with Pearson Chi-Square Test

p<0,05 OR (IK95%) min maks
ERa 1s9340799 A/G
Dominan:
AA vs (GA+GG) 0,074 1,909 0,934 3,902
Resesif:
GG vs (AA+GA) 0,038 2,017 1,035 3,929
Additive:
GG vs AA 0,024 2,545 1,121 5,778
Co-dominan:
AG vs (AA+GG) 0,706 1,131 0,596 2,147
ERa 1s2234693 T/C
Dominan:
TT vs (TC+CC) 0,626 0,830 0,392 1,759
Resesif:
CC vs (TT+TC) 0,192 0,591 0,267 1,308
Additive:
TT vs CC 0,252 0,567 0,214 1,503
Co-dominan:
TC vs (TT+CC) 0,515 0,811 0,431 1,525
ERp rs4986938 G/A
Dominan:
GG vs (GA+AA) 0,013 0,350 0,150 0,816
Resesif:
AA vs (GG+GA) 0,294 - - -
Additive:
GG vs AA 0,346 - - -
Co-dominan:
GA vs (GG+AA) 0,006 3,258 1,357 7,826

Notes: Test the significance of genotypic frequencies from the genetic
model on three ER SNPs. The results of the Chi-Square test on SNP
1s9340799 showed that the recessive genetic model (GG) was significantly
different from the other genotypes (p=0.038) with a risk of endometriosis
of 2.017 times. Likewise, the additive genetic model (GGvsAA) showed that
the frequency of the GG genotype was significantly different from that of
the AA genotype (p=0.024) with 2.545 times the risk of endometriosis. The
results of the Chi-Square test on SNP rs2234693 showed that the genotype
frequencies in the four genetic models were not significantly different
p>0.05.

DISCUSSION

Classical Mendelian genetic methods in studying genes
cannot be used to find out information about individual genes
because the effects of each gene will not be visible. Lack of
knowledge about individual genes makes many unrealistic
assumptions such as the frequency of the gene at all loci is
approximately the same as well as the effect of the gene and
its dominance relationship. The table above shows the
association test on four genetic models of genotypic
frequency for the SNPs of the ERx and ERp genes by looking at
the strength of the association and determining the p value of
the OR value.'>1?

The results of studies of estrogen receptor (ER)
polymorphisms associated with the risk of endometriosis in
Asia and Europe show that polymorphisms can be used to
predict an increase or decrease in the risk of endometriosis.
Potentially useful in the preventive diagnosis, treatment or
prognosis of endometriosis.?° A number of studies have linked
genetic polymorphisms as a contributing factor to the
development of endometriosis. Endometriosis is a disease
with a polygenic model and multiple loci inherited traits and

there are several chromosomal regions associated with the
endometriosis phenotype.?!

The results of the association of estrogen receptor
polymorphisms with endometriosis were inconsistent. This
inconsistency may be due, among other things, to ethnic
differences and the small sample size of the association study.
Previously, several studies on the association of steroid
receptor gene SNPs and genes involved in steroid metabolism
and endometriosis have been carried out. Several studies have
shown the association of polymorphisms with specific
enzymes Pvull and ER« in endometriosis.??,?* The results of
other studies did not show any association.

Genomic wide association analysis (GWAs) is the
development of gene mapping technology whose analysis
requires genotypic and phenotypic data. GWAs are also one of
the new methods that can provide insights including
environmental interactions and identification of candidate
genes associated with endometriosis. It is also a potential new
technology in finding association models in polygenic
diseases such as endometriosis.!?

The etiology of endometriosis in the understanding of the
disease has evolved through linkage analysis and association
studies, although the pathophysiology of endometriosis and
genetics is unclear. The genetic basis of endometriosis is to
determine the early detection of associated disease. Especially
in improving the treatment of endometriosis associated
symptoms: infertility, and pelvic pain.24%>

Association studies in the complex disease of
endometriosis have been identified based on high-density
genetic markers. The result is that quantitative trait
susceptibility statistically shows “valid associations” with:
common diseases, hypotheses of common genomic variants
in the population. The studies carried out are "direct”
(associative studies of functional variance analysis, changes in
amino acids in coding regions) or show expression in
regulatory regions of candidate genes in a disease. In contrast,
"indirect” studies (investigations of genetic marker setting in
disease expect loci through LD (linkage disequilibrium)
analysis between disease alleles and genetic markers.26%7

When detecting gene susceptibility, especially to
multifactorial diseases such as endometriosis, it is necessary
to assign a PAR (population-attributable risk) risk level to the
population picture. The genetic strength will be reduced and
the PAR level and OD ratio (Odd Ratio, OR) will be low. This is
if a "rare cause"” variant is found in "common disease".!*1>

Such conditions to detect susceptibility can be done
through an "indirect” approach depending on the level of
linkage disequilibrium (LD) between disease variants and
genetic markers. Determination of genotyping is relatively
risky, where factors that influence genetic power are also
included in association studies. Although it is generally
recognized that allele frequencies and LD strengths vary
widely in different populations and chromosomal regions.!>28

From the four genetic models, it appears that for the SNP
gene ERa 1s9340799 A/G that the additive genetic model (AA
vs. GG) is the best genetic model by showing a significant
difference with p value = 0.024 meaning that the frequency of
the additive model genotype wild type AA is associated with
lower risk (risk factor) for endometriosis cases with an OR
value of 2.55 times at a minimum limit of 1.12 and a
maximum limit of 5.78 which is higher than other genetic
models. It means that individuals with the AA genotype at SNP
19340799 can reduce their susceptibility to sporadic
endometriosis cases 2.55 times compared to the GG variant
genotype. Meanwhile, the SNP ERa 1rs2234693 T/C showed
that the four genetic models did not show a significant value.
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SNP ERp rs4986938 G/A showed a co-dominant genetic
model (GA vs GG+AA) from the statistical test results
appeared to show a significant difference with p value = 0.006
and it means that the GA genotype was associated with a
lower risk of endometriosis cases with an OR value of 3.258
times at the limit a minimum of 1,357 and a maximum limit
of 7,826. It means that individuals with the GA genotype on
SNP ERB rs4986938 can reduce their susceptibility to cases of
sporadic endometriosis by 3,258 times compared to other
genotypes.

SNP ERp 1s4986938 G/A showed the dominant genetic
model (GG vs AA+AG) from the statistical test results
appeared to show a significant difference with p value = 0.038
and it means that the GG genotype was associated with a
lower risk of endometriosis cases with an OR value of 2.012
times at a minimum limit of 0 .15 and a maximum limit of
0.82. It means that individuals with the GG genotype at SNP
ERp 1rs4986938 can reduce their susceptibility to cases of
sporadic endometriosis by 2.02 times compared to other
genotypes.

In conclusion, an association between the ER o gene
19340799 A/G and ER p gene rs4986938 G/A was clear that
the ER g gene rs4986938 G/A polymorphism can be associated
with the risk of endometriosis development. Even though, due
to the limitations shown above, it is important to carry out
larger and well-designed multi-center studies to confirm the
results.

CONCLUSION

From the results of the analysis of genotype frequencies,
allele distributions and association studies conducted in this
study on three SNPs (ERo: 1s9340799, rs2234693 and ERp:
rs4986938) comprehensively, it can be concluded that at the
ERa locus 159340799, the effect of mutant allele frequency (G)
appears to have an effect. to an increased risk of
endometriosis.
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