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Abstract. Uterine leiomyoma is a benign tumor whose growth is strongly 
influenced by Estrogen, particularly through Estrogen Receptor Alpha 
(ERα). Risk factors such as age at menarche and contraceptive use are 
suspected to play a role in uterine leiomyoma; however, the direct 
relationship has not been widely studied. This study aimed to investigate the 
relationship between age at menarche and contraceptive use with ERα 
expression in uterine leiomyoma tissues of patients at RSI UNISMA. This 
study was an observational analytic study with a cross-sectional approach. 
The sample consisted of 21 uterine leiomyoma tissue specimens from 
patients who had undergone hysterectomy or myomectomy. Secondary data 
were obtained from medical records. ERα expression was analyzed using 
immunohistochemistry and manually quantified with ImageJ software. Data 
were analyzed using linear regression. A total of 66% of patients had a 
normal age at menarche (10–16 years), and 61% used hormonal 
contraceptives. The age at menarche and hormonal contraceptive use were 
not correlated with ERα expression (p > 0.05), although each factor 
contributed 1% and 6% to the variation in ERα expression. There is no 
correlation between age at menarche or contraceptive use and ERα 
expression in uterine leiomyoma tissues of patients at RSI UNISMA. 
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1 Introduction 

Uterine Leiomyoma, also known as uterine myoma, is a type of benign tumor that originates 
from the smooth muscle tissue of the uterus, specifically the myometrium [1]. In Indonesia, 
around 49,598 cases are reported annually, with an incidence rate of 20 cases per 1,000 adult 
women. In 2020, the prevalence of uterine leiomyoma was estimated to range between 2.39% 
and 11.7% of all gynecological patients undergoing treatment, making this condition the 
second most common gynecological disease after cervical cancer [2]. 

The growth of this benign tumor is associated with elevated levels of estrogen in the body, 
which can trigger the proliferation of the uterine myometrium [1]. Estrogen is an important 
hormone for women's physiological processes, including the regulation of the menstrual 
cycle, pregnancy, and the differentiation of female reproductive organs. The activity of this 
hormone is mediated by two receptor subtypes, namely Estrogen Receptor Alpha (ERα) and 
Estrogen Receptor Beta (ERβ), which play roles in regulating gene transcription to support 
cell growth, proliferation, and differentiation. ERα is known to be more highly expressed in 
uterine and breast tissues. Research has shown that ERα is more abundantly expressed in 
uterine leiomyoma tissue compared to normal myometrium. The binding of Estrogen to ERα 
activates signaling pathways such as mitogen-activated protein kinase (MAPK), which 
promotes cell proliferation while simultaneously suppressing the expression of the p53 gene 
that functions as a tumor suppressor. This mechanism is believed to contribute to the 
development of uterine leiomyoma [3]. 

Several risk factors are known to contribute to the growth of uterine leiomyoma, including 
age at menarche and the use of hormonal contraceptives. A study conducted by Adriani et al. 
in 2018 demonstrated that women who experienced early menarche had a twofold higher risk 
of developing uterine leiomyoma compared to those with normal menarche age. Early 
menarche contributes to more prolonged lifetime hormonal exposure, particularly through 
ovulatory cycles involving Estrogen. Increased estrogen exposure may stimulate mitosis in 
the myometrium, thereby potentially accelerating the development of leiomyoma [4]. In 
addition to menarche age, the use of hormonal contraceptives is also associated with the 
growth of uterine leiomyoma. A study conducted by Zafar et al. in 2024 found that the use 
of hormonal contraceptives significantly increased the risk of uterine leiomyoma formation 
in premenopausal women, with a twofold greater risk compared to women who did not use 
contraceptives [5]. 

Considering that various individual risk factors can influence the occurrence of uterine 
leiomyoma, and given the limited local research evaluating the direct relationship between 
age at menarche and the use of contraceptives with Estrogen Receptor Alpha expression in 
stored uterine leiomyoma tissue, this study was conducted to examine the relationship of 
these two factors in patients with uterine leiomyoma at RSI UNISMA. The selection of RSI 
UNISMA as the research site was based on the optimization of resource utilization and the 
availability of internal hospital data, while also contributing to the development of scientific 
knowledge within the institution. This research provides a scientific foundation that supports 
more targeted prevention strategies and the effective, evidence-based management of uterine 
leiomyoma. Furthermore, the findings of this study are expected to contribute to achieving 
the Sustainable Development Goals (SDGs), particularly Goal 3: Good Health and Well-
being, by enhancing the understanding of risk factors and biological mechanisms involved in 
the development of uterine leiomyoma. Thus, this research can support the improvement of 
reproductive health services for women, strengthen preventive efforts, and assist in disease 
management, thereby positively impacting maternal health. 

 

2 Methods  

 

 

2.1 Study Design, Time, and Location 
This study used a retrospective analytical observational design with a cross-sectional 
approach. It was conducted from March to June 2025 at the Department of Anatomical 
Pathology, RSI Universitas Islam Malang (UNISMA), the Anatomical Pathology Laboratory 
of Saiful Anwar General Hospital, and the Integrated Laboratory, Faculty of Medicine, 
UNISMA. Ethical approval was obtained from the Health Research Ethics Committee of RSI 
Malang (No. 13/KEPK/RSI-U/II/2025). 

2.2 Study Sample 
The research sample was obtained from secondary data collected from the medical records 
of RSI UNISMA, which met the inclusion and exclusion criteria. The study population 
consisted of all female patients with uterine leiomyoma at RSI UNISMA during the period 
2022–2024, targeting those who had undergone hysterectomy or myomectomy. The 
sampling method applied was purposive sampling, in which all samples were considered 
based on the completeness of medical records and the availability of high-quality paraffin 
blocks. The inclusion criteria were the availability of medical record data, including age at 
menarche and contraceptive use, as well as the presence of good-quality paraffin blocks. The 
exclusion criteria were inadequate immunohistochemistry staining results, patients with a 
history of malignancy or other uterine lesions, and incomplete medical record data. Based on 
the data from RSI UNISMA, a total of 21 patients met the inclusion criteria out of 64 patients  

2.3 Immunohistochemistry Procedure 
 
Tumor tissues embedded in paraffin blocks were sectioned at a thickness of 3–4 μm and 
mounted on poly-L-lysine–coated slides. The sections underwent deparaffinization through 
sequential immersion in xylol and graded alcohol solutions. Subsequently, the tissues were 
immersed in peroxide block solution for 25 minutes, treated with DIVA solution, and placed 
in a decloaking chamber at 90 °C for 45 minutes. After rinsing with PBS, the sections were 
incubated with primary antibody ERα (GeneText; Cat No. GTX75361) for 60 minutes, using 
serial dilutions (1:40 to 1:80) for staining optimization, followed by polymer application. 
Visualization was performed using DAB chromogen, counterstained with hematoxylin, and 
treated with lithium carbonate. The final steps included clearing with xylol and mounting. 
For validation, a negative control was included in which tissue slides were processed without 
the primary antibody and stained only with DAB [6]. 

2.4 Quantification of Estrogen Receptor Alpha 

ERα expression was observed using an Olympus OPTIKA B–510–5 multi-view light 
microscope at 40× objective magnification. A cell was considered positive if the nucleus 
exhibited brown staining. Cell counting was performed manually using ImageJ with a plug-
in method, evaluating up to 200 cells across five randomly distributed fields in a zig-zag 
pattern and independently assessed by two observers to minimize bias, with the percentages 
of ER-positive nuclei from both observers averaged to determine the mean ER-positive rate. 
During the analysis, cells located in artifact-prone areas, such as tissue folds, detachment, or 
suboptimal staining, were excluded to ensure accuracy. 
 
2.5 Data Analysis 
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Data analysis was performed using the Statistical Package for the Social Sciences (SPSS) 
software version 29.0 for Mac. The Shapiro–Wilk test was applied to assess whether the 
distribution of receptor expression data was normal, serving as the basis for selecting the 
subsequent statistical test. Thereafter, linear regression analysis was conducted to evaluate 
the relationship between ERα expression levels and age at menarche as well as contraceptive 
use. Linear regression analysis was applied to examine the relationship between variables 
when the data were normally distributed, as this method is capable of explaining the 
association between independent and dependent variables. 

3 Results and Discussions 

3.1 Result 

The criteria for the study samples are shown in Table 1. 
 
Table 1. Distribution of Study Population Samples Based on Age at Menarche, Contraceptive Use, 

and Age of Patients with Uterine Leiomyoma at RSI UNISMA 
 

Age at Menarche 
Range of Age at 

Menarche 
Frequency Percentage (%) 

 10 years 3 14 
10 – 16 years 14 66 

 16 years 4 20 
Contraceptive Use 

Contraceptive Frequency Percentage (%) 

Hormonal 13 61 
Non hormonal 8 39 

Age 
Range of Age Frequency Percentage (%) 

20-39 years 4 19 
40-44 years 3 14 
45-50 years 5 23 
>50 years 9 42 

 
Note: A total of 21 uterine leiomyoma patients were included in this study. Among them, 
61% reported the use of hormonal contraceptives, 66% experienced menarche between the 
ages of 10 and 16 years, and 42% were aged above 50 years. 
 
The results of immunohistochemical staining using Estrogen Receptor Alpha antibody on 
uterine leiomyoma tumor specimens from patients at RSI UNISMA are presented in Figures 
1 and 2 below. 
 

 

 

 

           

 
Fig. 1. ERα Expression based on age at menarche in archived uterine leiomyoma tissue (IHC, 400x). 
 
Legend: Figure A shows IHC staining of a specimen from a patient with an age at menarche 
< 10 years. Figure B shows IHC staining of a specimen from a patient with an age at menarche 
10–16 years. Figure C shows IHC staining of a specimen from a patient with an age at 
menarche > 16 years. The red arrow indicates ERα-positive nuclei, whereas the black arrow 
indicates ERα-negative nuclei. Scale bar = 200 μm. 
 

 
Fig. 2. ERα expression based on contraceptive use in archived uterine leiomyoma tissue (IHC, 400x) 

 
Legend: Figure A shows IHC staining of a specimen from a patient using hormonal 
contraceptives. Figure B shows IHC staining of a specimen from a patient using non-
hormonal contraceptives. The red arrow indicates ERα-positive nuclei, whereas the black 
arrow indicates ERα-negative nuclei. Scale bar = 200 μm. 

The results of the statistical analysis of the relationship between age at menarche and 
contraceptive use with estrogen receptor alpha expression are presented in Table 2 below. 
Based on the results of the simple linear regression analysis, age at menarche did not show a 
significant association with ERα expression (p = 0.89), contributing only 1% (R² = 0.01), 
while the remaining 99% was presumed to be influenced by other factors. A similar finding 
was observed for the variable of contraceptive use, which was not significantly associated 
with ERα expression (p = 0.25) and contributed only 6% (R² = 0.06). Thus, the findings of 
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this study indicate that neither age at menarche nor contraceptive use plays a significant role 
in ERα expression in uterine leiomyoma tissues of patients at RSI UNISMA.  

 
Table 2. Simple Linear Regression Analysis of the Relationship between Age at Menarche and 
Contraceptive Use with Estrogen Receptor Alpha Expression in Archived Uterine Leiomyoma 

Tissue of RSI UNISMA Patients 
 

 
Category 

ER Expression 
Mean square Sig R Square 

Age at menarche 0.109 0.89 0.01 
Contraceptive use 446.952 0.25 0.06 

 
Note: The analysis was performed using a simple linear regression test, showing results of p 
< 0.05. 
 

3.2 Discussions 

3.2.1 Association Between Estrogen Receptor Alpha Expression and Age at Menarche in 
Archived Uterine Leiomyoma Tissues of RSI UNISMA Patients 

Age at menarche marks the onset of menstruation in women, characterized by increased 
production of reproductive hormones, particularly Estrogen. Estrogen plays a crucial role in 
cell proliferation and the development of uterine leiomyomas through its interaction with the 
estrogen receptor α (ERα). Uterine leiomyomas are known to be highly sensitive to estrogen 
stimulation due to elevated ERα expression. In both normal and leiomyoma uterine tissues, 
ERα activation can induce protein kinase pathways such as MAPK and PDGF, which 
contribute to cell proliferation and the upregulation of growth factors, as well as suppress the 
expression of the tumor-suppressor gene p53 [3]. Thus, the duration of estrogen exposure 
since menarche becomes an important factor in leiomyoma development, where early 
menarche (<10 years) increases the risk due to prolonged exposure to estrogen and enhanced 
myometrial mitotic activity throughout life [4].  

However, the results of this study showed that age at menarche was not significantly 
associated with ERα expression in uterine leiomyoma tissues of RSI UNISMA patients (p > 
0.05). The variation of ERα expression among patients reflects differences in sensitivity to 
Estrogen. This discrepancy from previous theories suggests that hormonal mechanisms do 
not solely regulate ERα expression but may also be influenced by other factors, such as 
epigenetic regulation. Hypomethylation of the ESR1 gene promoter in uterine leiomyoma 
tissue leads to increased ERα expression, resulting in a higher number of receptors in the 
myometrium. This enhances cellular responsiveness to estrogen, ultimately promoting the 
proliferation and growth of leiomyoma [7]. 

In addition to epigenetic factors, metabolic conditions such as obesity also contribute to 
the development of leiomyomas. Obesity has been reported to increase the risk of 
leiomyomas up to 1.9-fold compared to individuals with normal BMI [8]. Increased adipose 
tissue in obesity enhances the conversion of androgens into estrogens through the aromatase 
enzyme, resulting in higher endogenous estrogen levels. Furthermore, obesity induces 
chronic inflammation that stimulates the release of cytokines such as TNF-α, which 
subsequently activates NF-κB and kinase pathways (IKKα, MAPK/ERK, PI3K/AKT) 
capable of phosphorylating the AF-1 domain of ERα (Ser118 and Ser167). This 

 

 

phosphorylation enhances ERα affinity for co-activators such as SRC-3 and p300/CBP, 
thereby sustaining ERα activity even under conditions of low estrogen levels [9]  

3.2.2   Association Between Estrogen Receptor Alpha Expression and Contraceptive Use in 
Archived Uterine Leiomyoma Tissues of RSI UNISMA Patients 

Hormonal contraception acts by suppressing endogenous estrogen production. Synthetic 
hormones that resemble Estrogen maintain a persistently high estrogen level, which, through 
a negative feedback mechanism, inhibits the secretion of FSH and LH. Consequently, 
follicular maturation is halted, ovulation is inhibited, and menstruation may be suppressed. 
However, hormonal contraception can also cause alterations in hormone levels and 
imbalances between estrogen and progesterone. Such an imbalance may trigger myometrial 
proliferation, given that estrogen is the main hormone involved in cell proliferation and 
uterine leiomyoma development [10].  

Several studies have reported that hormonal contraception, such as progesterone implants. 
Progesterone may increase the expression of EGF and Bcl-2, which promote proliferation 
while reducing apoptosis in leiomyoma cells [11]. In contrast, non-hormonal contraception, 
such as IUDs, acts locally without affecting the endocrine system. Copper ions in IUDs 
trigger a local inflammatory response that decreases the expression of estrogen and 
progesterone receptors. This inflammatory process produces cytokines such as TNF-α and 
IL-β, which activate NF-κB, thereby suppressing ESR1 transcription and reducing ERα 
expression [12].  

However, the findings of this study showed that contraceptive use was not significantly 
associated with ERα expression in uterine leiomyoma tissues of RSI UNISMA patients (p > 
0.05). Variation in expression among patients indicates differences in sensitivity to Estrogen. 
One possible explanation is the high activity of intratumoral aromatase P450, which enables 
leiomyomas to convert androgens into local Estrogen independently. This local Estrogen may 
continue to activate ERα even when systemic estrogen levels are suppressed by hormonal 
contraception. Activation of ERα through estradiol (E2) binding induces dimerization, 
nuclear translocation, and binding to DNA EREs, thereby regulating the transcription of 
genes involved in proliferation, angiogenesis, and differentiation [3]. 

The duration of contraceptive use has also been reported to influence ER expression. 
Long-term use of hormonal contraceptives was associated with increased ER expression, 
possibly as a compensatory tissue adaptation. Other studies have supported the notion that 
even when endogenous estrogen levels are suppressed, molecular factors such as epigenetic 
regulation and non-coding RNAs can continue to drive cellular proliferation. Zhou et al., 
(2021) reported that lncRNA APTR is expressed at higher levels in leiomyoma tissues 
compared to normal myometrium, promoting proliferation through interaction with ERα in 
the regulation of the WNT/β-catenin pathway. Activation of this pathway increases β-catenin, 
cyclin-D1, and C-Myc expression, which are crucial in cell cycle progression. Interestingly, 
when ERα was suppressed, the proliferative effect of APTR was abolished, indicating 
dependence of this mechanism on ERα [13]. 

The inconsistency between the present findings and previous theories may be attributed 
to limitations in medical records, which did not include factors such as endogenous estrogen 
levels, metabolic status, or molecular profiles of patients. Technical issues, such as the 
duration of tissue storage in paraffin blocks, can also impact staining quality and antigen 
detection. The reference Kim et al. (2023) reported that ER and PR expression in FFPE 
tissues may significantly decline due to protein degradation caused by humidity and storage 
temperature [14]. Environmental conditions in Indonesia, with high humidity (60–90%) and 
room temperatures exceeding the recommended storage range (15–25°C), may further 
compromise tissue quality.  
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epigenetic regulation. Hypomethylation of the ESR1 gene promoter in uterine leiomyoma 
tissue leads to increased ERα expression, resulting in a higher number of receptors in the 
myometrium. This enhances cellular responsiveness to estrogen, ultimately promoting the 
proliferation and growth of leiomyoma [7]. 

In addition to epigenetic factors, metabolic conditions such as obesity also contribute to 
the development of leiomyomas. Obesity has been reported to increase the risk of 
leiomyomas up to 1.9-fold compared to individuals with normal BMI [8]. Increased adipose 
tissue in obesity enhances the conversion of androgens into estrogens through the aromatase 
enzyme, resulting in higher endogenous estrogen levels. Furthermore, obesity induces 
chronic inflammation that stimulates the release of cytokines such as TNF-α, which 
subsequently activates NF-κB and kinase pathways (IKKα, MAPK/ERK, PI3K/AKT) 
capable of phosphorylating the AF-1 domain of ERα (Ser118 and Ser167). This 

 

 

phosphorylation enhances ERα affinity for co-activators such as SRC-3 and p300/CBP, 
thereby sustaining ERα activity even under conditions of low estrogen levels [9]  

3.2.2   Association Between Estrogen Receptor Alpha Expression and Contraceptive Use in 
Archived Uterine Leiomyoma Tissues of RSI UNISMA Patients 

Hormonal contraception acts by suppressing endogenous estrogen production. Synthetic 
hormones that resemble Estrogen maintain a persistently high estrogen level, which, through 
a negative feedback mechanism, inhibits the secretion of FSH and LH. Consequently, 
follicular maturation is halted, ovulation is inhibited, and menstruation may be suppressed. 
However, hormonal contraception can also cause alterations in hormone levels and 
imbalances between estrogen and progesterone. Such an imbalance may trigger myometrial 
proliferation, given that estrogen is the main hormone involved in cell proliferation and 
uterine leiomyoma development [10].  

Several studies have reported that hormonal contraception, such as progesterone implants. 
Progesterone may increase the expression of EGF and Bcl-2, which promote proliferation 
while reducing apoptosis in leiomyoma cells [11]. In contrast, non-hormonal contraception, 
such as IUDs, acts locally without affecting the endocrine system. Copper ions in IUDs 
trigger a local inflammatory response that decreases the expression of estrogen and 
progesterone receptors. This inflammatory process produces cytokines such as TNF-α and 
IL-β, which activate NF-κB, thereby suppressing ESR1 transcription and reducing ERα 
expression [12].  

However, the findings of this study showed that contraceptive use was not significantly 
associated with ERα expression in uterine leiomyoma tissues of RSI UNISMA patients (p > 
0.05). Variation in expression among patients indicates differences in sensitivity to Estrogen. 
One possible explanation is the high activity of intratumoral aromatase P450, which enables 
leiomyomas to convert androgens into local Estrogen independently. This local Estrogen may 
continue to activate ERα even when systemic estrogen levels are suppressed by hormonal 
contraception. Activation of ERα through estradiol (E2) binding induces dimerization, 
nuclear translocation, and binding to DNA EREs, thereby regulating the transcription of 
genes involved in proliferation, angiogenesis, and differentiation [3]. 

The duration of contraceptive use has also been reported to influence ER expression. 
Long-term use of hormonal contraceptives was associated with increased ER expression, 
possibly as a compensatory tissue adaptation. Other studies have supported the notion that 
even when endogenous estrogen levels are suppressed, molecular factors such as epigenetic 
regulation and non-coding RNAs can continue to drive cellular proliferation. Zhou et al., 
(2021) reported that lncRNA APTR is expressed at higher levels in leiomyoma tissues 
compared to normal myometrium, promoting proliferation through interaction with ERα in 
the regulation of the WNT/β-catenin pathway. Activation of this pathway increases β-catenin, 
cyclin-D1, and C-Myc expression, which are crucial in cell cycle progression. Interestingly, 
when ERα was suppressed, the proliferative effect of APTR was abolished, indicating 
dependence of this mechanism on ERα [13]. 

The inconsistency between the present findings and previous theories may be attributed 
to limitations in medical records, which did not include factors such as endogenous estrogen 
levels, metabolic status, or molecular profiles of patients. Technical issues, such as the 
duration of tissue storage in paraffin blocks, can also impact staining quality and antigen 
detection. The reference Kim et al. (2023) reported that ER and PR expression in FFPE 
tissues may significantly decline due to protein degradation caused by humidity and storage 
temperature [14]. Environmental conditions in Indonesia, with high humidity (60–90%) and 
room temperatures exceeding the recommended storage range (15–25°C), may further 
compromise tissue quality.  
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In addition, this study employed purposive sampling in a limited population from a single 
hospital during a specific period, which may not fully represent all women with uterine 
leiomyomas. Nevertheless, the present study provides preliminary data regarding the 
relationship between menarche age and contraceptive use with ERα expression in uterine 
leiomyoma tissues of RSI UNISMA patients. Future studies with larger sample sizes, multi-
center designs, and consideration of hormonal, metabolic, and molecular factors are expected 
to provide a more comprehensive and representative understanding of it. 

4 Conclusion  

Based on the results of this study, it can be concluded that there is no significant association 
between age at menarche or contraceptive use and ERα expression in uterine leiomyoma 
tissue. Age at menarche and contraceptive use contributed only 1% and 6%, respectively, to 
the variation in ERα expression. Future studies should incorporate hormonal, metabolic, and 
epigenetic parameters, as well as larger multi-center cohorts, to better elucidate the 
multifactorial regulation of ERα in uterine leiomyoma. 
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