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ABSTRACT 
Introduction: Endometriosis is the endometrial tissue proliferation outside the uterine 
space. Anti-angiogenic agents from different groups of substances are currently being 
discussed as promising therapies for the treatment of endometriosis in the future, one of 
which is therapy using the phytoestrogen genistein. At the molecular level, genistein's effects 

on cells include inhibition of proliferation, induction of differentiation, apoptosis, and cell 
arrest in the cell cycle, which are related to the transforming growth factor. Genistein inhibits 
cell growth by modulating the signal-transforming growth factor pathway. 

Methods: We searched PubMed, Scopus, Cochrane Library and Proquest from its inception 
to December 2022 to collect observational and interventional studies of Genistein 

consumption in endometriosis mice. Two authors independently screened the literature 
according to the inclusion and exclusion criteria, extracted data, and assessed the risk of 

bias. Safety analysis was assessed through TNF-α and IL-6 values of estrogen expression.  

Results: No significant difference in the values of IL-6 and TNF-α in rats with 

endometriosis that were given genistein at these three doses. However, if analyzed further, 

the IL-6 outcome compared to the 0.78mg/day dose most affected the IL-6 value between 

the two groups, and the TNF-α output compared to the 0.78 mg/day dose most affected the 

TNF-α value between the two groups. So, a genistein dose of 0.78 mg/day can affect IL-6 

and TNF-α in mice with endometriosis.  

Conclusion: Genistein modulated estrogen expression of TNF-α and IL-6 at all doses, but 

the best dose for its effect was 0.78 mg/day. 

 

Cite this as:  Sutrisno S, Destikatari L (2023) Genistein Effect on Estrogen Receptor especially Interleukin-6 and Tumor Necrosis 

Factor-α in Mice Model of Endometriosis: a Systematic Review and Meta-analysis. Asian J Heal Res 2 (1): 96–104. doi: 

https://doi.org/10.55561/ajhr.v2i1.90  
 

 
INTRODUCTION 

 

Endometriosis is the proliferation of endometrial 

tissue outside the uterine cavity. Endometriosis affects 

10-15% of women of reproductive age, which also 

accounts for 40–60% of women who experience pelvic 

pain and 30–50% of women who are infertile [1]. Based 

on World Statistics of Endometriosis data in 2014, as 

many as 176,000,000 women suffer endometriosis [2–4]. 

According to data on endometriosis patients in 

Indonesia, 10% of reproductive women were found to 

have endometriosis at the Dr. Cipto Mangukusumo 

Hospital in Jakarta, in the period of 2006 to 2010. 

Endometriosis was also prevalent in Dr. Soetomo 

General Hospital in Surabaya, at rate of 23,8%.  

Although endometriosis is a benign mass, it exhibits 

characteristics of cancer due to its invasiveness and 

tendency to metastasize and recur [59]. Endometriotic 

lesions can be discovered in the ovaries, peritoneum, or 

as an endometriotic cyst [10]. These infiltrative lesions 

can blowout to various organs, including the bladder, 

intestines, and ureter [11]. Based on Sampson's (1927) 

implantation theory, peritoneal endometriosis lesions 

develop from endometrial tissue, which drains 

retrogradely through the fallopian tubes during 

menstruation [12–14].  

Cell proliferation in endometriosis has been studied 

by various studies, but not much has been revealed 
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about the exact mechanism. The increased sensitivity of 

endometriosis to the process of cell proliferation can be 

one of the possible pathogeneses of this disease. 

Research by Subramanian and Agarwal (2010) showed 

a significant increase in cell proliferation in patients with 

endometriosis compared to non-endometriotic patients 

[5,6]. The activity of pro-inflammatory cytokines, 

Interleukin-6 (IL-6) and Tumor Necrosis Factor-α 

(TNF-α) triggered estrogen. Treatments for 

endometriosis include a non-steroidal anti-

inflammatory agent. Anti-angiogenic agents from 

different groups of substances are currently being 

discussed as promising therapies for endometriosis in the 

future, one of which is therapy using the phytoestrogen 

genistein [15,16]. 

Genistein belongs to the isoflavone class, which can 

inhibit cell growth, have anti-tumor and anti-cancer 

properties, influence cell apoptosis, and have a good 

affinity for estrogen receptors [17]. The effects of 

genistein on cells at the molecular level include 

suppression of cell growth, apoptosis, induction of 

differentiation, and cell cycle arrest, all of which are 

related to the transforming growth factor [15–17].  

Genistein inhibits cell growth by modulating the 

signal-transforming growth factor pathway. Research 

conducted by Sutrisno et al. (2014) reported a significant 

decrease in cell proliferation in endometriosis cultured 

cells at 6 hours after administration of genistein therapy 

at a dose of 50 𝜇mol/l compared to the control group 

[18–20] and the study of Sutrisno et al. (2017) reported 

the effect of vascularization based on VEGF and HIF-1 

expression  [11]. As we know there is still dispute about 

genistein effect against endometriosis. Consequently, 

this study aimed to define whether genistein can 

modulate the estrogen receptor, angiogenesis and inhibit 

inflammation in the mice model of peritoneal 

endometriosis. 

 

 

MATERIAL AND METHODS 

This meta-analysis protocol was arranged according 

to the Preferred Reporting Items for Systematic Review 

and Meta-Analyses (PRISMA) protocol, and the final 

report according to the PRISMA checklist (Appendix 1) 

[21]. 

 

Searching Strategy 

The search strategy was carried out in consultation 

with experts using the boolean operator (Endometriosis) 

AND ((Mice) OR (Rats)) AND estrogen expression 

AND (((interleukin 6) OR (IL-6)) OR ((Tumor necrosis 

factor alpha) OR (TNF-α)) AND Genistein.This search 

was subjected to peer review via an Electronic Search 

Strategy [22–24]. The search was conducted on the 

following databases: PubMed, Proquest, Cochrane 

Library and Scopus from January 2002 to December 

2022. We did not enforce any language limitations on 

our searches. 

 

Eligibility Criteria 

We included observational and interventional 

studies that examined parameters of estrogen expression 

in mice with endometriosis, with primary outcomes 

being Interleukin-6 and Tumor Necrosis Factor-α. Only 

mice were included in this study. Subjects (mice) were 

given Genistein in various doses. Studies with primary 

outcomes other than Interleukin-6 and Tumor Necrosis 

Factor-α excluded from the study. 

 

Research Results 

The primary outcomes of our study were 

interleukin-6 and tumor necrosis factor-a values. The 

results were compared from each given Genistein. 

Estrogen receptor expression, including TNF-α and 

IL-6 in peritoneal tissue, was analyzed using 

immunohistochemical techniques according to the 

previous procedure. 

 

Study Selection Process 

After compiling the list of identified ones for a 

literature search, duplicates  were removed from the 

study. Titles and abstracts were assessed for inclusion by 

two reviewers independently. Titles or abstracts that are 

considered relevant are recorded and full-text articles are 

obtained. Two independent critics screened the articles 

in full to assess the eligibility of the articles.     The research 

selection process was recorded and reported using a 

flowchart as suggested by PRISMA (Fig. 1). 

 

Data Collection 

Two researchers work on data concept. Each 

researcher objectively documented publication 

characteristics (i.e., year of publication, journal, and 

appropriate author), population (i.e., eligibility criteria, 

type of animal, sex, and rat weight), details of 

intervention (i.e., dose and follow-up time), study design 

(methods, settings and sample size), and estrogen 

expression outcomes. 

 

Statistic Analysis 

Studies were collected using the Review Manager 

application (version 5.4; Biostat Inc., USA). To test the 

effectiveness of the dose that most affects the value of 

IL-6 and TNF-α with continuous (numerical test). Fixed 

effect odds ratios are calculated and presented with 95% 

confidence intervals [11,25–27]. Studies that did not 

provide data in a format suitable for inclusion in a meta-

analysis (ie, no control group) were analyzed 

descriptively. Statistical heterogeneity was assessed 

using the I2 statistic. I2 values >50% are considered to 

represent important heterogeneity that requires further 

exploration. 
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RESULTS 
 

A literature search identified 275 articles. Abstract 

and full-text screening recognized 8 studies (179 mice) 

for inclusion in data extraction (Fig. 1). The reasons for 

the exclusion of the full-text study are presented in Fig. 1. 

 

Study Characteristics 

Studies that meet the inclusion and exclusion criteria were 3 

studies (n = 34 mice). In each study, genistein was given 

at various doses to mice that had endometriosis-

inducing conditions. Follow-up duration ranged from 2 

to 7 days (Table 1). 

 

Intervention Characteristics 

Genistein was administered in 3 doses, 0.78 mg/day, 

1.04 mg/day, and 1.30 mg/day. Genistein is 

administered intravenously. 

 

IL-6 

a. Genistein 0.78 mg/day vs Control 

All studies included in the analysis used 

calculations with the mean and standard 

deviation.  There was no statistically significant 

difference in IL-6 values in the group given 

genistein 0.78 mg/day (n=17 mice) and the group 

given placebo (n=17 mice). (p=0.34; I2=89%; 

SMD 1.38 95% CI -1.47-4.23) (Fig. 2). 

b. Genistein 1.04 mg/day vs Control 

All studies included in the analysis used 

calculations with the mean and standard 

deviation. There was no statistically significant 

difference in IL-6 values in the group given 

genistein 1.04 mg/day (n=17 mice) and the group 

given placebo (n=17 mice). (p=0.39; I2=63%; SMD 

-0.55 95% CI -1.81-0.70) (Fig. 3). 

c. Genistein 1.30 mg/day vs Control 

All studies included in the analysis used 

calculations with the mean and standard 

deviation. There was no statistically significant 

difference in IL-6 values in the group given 

genistein 1.30 mg/day (n=17 mice) and the group 

given placebo (n = 17 mice). (p=0.91; I286%; SMD 

-0.13 95% CI -2.52-2.26) (Fig. 4). 

 

 

Fig. 1. Study Flow Diagram in this Review 
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TNF-a Outcome 

a. Genistein 0.78 mg/day vs Control 

All studies included in the analysis used 

calculations with the mean and standard deviation. 

There was no statistically significant difference in 

TNF-a values in the group given genistein 0.78 

mg/day (n=17 mice) and the group given placebo 

(n=17 mice). (p=0.74; I2 85%; SMD  0.36 95% CI -

1.81-2.54) (Fig. 5). 

b. Genistein 1.04 mg/day vs Control 

All studies included in the analysis used 

calculations with the mean and standard deviation. 

There was no statistically significant difference in 

TNF-a values in the group given genistein 

1.04 mg/day (n=17 mice) and the group was given 

placebo (n=17 mice). (p=0.88; I2 87%; SMD    0.19 

95% CI -2.24-2.62) (Fig. 6) 

c. Genistein 1.30 mg/day vs Control 

All studies included in the analysis used 

calculations with the mean and standard deviation. 

There was no statistically significant difference in 

TNF-a values in the group given genistein 1.30 

Table 1. Study and Intervention Characteristic 

No Author Number of samples Follow-up 

(days) 

Estrogen expression 

1 Sutrisno, 201837 6 5 ER-a 

  6  ER-B 

  6  TNF-a 

  6  IL-6 

  6  VEGF 

  6  HIF-1a 

2 Sutrisno, 201533 6 7 TNF-a 

  6  IL-1 B 

  6  IL-6 

  6  IL-8 

3 Sutrisno, 201438 5 2 IL-1 B 

  5  TNF-a 

  5  IL-6 

  5  VEGF-A 

  5  MMP-2 

* ER (Estrogen Receptor); TNF (Tumor Necrosis Factor); IL (Interleukin); VEGF (Vascular Endothelial Growth Factor); 

HIF (Hypoxia-Inducible Factor). 

 

 

 

 

Fig. 2. Forest plot of Genistein 0.78 mg/day vs Control (IL-6 outcome) 

 

 

Fig. 3. Forest plot of Genistein 1.04 mg/day vs Control (IL-6 outcome) 
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mg/day (n=17 mice) and the group given placebo 

(n=17 mice). (p=0.88; I2 90%; SMD      0.24 95% CI -

2.94-3.41) (Fig. 7). 

 

Based on the results above, there was no significant 

difference in the values of IL-6 and TNF- a in rats with 

endometriosis that were given genistein at these 3 doses. 

 However, if analyzed further, the IL-6 outcome 

compared to the 0.78mg/day dose most affected the IL-

6 value between the two groups, and the TNF-a output 

compared to the 0.78mg/day dose most affected the 

TNF-a value between the two groups. So, genistein dose 

of 0.78mg/day can affect IL-6 and TNF-a values in mice 

with endometriosis. 

 

 

 

DISCUSSION 

 

Based on the forest plot, there was an effect on the 

administration of genistein between the control and 

treatment groups at all dose levels. Statistical tests 

proved that it was significantly better in the group given 

genistein at a dose of 0.78 mg/day compared to dose of 

1.04 mg/day and 1.3 mg/day. The explanation from the 

results of this meta-analysis is that IL-6 and TNF- α  at a 

dose of 0.78 mg/day are the most influential compared 

to the control group. This is supported by data on 

inflammatory cytokines in these previous studies that 

significantly increased expression of TNF- α and IL-6 in 

the endometriosis group compared to the control group 

could be reduced by the two highest doses of up to 0.78 

mg/day. Genistein has the ability to reduce pro-

inflammatory cytokines such as TNF-α and IL-6 

 

Fig. 4. Forest plot of Genistein 1.30 mg/day vs Control (IL-6 outcome) 

 

 

Fig. 5. Forest plot of Genistein 0.78 mg/day vs Control (TNF-a outcome) 

 

 

Fig. 6. Forest plot of Genistein 1.04 mg/day vs Control (TNF-a outcome) 

 

 

Fig. 7. Forest plot of Genistein 1.30 mg/day vs Control (TNF-a outcome) 
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[30,31].  

After genistein was given for various periods of time, 

many researchers found no side effects and toxic effects 

from genistein. There have been several studies looking 

at its efficacy, showing the interaction of genistein with 

the mechanism of action against chemotherapy so that 

the efficacy of chemotherapy is hampered [32]. On the 

other hand, the growth in the expression of RE-β is 

linked with a decrease in inflammatory situations (TNF-

α) of endometriosis cells with the management of 

genistein. The decrease in inflammation is also 

associated with increased cell apoptosis and decreased 

endometriosis cell proliferation. RE-β is a potential 

target of treatment in the future, and more diseases will 

initiate RE-α. Control of RE-β will be an alternative 

management for endometriosis [33,34].  

Genistein as an anti-proliferative agent is also 

supported based on research by Malloy et al. In this study 

it is proved that genistein inhibits cancer cell growth and 

induces cell cycle arrest in G2. The anti-proliferative 

mechanism induced by genistein in Malloy et al is 

thought to be related to several molecular targets in 

endometrial cancer cells studied, including inhibition of 

protein tyrosine kinase (EGFR/VEGFR/Her2) and 

modulation of ERα. Genistein-induced apoptosis and 

cell cycle arrest in cancer cells may be the result of 

targeting these signaling pathways. 

Increased TNF-a, IL-1, IL-6, IL- 8, and NF-kB levels 

supplement this estrogen receptor expression. These 

findings suggest that a mice model of endometriosis 

upregulates NF-kB, a signalling route to produce pro-

inflammatory cytokines. Estrogen receptors play an 

important role by mediating estrogen action and the 

development of eutopic or ectopic endometrium.  

Genistein is able to inhibit estrogen receptor expression 

in in-vivo studies confirmed by in vitro studies is able to 

inhibit estrogen receptor expression. The mechanism of 

this inhibition is through modification of aberrant DNA 

methylation status [35,36].   

In addition, genistein also inhibits the activation of 

IL-1b, NF-kB, TNF- α, and IL-6 receptors. Previous 

research explained that genistein could also reduce 

TNF- α and IL-6 levels in the liver and serum, as well as 

inhibit IkB-α phosphorylation, nuclear translocation of 

the NF-kB p65 subunit, and activation of the C-terminal-

Jun N kinase (JNK) [32,34,37]. The effect of restoring 

cytokine production from genistein therapy differs 

between cytokines. Thus, the researchers analyzed that 

cytokines are produced by several cells in the peritoneal 

fluid and tissue, and the affinity of each cell for each 

genistein is different. Genistein prevents an increase in 

pro-inflammatory cytokines. Therefore, it can provide 

a natural therapy to reduce inflammation and changes 

in estrogen receptors in   endometriosis. 

 

 

CONCLUSION 

 

This meta-analysis showed that genistein could 

control estrogen expression of TNF- α and IL-6 at all 

doses, but that 0.78 mg/day was the most effective dose. 
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