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Abstract 
 
Endometriosis is a chronic estrogen-dependent inflammatory disease characterized by the 
presence of ectopic endometrial tissue outside the uterus. Inflammation, angiogenesis, 
immune regulation, and hormonal signaling pathways play complex roles in its 
pathogenesis, and these microenvironmental factors are believed to contribute to 
malignant transformation. Particularly, clinical and molecular data support that 
endometrioid and clear cell epithelial ovarian cancers (EAOC) can originate from 
endometriotic lesions. Our central hypothesis is that estrogen and pro-inflammatory 

cytokines (IL-6, IL-1β, VEGF, EGF, IL-10) within the endometriotic microenvironment 

facilitate malignant transformation by enhancing proliferation, angiogenesis, and 
intracellular signaling in ovarian cancer cells. To investigate this, Ishikawa endometrial 
cells were treated with estrogen and cytokines for 48 hours to create an endometriosis-
like microenvironment, which was subsequently applied to OVCAR3 ovarian cancer cells. 
Cell viability was assessed using the MTT assay, and levels of VEGF (Vascular Endothelial 
Growth Factor), NGF (Nerve Growth Factor), and PI3K (Phosphatidylinositol 3-Kinase) were 
quantitatively measured via ELISA. Results showed a significant 2–3 fold increase in cell 
viability and proliferation in both Ishikawa and OVCAR3 cells following combined 
treatment with cytokines and estrogen (****p < 0.001). Our model recapitulates key 
biological processes underlying the malignant transformation of endometriosis. 
Furthermore, the study contributes to the literature by revealing the influence of 
microenvironmental factors in the transition from endometriosis to ovarian cancer. In 
conclusion, this study demonstrates the potential role of an estrogen and cytokine-driven 
endometriotic microenvironment in malignant transformation, highlighting molecular and 
cellular targets relevant to EAOC development. These findings suggest that this model 
could be applied to future studies using primary human cells and provide a foundation 
for developing translational experimental systems with clinical relevance. 
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Abbreviations:  
 
EAOC – Endometriosis-associated ovarian cancer 
E2 – Estradiol 
EGF – Epidermal growth factor 
IL – Interleukin 

IL-1β – Interleukin-1 beta 
IL-6 – Interleukin-6 
IL-10 – Interleukin-10 
MTT – 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
NGF – Nerve growth factor 
OD – Optical density 
PI3K – Phosphatidylinositol 3-kinase 
VEGF – Vascular endothelial growth factor

 
Introduction 
 
Endometriosis is a chronic, estrogen-dependent gynecological disease histologically 
characterized by the presence of endometrial glands and stroma located in anatomical 
sites outside the uterine cavity. Its primary clinical manifestations include chronic pelvic 
pain and infertility.[1,2] Endometriosis may cause severe chronic pelvic pain in women of 
reproductive age.[2,3] Lesions can also be found in asymptomatic women and are detected 
in up to 50% of women undergoing infertility treatment.[4] Epidemiological studies report 
that women with endometriotic lesions are at increased risk for ovarian and breast cancer, 
melanoma, asthma, rheumatoid arthritis, and cardiovascular disease.[5,6,7] 
 
Classically, an endometriotic lesion resembles uterine endometrial tissue. The eutopic 
endometrium, a dynamic, hormone-responsive tissue of epithelial and stromal cells with 
rich vasculature and immune populations, makes comparing eutopic and ectopic tissue 
important. During menstruation, the surface layer of this tissue breaks down and sheds.[8-

9] 
 
Although endometriosis is often called “estrogen-dependent,” recent studies suggest it 
is “steroid-dependent,” since various steroid hormones and their receptors regulate both 
eutopic and ectopic endometrium. The continuity and progression of endometriotic 
lesions strictly depend on angiogenesis. Related studies have shown that angiogenic 
factors such as VEGF-A and NRP-1 are significantly increased in ectopic tissues and 
peritoneal fluid.[10.11] 
 
Neuroangiogenesis (coordinated nerve and blood vessel growth) and neuroinflammation 
play key roles in endometriosis-related pain. Clinical and experimental studies show that 
inflammation initiates these processes, leading to simultaneous neural and vascular 
development and increased peripheral and central sensitization. Ectopic lesions can form 
their own neurovascular networks, which correlate with chronic pelvic pain.[12] 
 
According to the retrograde menstruation theory, endometrial cells shed during 
menstruation pass through the fallopian tubes into the peritoneal cavity, where they 
adhere and form ectopic lesions. During this process, adhesion, invasion, proliferation, 
and vascular support are required. Various cells—especially macrophages and stromal 
cells in the peritoneum—contribute to the formation of an inflammatory environment that 
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supports lesion progression. Cytokines such as IL-6, IL-8, and TNF-α are key factors 

promoting adhesion and invasion. 
 
Macrophages play a central role in the pathogenesis of endometriosis. Activated 
macrophages are found in higher numbers in the peritoneal fluid of women with 

endometriosis and secrete high levels of IL-6, TNF-α, and VEGF. These factors support 

lesion adhesion, proliferation, and angiogenesis, contributing to disease progression. 
Considering immune tolerance loss, inflammation, and oxidative stress together helps 
better explain the link between endometriosis and malignant transformation. 
 
The relationship between endometriosis and malignant transformation is particularly 
significant in the context of endometrioid and clear cell ovarian cancers (EAOC).[3,6,13] 
Inflammation, oxidative stress, epigenetic changes, and genetic mutations have all been 
implicated in the development of EAOC. For example, Linder et al. (2024) have 
demonstrated that immune-related genes undergo early mutations in both endometriosis 
and EAOC. These findings suggest that inflammatory cytokines in endometriosis play 
critical roles in both disease progression and potential malignant transformation. 
 
To model endometriosis at the cellular and molecular level, various in vitro systems have 
been developed. Commonly used cell models include human endometrial epithelial cell 
lines (e.g., 12Z and Ishikawa), stromal cell lines (e.g., St-T1b and primary endometriotic 
stromal cells), and primary endometrial cultures. Co-culture systems have been used to 
study epithelial-stromal interactions, and cellular responses to hormones and 
inflammatory stimuli have been extensively analyzed in these models. Three-dimensional 
(3D) culture systems, such as spheroid and organoid technologies, offer more 
physiologically relevant representations of the morphological and functional features of 
ectopic endometriotic lesions. These models allow for experimental investigation of key 
mechanisms in disease pathogenesis, including angiogenesis, invasion, proliferation, and 
immune response.[15,16] 
 
Ishikawa cells, derived from well-differentiated human endometrial adenocarcinoma, are 
a cell line that functionally retains estrogen and progesterone receptors. [14] They reflect 
normal endometrial functionality in terms of estrogen-induced progesterone receptor 
expression and progesterone-mediated suppression. Although they do not completely 
mimic endometriotic tissue, they express many structural proteins and enzymes found in 
endometrial glands, making them a valid model for studying endometrial function. Genes 
expressed in Ishikawa cells treated with E2 and P4 overlap by 98–99% with those in 
human endometrial samples, supporting the translational validity of this model.[17] 
 
Studies using endometrial cell culture models have shown significant increases in the 

expression of MMP-2, MMP-9, VEGF, VEGFR-1, -2, and -3, as well as IL-1β and TNF-α.[18] 

Endometriotic lesions are characterized by marked vascularization and significantly 
elevated VEGF levels in the peritoneal fluid.[20,21] An increasing number of studies suggest 
multiple mechanisms contribute to the vascularization of endometriotic lesions. 
 
In this study, our central hypothesis is that estrogen and pro-inflammatory cytokines 
(particularly IL-6, VEGF, and EGF) present in the endometriotic microenvironment enhance 
the proliferation, invasion, and angiogenic capacity of ovarian cancer cells, thereby 
promoting malignant transformation. 
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Materials and Methods 

 
Cell Culture 
 
The Ishikawa endometrial adenocarcinoma cell line (HTB-112) and the OVCAR3 ovarian 
cancer cell line (HTB-161™), both obtained from the American Type Culture Collection 
(ATCC, Maryland, Rockville), were used in this study. The cells were cultured in Dulbecco’s 
Modified Eagle Medium (DMEM) (DMEM-HA, Capricorn, Germany) supplemented with 
10% fetal bovine serum (FBS) (FBS-16A, Capricorn, Germany) and 1% 
penicillin/streptomycin (PS-B, Capricorn, Germany). Cells were maintained at 37°C in a 

humidified incubator with 5% CO₂. All experiments were conducted when cells reached 
80–90% confluency, and their growth and morphology were regularly monitored by 
phase-contrast microscopy. 
 
Hormone and Cytokine Treatment and Cell Viability Assay 
 
For hormonal and cytokine stimulation, 105 cells/ well were transferred into DMEM 
supplemented with 1% serum and allowed to pre-incubate for 24 hours. Then, cells were 

treated with the following factors: EGF (0.1 µg/mL), IL-6 (0.1 µg/mL), IL-1β (5 ng/mL), 

VEGF (0.1 µg/mL), IL-10 (0.1 µg/mL), and estrogen (10 nM). The concentrations used 
were chosen to reflect physiological doses.  After 48 hours of incubation, cell viability was 

assessed using the 3-(4,5-dimethylthiazol-2-yl)-2,5‑diphenyltetrazolium bromide (MTT) 

Cell Proliferation and Cytotoxicity Assay Kit (E-CK-A341, Elabscience, Texas USA). 
Specifically, 20 µL of MTT solution (5 mg/mL) was added to cells cultured in 96-well 
plates and incubated for 3 hours at 37°C. The resulting formazan crystals were dissolved 
in dimethyl sulfoxide (DMSO) (D2650, Merck, Sigma, Germany), and absorbance was 
measured at 570 nm (wavelength) (using a microplate reader.[18] 

 
Endometriosis Cell Model 
 
The endometriosis-like in vitro model was established using Ishikawa cells. Cells were 
treated for 48 hours with a combination of estrogen (10 nM) and cytokines including EGF 

(0.1 µg/mL), IL-6 (0.1 µg/mL, IL-1β (5 ng/mL), VEGF (Vascular Endothelial Growth Factor) 

(0.1 µg/mL), and IL-10 (0.1 µg) (Sigma-Aldrich, St. Louis, MO, USA). These conditions 
were validated to induce proliferative and inflammatory responses that reflect an 
endometriosis-like microenvironment. The model’s validity was confirmed by cell viability 
assays using MTT and by quantifying VEGF secretion, an inflammatory marker, via 
ELISA.[19]  
 
Model Validation 
 
To validate the in vitro endometriosis model, VEGF levels in the culture supernatants from 
treated cells were quantified using a commercially available VEGF ELISA kit (BD 
Biosciences,). Supernatants were added to 96-well plates pre-coated with anti-VEGF 
antibodies. According to the kit protocol, washing steps, binding of detection antibodies, 
and color development reactions were performed. Absorbance was measured at 450 nm 
with a microplate reader, and VEGF concentrations were calculated using a standard 
curve. 
 
 

https://www.sigmaaldrich.com/TR/en/product/sigma/d2650
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Treatment of OVCAR3 Cells with Endometriotic Microenvironment 
 
OVCAR3 cells were exposed for 48 hours to conditioned media derived from Ishikawa 
cells that had been previously treated with cytokines, estrogen, or their combination. To 
prepare the endometriosis-like microenvironment, the supernatants of treated Ishikawa 
cells were centrifuged and diluted 1:1 with fresh medium containing 10% FBS. OVCAR3 
cells were cultured in this conditioned medium. This treatment aimed to evaluate the 
effects of inflammatory and hormonal factors derived from the endometriotic environment 
on ovarian cancer cells. After 48 hours of exposure, cell proliferation, viability, and 
secretion of angiogenic factors were analyzed. 
 
Unless otherwise specified, all chemicals were obtained from Sigma-Aldrich (St. Louis, MO, 
USA). 
 
Results 
 
In this study, an in vitro endometriosis model was established, and the microenvironment 
generated by this model was used to treat the OVCAR3 cell line in order to investigate 
the cellular consequences of this interaction. Data obtained from the endometriosis cell 
model and from the exposure of OVCAR3 cells to the endometriosis microenvironment 
were comprehensively evaluated in terms of cell viability, proliferation, and inflammatory 
responses. Cell proliferation was assessed using the MTT assay, and VEGF levels in the 
culture supernatants were quantified by ELISA. The findings demonstrate that hormone 
and cytokine treatments influence the biological behavior of the cells, providing important 
insights into the potential relationship between endometriosis and ovarian cancer cells. 
 
Cellular Responses in the Endometriosis Model 
 
Ishikawa cells were treated for 48 hours with various cytokines and growth factors 

including EGF, IL-6, IL-10 (10 µg/mL), IL-1β (5 ng/mL), VEGF (0.1 µg/mL), and estrogen 

(10 nM). Cell viability was assessed using the MTT assay. All treatment groups showed 
increased cell viability compared to the control group, with the cytokine cocktail group 
(SK: cytokines + EGF + estrogen) showing statistically significant enhancement (*p<0.05). 
These findings suggest that individual factors may promote proliferation, but their 
combined application may produce a synergistic proliferative effect. 
 

Similarly, OVCAR3 cells were exposed to EGF, IL-6, IL-10 (10 µg/mL), IL-1β (5 ng/mL), 

VEGF (0.1 µg/mL), and estrogen (10 nM) for 48 hours. The MTT assay revealed increased 
viability in all treated groups compared to the control, with the SC group showing the 
highest response. This indicates that OVCAR3 cells also exhibit a proliferative response 
in the presence of cytokines and estrogen. Collectively, these results demonstrate that 
both Ishikawa and OVCAR3 cells respond positively to inflammatory and growth factors 
in terms of viability (Figure 1). 
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Figure 1. Cell viability in Ishikawa and OVCAR3 cells in response to cytokine and growth 

factor treatment. Cells were treated with EGF (0.1 µg/mL), IL-6 (0.1 µg/mL), IL-1β (5 

ng/mL), VEGF (0.1 µg/mL), IL-10 (0.1 µg/mL), and estrogen (10 nM) at concentrations of 
0.1 and 1 µg/mL (cytokines, estrogen, and EGF included in the SC group). After 48 h, cell 
viability was assessed using the MTT assay. Cell viability was quantitatively determined 
by optical density (OD) measurements, and data are presented as mean ± standard 
deviation (n =3). *p < 0.05; statistically significant compared to the control group. 
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An increase in VEGF secretion was observed in Ishikawa and OVCAR3 cells exposed to 
an endometriosis-like microenvironment (Figure 2). This increase indicates that the 
endometriosis milieu activates the angiogenic response and that the cells exhibit a 
biological reaction to microenvironmental inflammatory stimuli. Together with the cell 
count results, this finding supports the biological validity of the model in mimicking 
endometriosis. 

 
 
Figure 2. VEGF secretion levels in Ishikawa and OVCAR3 cells following hormone and 
cytokine treatment. Cells were treated for 48 h with EGF (0.1 µg/mL), IL-6 (0.1 µg/mL), 

IL-1β (5 ng/mL), VEGF (0.1 µg/mL), IL-10 (0.1 µg/mL), and estrogen (10 nM) at 

concentrations of 0.1 and 1 µg/mL. (KI: control Ishikawa; SI: cytokines Ishikawa; SEI: 
cytokines and estrogen Ishikawa; CO: control OVCAR3; SO: cytokines OVCAR3; SEO: 
cytokines and estrogen OVCAR3). VEGF levels in the supernatants were measured using 
the ELISA method and expressed in ng/mL. Data are presented as mean ± standard 
deviation (n = 3).  
 

Ishikawa cells were treated with various growth factors (EGF, VEGF) and cytokines (IL-1β, 

IL-6, IL-10) at concentrations of 0.1 and 1 µg/mL for 48 h, and cell viability was assessed 
using the MTT assay. The results showed that VEGF markedly increased cell viability at 

both doses, yielding the highest optical density (OD) values in the MTT assay. IL-1β 

similarly promoted proliferation, with a more pronounced effect at 0.1 µg/mL. IL-6 
reduced cell viability at the lower dose, but this effect was reversed at 1 µg/mL. EGF 
increased cell viability, although the magnitude of this effect was more limited compared 

to VEGF and IL-1β. The anti-inflammatory cytokine IL-10, particularly at the higher dose, 

decreased cell viability. The control group displayed the lowest OD values, indicating 
limited proliferation in the absence of cytokine or growth factor stimulation. These 
findings suggest that certain factors present in the endometriosis microenvironment can 
directly influence the proliferation of endometrial cells. 
 
 

cı co 
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Responses of OVCAR3 Cells to the Endometriosis Microenvironment 
 
When the proliferation of OVCAR3 cells treated with cytokines and estrogen was 
compared to that of OVCAR3 cells exposed for 48 h to an endometrium-like 
microenvironment, the increase observed in the microenvironment-treated group 
indicated that these cells biologically respond to endometriosis conditions. The marked 
elevation in cell proliferation within the cytokine-enriched environment further supports 
the notion that the endometriosis microenvironment may stimulate the growth of ovarian 
cells (Figure 3). 

 
Figure 3. Effect of a 48-h treatment with the microenvironment derived from Ishikawa 
cells in the endometriosis model on the viability of OVCAR3 cells. Cell viability was 
assessed using the MTT assay, and optical density (OD) values were plotted (CO: control 
OVCAR3; SO: cytokines OVCAR3; SEO: cytokines + estrogen OVCAR3; CCO: 
microenvironment control OVCAR3; CSO: microenvironment + cytokines OVCAR3; CSEO: 
microenvironment + cytokines + estrogen OVCAR3). Data are presented as mean ± 
standard deviation (n = 4). *p < 0.05, **p < 0.01, ***p < 0.001; ****p < 0.0001; 
statistically significant compared to the control group. 
 
VEGF secretion in OVCAR3 (O) and Ishikawa (I) cells treated with the endometriosis 
microenvironment for 48 h was evaluated using the ELISA method. In Ishikawa cells, ELISA 
analysis of VEGF secretion revealed an increase in the groups exposed to an 
endometriosis-like microenvironment. While VEGF levels remained low in the control 
group, a gradual increase was observed with cytokine (SO) and cytokine + estrogen (SEO) 
treatments. In the controlled microenvironment groups (CCO, CSO, CSEO), a marked 
increase was detected, particularly in the CSEO group, in which VEGF levels reached 
approximately 1000 ng/mL. These findings indicate that the combined application of 
cytokines and estrogen within a controlled microenvironment synergistically enhances 
VEGF secretion and effectively mimics the angiogenic response in the endometriosis 
model. 
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In OVCAR3 cells, VEGF levels in the control group (CO) were the lowest, at approximately 
500 ng/mL. Partial increases were observed with cytokine (SO) and cytokine + estrogen 
(SEO) treatments, whereas controlled microenvironment applications (CCO, CSO, CSEO) 
resulted in a significant elevation in VEGF secretion. Notably, the CCO group reached 
VEGF concentrations close to 21,000 ng/mL, a statistically significant increase (*p < 0.05, 
**p < 0.01). Similarly, the CSEO group also exhibited markedly high VEGF levels (Figure 
4). 

 
Figure 4. VEGF secretion levels in OVCAR3 and Ishikawa cells treated with the 
endometriosis microenvironment for 48 h. CO: control OVCAR3; SO: cytokines OVCAR3; 
SEO: cytokines + estrogen OVCAR3; CCO: microenvironment control OVCAR3; CSO: 
microenvironment + cytokines OVCAR3; CSEO: microenvironment + cytokines + estrogen 
OVCAR3. The groups labeled with the suffix ‘I’ represent the corresponding experimental 
conditions in Ishikawa cells. VEGF concentrations measured by ELISA are presented in 
comparison with the control group. Data are shown as mean ± standard deviation (n = 
3). *p < 0.05, **p < 0.01, statistically significant compared to the control group. 
 
NGF levels in OVCAR3 (PI3K-O) and Ishikawa (PI3K-I) cells treated with the endometriosis 
microenvironment for 48 h were quantitatively evaluated using the ELISA method. The 
highest NGF level was detected in the CSEO group, in which cytokines and estrogen were 
applied together, and this increase was statistically significant compared to the control 
group (**p < 0.01). This finding indicates that the combination of estrogen and cytokines 
synergistically stimulates NGF production in epithelial cells. In contrast, NGF levels in the 
SEO group, which contained only estrogen, remained low, suggesting that estrogen alone 
may limit or suppress NGF secretion in this cell type. Overall, the endometriosis 
microenvironment significantly influences NGF production in Ishikawa cells, depending on 
the nature of the cellular response and the specific components of the microenvironment. 
In OVCAR3 cells, NGF secretion levels varied significantly among the groups. Notably, the 
CSEO group exhibited a statistically significant increase in NGF levels compared to the 
control group (p < 0.01), indicating that the combination microenvironment most strongly 
stimulates NGF production. Similarly, the CSO group showed high NGF secretion, 
supporting the predominant effect of cytokines. Conversely, NGF levels in the SEO group, 
containing only estrogen, were markedly lower, further suggesting that estrogen alone 
may suppress NGF production. These findings demonstrate that the endometriosis 
microenvironment can modulate NGF production in ovarian-derived cells to varying 
degrees depending on the factors it contains (Figure 5). 
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Figure 5. NGF secretion levels in OVCAR3 and Ishikawa cells treated with the 
endometriosis microenvironment for 48 h. CO: control OVCAR3; SO: cytokines OVCAR3; 
SEO: cytokines + estrogen OVCAR3; CCO: microenvironment control OVCAR3; CSO: 
microenvironment + cytokines OVCAR3; CSEO: microenvironment + cytokines + estrogen 
OVCAR3. The groups labeled with the suffix ‘I’ represent the corresponding experimental 
conditions in Ishikawa cells. NGF levels in cell supernatants were quantitatively measured 
using the ELISA method and plotted as graphs. Data are presented as mean ± standard 
deviation (n = 3). *p < 0.05, **p < 0.01; statistically significant compared to the control 
group. 
 
PI3K levels in OVCAR3 (PI3K-O) and Ishikawa (PI3K-I) cells treated with the endometriosis 
microenvironment for 48 h were quantitatively evaluated using the ELISA method. In 
Ishikawa cells, 48-h exposure to the endometriosis microenvironment resulted in 
significant differences in PI3K secretion. The highest PI3K level was detected in the SI 
group, which received cytokines alone, and this increase was statistically significant 
compared with the control group (p < 0.05). This finding indicates that cytokines can 
directly activate the PI3K pathway in epithelial cells. In contrast, the SEI group, which 
contained estrogen, showed a marked reduction in PI3K levels, suggesting that estrogen 
may exert an inhibitory effect on this signaling pathway under certain conditions. These 
results demonstrate that the components of the endometriosis microenvironment can 
differentially influence PI3K secretion in Ishikawa cells, with potential implications for 
processes such as cellular proliferation, viability, and survival. 
 
In OVCAR3 cells, PI3K secretion levels varied significantly among the groups, with 
particularly notable increases in the CSO and CSEO groups compared with the control 
group (**p < 0.05, p < 0.01). The highest PI3K level was observed in the CSEO group, 
indicating that combined cytokine and estrogen treatment synergistically activates the 
PI3K pathway. This increase highlights that the PI3K signaling pathway—known to play a 
critical role in the regulation of cell proliferation, viability, survival, and inflammatory 
responses—is strongly triggered in an endometriosis-like microenvironment, particularly 
under combination stimulation. In contrast, the SEO group, which contained only 
estrogen, exhibited relatively low PI3K levels, suggesting that estrogen alone is 
insufficient to elicit a robust response. Collectively, these findings indicate that the 
endometriosis microenvironment can modulate PI3K activation depending on its 
components, thereby shaping the biological responses of ovarian cells (Figure 6). 
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Figure 6. PI3K secretion levels in OVCAR3 and Ishikawa cells treated with the 
endometriosis microenvironment for 48 h. CO: control OVCAR3; SO: cytokines OVCAR3; 
SEO: cytokines + estrogen OVCAR3; CCO: microenvironment control OVCAR3; CSO: 
microenvironment + cytokines OVCAR3; CSEO: microenvironment + cytokines + estrogen 
OVCAR3. The groups labeled with the suffix ‘I’ represent the corresponding experimental 
conditions in Ishikawa cells. PI3K concentrations measured by ELISA are presented in 
comparison with the control group. Data are shown as mean ± standard deviation (n = 
3). *p < 0.05, **p < 0.01; statistically significant compared to the control group. 
 
The findings of this study demonstrate that an endometriosis-like microenvironment 
induces significant changes in NGF, VEGF, and PI3K secretion levels, depending on cell 
type and microenvironmental composition. A microenvironment generated through the 
combination of cytokines and estrogen markedly enhanced the secretion of 
proinflammatory and angiogenic factors such as NGF and VEGF in both OVCAR3 and 
Ishikawa cells. Similarly, the observed increase in PI3K levels indicates activation of 
intracellular signaling pathways under these conditions. The pronounced elevation in 
VEGF levels suggests that the model effectively mimics the angiogenic response at the 
biological level. The increase in NGF levels further reveals that the neuroinflammatory 
processes characteristic of endometriosis are also active in this cell model. In addition, 
the rise in PI3K levels indicates activation of the PI3K/AKT/mTOR pathway, which is known 
to be associated with endometriosis, thereby effectively stimulating intracellular 
proliferative signaling networks. 
 
Statistical Analysis 
 
Statistical analyses were performed using GraphPad Prism software version 7.0 
(GraphPad Software, Inc.). For comparisons among more than two groups, one-way 
analysis of variance (ANOVA) followed by Tukey's post hoc test was applied. For 
comparisons between two groups, unpaired Student’s t-tests were used. Data are 
presented as mean ± standard deviation (SD) from 3–5 independent experiments. A p-
value of <0.05 was considered statistically significant. A p-value of less than 0.05 was 
considered statistically significant. 

 

 

 
 

 

 
 

CCO 
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Discussion 
 
Recent studies have shown that endometriosis is not merely an accumulation of ectopic 
endometrial tissue, but rather a complex microenvironment shaped by pro-inflammatory 
cytokines and chemokines. This microenvironment promotes disease progression by 
supporting proliferation, invasion, and angiogenesis through epithelial and stromal 
cells.[22,23,24]. 
 
In this study, we evaluated the cellular responses of Ishikawa and OVCAR3 cells to an 
endometriosis-like microenvironment created using estrogen and a panel of cytokines. 
Our findings demonstrated that this microenvironment enhances epithelial cell viability, 
angiogenesis, and intracellular growth signaling. MTT assays confirmed increased 
proliferative activity in cells exposed to this microenvironment. These findings are 
consistent with clinical data showing increased proliferation in endometriotic tissues.[25,26] 
Women with endometriosis have a 4.2-fold higher risk of developing ovarian cancer 
compared to those without the disease. In women with ovarian endometriomas and/or 
deep infiltrating endometriosis (DIE), this risk increases up to 9.7-fold.[3,5,6] When 
examining associations between endometriosis subtypes and ovarian cancer histological 
subtypes, the strongest correlation is observed with Type I tumors (endometrioid, clear 
cell, mucinous, and low-grade serous), whereas the association is weaker for Type II (high-
grade serous) tumors.[13,27,28,29] 

 
Vascular endothelial growth factor (VEGF) plays a critical role in angiogenesis. In 
endometriosis patients, peritoneal fluid VEGF concentrations are elevated and correlate 
with disease severity.[30,31,32] As shown in Figure 4, VEGF levels were significantly increased 
in our model, supporting its ability to replicate the angiogenic response of endometriotic 
tissues. 
 
Similarly, nerve growth factor (NGF), frequently associated with chronic pelvic pain in 
endometriosis patients, was elevated in response to the microenvironment in our study. 
As shown in Figure 5, NGF secretion was significantly increased, in line with previous 
reports of NGF overexpression in human endometriotic lesions.[33,34] 
 
The PI3K/AKT/mTOR signaling pathway has been implicated in endometriosis-related 
lesion growth, cellular proliferation, and resistant phenotypes. Estrogen-induced 
activation of this pathway has been linked to increased proliferation, angiogenesis, and 
invasion, whereas inhibition reduces cell proliferation significantly.[35,36] In line with these 
findings, our model also demonstrated significantly increased PI3K levels (Figure 6), 
confirming the activation of this pathway. 
 
This study was conducted to evaluate the proliferative, inflammatory, and angiogenic 
effects of an in vitro endometriosis-like microenvironment on ovarian cancer cells. 
Although our findings indicate that this microenvironment exerts tumor-promoting effects, 
certain limitations should be noted. These include the use of established cell lines instead 
of primary endometrial epithelial cells and the limited range of cytokines and growth 
factors assessed. Despite these limitations, the data obtained provide a valuable basis for 
future, more comprehensive studies employing translational approaches. 
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Our experiments demonstrate that an in vitro–generated endometriosis-like 
microenvironment promotes proliferation, inflammation, and angiogenesis in ovarian 
cancer cells. Overall, this work highlights the potential contribution of estrogen- and 
cytokine-based endometriosis microenvironments to malignant transformation and may 
help identify molecular and cellular targets relevant to the development of endometriosis-
associated ovarian cancer (EAOC). The results also indicate that this model could be 
adapted for use with primary human cells in future research, paving the way for 
experimental systems that may be translated into clinical applications. In summary, this 
preliminary model comprehensively characterizes the cellular responses induced by an 
endometriosis-like microenvironment and demonstrates consistency with existing human 
data. 

 
Conclusion 
 
Our findings provide novel insights into the molecular mechanisms underlying 
endometriosis-associated malignancy, particularly the roles of VEGF, NGF, and PI3K 
signaling pathways. By demonstrating these associations, the study emphasizes how 
angiogenic and neurogenic factors may converge to drive disease progression. The in 
vitro model established here offers a valuable experimental platform that can be adapted 
to explore additional pathways and therapeutic interventions. Importantly, when 
complemented with studies using patient-derived tissues, this model has the potential to 
bridge the gap between basic research and clinical application, thereby advancing both 
our mechanistic understanding of the disease and the development of translational 
strategies for improved diagnosis and treatment. 
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