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ABSTR AC T
Background: Endometriosis, a benign gynecological disease causes pain and impaired fertility, and seldom culminates into ovarian 
cancer. While its cause remains unclear, hormonal dysregulation plays a key role. Oxytocin is upregulated in the disease besides altered 
matrix metalloproteinases (MMPs) and microRNAs (miRs) that contribute to cellular invasion. Altered levels of miR-34a/miR-145 are 
reported in endometriosis. A link between oxytocin and miRNAs has also been observed in human myometrium. Hypothesis: Increased 
oxytocin might be responsible for cellular invasiveness due to reduced levels of miR-34a/miR-145 which is linked to high levels of MMP-2 
activity in endometriotic cell lines.
Materials and Methods: We used zymography and immunoblotting to assess MMP-2 expression and activity respectively in SK-OV-3 
cells treated with mimics or inhibitors of miR-34a/miR-145 in the presence or absence of oxytocin. Invasion, migration, and EMT markers 
were also evaluated under similar treatments as well as oxytocin alone in SK-OV-3 and End1/E6E7 cells. Results: MMP-2 activity and 
expression slightly decreased with miR-34a and miR-145 treatment without oxytocin but increased with the addition of oxytocin. 
Oxytocin dose-dependently enhanced invasion and migration, while miRNA mimics reduced both, which were significantly induced 
by the addition of oxytocin. Oxytocin also enhanced N-cadherin and vimentin while reducing E-cadherin in the miRNA mimic group. 
Conclusion: Our study demonstrates that oxytocin induces cellular invasion and migration via downregulating miR-34a and miR-145 
during endometriosis progression.
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INTRODUC TION
Endometriosis is a gynecological disease of reproductive 
women caused by the accumulation of endometrium-
derived tissue in extra-uterine regions leading to excessive 
pain and impaired fertility. It is a hormone driven disorder 
that affects 10-15% of women globally (1). Although its exact 
cause is unknown, several theories exist. Sampson’s theory 
of retrograde menstruation, the prevailing hypothesis, posits 
that menstrual blood containing endometrial cells flows 
in reverse through the fallopian tubes into the peritoneal 
cavity, where it establishes ectopic lesions (2). Another 
theory proposes that normal mesothelial cells transform 
into ectopic lesions via metaplasia. The pathogenesis of 
endometriosis involves factors like estrogen dependence, 
hormonal imbalance, oxidative stress, dysregulated matrix 
metalloproteinases (MMPs), and aberrant signaling pathways 
(3). Low estrogen and progesterone causes thinning and 
inactiveness of the endometrium, leading to amenorrhea, 
while excessive estrogen leads to hyperplasia and is strongly 
linked to endometriosis (4, 5). Additionally, oxytocin, 
known for its role in uterine contractions, also contributes 
to endometriosis progression (3). Oxytocin receptor (OTR), 
regulated by oxytocin levels, is a G-protein-coupled receptor 
that depends on cholesterol and magnesium (3). Estrogen 
upregulates OTR, while progesterone downregulates it, 
highlighting their opposing effects on OTR synthesis and 
degradation (6, 7). In endometriosis, excess estrogen disrupts 

OTR distribution, increasing circulating oxytocin levels and 
intense retrograde uterine contractions, causing endometrial 
fragments to spread into the peritoneal cavity and form 
lesions (3). High OTR levels are maintained via continuous 
receptor synthesis and are prominently expressed by smooth 
muscle cells in peritoneal, deep, and ovarian endometriotic 
lesions (8, 9). Oxytocin is found to reduce nitrogen oxide 
and activate the ERK signaling cascade in the physiological 
endometrium (10, 11). OTR activation triggers the Ca+2 
signaling pathway by elevating intracellular Ca+2 levels 
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(1). Atosiban, an OTR-blocking agent, improves the rates 
of pregnancy and implantation in the cases of infertility 
associated to endometriosis and also shows efficacy in a 
rat model of endometriosis (12-14). However, more research 
is required to explore oxytocin’s functional role and 
mechanisms in endometriosis.
Previous studies also suggested that dysregulation of MMPs 
is another key to endometriosis pathogenesis. MMPs, zinc-
dependent proteolytic enzymes, are critical for extracellular 
matrix (ECM) remodeling and processes like invasion, 
migration, proliferation, and autophagy (15-17). The major 
focus of our lab is to evaluate the functions of MMP-2, -7, -3, 
and -13 in endometriosis, while studies from other groups 
identify roles of MMP-7, -9, and -3 in patients and mouse 
models (18, 19). Recently, MMP-2 has been shown to promote 
angiogenesis via pathways mediated by prostaglandin E2 in 
ovarian endometriosis (20).
Recently, a class of naturally occurring small non-coding RNAs 
(MicroRNAs), have gained prominence as molecular tools for 
diagnosing and treating various diseases. They typically exert 
their gene-silencing function by binding to their target genes 
3′-untranslated region (3′-UTR) through imperfect base-
pairing. This ability permits a single microRNA to target and 
regulate multiple protein-coding genes (21). As master gene 
regulators, microRNAs influence critical cellular pathways, 
including uncontrolled cell proliferation, metastasis, DNA 
damage repair, and the cell cycle (22). Dysregulation of 
microRNAs is well-documented in several cancers, where 
they are reported to act as oncogenes or tumor suppressors 
(21). The transcription factor p53 is known to induce many 
microRNAs, including the miR-34 family and miR-145 (21). 
miR-34a, recognized as a key tumor suppressor, is often 
deregulated in cancer and endometriosis. Previous studies 
have shown significantly reduced miR-34a and p53 levels in 
endometriosis patients (23-25). Furthermore, miR-145 has also 
been found to have an inhibitory effect on endometriotic cell 
proliferation, invasion, as well as stemness (26, 27). 
Studies have shown a remote relationship between oxytocin 
and various miRNAs including miR-34a (28-30). While miR-34a 
and miR-145 have been associated with endometriosis 
and ovarian cancer, their regulation by oxytocin remains 
unexplored, creating a gap in understanding how hormonal 
signaling impacts disease progression. This research, 
therefore, seeks to delve into the complex functions of 
oxytocin, miR-34a, and miR-145, along with MMP-2, in 
endometriotic pathology.

MATERIALS AND METHODS

Chemicals and Reagents
RPMI-1640 Medium (Cat#31800022); Fetal Bovine Serum 
(FBS) (Cat#16140071); Penicillin-Streptomycin Solution (100x) 
(Cat#15140122); Trypsin-EDTA Solution (Cat#15400054); 
phosphate buffered saline (PBS) (Cat#10010023); 0.4% 
trypan blue solution (Cat#,15250061);  and OptiMEM 

(Cat#31985070) are from Gibco, Thermo Fisher Scientific, 
USA; Matrigel (Corning, Merck, Cat#CLS356231, USA); 
MISSION hsa-miR-34a mimic (Cat#HMI0508); MISSION hsa-
miR-34a-5p inhibitor (Cat#HSTUD0508); MISSION hsa-miR-
145 mimic (Cat#HMI0224); MISSION hsa-miR-145 inhibitor 
(Cat#HSTUD0224); negative control (Cat#HMC0003) are 
from Sigma-Aldrich, St. Louis, MO, USA); Lipofectamine 2000 
(Invitrogen, Thermo Fisher Scientific, Cat#11668019, USA);.
[Ser4,Ile8]-Oxytocin (trifluoroacetate salt) (Cayman Chemical, 
Cat#24767, USA); Atosiban (Cayman Chemical, Cat#20952, 
USA); Gelatin (Cat#G2500); Triton X-100 (Cat#T9284); 
Coomassie blue (Cat#B0770); Protease inhibitor cocktail 
(Cat#P8340); Bradford reagent (Cat#B6916); BSA (Cat#A7030); 
Paraformaldehyde (Cat#158127); and Crystal Violet Solution 
(Cat#C6158) are from Sigma-Aldrich, St. Louis, MO, USA; RIPA 
Lysis Buffer (Cell Signaling Technology (CST), Cat#9806, USA); 
3 color Prestained Protein Ladder, 10-250 kDa (Puregene, 
Cat#PG-PMT2922); PVDF Membrane (Merck, Immobilon-P, 
Cat#IPVH00010, USA); HRP Substrate Immobilon Western 
Chemiluminescent HRP (Merck, Cat#WBKLS0500, USA).

In Vitro Study
The epithelial cell lines End1/E6E7 (derived from endocervical 
tissue) and SK-OV-3 (originating from ovarian adenocarcinoma) 
from the American Type Culture Collection (Manassas, VA, 
USA) were subsequently maintained in standard culturing 
conditions i.e. in RPMI-1640 medium alongwith 10% fetal 
bovine serum (FBS), 1% penicillin-streptomycin (100 U/ml), 
plus under 5% CO₂. Upon 80% confluency, one set of End1/
E6E7 cells was treated with oxytocin (0, 1, and 5 µM conc.) 
post 8 hours incubation with atosiban, an oxytocin inhibitor, 
or PBS for wound-healing assay while from another set of 
oxytocin treated cells, the cells were collected post 48 hours 
of treatment and used for invasion and migration assay. 
Transfection experiments were performed in SK-OV-3 cells 
with 10 nanomolar of either synthetic mimics/inhibitors 
specific to miR-34a or miR-145 or with a negative control using 
Lipofectamine 2000 and OptiMEM. 6 hours post-transfection, 
cells were replenished with newly prepared incomplete 
medium with or without the treatment of 5µM oxytocin. 
The gelatin zymography was done from the supernatant 
collected 48 hours post-transfection. The cells were counted 
post-trysinization, and used for invasion and migration 
assays. Additionally, transfection experiments with similar 
treatments were performed for wound healing assays and 
immunoblotting. Each analysis was biologically replicated a 
minimum of three times to ensure accuracy.

Gelatin Zymography
The MMP-2 activity assay was conducted by collecting the 
supernatant of the transfected cell (either with mimics/
inhibitors specific to miR-34a or miR-145, or with a negative 
control), followed by electrophoresing 10µl of supernatant 
per lane in 8% SDS-polyacrylamide gel containing gelatin 
(1mg/ml) as a substrate in a non-reduced environment. The 
washing of the gels was done two times in 2.5% Triton X-100, 
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followed by incubating in a Ca+2 assay buffer (100mM Tris-
HCl, pH 7.4; 150mM NaCl; 5mM CaCl2) for 22 hours at 37oC. 
0.1% Coomassie blue dye was then used for staining followed 
by destaining. The image was taken using ChemiDoc MP. The 
negative staining zones were quantified for the gelatinolytic 
activity by utilizing densitometric analysis connected to 
LabImage software (Kapelan Bio-Imaging, Leipzig, Germany), 
and images were processed in Adobe Photoshop 2021 
(version 22.5.1.441; Adobe Systems, San Jose, CA, USA).

Transwell Invasion Assay
End1 E6/E7 and SK-OV-3 cells were subjected to invasion 
assays employing Millicell Transwell inserts (Merck, 
Cat#PTEP24H48, USA). 25 × 103 transfected cells (with the 
mimics/inhibitors of miR-34a or miR-145 with or without 
the treatment with oxytocin) were added to the transwell 
chamber’s upper side (pre-coated with Matrigel) under 
serum-deprived situation whereas the below chamber was 
filled with the media containing 10% FBS. Cells were scraped 
off from the upper chamber post 24 hours, and the fixation, 
staining of the cells on the below part of the chamber was 
done using 4% paraformaldehyde and 0.5% crystal violet 
solution respectively. Cells were counted from the images 
taken from 4 random sites of each well from each replica. Cell 
imaging was executed in an Olympus microscope equipped 
with Olympus Camedia software (E-20P, 5.0-megapixel; 
Chicago, MI, USA). Images were processed in Adobe 
Photoshop 2021 (version 22.5.1.441; Adobe Systems, San 
Jose, CA, USA).

Transwell Migration Assay
End1 E6/E7 and SK-OV-3 cells were subjected to migration 
assays employing Millicell Transwell inserts similar to invasion 
assay excluding the coating with Matrigel, and the cells 
were counted from the images taken from 4 random sites of 
each well from each replica. Cell imaging was executed in 
an Olympus microscope equipped with Olympus Camedia 
software (E-20P, 5.0-megapixel; Chicago, MI, USA). Images 
were processed in Adobe Photoshop 2021 version 22.5.1.441 
as mentioned above.

Wound-Healing Assay
End1 E6/E7 and SK-OV-3 cells were subjected to wound-
healing assay by utilizing a scratch method. Seeding 
and culturing of cells (1×10⁶) were done until a confluent 
monolayer was established, followed by creating a linear 
wound using a micropipette tip. The treatment of cells 
was done, post-scratch formation, with oxytocin +/- its 
inhibitor in one set, and with or without oxytocin treatment 
in mimics/inhibitors transfected cells in another set. Cell 
imaging was done in multiple intervals of time (0, 12, 24, 
and 48 hrs) to study the cellular migration using an Olympus 
microscope equipped with Olympus Camedia software 
(E-20P, 5.0-megapixel; Chicago, MI, USA). Images were 
processed in Adobe Photoshop 2021 (version 22.5.1.441 as 
mentioned above. 

Immunoblotting
Cells were treated with miR mimics/inhibitors in the presence 
or absence of oxytocin and were directly lysed using RIPA 
buffer having a protease inhibitor cocktail, and the lysates 
were subsequently centrifuged at 12,000 × g for 15 minutes 
to remove cellular debris and protein estimation using 
the Bradford method. Whole-cell lysates (50 μg per lane) 
were resolved by 8% SDS-PAGE under reducing conditions 
followed by transfer onto PVDF membranes. After the 
blocking step, the membranes were subjected to overnight 
incubation at 4 °C with specific primary antibodies targeting 
N-cadherin (CST #13116, Cell Signaling Technology, Danvers, 
MA, USA), vimentin (CST #5741, Cell Signaling Technology, 
Danvers, MA, USA), E-cadherin (R&D #AF748, R&D Systems, 
Minneapolis, USA), and GAPDH (SC #SC-47724, Santa Cruz 
Biotechnology, Dallas, TX, USA), used at 1:1000 (R&D, CST) 
and 1:500 (Santa Cruz) dilutions. After washes, membranes 
were probed with HRP-conjugated secondary antibodies 
(anti-rabbit CST#7074, anti-mouse CST#7076 & anti-goat 
SC#2922). All the antibodies were diluted in TBS-T with 5% 
BSA. Protein bands were detected using the Immobilon HRP 
chemiluminescent substrate (Millipore) under a ChemiDoc 
MP and the quantification was done utilizing densitometric 
analysis connected to labimage software (Kapelan Bio-
Imaging, Leipzig, Germany). Images were processed in Adobe 
Photoshop 2021 (version 22.5.1.441 as mentioned above.

Statistical Analysis
Statistical analyses were conducted using GraphPad 
Instat3 (GraphPad Software, Inc). Comparisons group were 
conducted via one-way or two-way ANOVA followed by 
Tukey’s post hoc test. Experiments were performed thrice, 
and data were presented as mean ± SEM. The level chosen 
at a P-value of <0.05 was accepted significant.

RESULTS

Oxytocin regulates MMP-2 activity via miR-34a
To check the functional implications of oxytocin on MMP-2 
by miR-34a and miR-145, gelatin zymography was performed. 
An elevated MMP-2 activity has been observed when treated 
with the inhibitor of miR-34a as compared to its mimic. 
Furthermore, the addition of oxytocin induces the MMP-2 
activity in the mimic group as well and the level was elevated 
by ~1.6-fold (Figure_1a and b). Next, immunoblotting was 
performed with a similar treatment in SK-OV-3 cells and 
GAPDH was used as a normalization control for normalizing 
the expression of protein. Low levels of MMP-2 expression 
were found (~1.2-fold) in miR-34a mimic as compared to 
its inhibitor in the absence of oxytocin, however, with the 
addition of oxytocin the expression of MMP-2 increased in 
the miR-34a mimic group as well by ~1.2 and 1.7 times for 
active and pro-MMP-2 respectively. Furthermore, the change 
in the MMP-2 level is moderate and not significant (p>0.05). 
Additionally, miR-145 was not found to be associated with 
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MMP-2 since the expression and activity pattern of MMP-2 
are not found to be consistent which proved that the MMP-2 
might be regulated by oxytocin via miR-34a and not via 
miR-145 (Figure_1c-e).

Oxytocin promotes cellular invasion and migration in 
End1/E6E7 cell line
To elucidate the potential involvement of oxytocin in 
regulating cellular invasion, End1/E6E7 cells were subjected to 
a Transwell invasion assay. Cells treated with a low (1µM) and a 
high dose (5µM) of oxytocin and without oxytocin. Treatment 
with 5 µM oxytocin resulted in enhanced cell invasion 
relative to the control, as evidenced by a higher number of 
cells traversing the matrix to the lower chamber (Figure_2a 
and Figure_3a). This result shows the role of oxytocin in 
promoting the invasiveness of the endometriotic cells.
Similarly, the effect of oxytocin on cell migration was 
evaluated using Transwell migration assays in End1/E6E7 
cells, revealing a significant increase in the number of 
cells migrating toward the lower chamber compared to 
the control, indicating a pro-migratory role of oxytocin 
(Figure_2b and Figure_3b).
Oxytocin’s influence on migratory capacity was further 
confirmed on End1/E6E7 cells through the wound-healing 
experiment. Cells pre-treated with either atosiban or PBS 

Figure 1: Activity and expression profile of MMPs. Zymographic technique was conducted to assess MMP-2 activity in SK-OV-3 cells. (a) Transfection 
with miR-34a/miR-145 shows non-significant changes in MMP-2 activity while oxytocin upregulates the activity of MMP-2 non-significantly in 
the miR-34a mimic group. (b) Quantitative analysis of MMP-2 activity. Immunodetection of MMP-2 shows an elevated expression of MMP-2 in 
the miR-34a inhibitor group as compared to mimic where it gets upregulated by the incorporation of oxytocin (c-e). Each assay was conducted 

three independent times, with data depicted as mean ±SEM.

Figure 2: Invasion and migration assay performed in End1/E6E7 and 
SK-OV-3 cells. The cells showed a significant rise in invasion (a) as well 
as migration (b) upon oxytocin treatment dose-dependently in End1/
E6E7 cells. (c and d) The miR-34a and miR-145 mimic groups show less 
invasiveness and migration which got reversed by the treatment with 
their inhibitors in SK-OV-3 cells. The addition of oxytocin significantly 
induced invasion (c) as well as migration (d) in the mimic groups as well. 
Each assay was conducted three independent times. Magnification 10X, 

scale bar = 100 μm, and 400μm.
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were treated with oxytocin at a low (1µM) and a high dose 
(5µM) after a scratch was made with a microtip. The cellular 
migration were observed at successive periods of 0, 12, 24, 
and 48 hours. The cells in the oxytocin-treated group showed 
increased migration dose-dependently and the addition of 
its inhibitor reversed back its effect (Figure_4a and b).

Oxytocin regulates invasion and migration via miR-
34a and miR-145
To understand if miR-34a/miR-145 have any relation to 
oxytocin, the transfected SK-OV-3 cells with their mimics/
inhibitors were treated with or without oxytocin and their 
functions on the invasiveness were checked by a transwell 
assay using matrigel coating. Treatment with miR-34a and 
miR-145 mimics led to a reduction in invasive capacity 
compared to the negative control, which were noticeably 
higher in their inhibitor-treated group (p<0.0001 and p<0.001 
for miR-34a and miR-145 respectively). Furthermore, the 
treatment with oxytocin resulted in a significantly higher 
number of invaded cells which is visible (~2 (p<0.0001) to 3.5-
fold (p<0.001) for miR-34a and miR-145 respectively) across 

the matrix of the chambers’s lower side in the mimic group 
as compared to the mimic-treated cells without oxytocin 
(Figure_2c and Figure_3c). This finding highlights oxytocin’s 
regulatory effect on the inhibitory functions of miR-34a and 
miR-145 in suppressing cell invasiveness.
Similarly, the transwell migration assays were executed to 
investigate the regulatory effect of oxytocin on miR-34a 
and miR-145 mediated migration of SK-OV-3 cells and it 
was observed that both the mimics-treated cells resulted 
in decreased migration as compared to negative control 
while the migration is considerably higher in their inhibitor 
group in the absence of oxytocin (p<0.0001 and p<0.001 
for miR-34a and miR-145 respectively) and the addition of 
oxytocin visibly led to a remarkable elevation in the numbers 
of migratory cell (~ 2.8 (p<0.0001) to 8-fold (p<0.0001) for 
miR-34a and miR-145 and ~ 5 to 5.5 (p<0.0001) in their 
inhibitors respectively) across the chamber’s lower side in 
the mimic as well as inhibitor group as compared to the cells 
without oxytocin treatment (Figure_2d and Figure_3d). This 
result points to the regulatory role of oxytocin on miR-34a 
and miR-145 mediated migration of the cells.

Figure 3: Quantitative analysis of invasion and migration assays. (a and b) Histogram showing the number of invaded and migrated cells respectively 
in End1/E6E7 cells upon oxytocin treatment. (c and d) Histogram showing the number of invaded and migrated cells respectively in miR transfected 

SK-OV-3 cells in the presence or absence of oxytocin.
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To revalidate the role of oxytocin in regulating the migratory 
properties via miR-34a and miR-145, SK-OV-3 cells were 
also subjected to a scratch assay to assess wound closure 
dynamics. After scratch formation on the cultured monolayer, 
miR mimic and inhibitor transfected cells were treated with 
or without oxytocin and the migratory rate was evaluated 
periodically at 0, 12, 24, and 48 hours. The cells with the 
miR-34a mimic show reduced migration in the absence of 
oxytocin as compared to its inhibitor. However, the addition 
of oxytocin in transfected cells resulted in a significantly 
higher rate of cell migration as compared to the group 
without oxytocin (Figure_4c and d). This result establishes 
the regulatory effect of oxytocin on miR-34a and miR-145.

Regulatory role of miR-34a and miR-145 on EMT upon 
oxytocin treatment in SK-OV-3 cell line
To further affirm the influence of oxytocin upon the 
regulatory role of miR-34a and miR-145 in epithelial-to-
mesenchymal transition, the expression levels of N-cadherin, 
vimentin, and E-cadherin, markers of EMT, were assesed in 
SK-OV-3 cells upon similar treatment. Immunoblotting was 
performed using 50 μg of total protein from whole-cell 
lysates, and GAPDH was employed as the loading control for 
normalizing the protein expression levels. Results showed 

Figure 4: Wound-healing (scratch) assay. (a and b) End1/E6E7 cells 
with oxytocin treatment show increased migration of the cells with 
an increasing dose of oxytocin. The migration rate slows down by 
the treatment with its inhibitor. (c) The miR-34a and miR-145 mimic 
transfected SK-OV-3 cells show reduced migratory rate when compared 
to negative control in the absence of oxytocin and the results reverse 
back by the treatment of their inhibitors. (d) Upon the addition of 
oxytocin, the migration of the cells transfected with mimic increases 
significantly. Each assay was conducted three independent times and 

the migration rate is shown as dotted lines. Magnification 10X.

Figure 5: Immunodetection of epithelial-to-mesenchymal transition markers in SK-OV-3 cells. (a-f ) The oxytocin treatment of cells transfected 
with miR mimic shows increased EMT as compared to the oxytocin untreated group. The expression profile of vimentin however show no 

significant changes. Each assay was conducted three independent times, with data depicted as mean ±SEM. A P-value of <0.05 is referred to as 
*, and non-significant as ns.
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that oxytocin significantly upregulates N-cadherin (~1.9-fold, 
p<0.0001) expression, whereas inhibits E-cadherin levels 
(p <0.01) in the miR mimic group compared to the group 
without oxytocin. No significant changes were observed in 
vimentin levels (Figure_5). These results explained that the 
suppressive role of miR-34a and miR-145 on EMT is affected 
by the presence of oxytocin.

DISCUSSION
Endometriosis is a non-malignant, estrogen-driven disorder 
marked by the abnormal existence of functional endometrial 
glands and stroma in extrauterine sites (31). The migration 
and growth of refluxed endometrial cells are hindered by 
ECM cleavage and other contributing factors that contribute 
substantially to endometriosis development (32). Although 
benign, endometriosis constitutes a notable predisposing 
factor for ovarian carcinoma (33). Research has found that 
matrix metalloproteinases, including MMP-2, -9, -7, and -3, 
as being associated with this disease (18-20, 34). Endometrial 
cells have a tendency to revert to their mesenchymal 
phenotype through epithelial-to-mesenchymal transition 
due to retained mesenchymal traits. EMT has been found 
to contribute in the pathogenesis of endometriosis in prior 
studies, as evidenced by the loss of epithelial traits such as 
polarity and cell adhesion, alongside elevated motility and 
a shift in cadherin expression from E-cadherin to N-cadherin 
(35-37).  Recent research highlights the role of EMT in deep-
infiltrating endometriosis, supported by our previous findings 
on the involvement of MMP-7 in EMT (31, 35). Moreover, the 
dysregulated expression of microRNAs has been implicated 
in endometriosis and ovarian cancer, leading to disruptions 
in numerous biological processes (38-46).
MicroRNA-34a and miR-145 play critical roles in endometriosis, 
with miR-34a acting as a universal tumor suppressor and 

regulator of EMT, stemness, tumor growth, and drug 
resistance, while miR-145 inhibits proliferation, invasion, 
and stemness of endometriotic cells, showing potential 
as therapeutic targets (24, 26, 47-52). However, to date, no 
research has been conducted to explore the regulatory 
effect of oxytocin on miR-34a and miR-145 concerning EMT 
and MMP-2 in endometriosis. The present study shows a 
moderate upregulation of MMP-2 (not significant) in the cells 
transfected with the miR-34a-5p inhibitor transfected group 
as compared to mimic. We also found that oxytocin induced 
the MMP-2 expression and activity in the cells transfected 
with mimic as well. Previous studies with skeletal muscle and 
ovarian tissues including ovarian cancer tissues have shown a 
complex relationship between oxytocin and various miRNAs, 
including miR-34a (28-30, 53). Furthermore, we did not find 
much change in MMP-2 in the miR-145 transfected group. 
Additionally, oxytocin significantly induced the invasion 
and migration dose-dependantly in the endometriotic cell 
line which was reduced by the incorporation of atosiban, 
an oxytocin inhibitor. This is supported by the previously 
studied role of oxytocin on invasiveness in endothelial cells 
(54). The involvement of oxytocin receptors in various cancers 
including ovarian cancer has also been seen and silencing 
the oxytocin receptor inhibits cellular proliferation, invasion, 
and migration and induce cell cycle arrest (55). This study also 
revealed that oxytocin reduced the inhibitory function of 
miR-34a and miR-145 in the invasive and migratory potential 
of the endometrial cells. In addition to that, it also modulated 
the EMT markers in the mimic transfected groups which were 
reduced in the absence of oxytocin.
Clinical diagnosis of endometriosis is often deferred as a 
result of the late onset of symptoms, resulting in extended 
patient discomfort. Based on the outcome of our study 
regarding miRNAs as potential biomarkers of the disease, 
the development of a miRNA-based diagnostic approach 
could facilitate earlier and more accurate detection of 
endometriosis, opening a new era of endometriosis 
diagnosis. However, this study focused on in vitro models, 
which may not fully replicate the complex microenvironment 
of endometriotic tissues. Additional in vivo studies are 
obligatory to validate the function of oxytocin in disease 
progression.
In summary, this study provides the first evidence that 
miR-34a-5p and miR-145 are regulated by the presence of 
oxytocin in endometriosis and that excess of local circulating 
oxytocin might cause the downregulation of miR-34a 
and miR-145 in endometriotic tissues. In vitro studies on 
epithelial cells unveiled that oxytocin might be an additional 
source of the increased MMP-2 activity in endometriosis 
owing to the ineffective downregulation of MMP-2 by miR-
34a-5p. Oxytocin also induces N-cadherin while inhibiting 
E-cadherin in the mimic transfected groups which further 
supports that the decrease in miR-34a and miR-145 and 
increase in oxytocin level promotes endometriosis via the 
activation of EMT (Figure_6). Altogether, our present study 

Figure 6: Conclusive illustration. Oxytocin negatively regulates miR-
34a and miR-145 in the endometrial cells of endometrioma causing 

increased MMP-2 and EMT leading to increased migration and 
invasion which causes the endometrial cells to migrate and invade 
distant sites thereby leading to the growth of ectopic lesions and 

endometriosis progression.
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demonstrates that oxytocin promotes EMT and MMP-2 
via reducing miR-34a and miR-145 thereby resulting in 
induced cellular invasion and migration in endometriosis 
aggravating disease progression.
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