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Background: Globally, ovarian cancer is the leading cause of female reproductive-related death, with 
a 5-year survival rate below 50%. Conventional therapies, such as cancer cell reduction and paclitaxel 
chemotherapy, have strong toxicity and are prone to drug resistance. Thus, the development of alternatives 
for the treatment of ovarian cancer is urgently needed. Methyl vanillate is a principal component of Hovenia 
dulcis Thunberg. It is known that several cancer cells are inhibited by methyl vanillate; however, whether 
methyl vanillate can inhibit the proliferation and migration of ovarian cancer cells still needs to be further 
studied.
Methods: In this study, cell counting kit 8 (CCK8) was used to examine the effects of methyl vanillic 
acid on the proliferation of SKOV3 cell lines and human ovarian surface epithelial cell (HOSEpiC) lines. 
Wound healing and transwell assays were used to determine the effect of methyl vanillate on cell migration. 
The expression of epithelial-mesenchymal transition (EMT) marker proteins (E-cadherin and vimentin), 
transcription factors (Snail and ZEB2), and skeletal proteins (F-actin) were evaluated with Western blotting. 
F-actin was detected by immunofluorescence assay.
Results: The proliferation and migration of SKOV3 cells were dose-dependently inhibited by methyl 
vanillate, but HOSEpiC cells were not inhibited by low concentrations of methyl vanillate. Western 
blotting analyses revealed a significant decrease in the expression of vimentin and a significant increase 
in the expression of E-cadherin in SKOV3 cells treated with methyl vanillate. This finding indicated that 
EMT inhibition was induced by the vanillate. Furthermore, methyl vanillate inhibited the expression of 
transcription factors (Snail and ZEB2) in SKOV3 cells as well as cytoskeletal F-actin assembly.
Conclusions: Methyl vanillate plays an important role in inhibiting EMT and cell proliferation and the 
migration of ovarian cancer, likely via the inhibition of the ZEB2/Snail signaling pathway. Consequently, 
methyl vanillate may be a promising therapeutic drug for ovarian cancer.
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Introduction

Ovarian cancer is the leading cause of reproductive-related 
death worldwide. According to estimates by the American 
Cancer Society, approximately 21,410 of women in the 
United States were diagnosed with ovarian cancer in 2021, 
with 13,770 dying due to this disease (1). Moreover, the 
5-year survival rate after an ovarian cancer diagnosis is 
less than 50% (2). Based on the anatomic location, ovarian 
cancer mainly spreads in the peritoneum (3). It is a key site 
with recurrence in patients with ovarian cancer, leading 
to the death of patients from peritoneal complications (4). 
Conventional therapies, such as cancer cell reduction and 
paclitaxel chemotherapy, have strong toxicity and are prone to 
drug resistance. Thus, the development of effective alternative 
drugs for treating ovarian cancer is urgently needed.

In recent years, the pharmacological application of 
many traditional medicinal plants has been expanded. 
Hovenia dulcis Thunberg, a medicinal plant seed used in 
traditional Chinese medicine for detoxification after alcoholic 
poisoning, has been revealed to have further pharmaceutical 
applications based on its antitumor activity. Ammar et al. (5)  
found that the extract of Hovenia dulcis Thunb could 
reduce the level of oxidative stress and induce apoptosis in 
the leukemia cell line K562. Morales et al. (6) found that 
the extract of Hovenia dulcis Thunb had broad-spectrum 
antitumor activity against various cancer cell lines, such 

as MCF-7, HepG2, NCI-H460, and HCT15. In another 
study, the HT29 and HepG2 cell lines were significantly 
inhibited by Hovenia dulcis Thunb extract, with 80% 
inhibition at 100 g/mL (7).

To explain the pharmacological mechanism and enhance 
the pharmacological effect of Hovenia dulcis Thunb, one 
study isolated a single chemical component from Hovenia 
dulcis Thunb, and its biological function was investigated. 
Up to 8 phenolic compounds have been found in the 
stem bark of Hovenia dulcis Thunb, including phenolic 
acids (vanillate acid, ferulic acid, and trihydroxybenzoic 
acid), flavan-3-alcohol (catechin and Daphne odora), 
aromadendrin (dihydroflavonol), 3,5-dihydroxystilbene, 
and methyl vanillate (8). Among these compounds, methyl 
vanillate was revealed to inhibit the proliferation of human 
esophageal squamous carcinoma cells (oe21), human colon 
cancer cells (LoVo), mouse melanoma cells (B16F10), human 
esophageal adenocarcinoma cells (OE33), human prostate 
cancer cells (PC3), human glioblastoma (T98G), human 
glioma cells (u373), and human lung adenocarcinoma cells 
(A549) (9). However, whether methyl vanillate can inhibit 
the proliferation and migration of ovarian cancer cells still 
needs to be further studied.

The separation of ovarian cancer cells from the primary 
tumor is the first step in the abdominal spread of ovarian 
cancer (3), also known as epithelial-mesenchymal transition 
(EMT) (10). Tumor cells lose epithelial features, such as cell 
polarity, intercellular interactions, and cube shape. Tumor 
cells dedifferentiating into mesenchymal stem cells gain a 
greater potential for medication resistance and a greater 
ability to move quickly to new locations (11). A decrease in 
the epithelial marker E-cadherin and a concomitant increase 
in mesenchymal markers contribute to the migration of 
ovarian cancer cells (12). As a result of the weakening of the 
tight cell-cell connection (13), ovarian cancer cells have the 
basic conditions for peritoneal spread.

EMT is one of the molecular targets of many traditional 
Chinese medicines and plays a crucial role in tumor 
proliferation and migration (14). Normal epithelial cells lose 
their cell polarity and cell-cell adhesion during carcinogenesis 
but gain the capacity to migrate and invade. The transcription 
factors responsible for inducing EMT include several protein 
families, including ZEB2 and Snail (15).

We demonstrated the impact of methyl vanillate on 
the proliferation and migration of ovarian cancer cells. 
Furthermore, our results indicated that methyl vanillate 
might exert antitumor effects by inhibiting EMT through 
the ZEB2/Snail pathway. Therefore, this clarified the 
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crucial roles and potential mechanisms of methyl vanillate in 
ovarian cancer treatment. We present the following article 
in accordance with the MDAR  reporting checklist (available 
at https://tcr.amegroups.com/article/view/10.21037/tcr-22-
2240/rc).

Methods

Cell culture

SKOV3 (cat no. HTB-77) and human ovarian surface 
epithelial cells (HOSEpiCs; cat no. XY-XB-2078) were 
obtained from the American Type Culture Collection. The 
cells were cultured in RPMI 1640 and Dulbecco’s Modified 
Eagle Medium (DMEM), 10% fetal bovine serum (FBS), 
and 1% penicillin and streptomycin with 5% CO2 in a 37 ℃ 
humidified incubator. In vitro studies were conducted with 
methyl vanillate purchased from Med Chem Express and 
dissolved in dimethyl sulfoxide (DMSO; Sigma-Aldrich) 
according to the manufacturer’s protocols. The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013).

Cell counting kit 8 (CCK8)

CCK8 (Absin) was used to determine cell viability. The cells 
were plated in 96-well microplates (Corning) with a seeding 
density of 5×103 per well and 100 μL of the medium. 
Cells were treated with methyl vanillate at different 
concentrations (100, 200, 400, 800, and 1,600 μmol/L) for 
24 hours. CCK8 reagent (10 μL) was added to each well and 
then cultured for 2 hours. All experiments were performed 
3 times. The absorbance was measured at 450 nm using a 
microplate reader with a blank well (SPECTROstar). The 
proliferation of cells was reflected in the absorbance.

Monolayer wound healing assay

The migration ability was measured using wound healing 
assays. SKOV3 cells and HOSEpiCs were grown in 
Corning 6-well plates. After the cells reached 80% density, a 
horizontal line was created through each well using a 100-μL 
pipette tip. Then, the cells were incubated for 24 hours in a 
serum-free medium containing methyl vanillate (0, 50, 100, 
and 200 μmol/L). Each experiment was repeated at least  
3 times. ImageJ software (US National Institutes of Health) 
was used to analyze the images and calculate the proportion 

of relative wound closure.

Transwell migration assay

Cell migration was assessed with Transwell chambers 
(Corning, USA). The cells were seeded at a density of 
1.5×104 cells/well in 100 μL of FBS-free medium containing 
methyl vanillate (0, 50, 100, 200, and 400 μmol/L) in the 
upper chamber. The lower chambers were filled with 600 L 
of medium containing 20% FBS. We removed nonmigrated 
cells after 24 hours of incubation, fixed migrated cells 
with 4% paraformaldehyde, and stained them with 0.1% 
crystal violet. Following this, the cells were observed and 
photographed under an inverted microscope (ECLIPSE Ti, 
Nikon). Cells were counted in at least 5 random regions of 
each chamber, and then the average was calculated.

Western blotting

The total protein in the treated cells was extracted with 
radioimmunoprecipitation assay (RIPA) buffer containing 
1 mmol/L of phenylmethylsulphonyl fluoride (PMSF; 
Beyotime) and quantified with a BCA Protein Assay 
Kit (Beyotime). Sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) was conducted to 
separated the protein bands, which were then transferred 
to a polyvinylidene difluoride (PVDF) membrane 
(MilliporeSigma). The PVDF membranes were blocked 
in phosphate-buffered saline (PBS) for 2 hours with 5% 
skimmed milk powder (MilliporeSigma). Primary antibodies 
against E-cadherin (rabbit monoclonal antibody, Cell 
Signaling Technology; cat. no. 3195S), vimentin (rabbit 
monoclonal antibody, Cell Signaling Technology; cat. no. 
3879T), Snail (rabbit monoclonal antibody, Cell Signaling 
Technology; cat. no. 5741T), ZEB2 (rabbit monoclonal 
antibody, Cell Signaling Technology; cat. no. 97885S), and 
GAPDH (rabbit polyclonal antibody; Signalway Antibody; 
cat. no. 21612) were incubated at 4 ℃ overnight on PVDF 
membranes. The membrane was then washed 3 times 
with horseradish peroxidase (HRP)-conjugated secondary 
antibodies (goat anti-rabbit immunoglobin G secondary 
antibody; Signalway Antibody; cat. no. L3012) for 1 hour at 
room temperature. Finally, the blots were visualized using 
an enhanced chemiluminescence kit (Beyotime). ImageJ 
software (version 1.46) was used to measure the intensity of 
the Western bands.

https://tcr.amegroups.com/article/view/10.21037/tcr-22-2240/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-22-2240/rc
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Immunofluorescence staining

Indirect immunofluorescence staining was used to 
determine the cellular localization of F-actin. SKOV3 
cells and HOSEpiCs were plated on polylysine-coated 
chamber slides. Cells were fixed for 20 minutes at 24 ℃ in 
4% paraformaldehyde and permeabilized with 0.5% Triton 
X-100. F-actin was stained with SF488-phalloidin (Solarbio; 
cat no. CA1640). We counterstained the cell nuclei with 
DAPI. Images were taken with a fluorescence microscope 
(ECLIPSE Ti, Nikon).

Statistical analysis

Each experiment was repeated at least 3 times. The results 
are presented as the mean ± SD. Data were assessed using 
SPSS 19.0 (IBM Corp.). The statistical significance of 
comparisons among 2 or 3 groups was determined with the 
Student t-test and 1-way analysis of variance, respectively. 
P values of less than 0.05 were considered statistically 
significant.

Results

Methyl vanillate inhibited SKOV3 cell and HOSEpiC 
proliferation

CCK8 assay was used to examine the effects of methyl 
vanillate on the proliferation of SKOV3 cells and 
HOSEpiCs. We found that methyl vanillate dose-
dependently inhibited SKOV3 cell proliferation (Figure 1A). 
Interestingly, there was no statistically significant difference 
in the inhibitory effect of low concentrations of methyl 
vanillate (0–200 μmol/L) on HOSEpiC proliferation. 

Conversely, high concentrations of methyl vanillate (400–
1,600 μmol/L) had a similar inhibitory effect on HOSEpiC 
proliferation as they did on SKOV3 cell proliferation (Figure 
1B). These results suggest that low-dose methyl vanillate 
(0–200 μmol/L) can effectively inhibit the proliferation 
of SKOV3 cells and slightly decrease the proliferation of 
HOSEpiCs.

Methyl vanillate attenuated the migration of SKOV3 cells 
and HOSEpiCs

Wound healing and transwell assays were used to determine 
the effect of methyl vanillate on cell migration. As shown 
in Figures 2,3, when SKOV3 cells were treated with methyl 
vanillate (100 μmol/L), the wound healing percentage and 
the number of migrating cells were reduced. In contrast, 
the migration of HOSEpiC cells was not affected by methyl 
vanillate, which suggested that methyl vanillate could 
attenuate the migration of SKOV3 cells.

Methyl vanillate inhibited EMT activation by decreasing 
ZEB2 and Snail expression in SKOV3 cells and HOSEpiCs 

Western blotting was performed to investigate the 
influence of different concentrations of methyl vanillate 
on EMT activation in SKOV3 cells. As shown in Figure 
4A, compared with the control, methyl vanillate dose-
dependently increased E-cadherin levels and decreased 
vimentin levels. In contrast, as shown in Figure 4B, the 
methyl vanillate-treated HOSEpiC group showed no 
significant difference compared with the control group.

To obtain further insights into the EMT-inducing 
transcription factor capability of methyl vanillate in ovarian 
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Figure 1 Impact of MV at different concentrations on proliferation of SKOV3 and HOSEpiC detected by the CCK8 assay. Statistical results 
of CCK8 analysis of SKOV3 cells (A) and HOSEpiC cells (B) treated with MV at 100, 200, 400, 800, 1,600 μmol/L for 24 h, respectively. 
Values represented the mean ± SD from three independent experiments. *, P<0.05 vs. 0 μmol/L. OD, optical density; MV, methyl vanillate; 
HOSEpiC, human ovarian surface epithelial cell; CCK8, cell counting kit 8. 



Wang et al. Anti-ovarian cancer role of methyl vanillate in vitro832

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2023;12(4):828-836 | https://dx.doi.org/10.21037/tcr-22-2240

Figure 2 Impact of MV at different concentrations on the migration ability of SKOV3 and HOSEpiC illustrated by the monolayer wound 
healing assay. Typical optical images illustrating the scratch injury wound of SKOV3 (A) and HOSEpiC (B) at 24 h by the MV (50, 100 and 
200 μmol/L). (C) Statistical results of the wound healing percentage of SKOV3 at 24 h based on the scratch injury wound. (D) Statistical 
results of the wound healing percentage of HOSEpiC at 24 h based on the scratch injury wound. Values represented the mean ± SD from 
three independent experiments. *, P<0.05 vs. 0 μmol/L. MV, methyl vanillate; HOSEpiC, human ovarian surface epithelial cell. 
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Figure 3 The effects of MV on the migration ability of SKOV3 and HOSEpiC illustrated by the Transwell assay. Typical optical images of 
SKOV3 (A) and HOSEpiC (B) illustrated cell migration at 24 h. The cells crossed through the pores of Transwell chamber were stained by 
crystal violet. (C) Statistical results of the migrated SKOV3 cell number based on the Transwell assay. (D) Statistical results of the migrated 
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cancer, ZEB2 and Snail were detected using Western 
blotting. Figure 4A shows that the ZEB2 and Snail levels 
in the methyl vanillate-treated group were markedly lower 
than those in the control group. However, the methyl 
vanillate-treated HOSEpiC group showed no significant 
difference compared with the control group. The results 
revealed that treatment with methyl vanillate led to 
decreased EMT activity in SKOV3 cells by inhibiting ZEB2 
and Snail levels. In addition, methyl vanillate had no effect 
on EMT or EMT-inducing transcription factor activity in 
HOSEpiCs.

The influence of methyl vanillate on the cytoskeleton of 
SKOV3 cells and HOSEpiCs

F-actin was detected using an immunofluorescence 
assay to determine whether methyl vanillate affected the 

cytoskeleton of SKOV3 cells and HOSEpiCs. Under 
methyl vanillate stimulation, SKOV3 cells formed fewer 
protrusions, while HOSEpiCs did not (Figure 5). Based on 
these results, methyl vanillate inhibited cytoskeletal F-actin 
assembly, attenuated the formation of cellular filopodia, and 
ultimately retarded cellular motility.

Discussion

One of the main components of Hovenia dulcis Thunb, 
methyl vanillate, is known to exert antitumor activity by 
suppressing cell proliferation and migration. Furthermore, 
methyl vanillate has been reported to suppress cell 
proliferation in diverse tumor cells (9). However, whether 
methyl vanillate acts on ovarian cancer cell proliferation 
remains unclear.

This study identified the effect of methyl vanillate on 
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Figure 4 MV inhibited EMT process in SKOV3 by targeting ZEB2 and Snail. (A) The expression levels of EMT biomarkers, snail and 
ZEB2 in SKOV3 cells were quantified by image analysis of the Western blot bands. The expression of GAPDH in each group was taken as 
intrinsic controls, and relative expressions of each protein were calculated. (B) The expression levels of EMT biomarkers, snail and ZEB2 
in HOSEpiC cells were quantified by image analysis of the Western blot bands. Values represented the mean ± SD from three independent 
experiments. *, P<0.05, **P<0.01 vs. MV (0 μmol/L). MV, methyl vanillate; EMT, epithelial-mesenchymal transition; HOSEpiC, human 
ovarian surface epithelial cell. 
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Figure 5 MV inhibits the formation of invadopodia in SKOV3 cells. (A) Representative immunofluorescence images show localization of 
DAPI (blue) and F-actin (green) as well as an overlay of both channels (merge) in SKOV3 cells. (B) Representative immunofluorescence 
images show localization of DAPI (blue) and F-actin (green) as well as an overlay of both channels (merge) in HOSEpiC cells. MV, methyl 
vanillate; HOSEpiC, human ovarian surface epithelial cell.

the proliferation and migration of ovarian cancer cells, 
which provides novel evidence for the antiproliferative 
activity of methyl vanillate. We found that methyl vanillate 
dramatically inhibited the proliferation and migration of 
SKOV3 cells in a dose-dependent manner while causing no 
toxicity in HOSEpiCs, the question remains as to the manner 
by which methyl vanillate inhibits ovarian cancer proliferation 
and migration. Under certain physiological conditions, EMT 
is a key mechanism required for malignancy, in which cancer 
cells express more mesenchymal markers than epithelial 
markers (16). Inhibition of E-cadherin expression and 
promotion of vimentin expression may enhance the invasive 
and metastatic abilities of ovarian cancer cells (17,18). In 
this study, we found that methyl vanillate led to a decreased 
vimentin protein level and an increased E-cadherin protein 
level. Therefore, methyl vanillate may weaken ovarian 
cancer EMT to inhibit ovarian cancer migration.

Furthermore, we investigated the possible mechanisms by 
which methyl vanillate inhibited ovarian cancer cells. Several 

transcription factors, including Snail and ZEB2, are known 
to downregulate E-cadherin expression to regulate EMT 
(19-21). ZEB2, the zinc finger EMT transcription factor, 
is highly expressed in metastatic ovarian cancer cells and is 
essential for ovarian cancer peritoneal metastasis (22-24).  
Snail is another pivotal transcription factor that induces 
EMT. Knockdown of Snail reverses stemness and inhibits 
tumor growth in ovarian cancer (25,26). However, it is not 
clear whether methyl vanillate affects ZEB2 and Snail. In 
our study, methyl vanillate significantly inhibited ZEB2 and 
Snail in SKOV3 cells. Thus, from our perspective, methyl 
vanillate downregulated ZEB2 and Snail expression, which 
weakened the EMT process and inhibited the proliferation 
and migration of ovarian cancer cells.

Conclusions

Our results constitute strong support for the anticancer 
effect of methyl vanilla. Methyl vanillate plays an important 
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role in inhibiting EMT, cell proliferation, and migration 
in ovarian cancer, possibly due to the inhibition of the 
ZEB2/Snail signaling pathway. Our findings contribute the 
growing body of evidence confirming the use of methyl 
vanilla as a potential anticancer drug for ovarian cancer.
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