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Abstract: Objective: To investigate the molecular mechanism by which capecitabine regulates the proliferation and
apoptosis of ovarian cancer SKOV3 cells through the miR-29b-3p/MMP16 axis. Methods: SKOV3 ovarian cancer
cells were treated with capecitabine, miR-29b-3p mimics, miR-29b-3p inhibitor, and MMP16 siRNA. Cell prolifera-
tion was measured using the CCK-8 assay, and apoptosis was assessed by flow cytometry. Changes in miR-29b-3p
and MMP16 mRNA levels were analyzed via qRT-PCR, while protein expression of MMP16, Ki67, Caspase-3, and
Bcl-2 were evaluated by Western blot. Target genes of miR-29b-3p were predicted using bioinformatics tools, and
their interaction was validated through a luciferase reporter assay. Transfection of SKOV3 cells with a miR-29b-3p
inhibitor or pcDNA-MMP16 was followed by capecitabine treatment, with subsequent analysis of cell proliferation
and apoptosis. Results: Capecitabine treatment reduced the viability of SKOV3 cells and promoted apoptosis, ac-
companied by increased miR-29b-3p expression and decreased MMP16 expression. Transfection with miR-29b-3p
mimics or MMP16 siRNA also inhibited cell viability and enhanced apoptosis. Western blot analysis showed an in-
crease in Ki67 and Caspase-3 expression and a decrease in Bcl-2 expression. Conversely, inhibition of miR-29b-3p
or overexpression of pcDNA-MMP16 counteracted the effects of capecitabine, reversing the reduction in prolifera-
tion and the increase in apoptosis. Western blotting confirmed decreased Ki67 and Caspase-3 levels and increased
Bcl-2 expression in these conditions. Conclusion: Capecitabine enhances miR-29b-3p expression, leading to the
downregulation of MMP16, thereby inhibiting proliferation and promoting apoptosis in ovarian cancer cells.
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Introduction use [7-9]. However, the molecular mechanisms

underlying its anti-cancer effects in ovarian

Ovarian cancer, known for its insidious onset
and poor prognosis, is one of the most com-
mon malignant tumors affecting the female
reproductive system. Current treatment strate-
gies for ovarian cancer mainly include surgical
resection, radiotherapy, and chemotherapy [1-
3]. Capecitabine, a widely used chemothera-
peutic agent, has been shown to induce tumor
cell apoptosis and inhibit cell proliferation [4-
6]. Studies have reported that capecitabine
achieves a higher control rate in advanced
recurrent ovarian cancer with minimal adverse
effects, making it a promising option for clinical

cancer remain largely unexplored.

Research has indicated significant changes in
serum mMIRNA levels in patients undergoing
capecitabine chemotherapy, with these chang-
es correlating with treatment outcomes [10].
Thus, capecitabine-induced variations in miRNA
levels within tumor cells may trigger biological
effects that contribute to its antitumor mecha-
nisms. miRNAs are small, non-coding RNA mol-
ecules that regulate gene expression by binding
complementarily to the 3'UTR of target mRNAs,
thereby influencing protein expression [11-13].
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miRNAs play key roles in the development and
progression of various cancers, including liver
and breast cancer [13-15].

Preliminary experiments suggest that capeci-
tabine affects the expression of miR-29b-3p in
ovarian cancer cells. miR-29b-3p can bind to
the 3’'UTR of MMP16, indicating a possible link
between capecitabine’s mechanism of action
and the miR-29b-3p/MMP16 axis. miR-29b-3p,
typically downregulated in ovarian cancer, has
been found to suppress the malignant pheno-
type of ovarian cancer when overexpressed
[10]. MMP16, on the other hand, promotes ov-
arian cancer progression and acts as an onco-
gene by enhancing cell proliferation [16].

This study aims to elucidate how capecitabine
regulates the miR-29b-3p/MMP16 axis, affect-
ing the proliferation and apoptosis of ovarian
cancer cells. The findings are expected to pro-
vide insights into the molecular mechanisms
underlying capecitabine’s antitumor effects,
offering a foundation for future research.

Materials and methods
Materials

The Transcriptor First Strand cDNA Synthesis
Kit and FastStart Universal SYBR Green Master
(ROX) were purchased from Roche, Switzerland.
Rabbit anti-MMP16 antibody was obtained
from Wuhan Fei’en Biotechnology Co., Ltd. The
miRcute Plus miRNA cDNA First Strand Syn-
thesis Kit and miRcute Enhanced miRNA Flu-
orescence Quantitative Detection Reagent we-
re sourced from TianGen Biotech (Beijing) Co.,
Ltd. MMP16 siRNA and the corresponding con-
trol siRNA were synthesized by Beijing Huaxia
Xiongfeng Technology Co., Ltd. The miR-29b-3p
inhibitor, inhibitor control, miR-29b-3p mimics,
and mimics control were procured from Shang-
hai Gima Pharmaceutical Technology Co., Ltd.
Rabbit anti-Ki67 antibody was purchased from
Santa Cruz Biotechnology, USA. Capecitabine
(0.5 g) was obtained from Shanghai Roche
Pharmaceuticals Co., Ltd. Rabbit anti-Caspa-
se-3 antibody was acquired from Trevigen, USA.
MMP16-WT and MMP16-MUT constructs were
prepared by Shanghai Jikai Gene Medical Te-
chnology Co., Ltd. Rabbit anti-Bcl2 antibody
was sourced from Abcam, USA. pcDNA and pc-
DNA-MMP16 constructs were produced by Pu-
reGen Bio (Wuhan) Technology Co., Ltd. SKO-
V3 ovarian cancer cells were obtained from
Shanghai Fuxiang Biotechnology Co., Ltd.
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Experimental groups

The ovarian cancer cells were divided into the
following groups: control group, capecitabine
group, MiR-NC group, miR-29b-3p group, si-NC
group, si-MMP16 group, anti-miR-NC group, an-
ti-miR-29b-3p group, capecitabine + anti-miR-
NC group, capecitabine + anti-miR-29b-3p gr-
oup, capecitabine + pcDNA-NC group, and ca-
pecitabine + pcDNA-MMP16 group.

Control group: Treated with O pymol/L capeci-
tabine. Capecitabine group: Treated with vary-
ing concentrations of capecitabine (0.25, 0.5,
1.0, 1.5, 2.0 ymol/L), depending on experimen-
tal requirements. miR-NC group: Transfected
with mimics control 24 hours prior to the exper-
iment. miR-29b-3p group: Transfected with mi-
R-29b-3p mimics 24 hours before the experi-
ment. si-NC group: Transfected with siRNA con-
trol 24 hours before starting the experiment.
si-MMP16 group: Transfected with MMP16 si-
RNA 24 hours prior to the experiment. Anti-miR-
NC group: Transfected with inhibitor control 24
hours before the experiment. Anti-miR-29b-3p
group: Transfected with miR-29b-3p inhibitor
24 hours before the experiment. Capecitabine
+ anti-miR-NC group: Transfected with inhibitor
control 24 hours prior, then treated with 1.0
umol/L capecitabine at the start of the experi-
ment. Capecitabine + anti-miR-29b-3p group:
Transfected with miR-29b-3p inhibitor 24 hours
prior, followed by treatment with 1.0 ymol/L
capecitabine at the experiment’s onset. Cape-
citabine + pcDNA-NC group: Transfected with
the pcDNA control vector 24 hours before the
experiment, then treated with 1.0 ymol/L ca-
pecitabine. Capecitabine + pcDNA-MMP16 gr-
oup: Transfected with pcDNA-MMP16 24 hours
before the experiment and treated with 1.0
pmol/L capecitabine.

Transfections were performed according to the
manufacturer’s instructions for the Lipofect-
amine 2000 transfection reagent.

CCK-8 assay for cell proliferation

Ovarian cancer cells (5 x 10™4) were seeded in
a 96-well plate and treated as outlined in sec-
tion 1.2. Following incubation at 37°C with 5%
CO, for 48 hours, the cells were collected, re-
suspended, and incubated with 100 uL of cul-
ture medium and 10 pL of CCK-8 solution for an
additional 4 hours. Cell viability was determin-
ed by measuring the optical density (OD) at 450
nm.
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Table 1. PCR primer sequences

U6-F 5-CTCGCTTCGGCAGCACA-3’
U6B-R 5-AACGCTTCACGAATTTGCGT-3’
miR-29b-3p-F 5’-TGCGGTAGCACCATTTGAAAT-3’
miR-29b-3p-R 5’-CCAGTGCAGGGTCCGAGGT-3’
MMP16-F 5’-AGCACGTTGTTTCCCTTCC-3’

MMP16-R 5’-CCCGAGCTGTTTATCCATCA-3’
B-actin-F 5’-AAGTCCTCACCCTCCCAAAAG-3’
B-actin-R 5’-AAGCAATGCTGTCACCTTCCC-3’

Flow cytometry for apoptosis detection

Ovarian cancer cells (5 x 10”75) were seeded in
a 12-well plate and treated according to the
experimental requirements in section 1.2. After
48 hours of incubation at 37°C with 5% CO,,
cells were harvested by digestion with 0.25%
trypsin, washed twice with PBS, and resus-
pended in 400 uL of Binding Buffer. Subse-
quently, 5 pyL each of Annexin V-FITC and PI
solution were added to the suspension and
incubated for 15 minutes in the dark at room
temperature. Then, 100 uL of Binding Buffer
was added, and the proportion of apoptotic
cells was analyzed using flow cytometry.

Western blot for Ki67, caspase-3, Bcl2, and
MMP16 expression

Ovarian cancer cells (5 x 10”5) were seeded in
a 12-well plate and treated as described in sec-
tion 1.2. Total protein was extracted from each
group and quantified using the BCA assay. Pro-
tein samples (20 pg) were separated via SDS-
PAGE and transferred to PVDF membranes.
Membranes were cut according to the molecu-
lar weights of the target proteins and blocked
with 5% skim milk at room temperature for 1
hour. Primary antibodies for Ki67 (1:1,000),
Bcl2 (1:800), MMP16 (1:800), and B-actin (1:
1,000) were added and incubated overnight at
4°C. After washing three times with PBS, mem-
branes were incubated with HRP-conjugated
secondary antibodies (1:2,000) at room tem-
perature for 30 minutes. Protein bands were
visualized using an ECL detection reagent, im-
aged, and analyzed with Image J for grayscale
quantification.

gRT-PCR for miR-29b-3p and MMP16 mRNA
expression

Ovarian cancer cells (5 x 10”5) were seeded in
a 12-well plate and treated according to sec-
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tion 1.2. After 48 hours of incubation at 37°C
with 5% CO,, total RNA was extracted from
each group. Reverse transcription was perfor-
med using the miRcute Plus miRNA cDNA First
Strand Synthesis Kit and the Transcriptor First
Strand cDNA Synthesis Kit. Quantitative PCR
was conducted using the miRcute Enhanced
miRNA Fluorescence Quantitative Detection Kit
and FastStart Universal SYBR Green Master
(ROX). The PCR program was as follows: 50°C
for 2 minutes, 95°C for 2 minutes; 40 cycles of
95°C for 10 seconds, 60°C for 10 seconds,
and 72°C for 30 seconds with fluorescence
detection. The relative expression levels of miR-
29b-3p and MMP16 mRNA were calculated
using the 2”*-AACt method, with U6 and B-actin
as internal controls (See Table 1).

Target gene prediction and verification

The starBase software was used to predict the
binding sites between miR-29b-3p and the
3'UTR of MMP16. A luciferase reporter assay
was then performed to verify this interaction.
Ovarian cancer cells were co-transfected with
MMP16-WT (wild-type luciferase reporter vec-
tor containing the predicted binding sites in
the 3’UTR of MMP16) or MMP16-MUT (mutant
luciferase reporter vector with altered binding
sites in the 3'UTR of MMP16), along with miR-
29b-3p mimics or mimics control. After 48
hours of incubation, luciferase activity was
measured using a luciferase detection kit.

Statistical analysis

Data were analyzed using SPSS 21.0 software
and were expressed as mean * standard devia-
tion (mean + SD). Comparisons between two
groups were made using the t-test, while one-
way analysis of variance (ANOVA) was employ-
ed for comparisons among multiple groups. A
P-value of less than 0.05 was considered sta-
tistically significant.

Results

Capecitabine inhibits ovarian cancer cell prolif-
eration and promotes apoptosis

Capecitabine treatment at concentrations of
0.25, 0.5, 1.0, 1.5, and 2.0 uymol/L signifi-
cantly reduced ovarian cancer cell survival
(P<0.05). The half-maximal inhibitory concen-
tration (IC50) of capecitabine was approxima-
tely 1.0 pmol/L, which was used for subse-
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Figure 1. Capecitabine inhibits ovarian cancer cell proliferation and promotes apoptosis. A: Changes in survival rate
of ovarian cancer cells after treatment with different concentrations of capecitabine; B, C: Changes in cell apopto-
sis; D, E: Changes in Ki67, Caspase-3, and Bcl2 protein expression in cells. N=6, *P<0.05 compared to O pmol/L
capecitabine; #P<0.05 compared to the control group.
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Figure 2. Changes in miR-29b-3p and
cancer cells after capecitabine treatment. A: Changes in miR-29b-3p expres-
sion; B: Changes in MMP6 mRNA expression; C, D: Changes in MMP6 pro-
tein expression. N=6, *P<0.05 compared to the control group.
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significantly increased the ap-
optosis rate, decreased Ki67
and Bcl2 protein expression,
and elevated Caspase-3 pro-
tein levels in ovarian cancer
cells (P<0.05) (Figure 1).

Capecitabine promotes miR-
29b-3p expression and sup-
presses MMP16 expression in
ovarian cancer cells

The capecitabine-treated gr-
oup showed a significant in-
crease in MiR-29b-3p expres-
sion and a decrease in MMP16
mRNA and protein levels com-
pared to the control group (P<
0.05) (Figure 2).

Overexpression of miR-29b-
3p inhibits ovarian cancer cell
proliferation and promotes
apoptosis

Compared to the control and
miR-NC groups, the miR-29b-
3p overexpression group exhi-

bited higher miR-29b-3p levels, reduced cell
viability, an increased apoptosis rate, lower

Am J Transl Res 2024;16(11):7145-7154
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Figure 3. Effects of miR-29b-3p overexpression on apoptosis, proliferation, and expression of Ki67, Bcl2, and Cas-
pase-3 proteins in ovarian cancer cells. A: miR-29b-3p expression; B: Changes in cell viability; C, D: Apoptosis in
cells; E, F: Expression of Ki67, Bcl2, and Caspase-3 proteins in cells. N=6, *P<0.05 compared to the control group.

expression of Ki67 and Bcl2 proteins, and
higher Caspase-3 protein expression (P<0.05)
(Figure 3).

Knockdown of MMP16 suppresses ovarian
cancer cell proliferation and promotes apop-
tosis

Compared to the control and miR-NC groups,
MMP16 knockdown resulted in significantly
lower MMP16 mRNA and protein levels in ovar-
ian cancer cells. This was associated with
reduced cell viability, increased apoptosis,
decreased Ki67 and Bcl2 protein expression,
and increased Caspase-3 protein levels (P<
0.05) (Figure 4).

miR-29b-3p negatively regulates MMP16

The starBase software predicted binding sites
for miR-29b-3p in the 3’'UTR of MMP16 (Figure
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5). Following co-transfection with MMP16-WT
and miR-29b-3p mimics, a significant decrease
in luciferase activity was observed in ovarian
cancer cells (P<0.05), indicating a direct inter-
action. In contrast, the anti-miR-29b-3p group
exhibited significantly higher MMP16 mRNA
and protein expression compared to the con-
trol and anti-miR-NC groups (P<0.05) (Figure
5).

Capecitabine regulates MMP16 via miR-29b-
3p to mediate ovarian cancer cell proliferation
and apoptosis

Compared to the capecitabine and capecita-
bine + anti-miR-NC groups, the capecitabine +
anti-miR-29b-3p group showed significantly
lower miR-29b-3p expression, higher MMP16
mMRNA and protein levels, increased cell via-
bility, decreased apoptosis, elevated Ki67 and

Am J Transl Res 2024;16(11):7145-7154
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Figure 4. Effect of MMP16 knockdown on apoptosis and expression of Ki67, Bcl2, Caspase-3 proteins in ovarian
cancer cells. A: Relative expression of MMP16 mRNA; B: Changes in cell viability; C, D: Apoptosis in cells; E, F: Ex-
pression of MMP16, Ki67, Caspase-3, and Bcl2 proteins. N=6, *P<0.05 compared to the control group.

Bcl2 protein expression, and reduced Cas-
pase-3 protein expression (P<0.05). Similarly,
the capecitabine + pcDNA-MMP16 group, com-
pared to the capecitabine and capecitabine +
pcDNA-NC groups, exhibited higher MMP16
expression, increased cell viability, lower apop-
tosis rate, and higher Ki67 and Bcl2 levels,
with reduced Caspase-3 expression (P<0.05)
(Figure 6).

Discussion

Capecitabine, a commonly used chemothera-
peutic agent, has demonstrated anti-tumor eff-
ects by inhibiting cell proliferation and inducing
apoptosis, thereby improving the prognosis of
ovarian cancer patients. This study confirms, at
the in vitro level, that capecitabine exerts anti-
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tumor activity by upregulating miR-29b-3p ex-
pression, leading to the inhibition of MMP16
protein expression. Ki67 is a well-known mark-
er for assessing cellular proliferation [17-19],
while Caspase-3, an executor in the apoptotic
cascade, promotes irreversible apoptosis, and
Bcl2 functions as an anti-apoptotic protein
[20]. The results show that capecitabine treat-
ment reduces Bcl2 and Ki67 expression, in-
creases Caspase-3 expression, decreases cell
proliferation, and enhances apoptosis in ovari-
an cancer cells. These findings align with previ-
ous studies, confirming the anti-tumor efficacy
of capecitabine [21, 22].

While capecitabine’s anti-ovarian cancer eff-
ects are established, the precise molecular me-
chanisms remain unclear. Previous studies [23,

Am J Transl Res 2024;16(11):7145-7154
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Figure 5. miR-29b-3p directly regulates MMP16 expression. A: Prediction of binding sites between miR-29b-3p and
MMP16 from StarBase; B: Luciferase reporter assay detecting miR-29b-3p regulation of MMP16 expression; C:
Changes in MMP16 mRNA expression; D, E: MMP16 protein expression. N=6, *P<0.05 compared to miR-NC group;

#P<0.05 compared to the control group.

24] have suggested that capecitabine can alter
MiRNA expression in patients undergoing can-
cer treatment, implicating miRNAs in its mech-
anism of action. miRNAs, approximately 20 nu-
cleotides in length, do not encode proteins but
regulate physiological and pathological pro-
cesses by influencing the expression of target
genes [25, 26]. miR-29b-3p, a member of the
miR-29 family, has shown tumor-suppressive
effects by inhibiting cell proliferation in cancers
such as esophageal cancer [27] and cholangio-
carcinoma [28]. In ovarian cancer, miR-29b-3p
is typically downregulated, and its overexpres-
sion can reduce the malignancy of ovarian can-
cer cells [29].

This study found that capecitabine elevates
miR-29b-3p levels in ovarian cancer cells, lead-
ing to increased Caspase-3 expression and
decreased Bcl2 expression, thereby inducing
apoptosis. Further experiments showed that do-
wnregulating miR-29b-3p could reverse capeci-
tabine’s anti-cancer effects, indicating that the
downstream mechanisms activated by miR-
29b-3p are critical for capecitabine’s therapeu-
tic action against ovarian cancer.
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miRNAs bind to the 3'UTR of target genes
through base complementarity, thereby influ-
encing their expression. The target genes of
miRNAs may vary across different physiological
and pathological conditions [30, 31]. Identified
miR-29b-3p target genes involved in tumor
growth regulation include ANO1 and MDM2,
among others [32, 33]. MMP16, a member of
the matrix metalloproteinase family, is often
overexpressed in various tumors and can pro-
mote tumor growth. Previous studies have
shown that downregulation of MMP16 reduces
ovarian cancer cell proliferation and induces
apoptosis [34].

In this study, the starBase software predict-
ed binding sites between miR-29b-3p and
MMP16, which were further confirmed by lucif-
erase reporter assays and Western blot analy-
sis, demonstrating that miR-29b-3p negatively
regulates MMP16. This suggests that the me-
chanism of action of miR-29b-3p may be relat-
ed to its inhibitory effect on MMP16 expres-
sion. Our experiments showed that knocking
down MMP16 enhances apoptosis, decreases
cell proliferation, and reduces the expression

Am J Transl Res 2024;16(11):7145-7154
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Figure 6. Capecitabine regulates MMP16 via miR-29b-3p to modulate apoptosis and expression of Ki67, Caspase-3,
Bcl2 proteins in ovarian cancer cells. A: MMP mRNA expression; B: Changes in cell viability; C, D: Apoptosis in cells;
E, F: Expression of MMP16, Ki67, Caspase-3, and Bcl2 proteins. N=6, *P<0.05 compared to capecitabine+anti-
miR-NC group; #P<0.05 compared to capecitabine+pcDNA-NC group.

of the proliferation marker Ki67 in ovarian can-
cer cells. Conversely, overexpression of MMP16
can reverse the effects of capecitabine on
inhibiting cell proliferation and promoting apop-
tosis, indicating that the impact of MMP16
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knockdown is similar to that of capecitabine
treatment or miR-29b-3p overexpression. The-
se findings suggest that capecitabine may ex-
ert its effects on ovarian cancer progression by
targeting MMP16 via miR-29b-3p.
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In summary, capecitabine regulates the miR-
29b-3p/MMP16 axis to inhibit ovarian cancer
cell proliferation and promote apoptosis, pro-
viding a foundation for understanding the mo-
lecular mechanisms behind its anti-tumor eff-
ects. However, the specific mechanisms by whi-
ch capecitabine affects the miR-29b-3p/MM-
P16 axis remain unclear and warrant further
investigation in future studies.
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