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Purpose: This study aimed to investigate the effects of quercetin on the efficacy of various 
chemotherapeutic drugs in cervical cancer cells.
Methods: All drug experiments were performed in HeLa and SiHa cells. The cell viability 
was detected by Cell Counting Kit-8 assay, and cell proliferation was estimated by bromo-
deoxyuridine assay. CompuSyn software was utilized to calculate the combination index (CI) 
and evaluate the synergistic or antagonistic effect of quercetin with cisplatin, paclitaxel, 
5-fluorouracil and doxorubicin on cell viability. Cell migration and invasion abilities were 
detected by transwell assays, and cell apoptosis was measured by flow cytometry. The 
expression levels of matrix metallopeptidase 2 (MMP2), ezrin, P-glycoprotein (P-Gp) and 
methyltransferase-like 3 (METTL3) protein treated with various drugs were analyzed by 
Western blotting.
Results: Quercetin inhibited the viability of HeLa and SiHa cells in a dose- and time- 
dependent manner. The CI values of quercetin with cisplatin, paclitaxel, 5-fluorouracil and 
doxorubicin were <1, >1, >1 and >1, respectively. The effect of combination of quercetin and 
cisplatin on cell proliferation was stronger than their individual effects. Co-treatment group 
could inhibit more cell migration and invasion in contrast to single-drug group. Besides, 
quercetin combined with cisplatin group induced more cell apoptosis in contrast to single- 
drug group. The results of Western blotting showed that the expression levels of MMP2, 
ezrin, P-Gp and METTL3 in co-treatment group were lower than in cisplatin group, 
respectively.
Conclusion: Quercetin and cisplatin had synergistic inhibitory effect on cervical cancer 
cells. Quercetin might enhance the antitumor effect of cisplatin via inhibiting proliferation, 
migration and invasion and elevating apoptosis through weakening MMP2, ezrin, METTL3 
and P-Gp expression of cancer cells.
Keywords: quercetin, cisplatin, cervical cancer, chemosensitivity

Introduction
Cervical cancer, one of the most common malignances in women, is estimated to cause 
13,800 new cases and 4290 deaths in the United States in 2020.1 Papanicolaou test and 
HPV test are the two chief diagnostic tests for cervical cancer screening.2 Although the 
spread of early screening and HPV vaccination reduce the incidence of cervical 
cancer,3 the mechanism of recurrence and drug resistance in patients with advanced 
cervical cancer is not well understood. Concurrent chemoradiotherapy is the standard 
treatment for locally advanced disease (FIGO IIB-IVA) and improves outcomes of 
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cervical cancer patients markedly.4 Cisplatin-based neoadju-
vant chemotherapy and concurrent chemoradiotherapy are 
common therapeutic regimes for women with advanced cer-
vical cancer.5 In addition to locally advanced disease, the 
effect of neoadjuvant chemotherapy on early stage (FIGO 
IB–IIA) disease prior to surgery or radiation has been also 
studied extensively.6 Paclitaxel, 5-fluorouracil and doxorubi-
cin are common second-line drugs in the treatment of cervi-
cal cancer. However, chemoresistance of cancer cells, both of 
intrinsic and acquired resistance, may compromise che-
motherapeutic drugs’ efficacy and hinder wider 
application.7–10 Polychemotherapy schemes have been 
found to be better than single agent regimens.11

Quercetin (3,3ʹ,4ʹ,5,7-pentahydroxyflavone), a polyphe 
nolic flavonoid, exerts anticancer activity in numerous 
cancers.12,13 Increasing numbers of studies demonstrate that 
quercetin induces apoptosis of cervical cancer cells through 
various signal pathways.14–16 Recently, the combination of 
quercetin and anticancer chemicals has been extensively stu-
died in multiple cancer cells. Quercetin enhances the sensitiv-
ity of prostate cancer cells to paclitaxel17 and has a synergistic 
effect with cisplatin on oral squamous cell carcinoma.18 

However, so far, no published research has demonstrated the 
effect of quercetin on efficacy of chemotherapeutic drugs in 
cervical cancer cells.

The present study aimed to research the effects of 
quercetin on the efficacy of various chemotherapeutic 
drugs in cervical cancer HeLa and SiHa cells. Besides, 
the influence of quercetin and cisplatin on the expres-
sion levels of matrix metallopeptidase 2 (MMP2), 
ezrin, methyltransferase-like 3 (METTL3) and 
P-glycoprotein (P-Gp) in cervical cancer cells was 
explored. This study may suggest a novel thread of 
therapeutic strategy to treat cervical cancer based on 
a series of experimental results.

Materials and Methods
Cell Lines and Cell Culture
Human cervical cancer cells, HeLa and SiHa, used in this 
study were purchased from Shanghai Cell Biology 
Medical Research Institute, Chinese Academy of 
Sciences. The cell lines were cultured in Dulbecco’s mod-
ified Eagle’s Medium (DMEM, Gibco, USA) containing 
10% fetal bovine serum (Gibco, USA). All the cells were 
incubated in a humidified atmosphere containing 5% CO2 

at 37°C for growth.

Reagent and Antibodies
Quercetin (Sigma, USA) was prepared into a 200 mM stock 
using dimethyl sulfoxide (DMSO) and stored at −20°C. The 
working concentration of 200 μM quercetin was made in 
a complete medium, and a range of concentrations of quer-
cetin (10, 20, 50, 100, 150 and 200 μM) was utilized in cell 
viability assay. Cisplatin (Sigma, USA) and paclitaxel 
(MedChemExpress, USA) were stored at −20°C, while 
5-fluorouracil (Solarbio, China) and doxorubicin (Solarbio, 
China) were stored at 4°C. Primary antibodies for MMP2 
(monoclonal rabbit anti-human antibody; 1:1000), ezrin 
(polyclonal rabbit anti-human; 1:1000) and GAPDH (mono-
clonal rabbit anti-human antibody; 1:1000) were purchased 
from Cell Signaling Technology, and P-Gp (monoclonal 
rabbit anti-human antibody; 1:1000) and METTL3 (mono-
clonal rabbit anti-human antibody; 1:1000) were purchased 
from Abcam (1:1000, USA); and the second antibody, per-
oxidase-conjugated goat anti-rabbit antibody, was obtained 
from Biosharp (1:5000, USA). Diaminobenzidine (DAB) 
Substrate Kit was purchased from Zhongshan Goldenbridge 
(China).

Cell Viability Assay
A total of 5000 HeLa or SiHa cells were plated in 96-well 
plates and incubated overnight to adhere. After attachment, the 
original medium was replaced by a complete medium contain-
ing the following concentrations of quercetin (0, 10, 20, 50, 
100, 150 and 200 μM) for 24 h or 48 h. As for cisplatin 
treatment, cells were incubated with a range of concentrations 
of cisplatin (0, 10, 20, 50 and 100 μM) for 24 h or 48 h after 
adherence. Besides, a series of concentrations of paclitaxel (0, 
0.01, 0.02, 0.05 and 0.1 μM), 5-fluorouracil (0, 0.2, 0.5, 1, 5, 
10 and 20 μM for HeLa, 0, 10, 20, 50, 100, 150 and 200 μM 
for SiHa) and doxorubicin (0, 0.05, 0.1, 0.2, 0.5, 1 and 5 μM) 
were applied to incubate cervical cancer cells, respectively. 
After 24 h or 48 h of incubation, Cell Counting Kit-8 (CCK-8, 
Sigma, USA) was utilized to detect cell viability, and the 
number of viable cells was assessed by measurement of 
absorbance at 450 nm using a Microplate Reader (Bio Tek 
Instruments, Winooski, VT, USA) after 2 h incubation. 
The percent of cell viability relative to the 
control was calculated using the following equation: 
%CellViability ¼

Absorbance individual testgroup�Absorbance blank group
Absorbance control group�Absorbance blank group . 

Cell viability rate was calculated in GraphPad PRISM version 
6.01 statistical program. Then IC30 of cisplatin, paclitaxel, 
5-fluorouracil and doxorubicin on HeLa and SiHa was chosen 
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to be combined with three concentrations of quercetin to be 
used in cell viability assay.

Drug Combination Therapy Effect 
Valuation
Using the Chou and Talalay method,19 the drug–drug 
interaction between quercetin and cisplatin, or between 
quercetin and other drugs such as paclitaxel, 5-fluorouracil 
and doxorubicin, was investigated, and the results of com-
bination index (CI) values were calculated using 
CompuSyn software. The interaction between the two 
drugs was considered synergism when the CI value existed 
between 0 and 1 and the CI value was negatively related to 
the extent of synergism: <0.1, very strong synergism; 0.1– 
0.3, strong synergism; 0.3–0.7, synergism; 0.7–0.85, mod-
erate synergism; 0.85–0.90, slight synergism; 0.9–1.1, 
nearly additive; >1.1, antagonism. Hence, the CI values 
of various combinations contributed to the final co- 
treatment concentrations of quercetin and cisplatin. Thus, 
there were four groups in the following experiments: con-
trol group, quercetin group, cisplatin group and co- 
treatment group.

Bromodeoxyuridine (BrdU) 
Incorporation Assay
A total of 1.5 × 105/well HeLa or SiHa cells were seeded 
into 6-well plates with a glass slide/well and were culti-
vated in a 37°C incubator with 5% CO2 overnight for 
adherence. Then cells were treated with corresponding 
treatments for 24 h or 48 h according to grouping. Then 
BrdU (1 mg/mL) was added into each well for incubating 
8 h. The medium was removed and the cells were rinsed 
three times with Phosphate Buffered Saline (PBS). After 
that, 4% paraformaldehyde was added to fix the cells for 
20 min, and PBS was utilized to rinse the cells three times. 
Hydrochloric acid (HCL) 2 mol/L was supplemented to 
cultivate the cells for 5 min at 37°C, and afterwards PBS 
was used to rinse them thrice. The cells were incubated 
with 0.2% Triton ×100 for 20 min, and then blocked with 
3% bovine serum albumin for 30 min at room temperature. 
Then 100 μL/glass anti-BrdU antibody (mouse mAb) was 
added, and the cells were stored at 4°C overnight. Then the 
cells were placed in a 37°C incubator for 30 min to 
resuscitate. PBS was used to rinse the glass, and dilute 
goat anti-mouse antibody was added for 1 h at room 
temperature. At last, the cells were rinsed with PBS thrice, 
dyed by DAB for 60 s and then hematoxylin for 10 s and 

were observed under a microscope with a 200× magnifica-
tion. The experiment was repeated three times.

Transwell Invasion and Migration Assay
Cell invasion and migration assays were performed using 
polycarbonate filters (8.0 μm pore size; Costar, USA). 
After drug treatment, the cells (2 × 104/well for migration, 
5 × 104/well for invasion) were resuspended with 200 μL 
serum-free medium and cultivated in the upper transwell 
chambers for 24 h pre-coated with or without matrigel 
basement membrane matrix (BD, Biosciences, USA), 
while to the lower chambers was added 600 μL complete 
medium. After culture at 37°C for 24 h, the invaded or 
migrated cells in the lower chamber were fixed with 4% 
paraformaldehyde for 30 min, stained with 0.25% crystal 
violet (Beyotime, China) for 10 min at room temperature 
and observed via a microscope (Nikon, Japan).

Flow Cytometry Analysis
Cells were cultured at 2 × 105 cells/well into 6-well 
plates. After 50–60% confluence, the cells were treated 
differently according to the above groups. After 24 h or 
48 h, they were harvested, rinsed with PBS and resus-
pended with 1× binding buffer at a concentration of 1 
× 106 cells/mL. Next, 5 μL AnnexinV-FITC and 5 μL 
propidium iodide (PI) solution were sequentially added 
and the cells left for 15 min at room temperature in the 
dark. The apoptotic cells were detected using 
CytoFLEX flow cytometry (Beckman Coulter, 
Fullerton, USA). The percentage of cells with FITC 
+/PI- and FITC+/PI+ were determined as the early 
apoptosis and late apoptosis, respectively. The experi-
ment was repeated three times.

Western Blot Analysis
Cells were seeded at 5 × 105 cells/dish into 60-mm 
dishes. After drug treatment, radio immunoprecipita-
tion assay (RIPA) lysis buffer (60 mM Tris-HCl, pH 
6.8, 5% glycerol, 2% SDS) on ice was used to extract 
total proteins in the cells, and Bicinchoninic Acid 
(BCA) Protein Assay kit (Thermo, USA) was utilized 
to determine the concentrations of proteins. Then 40 μg 
total proteins from each sample was separated in 10% 
SDS-PAGE and transferred onto polyvinylidene 
difluoride (PVDF) membranes (Millipore, USA). The 
membranes were blocked in 5% non-fat dried milk 
prepared with tris buffered saline Tween (TBST) for 
1.5 h, rinsed by TBST three times and were incubated 
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with primary antibodies at 4°C overnight. After being 
rinsed with TBST three times, the membranes were 
incubated in horseradish peroxidase-conjugated sec-
ondary antibodies at room temperature for 1.5 h. The 
membranes were rinsed with TBST three times, and 
Immobilon Western Chemiluminescent HRP Substrate 
(Millipore, USA) was used to develop membranes with 
chemiluminescence, which was detected by Bio-Rad 
ChemiDocTM XRS system (Bio-Rad, USA). The 
intensity of the target protein blots was quantified by 
Image J software version 1.8.0 (National Institutes of 
Health, USA).

Statistical Analysis
Data were statistically analyzed using SPSS 22.0 software 
(IBM Corporation, USA). All values were expressed as 
mean ± standard deviation (SD). Two-tailed Student’s 
t-tests were utilized to estimate the difference between 
two groups, while ANOVA was used to estimate the dif-
ference among multiple groups, followed by least signifi-
cant difference (LSD, with equal variance) method and 
Mann–Whitney U-test (with unequal variance). The fig-
ures were generated by Prism 6.0 (GraphPad software) 
(Inc., La Jolla, CA, USA). Significant differences were 
considered at P < 0.05 (*).

Figure 1 The effects of quercetin and cisplatin on the viability of cervical cancer cells. (A and B) HeLa and SiHa were exposed to quercetin with various concentrations (0, 
10, 20, 50, 100, 150 and 200 μM) for 24 h and 48 h, respectively; (C and D) HeLa and SiHa were exposed to cisplatin with various concentrations (0, 10, 20, 50, 100 μM) for 
24 h and 48 h, respectively; (E) HeLa was exposed to combination of various concentrations of quercetin (0, 7.5 and 15 μM) and 10 μM cisplatin for 24h; (F) SiHa was 
exposed to combination of various concentrations of quercetin (0, 12.5 and 25 μM) and 12 μM cisplatin for 48 h. *P < 0.05 vs control group (treatment for 24 h). # P < 0.05 
vs control group (treatment for 48 h).
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Results
Quercetin Displays Synergetic Effect with 
Cisplatin but No Synergetic Effect with 
Paclitaxel, 5-Fluorouracil and 
Doxorubicin in Cervical Cancer Cells
CCK-8 assay was utilized to determine the cytotoxic effect 
of individual drugs in cervical cancer cells. As shown in 
Figure 1A and B, quercetin suppressed the viability of 
HeLa and SiHa cells in a dose- and time-dependent man-
ner, with an IC50 of 30 μM for HeLa at 24 h and 50 μM for 
SiHa at 48 h. Thus, the final concentrations and time of 
quercetin in HeLa (0, 7.5, 15, 30 μM for 24 h) and SiHa 
(0, 12.5, 25, 50 μM for 48 h) were selected in subsequent 
experiments. The viability of HeLa and SiHa cells was 
also dose- and time-dependently inhibited by cisplatin 
(Figure 1C and D), paclitaxel (Supplementary Figure 1A 
and 1D), 5-fluorouracil (Supplementary Figure 1B and 1E) 
as well as doxorubicin (Supplementary Figure 1C and 1F). 

The inhibition rates of each drug in these two cells are 
summarized in Supplementary Table 1 and Supplementary 
Table 2 in detail. Accordingly, the IC30 values of each 
chemotherapeutic agent were applied in the further drug– 
drug interaction study (cisplatin: 10 μM for HeLa, 12 μM 
for SiHa; paclitaxel: 0.01 μM for HeLa, 0.006 μM for 
SiHa; 5-fluorouracil: 0.5 μM for HeLa, 50 μM for SiHa; 
doxorubicin: 0.075 μM for HeLa, 0.1 μM for SiHa).

Subsequently, quercetin supplemented with each of 
these four anti-cancer drugs was used to treat HeLa 
and SiHa cells. CCK-8 results showed that the viability 
of HeLa and SiHa cells was further reduced by combi-
nation of quercetin and cisplatin (Figure 1E and F) or 
other chemotherapeutic drugs (Supplementary Figure 
1G-L). Next, the CI values from CompuSyn software 
were calculated to confirm the synergetic or additive or 
antagonistic effects between two drugs in each group. 
All detailed CI values of quercetin combined with 
different chemotherapeutic drugs are listed in Table 1.

The CI values of quercetin in conjunction with cispla-
tin were <1, indicating that these two drugs had 
a synergistic effect on cervical cancer cells. However, 
quercetin exerted an antagonistic function on paclitaxel, 
5-fluorouracil and doxorubicin in both HeLa and SiHa 
cells. Hence, the anti-tumoral role in cervical cancer of 
quercetin and cisplatin combination was focused on in the 
following studies.

Quercetin Enhanced the Effect of 
Cisplatin on the Proliferation of Cervical 
Cancer Cells
Then 15 μM quercetin combined with 10 μM cisplatin and 
25 μM quercetin combined with 12 μM cisplatin were 
chosen as co-treatment concentrations in HeLa and SiHa 
cells for following assays, respectively. BrdU assay was 
used to detect the proliferation of cervical cancer cells. 
Compared with control group, quercetin and cisplatin 
inhibited the proliferation of Hela and SiHa cells, respec-
tively (Figure 2). Furthermore, co-treatment of quercetin 
and cisplatin suppressed more cell proliferation in contrast 
to either quercetin group or cisplatin group (P < 0.05).

Quercetin Heightened the Effects of 
Cisplatin on the Migration and Invasion of 
Cervical Cancer Cells
Transwell chambers without matrigel were utilized to 
evaluate the combined effect of quercetin and cisplatin 

Table 1 Combined Index Data on Combination Treatment of 
Quercetin and Cisplatin in Cervical Cancer Cells

Chemotherapeutic Drugs 
(Concentration, μM)

Cell Concentration of 
Quercetin (μM)

CI 
Value

Cisplatin (10) HeLa 7.5 0.34

15 0.55

30 0.64

Cisplatin (12) SiHa 12.5 0.59

25 0.72

50 0.75

Paclitaxel (0.01) HeLa 7.5 2.69

15 1.63

30 1.39

Paclitaxel (0.006) SiHa 12.5 1.71

25 1.47

50 1.61

5-Fluorouracil (6) HeLa 7.5 2.60

15 1.15

30 1.19

5-Fluorouracil (50) SiHa 12.5 1.15

25 1.08

50 1.13

Doxorubicin (0.075) HeLa 7.5 1.48

15 1.23

30 1.32

Doxorubicin (0.1) SiHa 7.5 1.01

15 1.03

30 1.22
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on the migration of HeLa and SiHa cells. Compared 
with control group, cisplatin and quercetin inhibited the 
migration of cervical cancer cells, respectively, while 
co-treatment with the two drugs had the strongest inhi-
bitory effect (Figure 3, P < 0.05). To further detect the 
co-effect of the two drugs on the invasion of cervical 
cancer cells, 5 × 104 HeLa or SiHa cells treated with 
drugs were placed into transwell chambers with matri-
gel for 24 h. The results, depicted in Figure 4, sug-
gested that quercetin synergized with cisplatin to 
reduce the invading cervical cancer cells.

Quercetin Promoted the Effect of 
Cisplatin on the Apoptosis of Cervical 
Cancer Cells
Flow cytometry based on Annexin-V/PI double staining ana-
lysis was performed to investigate the influence of quercetin 
on cisplatin-induced apoptosis of cervical cancer cells. In 
contrast to control group, quercetin enhanced the percentage 
of cell apoptosis as shown in Figure 4. Besides, combination 
of quercetin and cisplatin could accelerate apoptosis both of 
HeLa and SiHa cells compared with cisplatin group (Figure 5, 

Figure 2 The effects of quercetin combined with cisplatin on the cell proliferation in cervical cancer cells. HeLa (A) and SiHa (B) cells were treated with control (complete 
culture medium), quercetin (15 μM for HeLa and 30 μM for SiHa), cisplatin (10 μM for HeLa and 12 μM for SiHa) or the co-treatment of quercetin and cisplatin. The ratios of 
cell proliferation were assessed by BrdU assay. The bars represent the ratios of cell proliferation in each group. Data of HeLa (C) and SiHa (D) are expressed as means ± SD 
deviation of three independent experiments. *P < 0.05 vs control group, #P < 0.05 vs cisplatin group. 
Abbreviation: BrdU, bromodeoxyuridine.
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P < 0.05). The results indicated that quercetin increased cis-
platin-mediated apoptosis of cervical cancer cells.

Quercetin Increased the Effect of 
Cisplatin on the Expression of MMP2, 
Ezrin, P-Gp and METTL3 Protein in 
Cervical Cancer Cells
To further clarify the role of quercetin on cisplatin chemosen-
sitivity, Western blotting was used to detect the expression 
level of MMP2, ezrin, METTL3 and drug-resistance protein 
P-Gp in HeLa and SiHa cells. As shown in Figure 6, cisplatin 
had no significant effect on the expression of MMP2, while 
cisplatin decreased the expression of ezrin markedly 
(P < 0.05). There was no statistical difference in the expression 

levels of MMP2 and ezrin between quercetin group and control 
group. The expressions of MMP2 and ezrin in co-treatment 
group were clearly lower than those in cisplatin group (P < 
0.05). Both of cisplatin and quercetin suppressed the expres-
sion levels of P-Gp and METTL3, and the combination of 
quercetin and cisplatin further repressed those proteins' expres-
sion levels (P < 0.05). The result might indicate that quercetin 
activated cytotoxicity of cisplatin through downregulating the 
expression of ezrin, MMP2, P-Gp and METTL3 protein.

Discussion
With the emergence of monotherapy resistance in cervical 
cancer cells, the combined application of multiple drugs is 
becoming a trend.20 Various substances extracted from 
plants, including quercetin and curcumin, can inhibit the 

Figure 3 Quercetin enhanced the effect of cisplatin on the migration of cervical cancer cells. HeLa (A) and SiHa (B) cells were treated with control (complete culture 
medium), quercetin (15 μM for HeLa and 30 μM for SiHa), cisplatin (10 μM for HeLa and 12 μM for SiHa) or the co-treatment of quercetin and cisplatin. The bars represent 
the ratios of the migrated cell numbers in each group. Data of HeLa (C) and SiHa (D) are expressed as means ± SD deviation of three independent experiments. *P < 0.05 vs 
control group, #P < 0.05 vs cisplatin group.
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malignant biological behavior of cancer cells.21–23 

Quercetin, a versatile antioxidant, decreases the hazard of 
cardiovascular diseases, metabolic disorders and various 
cancers.22,24 Pozsgai et al25 showed that quercetin 
enhanced selectively the sensitivity of cancer cells to 
radiotherapy and chemotherapy, but spared normal cells. 
To date, there have been various studies focusing on 
combined effect of quercetin and several chemotherapeutic 
drugs on cancer cells.26–30 Cisplatin is one of the most 
common and extensively used chemicals for multiple solid 
tumors including cervical cancer.31 Paclitaxel, 5-fluorour-
acil and doxorubicin have been utilized in treatment of 
many solid tumors, and increasing evidence illustrates that 
quercetin could enhance the efficacy of these chemother-
apeutic drugs,32 although 5 μM–30 μM quercetin 

weakened pro-apoptotic effects of cisplatin, paclitaxel 
and 5-fluorouracil in ovarian cancer cells.26 However, so 
far, the combination effect of quercetin with cisplatin, 
paclitaxel, 5-fluorouracil and doxorubicin on cervical can-
cer cells has not been reported. In our study, quercetin 
synergized with cisplatin to inhibit the growth of HeLa and 
SiHa cells, while quercetin could not enhance the inhibi-
tory effect of paclitaxel, 5-fluorouracil and doxorubicin on 
the proliferation of cervical cancer cells. This means that 
these three chemotherapeutic drugs might not be suitable 
for combination with quercetin in cervical cancer cells. 
Since tolerance to cisplatin might lead to recurrence or 
disease progression of cervical cancer,7,33 the addition of 
quercetin has the possibility to overcome cisplatin 
resistance.

Figure 4 Quercetin promoted the effect of cisplatin on the invasion of cervical cancer cells. HeLa (A) and SiHa (B) cells were treated with control (complete culture 
medium), quercetin (15 μM for HeLa and 30 μM for SiHa), cisplatin (10 μM for HeLa and 12 μM for SiHa) or the co-treatment of quercetin and cisplatin. The bars represent 
the ratios of the invaded cell numbers in each group. Data of HeLa (C) and SiHa (D) are expressed as means ± SD deviation of three independent experiments. *P < 0.05 vs 
control group, #P < 0.05 vs cisplatin group.
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Metastasis is one of the most important characteristics 
of malignant tumors and often results in treatment failure 
and poor prognosis.34 Mounting evidence has confirmed 
that ezrin and MMP2 are critical molecules involved in 
migration and invasion of tumors including cervical 
cancer.35,36 In our study, quercetin enhanced the inhibitory 
effect of cisplatin on the migration and invasion of cervical 
cancer cells. Further research found that although querce-
tin only inhibited slightly the expression of ezrin in HeLa 
and had no effect on that in SiHa, the combination of 
quercetin and cisplatin could enhance the effect of cispla-
tin on the expression of ezrin protein in HeLa and SiHa 
cells. Surprisingly, the treatment with cisplatin or 

quercetin alone did not reduce the expression of MMP2 
protein, but co-treatment caused marked suppression, 
which suggests that a low dose of cisplatin or quercetin 
has no effect on the MMP2 protein level, while co- 
treatment might amplify the cytotoxic effect and inhibit 
the migration and invasion of cervical cancer cells via 
downregulating the MMP2 expression.

Multidrug resistance (MDR) is a phenomenon that cancer 
cells show cross-resistance to many chemotherapeutic drugs 
and results in chemotherapy failure. P-glycoprotein (P-Gp), 
one of the transporters involved in MDR, is often overex-
pressed in drug-resistant cancer cells.37 Increasing research 
has demonstrated that downregulation of P-Gp expression 

Figure 5 Quercetin elevated the effect of cisplatin on the apoptosis of cervical cancer cells. HeLa (A) and SiHa (B) cells were treated with control (complete culture 
medium), quercetin (15 μM for HeLa and 30 μM for SiHa), cisplatin (10 μM for HeLa and 12 μM for SiHa) or the co-treatment of quercetin and cisplatin. The bars represent 
the ratios of the apoptotic cells in each group. Data of HeLa (C) and SiHa (D) are expressed as means ± SD deviation of three independent experiments. *P < 0.05 vs control 
group, #P < 0.05 vs cisplatin group.
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contributed to elevate chemosensitivity of cancer cells.20,38 

Zhang et al39 showed that 7-O-geranylquercetin, a derivative 
of quercetin, reversed doxorubicin resistance through redu-
cing P-Gp expression. In our study, quercetin could enhance 
the apoptosis-promoting effect of cisplatin in cervical cancer 
cells via decreasing P-Gp expression. However, many poten-
tial signaling ways in ameliorating chemoresistance are still 
poorly understood and need further investigation.

METTL3 was demonstrated to be involved in the occur-
rence and development of multiple cancers and exerted dis-
tinct functions in different types of cancers.40 In most cases, 
METTL3 acted as an oncogene to promote the growth of 
cancer cells such as breast cancer and ovarian cancer.41,42 

However, in renal cancer and colorectal cancer, METTL3 
acted as a tumor suppressor.43,44 It has been reported that 
METTL3 could enhance cisplatin resistance in seminoma,45 

and knockdown of METTL3 weakened cisplatin resistance 
in pancreatic cancer.46 For cervical cancer cells, it was 
noticed that downregulation of METTL3 suppressed malig-
nant biologic behavior of cancer cells in vitro.47 However, 

the relationship between METTL3 expression and cisplatin 
sensitivity in cervical cancer is poorly understood. In our 
study, it was demonstrated that quercetin potentiated HeLa 
and SiHa cells chemosensitivity to cisplatin by repressing 
METTL3 protein expression.

To summarize, this study found that quercetin promoted 
cisplatin cytotoxicity through promoting apoptosis and 
inhibiting proliferation, migration and invasion of cervical 
cancer cells, which offers an experimental proof for treating 
cisplatin-resistant patients. In addition, we further searched 
for the mechanism of quercetin effect on cisplatin efficacy 
and showed that quercetin downregulated the MMP2, ezrin, 
P-Gp and METTL3 expression to enhance chemosensitivity 
in cervical cancer cells. However, the combined effect of 
quercetin and cisplatin should be verified in in vivo experi-
ments. Furthermore, various signaling ways involved in co- 
treatment should be investigated by multiple studies. In 
addition, quercetin enhanced the adverse effects in the pre- 
damaged kidney based on animal trials,48 which indicated 
that quercetin might put cervical cancer patients with 

Figure 6 The effects of quercetin combined with cisplatin on the P-Gp and METTL3 protein expression in cervical cancer cells. Western blot was used for the detection of 
MMP2 after drug treatment in HeLa (A) and SiHa cells (B), the detection of ezrin in HeLa (C) and SiHa (D), the detection of P-Gp in HeLa (E) and SiHa cells (F) and the 
detection of METTL3 in HeLa (G) and SiHa cells (H). The bar graphs represent the ratios of MMP2, ezrin, P-Gp and METTL3 relative expressions compared with internal 
parameter in HeLa and SiHa cells (I–P). Data are expressed as means ± SD deviation of three independent experiments. *P < 0.05 vs control group, #P < 0.05 vs cisplatin 
group.
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kidney dysfunction at risk. At present, the reported inci-
dence of harmful effect of quercetin on humans is very low, 
but this cannot be seen as evidence that no adverse effects 
were observed. More studies focused on the adverse reac-
tions of quercetin need to be done.

Abbreviation
BCA, bicinchoninic acid; BrdU, bromodeoxyuridine; CCK-8, 
Cell Counting Kit-8; CI, combination index; DAB, diamino-
benzidine; DMEM, Dulbecco’s modified Eagle’s Medium; 
DMSO, dimethyl sulfoxide; HCL, hydrochloric acid; LSD, 
least significant difference; MDR, multidrug resistance; 
METTL3, methyltransferase-like 3; MMP2, matrix metallo-
peptidase 2; PBS, Phosphate Buffered Saline; P-Gp, 
P-glycoprotein; PI, propidium iodide; PVDF, polyvinylidene 
difluoride; RIPA, radio immunoprecipitation assay; SD, stan-
dard deviation; TBST, tris buffered saline Tween.
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