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A B S T R A C T 

Our study aimed to investigate the potential role of quercetin in the migration of hepatocellular carcinoma 

cells, SMMC-7721, and its underlying mechanism. Cell monolayer scratching assay was performed to 

explore the role of quercetin in the migration ability of SMMC-7721 cells. Western Blot and 

immunofluorescence assay were conducted to detect the protein expression of transcriptional co-suppressor, 

CtBP1, and epithelial adhesion molecule, E-cadherin. The migration ability of SMMC-7721 cells was 

decreased by the addition of quercetin in a time and concentration dependent manner. Results of western 

blot and immunofluorescence assay demonstrated that quercetin inhibited the expression of CtBP1, while 

up-regulated the expression of E-cadherin. These findings suggest that quercetin contributed to the up-

regulation of E-cadherin through inhibition of CtBP1 expression. This in turn hinders the underlying EMT 

process, and finally prevents the invasiveness and metastasis of HCC cells. However, the mechanism how 

quercetin up-regulation CtBP1 in HCC cells still need to be elucidated. 

 

Introduction 

Hepatocellular Carcinoma (HCC) is a common malignancy of the 

digestive system. Majority of the HCC cases are prevalent in areas with 

high hepatitis virus infection, which include China and Africa [1]. HCC 

is associated with strong ability of invasiveness and metastasis and high 

mortality [2, 3]. C-terminal binding protein 1 (CtBP1) is a transcriptional 

co-activator that suppress the expression of epithelial adhesion 

molecules, cancer suppressor genes and pro-apoptotic proteins. This 

consequently promotes epithelial-mesenchymal transition (EMT), cell 

cycle and inhibits apoptosis [4]. As a co-activator of transcriptional 

factors, such as ZEB1 and SNAIL, CtBP1 can inhibit the expression of 

E-cadherin, and promote the invasiveness and metastasis of colon cancer 

[5]. Our previous study proved that the expression of CtBP1 was up-

regulated in HCC patients, while downregulated its targeted gene, E-

cadherin, which was associated with invasiveness and metastasis of 

HCC [6]. 

 

Quercetin (Q) is the most common flavonoid in nature, that is mostly 

present in green leafy vegetables, apples, onions, cauliflower, tea and 

berries, with anti-inflammatory, anti-allergic, antiviral, anti-tumor and 

antioxidant biological activities [7]. Quercetin hinders cell cycle and 
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induces apoptosis, and its anti-tumor effects inhibit the invasiveness and 

metastasis of cancer cells [8, 9]. This acts by repressing the invasiveness 

and metastasis of cancer cells by blocking the metastasis-associated 

signaling pathways and protein expression [10-15]. In the present study, 

we firstly reported that quercetin can inhibit the expression of CtBP1 and 

up-regulate the expression of E-cadherin, which consequently explains 

the underlying mechanism of metastasis inhibition of HCC cells. 

Materials and Methods 

 

Materials and Reagents 

 

Quercetin was purchased from Shanghai Yaji Biotechnology Co., Ltd. It 

was dissolved with dimethyl sulfoxide (DMSO) and diluted with serum-

free medium (Eagle's essential medium, DMEM) to the desired 

concentration. Fetal bovine serum (FBS) was purchased from Hangzhou 

Four Seasons Green Bioengineering Materials Co., Ltd. DMEM medium 

was purchased from the GIBCO company (USA). Trypsin was 

purchased from Sigma company (USA). Penicillin-streptomycin 

mixture (100X) was purchased from Beijing Solarbio Life Science Co., 

Ltd. DMSO was purchased from Beijing Solarbio Life Science Co., Ltd. 

HCC cell line, SMMC-7721, was purchased from Cell Bank of Shanghai 

Institute of Cell Biology, Chinese Academy of Sciences. 

 

Cell line and cell culture 

 

SMMC-7721 cells were maintained in DMEM supplemented with 10% 

FBS. Cells were cultured at 37°C in a humidified incubator with 5% 

CO2. 

Cell monolayer scratching assay 

SMMC-7721 cells were grown in 6-well plates with DMEM medium 

supplemented with 10% FBS until 80% confluence. Wounds were 

created by scratching the cell surface with a 10μL pipette tip. After 

washing with PBS, quercetin solution (12.5μmol/L and 25μmol/L) was 

added. Quercetin were disolved in DMSO and the final concentration 

were 0.1 % (Vol/Vol) in all groups including two quercetin treated group 

and the blank control group. Every group were triplicated in three wells. 

After 24h and 48h, cells moving and growing across the scratched lines 

were monitored using an inverted microscope (TS100-F, Japan Nikon 

Corporation). The migratory ability of the cells was quantified as the gap 

distance recovered compared with the original gap. 

Western blotting 

 

The SMMC-7721 cells were treated with quercetin of different 

concentrations and collected after 6, 12, and 24 hours. SMMC-7721 cells 

were lysed with radio immunoprecipitation assay (RIPA) Lysis Buffer 

supplemented with protease inhibitors, PMSF. The lysate was 

centrifuged for 30min at 12 000 rpm and 4°C. The protein was quantified 

by BCA protein concentration assay. The total proteins (20 μg) in the 

supernatant was separated by 10% SDS-PAGE and transferred onto 

polyvinylidene fluoride (PVDF) membranes. The membranes were 

blocked with 5% evaporated milk for 1h and subsequently incubated 

with a mouse anti-human CtBP1 monoclonal antibody (Santa Cruz, 

USA; Cat.No. sc-17805; Dilution: 1:1000) for overnight at 4°C. The 

membranes were then incubated with an HRP conjugated goat anti-

mouse IgG antibody (ZSBIO, Beijing; Cat.No. ZDR5307; Dilution: 

1:2000) for 1h at room temperature. Chemiluminescence was detected 

using SuperSignal West Femto Maximum Sensitivity Substrate. The 

ImageJ software was used to detect the grayscale values of each band. 

 

Immunofluorescence assay 

 

SMMC-7721 Cells (n=8x103) were seeded on the cover slides in 24-well 

plates in DMEM medium supplemented with 10% FBS and grown for 

24-48 hours. The cells were then treated with different concentrations of 

Quercetin for 6 hours and fixed in 4% paraformaldehyde for 20 min at 

room temperature. After washing with PBS, the cells were blocked by 

5% BSA for 30-60 min at room temperature. Then the blocked fluid was 

removed, sufficient amount of diluted primary antibody was added, and 

placed in a wet box, incubated for overnight at 4°C. After washing with 

PBST, the cells were stained with fluorescence secondary antibody and 

incubated at room temperature for 1 hour. The cells were washed by 

PBST for three times and stained by DAPI. Fluorescent images were 

obtained using a confocal microscope. 

 

Statistical analysis 

 

Data are presented as the mean ± SD. Statistical analysis was performed 

using the SPSS 17.0 software. Statistical comparisons between groups 

were made with one-way analysis of variance (ANOVA); Bonferroni's 

post hoc test was subsequently used to compare individual means. 

P<0.05 was considered statistically significant. 

 

Figures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Effect of quercetin on the migratory ability of SMMC-7721 

cells under microscope (200×). Cell monolayer scratching assays 

showed that quercetin inhibited migration of SMMC-7721 cells. 
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Figure 2: The distance of experimental groups and control group (*P: 

<0.05). The distance of cell migration was significantly decreased with 

the increase of time and concentration of quercetin. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Expression of CtBP1 and E-cadherin at different 

concentrations of quercetin in SMCC-7721 cells at different time 

intervals. Western blot assay showed that quercetin downregulated the 

expression of CtBP1 and upregulated the expression of E-cadherin. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Expression of CtBP1 and E-cadherin at different 

concentrations of quercetin in SMCC-7721 cells at different time 

intervals (comparing with control group, #, *: P<0.05). The expression 

of CtBP1 was decreased and the expression of E-cadherin was increased 

with the change of time and concentration of quercetin 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Expression of CtBP1 and E-cadherin in SMMC-7721 cells. 

Immunofluorescence assay indicated that quercetin decreased the 

expression of CtBP1 and increased the expression of E-cadherin in 

SMMC-7721 cells. 

Results 

Quercetin inhibited the migration of SMMC-7721 cells. Cell monolayer 

scratching assay was performed to evaluate the effect of quercetin on 

migration of SMMC-7221 cells. Results revealed that the distance of cell 

migration was significantly decreased with the increase of time and 

concentration of quercetin (P<0.05, Figures 1 & 2). 

 

Quercetin inhibited the expression of CtBP1 and promoted the 

expression of E-cadherin. Western blotting analysis was performed to 

evaluate the expressions of CtBP1 and E-cadherin. Results showed that 

the expression of CtBP1 was decreased and the expression of E-cadherin 

was increased with the change of time and concentration of quercetin 

(Figures 3 & 4). Furthermore, quercetin demonstrated significant 

inhibitory effect at 6h. 

 

Immunofluorescence assay indicated that the expression of CtBP1 in 

SMMC-7721 gradually decreased, while the expression of E-cadherin 

was increased with increased concentrations of quercetin (Figure 5). 

Discussion 

Quercetin is one of the richest flavonoid seen in foods, and is abundant 

in fruits, green leafy vegetables and seeds, buckwheat, nuts, flowers, 

bark, broccoli, olive oil, apples, onions, green tea, red grapes, red wine, 

black cherries, blueberries and cranberries. Quercetin is used as a 

nutritional supplement and beneficial against a variety of diseases, 

including cardiovascular protection, anticancer, antitumor, anti-ulcer, 

anti-allergy, anti-viral, anti-inflammatory, anti-diabetic, anti-

hypertensive, immune regulatory, and anti-infective [16]. 

 

According to an epidemiological survey, vegetables and fruits in daily 

diet prevents people from cancer. The potential anti-tumor effects of 

quercetin include inhibition of proliferation, growth factors and 

antioxidants [17]. Quercetin can induce apoptosis, inhibit tumor growth 

and spread of brain, liver, and colon cells [18, 19]. In addition, quercetin 
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can suppress the invasiveness and metastasis of cancer cells [20, 21]. 

The present study aimed to investigate the function of quercetin in HCC 

metastasis and its underlying mechanism. 

 

HCC is one of the most common malignant tumors of the digestive 

system and has a strong invasion and metastasis ability. Intrahepatic 

blood metastasis usually occurs in the early stages of HCC, resulting in 

the poor prognosis. We used the low-toxic dosage of quercetin (12.5, 

25μmol/L) to treat SMMC-7721 cells, and cell monolayer scratching 

assay demonstrated that it could inhibit the migration, which was in 

accordance with the results of lung cancer and colon cancer studies [20, 

21]. Meanwhile, evenly distributed cells were observed within the 

middle of the scratches. They are obviously not the cells migrated from 

the neighboring cells. These cells maybe derive from the floating cells, 

which show weakened adhesion ability induced by higher concertation 

of quection, attaching to the dishes again. But the mechanism still need 

further investigation. 

 

EMT is a pathophysiological and physiological process, where epithelial 

cells achieve interstitial phenotype to increase the abilities of invasion 

and migration, and played a key role in the development and progression 

of cancer [22]. In the EMT process, the expression of epithelial markers 

(such as E-cadherin and β-catenin) was down-regulated, while the 

mesenchymal markers (such as VIM and N-cadherin) was up-regulated 

[22]. 

 

In lung cancer, quercetin inhibited the migration of cancer cells through 

suppression of mesenchymal cytoskeletal protein expression, VIM and 

N-cadherin [20]. 

 

In colorectal cancer, non-toxic dosage of quercetin could inhibit the 

EMT process by regulating the expression of E-cadherin, N-cadherin, β-

catenin and snail, thus arresting the metastasis [21]. 

 

Previous studies showed that CtBP1 could bind to EMT-related 

transcription factors, including ZEB1, SNAIL, and SLUG to form a 

transcriptional inhibitory complex, which inhibits the expression of E-

cadherin and promotes the process of EMT [5]. CtBP1 was proved to be 

up-regulated in HCC tissues and negatively correlated with E-cadherin 

expression [6]. CtBP1 in HCC cells suppressed the expression of E-

cadherin and promoted the invasiveness and metastasis [6]. 

 

The above discussed results showed that quercetin inhibited the 

expression of CtBP1 in hepatocellular carcinoma cells and up-regulated 

the expression of E-cadherin, suggesting that quercetin could inhibit the 

invasion and metastasis of hepatocellular carcinoma through CtBP1/E-

cadherin pathway. In conclusion, quercetin can inhibit the migration of 

hepatocellular carcinoma cells, suggesting its potential application value 

in the treatment of metastatic liver cancer. 
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