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Abstract. Fisetin (3,3',4',7-tetrahydroxyflavone), a natural 
abundant flavonoid, is produced in different vegetables and 
fruits. Fisetin has been reported to relate to various positive 
biological effects, including anti-proliferative, anticancer, 
anti-oxidative and neuroprotective effects. Dopamine recep-
tors (DRs) belonging to G protein‑coupled receptor family, are 
known as the target of ~50% of all modern medicinal drugs. 
DRs consist of various proteins, functioning as transduction 
of intracellular signals for extracellular stimuli. We found that 
fisetin performed as DR2 agonist to suppress liver cancer cells 
proliferation, migration and invasion. Caspase-3 signaling 
was activated to induce apoptosis for fisetin administration. 
Furthermore, TGF‑β1 was also inhibited in fisetin-treated 
liver cancer cells, reducing epithelial-mesenchymal transi-
tion (EMT). Additionally, fisetin downregulated VEGFR1, 
p-ERK1/2, p38 and pJNK, ameliorating liver cancer progres-
sion. In vivo, the orthotopically implanted tumors from 
mice were inhibited by fisetin adminisatration accompanied 
by prolonged survival rate and higher levels of dopamine. 
Together, the results indicated a novel therapeutic strategy to 
suppress liver cancer progression associated with DR2 regula-
tion, indicating that dopamine might be of importance in liver 
cancer progression.

Introduction

Hepatocellular carcinoma (HCC) is a well known primary 
liver cancer with very poor prognosis (1). According to a 
previous report, HCC is the sixth most common cancer (2). 
Furthermore, it is the third leading reason for cancer mortality 
across the world (3). Each year, >600,000 deaths are reported 
due to its difficult diagnosis and ineffective treatments (4,5). 
The incidence rate of liver cancer is increasing among both 

male and female, and the number of people infected with 
HCC has doubled (6,7). Until now, chemoprevention has been 
reported as the best treatment to prevent liver cancer progres-
sion and development (8).

Presently, accumulating evidence suggests that a variety of 
natural compounds isolated from plants are safe and effective 
in many diseases, including cancer, such as liver cancer, breast 
cancer and lung cancer (9). Thus, we attempted to illustrate the 
role of fisetin (3,3',4',7-tetrahydroxyflavone) (Fig. 1A) in HCC 
prevention or treatment. Fisetin is found in various vegetables 
and fruits, including onions, cucumber, apples, grapes, and 
strawberries (10). In addition, fisetin is suggested to possess 
anti-oxidant, anti‑microbio, anti-inflammation and even anti-
cancer properties in a variety of animal models as well as cell 
cultures (11). Additionally, apoptosis in cancer cells, such as 
cervical and breast, could be induced by fisetin, contributing 
to inhibition of cancer progression (12). Therefore, we hypoth-
esized that fisetin could be of potential value in human liver 
cancer inhibition.

Dopamine (DA) is essential in sodium balance and blood 
pressure modulation, which directly functions on lung, renal, 
brain, and vascular bed ion transport (13). Five DA receptors 
have been reported, indlucing DR1, DR2, DR3, DR4 an DR5 
(14,15). DR1 and DR5 are regarded as members of D1-like 
family, and DR2, DR3 and DR4 belong to D2-like family (16). 
DA has been reported to have anticancer activities, such as 
lung cancer, gastric cancer and cervical cancer, mainly via 
DR2 regulation (17). According to the possible role of DR2 in 
tumor suppression, it was also included in our study to explore 
whether it was related to liver cancer progression. Thus, DR2 
agonist in our study was used to explore how DRs perform 
in liver cancer in vitro. Fisetin was used combined with DR2 
agonist to investigate underlying molecular mechanism related 
to HCC progression.

Materials and methods

Cells and culture. Human liver caner cell lines, HCC-LM3 and 
SMMC-7721, were purchased from American Type Culture 
Collection (ATCC, USA). Human liver cancer cells of HepG2 
were purchased from KeyGen Biotech (Nanjing, China). 
SMMC-7721 and HepG2 cells were cultured in DMEM (Gibco, 
USA) supplemented with 10% FBS, 100  U/ml penicillin, 
and 100 µg/ml streptomycin. Human HCC-LM3 cells were 

Fisetin inhibits liver cancer growth in a mouse 
model: Relation to dopamine receptor

Xiang-Feng Liu,  Hai-Jiao Long,  Xiong-Ying Miao,  Guo-Li Liu  and  Hong-Liang Yao

Department of General Surgery, The Second Xiangya Hospital of Central South University, 
Changsha, Hunan 421000, P.R. China

Received November 17, 2016;  Accepted May 3, 2017

DOI: 10.3892/or.2017.5676

Correspondence to: Dr H.L. Yao, Department of General Surgery, 
The Second Xiangya Hospital of Central South University, 139 Renmin 
Road, Changsha, Hunan 421000, P.R. China
E-mail: yhlhunan421000@qq.com; or yao@126.com

Key words: fisetin, dopamine receptors, liver cancer, apoptosis, 
TGF‑β1



Liu et al:  Fisetin inhibits liver cancer growth in a mouse model54

routinely cultured in RPMI-1640 medium (Gibco), containing 
10% fetal bovine serum (FBS) (Gibco), 1% penicillin/strepto-
mycin. MRC-5 was cultured in DMEM (Gibco) supplemented 
with 10% FBS, 100 U/ml penicillin, and 100 µg/ml strepto-
mycin. All cells were cultured in a humidified atmosphere with 
5% CO2 and 95% humidity at 37˚C in an incubator. All cells 
were cultured in a humidified atmosphere with 5% CO2 and 
95% humidity at 37˚C in an incubator. Fisetin (>98% purity), 
used for the treatment of lung cancer, was purchased from 
Dayang Chem (Hangzhou, China), dissolved in DMSO and 
stored at -20˚C, and then diluted in medium for experiments. 
The final DMSO concentration in our study was <0.1% (v/v) in 
every treatment, and bromocriptine used was purchased from 
Sigma-Aldrich (St. Louis, MO, USA).

3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl-2H-tetrazolium 
bromide (MTT) assays. Cells of HepG2 (5x103), HCC-LM3 
and SMMC-7721 were seeded into a 96-well plate (Corning, 
USA) per well. Bromocriptine (from 0 to 40 µM), fisetin 
ranging from 0-40 µM, was added to the medium. The cells 
were then incubated at 37˚C for 24 h, and the cell viability was 
detected by the colorimetric MTT assay at 570 nm.

Cell migration and invasion analysis for liver cancer cells. 
The liver cancer cells were seeded into the upper chamber 
of a Transwell insert pre-coated with 5 µg/ml fibronectin for 
migration or a BD™ Matrigel invasion chamber for invasion. 
Medium with 10% serum was put in the lower chamber as 
a chemo-attractant, and cells were then incubated for 4 h. 
Non-migratory cells were removed from the upper chamber 
with a cotton bud. The cells on the lower insert surface were 
stained with Diff-Quick. Cells were counted as the number of 
cells observed in three randomly different microscope fields of 
three independent inserts.

Colony-forming analysis of liver cancer cells. To explore 
the liver cancer cell proliferation, 60% liver cancer cells of 
HCC-LM3 and HepG2 were treated with bromocriptine and 
fisetin or the two drugs in combination for 24 h in growth 
medium. The cells were then harvested in a separate tube after 
incubation. Then, 500 cells/well were cultured in 6-well plate 
(Corning) separately with complete growth medium and 
grown for 2 weeks. The medium was replaced after 7 days. For 
incubation of 14 days, the cells were washed with phosphate-
buffered saline (PBS) (Hyclone, USA). Then, cold methanol 
was used to fix cells for 10 min. Cells were stained with 0.5% 
crystal violet solution (Chemcatch, USA) in 25% methanol at 
room temperature. The cells were washed with water three 
times and air-dried for calculating through an inverted micro-
scope.

DA analysis. ELISA kits for DA determination in serum 
and tumor tissue samples from mice were purchased from 
Nordhorn (Germany). DA detection was performed following 
the manufacturer's instructions.

Wesertn blot analysis. After treatments under different condi-
tions, the cells were harvested and the medium was removed. 
Then the cells were washed with chilled PBS three times and 
lysed in ice-cold lysis buffer with fresh protease inhibitor 

cocktail. The cell lysates were centrifuged at 12,000 g for 
20 min at 4˚C to collect the supernatant. BSA protein assay 
kit was used to detect the protein concentrations following the 
manufacturer's instructions (Thermo, USA). Protein extracts 
(40-ng) were separated by 10% SDS-PAGE and were then 
transferred to polyvinylidene fluoride membrane (Millipore, 
USA). The PVDF with proteins were blocked with 5% skim 
fat dry milk in 0.1% Tween-20 in Tris‑buffered saline (TBS) 
for 2 h to block the non-specific sites on blots. The primary 
antibodies dissolved in blocking buffer were used to detect the 
target protein blots at 4˚C overnight for incubation. The bands 
on PVDF were covered by chemiluminescence with Pierce 
ECL Western Blotting Substrate reagents (Thermo Scientific, 
IL, USA). The primary antibodies used in our study were: 
rabbit anti-GAPDH, caspase-3, PARP, TGF‑β1, VEGFR1, 
ERK1/2, p-ERK1/2, p38, pjnk, E-cadherin, N-cadherin, and 
vimentin.

Flow cytometry assays. The Annexin  V-FITC/propidium 
iodide (PI) apoptosis detection kit (KeyGen) was used to 
determine apoptotic cells. Liver cancer cells after different 
treatments were harvested and washed with chilled PBS, 
then incubated in a darkroom for Annexin V-FITC and PI 
for 15 min. Subsequently, the cells were analyzed by flow 
cytometry (BD Biosciences, USA).

The hepatoma model. Sixty, 6-week old male, athymic 
BALB/C nude mice were purchased from the Animal Center 
of Nanjing Medical University (Nanjing, China) and cultured 
in a 25±2˚C temperature and 50±10% humidity-controlled 
environment with a standard 12-h light and dark cycle 
with food and water in cages under germ-free conditions. 
All processes were in line with the Institutional Animal 
Care and Use Committee of the second Xiangya Hospital 
of Central South University. Briefly, athymic BALB/C 
nude mice were implanted orthotopically with liver cancer 
HCC-LM3 cells (3x106 cells). All tumor-bearing mice were 
divided into 4 groups randomly: i) control; ii) Fis (20 mg/
kg); iii) Fis (40 mg/kg); iv) Fis (80 mg/kg) daily through i.p. 
After 7 weeks of treatment, the mice were sacrificed for the 
following experiments. The blood from mouse was obtained 
through the eyeball, and then was centrifuged at 15,000 g 
for 15 min. Fisetin was dissolved in DMSO and diluted in 
distilled water for further use.

Immunohistochemical assays. The tissue in each group were 
fixed with 10% buffered formalin, embedded in paraffin and 
sliced into 4-5-µm thick sections. Tumor tissues also were 
subjected to immunohistochemical (IHC) staining for the 
analysis of VEGFR1 and Ki-67 expression. The immunfluo-
rescent analysis was carried out as described previously (18). 
The cells or tissue samples were incubated with TGF‑β1, 
as the primary antibody, overnight at 4˚C. The slides were 
then washed with cold PBS and incubated with anti-rabbit 
secondary antibody (KeyGen). The histological examination 
was performed following the standard procedures described 
previously (19).

Statistical analysis. Data were expressed as mean ± SEM. 
Statistical analyses were carried out with GraphPad PRISM 
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(version 6.0; Graph Pad Software). A P-value <0.05 was 
considered statistically significant.

Results

Fisetin-suppresses liver cancer cell proliferation related to 
death receptor 2 (DR2). In order to explore whether fisetin could 
perform as DR2 agonist showing important role in regulating 
liver cancer cell prolifreration, the cell viability of liver cancer 
cells of HCC-LM3, HepG2 and SMMC-7721 was calculated. 
As shown in Fig. 1B, fisetin at different concentrations (0, 1, 
2.5, 5, 10, 20, 40 and 80 µM) was administered to HCC-LM3 
cells. Fisetin showed significantly inhibitory role in HCC-LM3 
proliferation >10 µM. Similarly, the death receptor 2 agonist of 
bromocriptine markedly suppressed HCC-LM3 cell prolifera-
tion in a dose-dependent manner. Consistently, in HepG2 cells, 
fisetin also displayed suppressive effects on cell proliferation, 
which was in line with the role of bromocriptine in HepG2 
regulation (Fig. 1C). Fisetin also exhibited inhibitory role in 
SMMC-7721 cells. Of note, bromocriptine, as DR2 agonist, 
reduced the liver cancer cell viability (Fig. 1D). Taken together, 
the results above indicated that fisetin shows similar role with 
bromocriptine, reducing liver cancer cell lines proliferation, 
which might be an essential therapeutic strategy for liver cancer 
treatment and linked with the DR2 signal.

Effects of fisetin and bromocriptine on liver cancer cell 
proliferation, migration and invasion. In this regard, we 

investigated the effects of fisetin and bromocriptine treatment 
on liver cancer cell proliferation, migration and invasion. 
Whether the treatment of fisetin and bromocriptine influenced 
the clonogenic growth of HCC-LM3 and HepG2, colony-
forming analysis was also carried out. In Fig. 2A and B, 
the invasion of liver cancer cells were apparently reduced 
due to fisetin and bromocriptine treatment in HCC-LM3 
cells. Notably, fisetin and bromocriptine co-treatment could 
further downregulate the number of invaded cells, suggesting 
that fisetin might share similar molecular mechanism with 
bromocriptine to regulate liver cancer progression. Also, in 
HepG2 cells, fisetin and bromocriptine reduced cell invasion, 
which was further enhanced for fisetin and bromocriptine 
combination (Fig. 2A and C). Next, fisetin and bromocriptine 
obviously reduced HCC-LM3 cell migration. Also, intensively 
suppressive role of fisetin and bromocriptine co-treatment 
in cell migration inhibition was observed (Fig. 2D and E). 
In addition, fisetin and bromocriptine could considerably 
downregulate HepG2 cell migration, which was promoted 
for fisetin and bromocriptine in combination (Fig. 2D and 
F). Finally, colony formation assays showed that fisetin 
and bromocriptine monotherapy significantly reduced the 
colony number of cancer cells compared to the control ones. 
Notably, combination of fisetin and bromocriptine mark-
edly decreased the clonogenic growth of lung cancer cells 
of HCC-LM3 and HepG2 (Fig. 2G-I). The results illustrate 
the capability of fisetin and bromocriptine to suppress liver 
cancer cell invasion migration, and proliferation is appar-

Figure 1. Fisetin-suppresses liver cancer cells proliferation related to death receptor 2 (DR2). (A) The chemical structure of fisetin is shown. Liver cancer cells 
of (B) HCC-LM3, (C) HepG2, and (D) SMMC-7721 were treated with different concentrations of fisetin (0, 1, 2.5, 5, 10, 20, 40 and 80 µM) and bromocriptine 
(0, 1, 2.5, 5, 10, 20, 40 and 80 µM) for 24 h, then the cell proliferation and toxicity was determined via MTT analysis. Data are presented as mean ± SEM. 
*P<0.05, **P<0.01 and ***P<0.001 versus Con group with Fis treatment; +P<0.05, ++P<0.01 and +++P<0.001 versus Con group with Bro treatment. Fis, fisetin; 
Bro, bromocriptine.
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ently stronger than the effect of fisetin and bromocriptine 
separately performed in the present experiments, and fisetin, 
at least partly, could perform as bromocriptine in controlling 
liver cancer progression.

Fisetin and bromocriptine induce apoptosis in liver cancer 
cells via caspase-3 activation. Apoptosis induction is known 
as a key mechanism, contributing to cell death, which is 
widely used to explore and find new therapeutic strategy (20). 
In this study, the flow cytometric results exhibited that the 
fisetin and bromocriptine significantly upregulated the apop-
totic liver cancer cells HCC-LM3 and HepG2. Interestingly, 
fisetin and bromocriptine combination caused an obvious 
upregulation of apoptotic cells compared to the control ones 
(Fig. 3A-C). Next, the caspase activation of cancer cells after 
fisetin and bromocriptine and the co-treatment were deter-
mined through western blot analysis. As shown in Fig. 3D, 

fisetin markedly induced high cleavage of caspase-3 in a 
dose-dependent manner. Consequently, PARP was activated 
and apoptosis was induced. Significantly, fisetin at the 
highest concentration resulted in an obvious more intensive 
caspase-3 (Fig. 3E) and PARP (Fig. 3F) cleavage in liver 
cancer cells of HCC-LM3. Significantly, HCC-LM3 treated 
by bromocriptine at different concentrations could also stim-
ulate caspase-3 and PARP cleavage, which was performed 
in a dose-dependent manner (Fig. 3G-I). The results above 
show that caspase signaling pathway activation is involved in 
fisetin- and bromocriptine-induced apoptosis, which might 
be a possible molecular mechanism by which fisetin and 
bromocriptine exhibits strong antitumor effects.

Fisetin and bromocriptine suppresses EMT in vitro regulated 
by TGF‑β1. EMT is known to play an important role in cancer 
metastasis (21). Essentially, TGF‑β1 has been well reported to 

Figure 2. Effects of fisetin and bromocriptine on liver cancer cell proliferation, migration and invasion. (A) The reprentative images of invaded liver 
cancer cells of MCC-LM3 and HepG2 after fisetin (40 µM) and bromocriptine (40 µM) and the two-drug combination treatments. (B) The quantification 
of HCC-LM3 invasion is displayed. (C) The quantification of HepG2 invasion was calculated. (D) The reprentative images of migrated liver cancer cells 
of MCC-LM3 and HepG2 after fisetin (40 µM) and bromocriptine (40 µM) and the two-drug combination treatments are shown. (E) The quantification of 
HCC-LM3 migration. (F) The quantification of HepG2 migration was calculated. (G) The colony-forming ability of liver cancer cells after treatment with 
fisetin (40 µM) and/or bromocriptine (40 µM) was detected. (H) The clonogenic growth of MCC-LM3 was quantified. (I) The quantification of HepG2 
cell clonogenic growth is shown. The experiments were repeted at least three times. Data are presented as mean ± SEM. *P<0.05, **P<0.01 and ***P<0.001 
versus Con group without any treatment.
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induce the process of EMT (22). Fig. 4A shows western blot 
analysis of TGF‑β1 downregulated significantly compared 
to the control in HCC-LM3 cells after fisetin treatment, 
dose-dependently (Fig. 4C). In addition, vimentin (Fig. 4A 
and D), E-cadherin (Fig. 4A and E) and N-cadherin (Fig. 4A 
and F) were apparently reduced due to fisetin administra-

tion, which was in line with TGF‑β1 expression. Importantly, 
bromocriptine indicated similar role in suppressing TGF‑β1 
(Fig.  4B and G), vimentin (Fig.  4B and H), E-cadherin 
(Fig. 4B and I) and N-cadherin (Fig. 4B and J) in HCC-LM3 
cells. Furthermore, immunofluorescence analysis proved that 
TGF‑β1 could be reduced in fisetin and bromocriptine treat-

Figure 3. Fisetin and bromocriptine induce apoptosis in liver cancer cells via caspase-3 activation. (A) Apotosis of liver cancer cells was calculated via flow 
cytometry. (B) The quantification of HCC-LM3 experiencing apoptosis was evaluated. (C) The quantification of HepG2 in apoptosis is shown. (D) Western 
blot analysis was carried out to determine caspase-3 and PARP cleavage in HCC-LM3 cells after different concentrations (0, 20, 40 and 80 µM) of fisetin 
treatment. The quantification of the immunoblotting results of (E) cleaved caspase-3 and (F) cleaved PARP is shown. (G) Expression levels of caspase-3 and 
PARP cleavage in HCC-LM3 cells under different treatment conditions (0, 20, 40 and 80 µM) by bromocriptine is represented. (H) Cleaved caspase-3 and 
(I) cleaved PARP were quantified following western blot analysis. Data are presented as mean ± SEM. *P<0.05, **P<0.01 and ***P<0.001 versus Con group 
without any treatment.
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ment (Fig. 4K and L). The data above suggested that fisetin 
could ameliorate liver cancer progression via EMT inhibition 
through TGF‑β1 signaling pathway.

Fisetin and bromocriptine reduces the VEGFR and MAPK 
signaling pathways. To explore the role of fisetin and 
bromocriptine on VEGFR1 expression and to investigate the 
underlying molecular mechanism, VEGFR1, ERK1/2, p38 
and pJNK expression levels were determined through western 

blot assays. As shown in Fig. 5A, we found that VEGFR1 
(Fig. 5A and C), p-ERK1/2 (Fig. 5A and D), p38 (Fig. 5A and 
E) and Pjnk (Fig. 5A and F) expression levels in HCC-LM3 
cells after fisetin treatment were downregulated markedly 
compared to the control ones. Also, in bromocriptine-treated 
HCC-LM3 cells, reduced protein levels of VEGFR1 (Fig. 5B 
and G), p-ERK1/2 (Fig. 5B and H), p38 (Fig. 5B and I) and 
pjnk (Fig. 5B and J) were observed. The data above indi-
cated that fisetin could perform as bromocriptine, showing 

Figure 4. Fisetin and bromocriptine suppressed EMT in vitro regulated by TGF‑β1 (A) Western blot analysis of TGF‑β1, vimentin, E-cadherin and N-cadherin 
in HCC-LM3 cells after fisetin treatment at different concentrations. (B) Western blot analysis was used to determine TGF‑β1, vimentin, E-cadherin and 
N-cadherin in HCC-LM3 cells after different concentrations of treatment by bromocriptine. The quantification of (C) TGF‑β1, (D) vimentin, (E) E-cadherin, 
and (F) N-cadherin was evaluated after immunoblot analysis in fisetin-treated liver cancer cells. (G) TGF‑β1, (H) vimentin, (I) E-cadherin, and (J) N-cadherin 
protein expression levels were quantified following western blot assays in bromocriptine-treated cells. (K) The representative images of TGF‑β1 in HCC-LM3 
cells after fisetin and bromocriptine treatment are shown. (L) The quantification of TGF‑β1 immunofluorescent intensity was exhibited. Data are presented as 
mean ± SEM. *P<0.05, **P<0.01 and ***P<0.001 versus Con group without any treatment.
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suppressive role in liver cancer progression via VEGFR1 and 
EMT-related signaling pathway inhibition.

Fisetin inhibits liver cancer growth of transplanted liver 
cancer cell line. In this regard, the role of fisetin i.p. injec-
tion in vivo study was evaluated. As shown in Fig. 6A and 
B, fisetin administration significantly reduced the weight of 
tumors, isolated from mice with orthotopically implanted 
tumors. Also, survival analysis showed that fisetin treatment 
significantly prolonged the survival time of mice with ortho-
topically implanted tumors in comparison to the control ones 
(Fig. 6C). Finally, DA levels were measured via ELISA kits. 
In the serum (Fig. 6D) and tumor tissue (Fig. 6E) from mice 
with orthotopically implanted tumors, DA was expressed 
highly, which was downregulated significantly after fisetin 
treatments in a dose-dependent manner.

Next, immunohistochemical analysis was used to detect 
Ki-67, and VEGFR1 levels from tumor specimens. As shown 
in Fig. 7A and B, Ki-67 was significantly downregulated due 
to fisetin administration, which was dose-dependent. Similarly, 
VEGFR1 was also impeded in fisetin-treated group, which was 
in line with the results in vitro (Fig. 7C and D). TGF‑β1 was 

reduced in tumor tissue samples isolated from fisetin-treated 
mice through immunofluorescent analysis (Fig. 7E and F). The 
data above indicated that fisetin could suppress liver cancer 
development, which was related to death receptor signaling.

Discussion

Hepatocellular carcinoma (HCC) is reported as the most 
common form of primary liver cancer. There is still no 
effective therapies to prevent it (1-3,23). Compounds with 
bioactivity extracted from various plants are catching atten-
tion due to their less toxicity and more effective activity 
in controlling disease progression (24). For instance, the 
isolated and purified fatty acid from A. spinosus was discov-
ered to inhibit the HepG2 cell proliferation (25). In our study, 
similar role was found by the use of fisetin. Fisetin changed 
DA levels in the serum of mice as well as in the tumor tissue 
samples. In addition, fisetin performs as DR2 agonist in 
regulating liver cancer cell proliferation, suggesting that on 
the one hand, the nervous system is involved in HCC develop-
ment. Also, fisetin might be used as a crucial and effective 
agent in HCC suppression.

Figure 5. Fisetin and bromocriptine reduces VEGFR and MAPK signaling pathway. (A) Western blot assays of VEGFR, p-ERK1/2, ERK1/2, p38 and pJNK 
in HCC-LM3 cells after fisetin treatment at different concentrations. (B) Western blot assays were performed to detect protein expression levels of VEGFR, 
p-ERK1/2, ERK1/2, p38 and pJNK in HCC-LM3 cells after bromocriptine treatment at different concentrations. The quantification of (C) VEGFR, (D) p38, 
(E) p-ERK1/2, and (F) pJNK is displayed. (G) VEGFR, (H) p-ERK1/2, (I) p38, and (J) pJNK expression levels at protein level was calculated. Data are 
presented as mean ± SEM. *P<0.05, **P<0.01 and ***P<0.001 versus Con group without any treatment.
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Figure 6. Fisetin inhibits liver cancer growth of transplanted liver cancer cell line (A) Representative images of tumors from BALB/C nude mice, which were 
orthotopically implanted with the HCC-LM3-RFP cells. Immediately after implantation, the animals were administered with different concentrations (0, 20, 
30 and 40 mg/kg) of fisetin daily via i.p. injection. After 7 weeks of treatment, the mice were sacrificed for following experiments. (B) The weight of tumor 
tissue from mice was measured. (C) The percent of survival rate was shown in mice with orthotopically implanted tumors in the absence or presence of fisetin. 
DA levels (D) in serum and (E) tumor tissue samples from mice with orthotopically implanted tumors were calculated via ELISA kits. Data are represented as 
mean ± SEM. *P<0.05, **P<0.01 and ***P<0.001 versus Con group without any treatment.

Figure 7. Fisetin treatment amelioarates liver cancer progression related to VEGFR1 and TGF‑β1 regulation (A) Immunohistochemical (IHC) analysis of 
Ki-67 is shown. (B) Ki-67 expressed levels via IHC were quantified. (C) VEGFR1 expression levels were determined via IHC. (D) VEGFR1-positive cells were 
calculated in the tumor tissue samples from mice. (E) Immunofluorescent (IF) analysis was used to determine TGF‑β1 levels in tumor tissue samples from 
mice with or without fisetin treatment at different concentrations. (F) The quantification of TGF‑β1 is shown accroding to the IF results. Data are represented 
as mean ± SEM. *P<0.05, **P<0.01 and ***P<0.001 versus Con group without any treatment.
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First in this study, fisetin was found to inhibit liver cancer 
cell proliferation, migration and invasion. It has been suggested 
that apoptosis induction is a main molecular mechanism by 
which cancer cells experience cell death (26). Also, presently, 
many drugs used for apoptosis induction are explored in order 
to find effective therapeutic strategies for cancer preven-
tion (27). The caspase-related mechanism is considered as a 
major signal pathway resulting in apoptosis (28). Disorders of 
caspases are related to various cancer cell immortality (29). 
In our study, we found that fisetin could activate caspase-3 
activity. The cleaved caspase-3 was expressed highly with 
the increasing of fisetin treatment, which was in line with the 
effects of bromocriptine on HCC-LM3 cells, suggesting that 
fisetin, to some degree, shows similar role with bromocriptine 
in regulating liver cancer. Subsequently, PARP cleavage was 
improved, activating apoptosis eventually. Also, our flow 
cytometry analysis indicated that apoptosis was induced for 
fisetin, bromocriptine and the two combinations. Of note, 
fisetin and bromocriptine co-treatment could further upregu-
late apoptosis, which might be due to fisetin administration 
enhancing bromocriptine role in liver cancer apoptosis induc-
tion and promoting cell death.

Previous studies have suggested that dopamine has close 
relationship with stress and movement (30). As a significant 
part of the nervous system, dopamine plays important role in 
development of many diseases, including cancer (31). Dopamine 
has been indicated to possess anticancer properties (32). In our 
study, we found that dopamine was upregulated in the serum 
and tumor tissue samples of mice with liver cancer for fisetin 
administration. The data indicated that dopamine was also 
involved in liver cancer progression, and fisetin could suppress 
liver cancer development, which was related to dopamine 
mediation. However, further study is needed to investigate the 
specific relationship between fisetin and dopamine in liver 
cancer progression. TGF‑β1 is well known in tumor growth, 
which could be regulated for ERK signaling pathway (33). ERK 
signaling pathway could activate TGF‑β1 expression, contribu
ting to various tumor metastasis (34). In our study, TGF‑β1 was 
highly expressed in liver cancer cells and tumors, which was 
downregulated for fisetin administration, as well as bromocrip-
tine treatment. Also, the following signals of p38 and pJNK 
were inhibited for fisetin and bromocriptine, accompanied with 
vimentin, E-cadherin and N-cadherin, which are important 
members associated with tumor growth (35,36).

In conclusion, this study indicated that fisetin could influ-
ence the nervous system, at least partly, as dopamine receptors 
function. Fisetin shows suppressive role in liver cancer develop-
ment, which could reduce the volume of liver cancer and prolong 
the survival of mice. Fisetin could be considered as dopamine 
agonist to inhibit liver cancer progression. Our study indicated 
that fisetin was beneficial for liver cancer inhibition. However, 
further study is still needed to clarify the molecular mechanism 
by which fisetin influences dopamine in the nervous system.
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