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Introduction: In this study, we aimed to investigate the effect of butein on p53 in hepatocellular 

carcinoma (HCC) cells and the related molecular mechanisms by which p53 was activated.

Methods: MTS assay and clonogenic survival assay were used to examine the antitumor activ-

ity of butein in vitro. Reporter gene assay was adopted to evaluate p53 transcriptional activity. 

Flow cytometry and western blotting were performed to study apoptosis induction and protein 

expression respectively. Xenograft model was applied to determine the in vivo efficacy and the 

expression of p53 in tumor tissue was detected by immunohistochemistry.

Results: HCC cell proliferation and clonogenic survival were significantly inhibited after butein 

treatment. With the activation of cleaved-PARP and capsase-3, butein induced apoptosis in HCC 

cells in a dose-dependent manner. The transcriptional activity of p53 was substantially promoted 

by butein, and the expression of p53-targeted gene was increased accordingly. Mechanism 

studies demonstrated that the interaction between MDM2 and p53 was blocked by butein and 

MDM2-mediated p53 ubiquitination was substantially decreased. Short-hairpin RNA experiment 

results showed that the sensitivity of HCC cells to butein was substantially impaired after p53 

was knocked down and butein-induced apoptosis was dramatically decreased. In vivo experi-

ments validated substantial antitumor efficacy of butein against HepG2 xenograft growth, and 

the expression of p53 in butein-treated tumor tissue was significantly increased.

Conclusion: Butein demonstrated potent antitumor activities in HCC by activating p53, and 

butein or its analogs had therapeutic potential for HCC management.

Keywords: butein, cell apoptosis, hepatocellular carcinoma, MDM2, natural product, p53, 

ubiquitination

Introduction
Genomic instability, a tendency of gene alteration during the life cycle of cells, is 

considered to be the major driving force of tumorigenesis.1 The genes engaged in 

the regulation of cell cycle arrest and DNA damage repair are considered to have an 

important role to maintain the stability of whole genome.2 p53, a transcription factor 

which is often activated when cells are in various stressed conditions, has a critical role 

in keeping genome integrity. Owing to the importance, so far, the TP53 gene mutation 

has been identified in over half of the human cancers.3 According to the different 

effects on p53 function, the gene mutations can be divided into contact mutations and 

structural mutations. The contact mutations affect the binding between p53 and DNA 

and give rise to the loss of its transcriptional activity, while the structural mutations 

can cause the instability of local structure of the p53 core domain.4–6

In addition to the gene mutation, p53 activity is also mediated by multiple post-

translational modifications. The well-known mechanism to inactivate p53 is via 

overexpression of its negative regulators, such as MDM2. MDM2 amplification or 
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overexpression has been identified in various cancers, includ-

ing gastric cancer, breast cancer, and prostate cancer, and is 

closely related to p53 inactivation.7–9 MDM2 mediates p53 

activity by two distinct mechanisms: directly suppressing 

p53 transcriptional activity via binding to the N-terminal, or 

promoting its ubiquitination and resulting in p53 degrada-

tion. Under normal physiological conditions, owing to the 

continuous degradation mediated by MDM2, the half-life of 

p53 is very short and it is maintained at a low level. Besides 

MDM2, other ubiquitin ligases such as RIPH2, COP1, and 

CHIP have also been identified as negative regulators of 

p53.10 Apart from ubiquitination, phosphorylation, acetyla-

tion, sumoylation, or methylation of p53 has been demon-

strated to promote p53 stabilization and activation.11 Once 

p53 is activated, expressions of genes involved in cell cycle 

mediation, cell apoptosis or senescence induction, or tumor 

angiogenesis are induced by p53.12

Butein, a chalconoid isolated from Rhus verniciflua 

Stokes, has been used as a food additive for a long time 

in Southeast Asia.13 Butein has also been shown to exhibit 

promising therapeutic efficacy in chronic diseases, such as 

inflammation, glaucoma, and cardiovascular diseases.14–16 

Recently, increasing evidence has demonstrated that butein 

could exert substantial antitumor activity against various 

cancers.17–20 As a multitargeted compound, butein was found 

to demonstrate inhibitory effects on several important sig-

naling pathways in cancer cells, including EGFR, NF-κB, 

PI3K/AKT/mTOR, and STAT3 pathways.20–22

In the present study, we investigated the antitumor 

potency as well as the underlying mechanism of butein in 

hepatocellular carcinoma (HCC). Butein had shown profound 

efficacy against HCC cells in vitro, and p53 was significantly 

stabilized and activated after butein treatment. The activation 

of p53 by butein was mainly attributed to the blockade of 

the interaction between p53 and MDM2, and the suppression 

of MDM2-mediated p53 degradation. Further investigations 

revealed that butein exerted its function in a p53-dependent 

manner. Our study suggested that butein, or its analog, may 

have therapeutic potential in HCC.

Materials and methods
cell lines and reagents
The SMMC-7721 and HepG2 cells were purchased from 

the Cell Bank of Chinese Academy of Sciences (Shanghai, 

People’s Republic of China) and the American Type Culture 

Collection (Manassas, VA, USA), respectively, and cultured 

following the protocols provided by supplier. Butein was 

a product of Sigma-Aldrich (St Louis, MO, USA). The 

primary anti-cleaved-PARP, cleaved-caspase3, ubiquitin, 

p53, Bax, MDM2, and Ki67 antibodies and the secondary 

goat anti-rabbit IgG-horseradish peroxidase (HRP) were 

from Cell Signaling Technology (Beverly, MA, USA). 

Lentivirus plasmid (pLKO.1-shp53, TRCN0000003753) was 

purchased from Thermo Scientific (Huntsville, AL, USA). 

LipofectamineTM 2000 was from Invitrogen (Carlsbad, 

CA, USA).

cell proliferation assay
SMMC-7721 or HepG2 cells were seeded into 96-well 

plates with appropriate cell density and then treated with 

different concentrations of butein (0, 15, 30, and 60 μM). 

At different time points (24, 48, and 72 h), the cell viability 

was determined with the MTS assay kit (Promega, Madison, 

WI, USA).

clonogenic survival assay
After treatment with butein for 24 h, SMMC-7721 or HepG2 

cell suspensions (1×103 cells/well) were plated into a 6-well 

plate and cultured for about 1–2 weeks until visible colonies 

($50 cells) were formed. The colonies were fixed with 4% 

paraformaldehyde and stained with 1% crystal violet, and 

then the number of colonies was counted.

Flow cytometry
After treatment with butein, HepG2 cells were harvested and 

centrifuged at 2,000 rpm for 5 min and then the cell pellets 

were washed and resuspended with cold PBS solution. 5 μL 

Annexin V–fluorescein isothiocyanate (FITC) solution was 

incubated with the cell suspension for 10–15 min avoiding 

light, then 10 μL propidium iodide (PI) was added and the 

mixture was incubated for another 5 min; the stained cells 

were subjected to flow cytometry analysis after 1 h.

Western blot analysis
The cells were lysed with radioimmunoprecipitation assay 

(RIPA) buffer (Beyotime Biotechnology, Jiangsu, People’s 

Republic of China) on ice and the lysates were collected; 

then the proteins in cell lysates were quantified with the BCA 

Protein Assay Kit (Beyotime Biotechnology). After resolving 

the proteins with sodium dodecyl sulfate–polyacrylamide gel 

electrophoresis (SDS-PAGE), the proteins were transferred 

onto polyvinylidene difluoride membranes. After blocking 

with 5% nonfat milk, the membranes were incubated with 

corresponding primary antibodies at 4°C overnight. By 

hybridizing with HRP-conjugated secondary antibodies, the 

bands on the membranes were visualized with an enhanced 

Western lightning plus-ECL kit (#32132; PIERCE, Rockford, 

IL, USA).
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immunoprecipitation
For MDM2–p53 interaction experiments, after treatment 

with butein the HepG2 cells in 100 mm dish were lysed 

with CO-IP lysis buffer (#87787; Thermo Scientific) con-

taining protease inhibitors. 2 μg p53 antibodies and 100 μL 

protein A/G agarose beads (Amersham Biosciences AB, 

Buckinghamshire, UK) were added into the lysates and 

incubated at 4°C overnight, and then the beads were collected 

by centrifugation. The precipitated proteins on the beads 

were washed at least three times and mixed with the loading 

buffer, boiled at 100°C for 5 min, subjected to SDS-PAGE 

and then probed with anti-MDM2 antibody. For p53 ubiq-

uitination analysis, the HepG2 cells in the 100 mm dish 

were treated with butein and lysed with RIPA lysis buffer 

(#89900; Thermo Scientific) containing protease inhibitors; 

appropriate p53 antibodies and 100 μL protein A/G aga-

rose beads (Amersham Biosciences AB) were added into 

the lysates and incubated at 4°C overnight, then the beads 

were collected by centrifugation. The precipitated proteins 

on the beads were washed at least three times and mixed with 

the loading buffer, boiled at 100°C for 5 min, and subjected 

to SDS-PAGE, and p53 ubiquitination was detected with an 

anti-ubiquitin antibody.

luciferase reporter assay
The p53 firefly luciferase reporter plasmid (pp53-TA-luc; 

Beyotime Biotechnology) and the internal control Renilla 

luciferase reporter plasmid (Promega) were cotransfected 

into HepG2 using Lipofectamine 2000 according to sup-

plier’s directions. After transfection, the transfected cells 

were treated butein for 24 h and the luciferase activities in cell 

lysates were determined with the Dual Luciferase Reporter 

Assay kit (Promega).

lentiviral infection
pLKO.1-shp53 was cotransfected with PSPAX2 and 

PMD2-G into 293T cells using Lipofectamine 2000 reagent. 

Fourty-eight hours after transfection, viral fractions in the 

supernatant were collected by centrifugation. Next, the virus 

was infected into HepG2 cells which were at 80% conflu-

ence and were growing in 10 cm dish along with 10 μg/mL 

polybrene. Twenty-four hours later, fresh medium with puro-

mycin was added. After the cells with no lentiviral infection 

were completely dead, p53-short-hairpin RNA (shRNA) cells 

were used for further studies.

in vivo xenograft experiment
The animal experiments were approved by Wenzhou Medical 

University Animal Care and Use Committee. Balb/c nude 

mice were used in the in vivo experiment, and all proce-

dures were performed based on the guidelines approved by 

Wenzhou Medical University Animal Care and Use Com-

mittee. The mice with HepG2 xenografts were randomly 

assigned to groups when the tumor volume was about 

50–100 mm3; the vehicle group was dosed with 0.2 mL 

0.5% carboxymethylcellulose (the vehicle), and the treat-

ment group was administered 5 mg/kg butein (butein was 

dissolved with 0.5% carboxymethylcellulose and 10% 

polyethylene glycol 400) three times per week by intraperi-

toneal injection. The tumor volume and mice body weight 

were recorded twice per week.

immunohistochemical staining
Tumor tissues embedded in paraffin were dewaxed in xylene 

and hydrated in ethanol. By placing the slides in boiling 

sodium citrate buffer (10 mmol/L, pH 6.0) for 5 min, the 

antigen was retrieved. The endogenous peroxidase activity 

in tumor tissues was blocked with 3% H
2
O

2
. After incubation 

with goat serum to block the unspecific binding sites, the 

slides were incubated with anti-p53 or -Ki67 antibodies at 

4°C overnight. Biotinylated goat anti-rabbit IgG antibodies 

were added at a 1:100 dilution and incubated. Finally, the 

slides were incubated with HRP-conjugated streptavidin and 

then developed with DAB solution. After counterstaining 

with Harris’ hematoxylin, the sections were dehydrated and 

mounted. The expression of p53 or Ki67 in tumor tissue was 

analyzed using Image-Pro Plus software (version 6.2; Media 

Cybernetics, Rockville, MD, USA).

statistical analysis
Data are presented as mean ± SD in this study, and the sta-

tistical difference was analyzed using the Student’s t-test or 

one-way analysis of variance (SPSS software, version 13.0; 

SPSS, Chicago, IL, USA). p,0.05 indicated a significant 

difference.

Results
Butein suppressed hcc cell proliferation 
and clonogenic survival
First, the antitumor activity of butein against HCC cell pro-

liferation was examined by MTS assay, and the results dem-

onstrated that HCC proliferation was inhibited significantly 

by butein in a time- and dose-dependent manner. At 60 μM, 

the inhibition rate reached 43.8% and 54.7% in SMMC-

7721 and HepG2, respectively (Figure 1A). In addition to 

proliferation inhibition, we also investigated the effect of 

butein on HCC cells by clonogenic survival assay, which 

is regarded as the “gold standard” cellular sensitivity assay. 
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After butein treatment, the number of colonies was substan-

tially decreased. At 60 μM, few colonies were observed in 

contrast with the control (Figure 1B).

Butein induced apoptosis in hepg2 cells
To confirm cell apoptosis induction by butein, after the 

treatment with butein for 24 h, HepG2 cells were stained 

with Annexin V–FITC and PI to detect apoptotic status. 

As shown in Figure 2A, butein dramatically induced apop-

tosis in HepG2 cells in a dose-dependent manner (.20% of 

HepG2 cells undergone apoptosis at 60 μM). Moreover, the 

effect of butein on protein involved in apoptosis induction 

was also examined. Western blotting results showed that 

cleaved PAPR and caspase-3, which are two important bio-

markers to indicate apoptosis, were substantially increased 

(Figure 2B). This further demonstrated that HCC cells were 

subjected to apoptosis after butein treatment.

Butein activated p53 transcriptional 
activity
To investigate the effect of butein on p53, firefly luciferase 

pp53-TA-luc reporter plasmid was transfected into HepG2 

cells. Given luciferase activities were tied closely to p53 

transcriptional activity, the luciferase activities were used to 

examine the effect of butein on p53 transcriptional activity. 

As demonstrated in Figure 3A, the luciferase activities were 

substantially increased in a dose-dependent fashion and the 

activities were promoted to nearly 6-fold after 30 μM butein 

treatment, suggesting that the transcriptional activity of 

p53 was significantly increased. Moreover, we assessed the 

Figure 1 Butein suppressed hcc cell proliferation and clonogenic survival in vitro. 
Notes: (A) sMMc-7721 (left) and hepg2 (right) cells were incubated with butein for different durations and the cell viability was examined with MTs assay. (B) clonogenic 
survival assays were performed in sMMc-7721 (upper) and hepg2 (lower) cells as described in the “Materials and methods” section. *p,0.05, ***p,0.001, versus 
the control.
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expression of Bax, which is an important target gene of p53 

for apoptosis mediation. After butein treatment, the expres-

sions of p53 and Bax were significantly increased, confirming 

that p53 transcriptional activity was significantly promoted 

by butein (Figure 3B).

Butein suppressed MDM2-mediated p53 
ubiquitination
MDM2-mediated ubiquitination is an important post-

translational modification of p53, and could result in p53 

degradation. Our results showed that p53 was increased 

after butein treatment; so we further investigated whether 

butein had an effect on MDM2-mediated p53 ubiquitina-

tion. As shown in Figure 4A, butein blocked the interaction 

between MDM2 and p53. After butein treatment, MDM2 

binding to p53 was significantly decreased. Due to the 

blockade of interaction between MDM2 and p53, p53 

ubiquitination was decreased in a dose-dependent manner 

(Figure 4B), which led to p53 activation.

p53 knockdown impaired the sensitivity 
to butein
To confirm the importance of p53 in butein-mediated antitu-

mor activity, shRNA was utilized to silence p53 expression in 

HepG2 cells. As shown in Figure 5B, in p53-knockdown cells, 

butein-induced apoptosis was dramatically attenuated. In the 

shGFP group, more than 20% of the cells were subjected to 

apoptosis by butein; however, cell apoptosis was significantly 

decreased in p53-knockdown cells. Western blotting results 

further validated that after p53 was silenced the increase 

in the level of Bax, as well as that of cleaved-PARP and 

caspase-3, was substantially impaired (Figure 5A).

Butein suppressed hepg2 xenograft 
growth
Finally, the antitumor potency of butein was determined 

in HepG2 xenograft model in vivo, and the results 

Figure 2 Butein induced apoptosis in hepg2 cells. 
Notes: after treatment with butein for 24 h, the hepg2 cells were subjected to annexin V–FiTc and Pi double staining and analyzed by Facs (A), or the expression of 
indicated protein was examined by Western blotting with corresponding antibodies (B). *p,0.05, **p,0.01, versus the control.
Abbreviations: FACS, fluorescence-activated cell sorting; FITC, fluorescein isothiocyanate; PI, propidium iodide.

β

Figure 3 Butein promoted p53 transcriptional activity.
Notes: (A) hepg2 cells were transfected with p53 reporter gene and treated with 
butein for 24 h, and the luciferase activities were examined. *p,0.05, versus the 
control. (B) hepg2 cells were treated with butein for 24 h and the expressions of 
p53 and Bax were examined.

β
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demonstrated that butein substantially suppressed tumor 

growth (Figure 6A–C). The volume of tumor in the vehicle 

group reached about 700 mm3, but in the butein-treated group, 

the average tumor volume was reduced to 300 mm3. More-

over, the average tumor weights between these two groups 

were significantly different (0.68 g vs 0.29 g, p,0.05). Also, 

no obvious toxicity was detected in the butein-treated group; 

the average body weights in both vehicle- and butein-treated 

group were equal (Figure 6D). We further detected p53 

expression in tumor tissue. Immunohistochemical staining 

demonstrated that p53 expression was remarkably increased 

in butein-treated tissue (Figure 6E). Meanwhile, the level 

of Ki67, a proliferation maker, was significantly decreased, 

indicating that with p53 activation, the proliferation potential 

of HepG2 cells was weakened.

Discussion
HCC is the cancer that ranks second in terms of mortality 

rate and is a great threat to public health.23 Due to the 

increasing prevalence of this disease, the development of 

novel therapeutics is in urgent demand. Leaving aside the 

chemical entities obtained from rational design, natural 

compounds have also demonstrated great potential in 

cancer prevention and therapy.24 Through the analysis of 

the failure of several phase III trials in HCC, drug safety 

was identified to be an important factor.25 In terms of drug 

safety, owing to butein being used as food additive, it may 

have an advantage. The in vivo experimental results also 

confirmed that no obvious toxicity was observed in butein-

treated mice (Figure 6D).

It has been demonstrated previously that butein adminis-

tration could induce cell cycle arrest at G2/M phase, trigger 

reactive oxygen species generation, and increase mito-

chondrial permeability.26–28 All these stress signals would 

Figure 5 silencing of p53 impaired the sensitivity to butein. 
Notes: hepg2 cells were transfected with gFP shrna or p53 shrna, respectively, and then treated with 60 μM butein for 24 h. (A) The expressions of indicated proteins 
were examined by Western blotting. (B) The cells were stained with Annexin V-FITC and PI and analyzed with flow cytometry. *p,0.05, versus the sh-gFP group.
Abbreviation: Pi, propidium iodide.

β

β

Figure 4 Butein inhibited MDM2-mediated p53 ubiquitination. 
Notes: (A) Butein suppressed the binding of p53 to MDM2. after treatment with 
30 μM butein for 24 h, Wce was prepared using the nP40 cO-iP buffer. The cell 
lysate was incubated with anti-p53 antibody and agarose a/g beads (50% slurry) 
overnight at 4°c. The supernatant was discarded and the beads were washed using 
wash buffer 3 times. after boiling in 2× loading buffer for 5 min, the supernatant 
was subjected to Western blotting analysis. (B) p53 ubiquitination was decreased 
after butein treatment. after incubation with butein for 24 h, hepg2 cells were 
treated with Mg132 for another 6 h, the cell lysate was immunoprecipitated with 
p53 antibody and p53 ubiquitination was examined with anti-ubiquitin antibody.
Abbreviations: iP, immunoprecipitation; Wce, whole cell extract.
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Figure 6 Butein inhibited hepg2 xenograft growth in vivo. 
Notes: (A) The tumor growth curve. (B) The photograph of the tumors. (C) The tumor weights in the vehicle- and the butein-treated group, *p,0.05 versus the vehicle. 
nude mice with hepg2 xenograft were randomly assigned into the vehicle or the treatment group, and the treatment was intraperitoneally injected (5 mg/kg butein) three 
times per week; the tumor volume was recorded twice per week. (D) Body weight of tumor-bearing mice in vehicle- and butein-treated group. (E) The expression of p53 
and Ki67 in tumor tissue. The tumor tissue of hepg2 xenograft model was stained through immunohistochemistry with the indicated antibodies. left: representative images 
of immunohistochemistry staining. Right: quantification of indicated marker. *p,0.05 indicated significant difference.

result in the activation of p53. As demonstrated in Figures 3 

and 6E, p53 expression was significantly increased after 

butein treatment. Meanwhile, the transcriptional activity 

of p53 was substantially enhanced. With the improvement 

in p53 activity, Bax, which is the main downstream target of 

p53, was also significantly increased. As an important protein 

involved in cell apoptosis regulation, Bax elevation led to 

mitochondrial depolarization, cytochrome C release, and 

induction of cell apoptosis. Further investigations validated 

that butein-induced apoptosis was closely correlated with the 
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p53 activation, as evidenced by the significantly impaired 

apoptosis in p53-knockdown HCC cells (Figure 5). In chronic 

myeloid leukemia, Woo et al29 also observed that butein had 

shown more potent antitumor activity in p53 wild-type cell 

then in p53-null cell.

Abnormalities of p53–MDM2 pathway, such as TP53 

gene mutations and MDM2 overexpression, are common in 

HCC, and the restoration of p53 was proven to be effective 

to trigger tumor clearance.30,31 Different strategies, including 

disruption of the MDM2–p53 interaction, stabilization of 

active p53 conformation, and delivery of exogenous thera-

peutic wild-type p53 were applied to restore p53 function.32 

Nutlin, which has been proven to possess antitumor activity 

against different types of cancer cells, was discovered as the 

first MDM2 inhibitor that can displace MDM2–p53 binding, 

causing the stabilization and accumulation of p53.33 So far, 

except Nutlin and its derivative RG7112, other MDM2 

antagonists such as MK-8242 and RO5503781, are also in 

clinical studies.34 p53 expression was substantially increased 

after butein treatment (Figures 3 and 4A), owing to the fact 

that p53 can bind to the specific response elements of MDM2 

promoter region (the autoregulatory feedback loop), and thus 

the increase of p53 would enhance MDM2 transcription. 

In our study, the increase of MDM2 expression was observed 

after butein treatment (Figure 4A). However, the increase of 

MDM2 did not give rise to elevation of p53 ubiquitination; 

on the contrary, p53 ubiquitination was decreased in a dose-

dependent manner by butein, proving that the interaction 

between MDM2 and p53 was blocked by butein. Therefore, 

we proposed that the activation of p53 was mainly attributed 

to the suppression of the interaction between p53 and MDM2. 

In addition to ubiquitination, other modifications such as 

phosphorylation and acetylation are also involved in the 

regulation of p53 stability. It has been reported previously 

that phosphorylation of p53 at a specific site could free p53 

from MDM2.11 The multiple effects of butein in cancer cells 

would result in stress signals that lead to the induction of p53 

posttranslational modifications. Therefore, further studies are 

needed to elaborate whether butein blocked the interaction 

between p53 and MDM2 via directly binding to MDM2 or 

p53, or in an indirect way by inducing other modifications.

Conclusion
Our study demonstrated that butein could display signifi-

cant antitumor activity against HCC cells by stabilizing and 

activating p53 function. Investigations of the mechanism 

revealed that activation of p53 was mainly attributed to the 

blockade of p53 binding to MDM2 and the suppression of 

MDM2-mediated p53 ubiquitination. Our study disclosed a 

novel mechanism by which butein displayed its antitumor 

activity, and hence we suggest that butein or its analogs have 

therapeutic potential in HCC.
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