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1. Introduction
Hepatocellular carcinoma (HCC) has a high mortality and incidence 
rate (Venook et al. 2010). HCC accounts for approximately one 
million deaths per year worldwide. Surgical removal of liver cancer 
tissue and organ transplantation therapies remain the predominant 
first-line therapeutic measures for HCC. Radiofrequency ablation 
and percutaneous ethanol ablation are widely used to control the 
disease when surgery and organ transplantation is not achievable. 
Chemotherapy and immunological and hormonal therapies consti-
tute alternative treatment regimens. However, these treatments can 
cause liver cirrhosis and liver damage. In recent years, molecular 
targeted drugs such as sorafenib have been utilized to treat liver 
cancer. These drugs have improved the survival rate of liver cancer 
patients; however, eventual drug resistance is inevitable. 
To facilitate the development of drugs to treat liver cancer, it is 
essential to elucidate the molecular mechanisms of the initiation, 
progression, and survival of liver cancer cells. Different cancer 
cell types have facilitated abnormal activation of distinct signaling 
pathways including Wnt, and Ras/extracellular signal-regulated 
kinase (RAS/ERK) (Tanaka and Arii 2012). Aberrant activation of 
the Wnt signaling cascade is closely associated with the occurrence 
of various cancers (Mazieres et al. 2005; Tennis et al. 2007), most 
notably HCC (Kaur et al. 2012). In animal experiments, transge-
netic upregulation of Wnt signaling has been shown to cause tumor 
development (Cadigan and Nusse 1997; Clevers 2006). Clinical 
studies have demonstrated that the Wnt pathway is aberrant in 
nearly a third of patients with HCCs (Boyault et al. 2007; Chiang 
et al. 2008). Two different Wnt signaling cascades have been iden-
tified: non-canonical and canonical pathways. The Wnt/β-catenin 
signaling pathway plays an important role in the regulation of 
cell proliferation and differentiation, and is deregulated in many 
cancers and other diseases (Takahashi-Yanaga and Sasaguri 2007). 
Thus, targeting Wnt/β-catenin pathways is a promising strategy for 
the development of drugs for the treatment of HCC. 
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Oleanolic acid, isolated from privet, has shown antitumor effects in several cancers. However, the underlying 
molecular mechanism associated with these effects is largely unknown. In this study, we explored the effect of 
oleanolic acid derivatives on the Wnt/β-catenin signaling pathway in human hepatocellular carcinoma SMMC-
7721 cells. The mRNA and protein levels of related genes were determined by real-time quantitative PCR and 
Western blot, respectively. Treatment of SMMC-7721 cells with oleanolic acid derivatives led to the downregula-
tion of the mRNA and protein levels of β-catenin, c-myc, and cyclin D1. Treatment with oleanolic acid derivatives 
decreased the levels of β-catenin in both the cytoplasm and the nucleus. Moreover, oleanolic acid derivatives 
promoted the phosphorylation of β-catenin (Ser33/37/Thr41) in the cytoplasm. Our results suggest that olea-
nolic acid derivatives inhibit the Wnt/β-catenin signaling pathway by stimulating the phosphorylation of β-catenin 
(Ser33/37/Thr41) in human SMMC-7721 cells.

Oleanolic acid (OA) and ursolic acid (UA) are isomers. OA, UA, and 
their associated derivatives belong to a group of compounds known 
as the pentacyclic triterpene compounds and are abundant in various 
plants. In recent years, OA, UA, and their derivatives have been shown 
to induce cancer cell apoptosis through various pathways in many 
different kinds of cancer cells, including human pancreatic cancer 
cells, colonic cancer cells, breast cancer cells, bladder cancer cells, 
ovarian cancer cells, and hepatocellular carcinoma cells (Chakravarti 
et al. 2012; Shan et al. 2011; Shyu et al. 2010; Song et al. 2012; Wei 
et al. 2013; Zheng et al. 2013). It is reported that OA causes cell 
cycle arrest and induces apoptosis in pancreatic cancer cells through 
mitochondrial depolarization (Wei et al. 2013). UA has been shown 
to induce cell apoptosis in SW480 cells by lowering the expression 
level of the apoptosis antagonistic proteins, for example Bcl-2, Bcl-xL 
(Shan et al. 2011). Moreover, UA induces human bladder cancer 
cellular apoptosis by activating apoptosis signal-regulating kinase 
1- Jun N-terminal kinase (ASK1-JNK) signaling (Zheng et al. 2013). 
In addition, UA induces SK-OV-3 ovarian cancer cells apoptosis 
through activation of the phosphorylation of GSK-3β (Song et al. 
2012). Furthermore, OA and UA induce HuH7 cells apoptosis by 
downregulating X linked inhibitor of apoptosis protein (XIAP) (Shyu 
et al. 2010). These data suggest that OA, UA, and their derivatives 
inhibit the growth of many kinds of cancer cells by targeting distinct 
signaling pathways.
In recent years, active components from traditional Chinese medi-
cine have attracted a great deal of attention as candidates for HCC 
therapy. Numerous phytochemicals have been identified to disrupt 
Wnt/β-catenin signaling, such as lupeol, flavanoids (genistein), 
lycopene, curcumin, epigallocatechin-3-gallate (EGCG), and resve-
ratrol (Tarapore et al. 2012). However, it remains unclear whether 
OA, UA, or their derivatives alter the activity of Wnt/β-catenin 
signaling in HCC. In the present study, the effect of OA derivatives 
on the Wnt/β-catenin signaling pathway in HCC was explored.
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2. Investigations and results

2.1. Oleanolic acid derivatives downregulate the mRNA 
and protein expression of β-catenin, c-myc, and cyclin D1
In order to test whether oleanolic acid derivatives affect the activity 
of the Wnt/β-catenin signal transduction pathway, SMMC-7721 
cells were treated with oleanolic acid derivatives (0, 7, 9, and 11 μM) 
for 48 h. mRNA and protein levels of β-catenin, C-myc and Cyclin 
D1 were detected using Real-time qPCR and immunoblotting, 
respectively. The results demonstrated that oleanolic acid derivatives 
reduced the mRNA level of β-catenin with a significant reduction 
following treatment with 11 μM of the derivatives (Fig. 1A). More-
over, the mRNA expression levels of C-myc (Fig. 1B) and cyclin 
D1 (Fig. 1C) were significantly downregulated by incubation with 
oleanolic acid derivatives in a dose-dependent manner. In addition, 
the oleanolic acid derivatives dose-dependently downregulated the 
protein levels of β-catenin, C-myc and Cyclin D1 (Fig. 1D). These 
results indicated that the oleanolic acid derivatives inhibited the 
Wnt/β-catenin signaling pathway in SMMC-7721 cells.

2.2. Oleanolic acid derivative induces the phosphoryla-
tion of cytoplasmic β-catenin 
β-Catenin is the key molecule of the Wnt-signaling pathway. After 
dissociation from membrane-associated adheren junctions into the 

cytoplasm, β-catenin is ubiquitinated for degradation when phosphor-
ylated at Ser33/Ser37/Thr41. After activation of the Wnt-signaling 
pathway, β-catenin (Ser33/Ser37/Thr41) phosphorylation is generally 
inhibited, leading to its stabilization. The stabilized form of β-catenin 
subsequently enters the nucleus to regulate gene expression (Behrens 
et al. 1998). To test the effects of the oleanolic acid derivatives on the 
intracellular translocation of β-catenin, we checked the cytoplasmic 
and nuclear protein levels of β-catenin following immunoblotting. 
Total β-catenin was decreased in both the cytoplasm fraction (Fig. 
2A) and the nuclear fraction (Fig. 2B) in a concentration-dependent 
manner following treatment with the oleanolic acid derivatives. 
Intriguingly, phosphorylation of β-catenin (Ser33/37/Thr41) deriva-
tives in the cytoplasm fraction was dramatically increased following 
incubation with the oleanolic acid (Fig. 2A). These results indicate 
that the oleanolic acid derivatives increased the phosphorylation of 
cytoplasmic β-catenin in SMMC-7721 cells.

2.3. Oleanolic acid derivatives increase the phosphory-
lation level of total β-catenin 
To confirm that the enhanced phosphorylation levels of total β-catenin 
were not due to the alteration of the total β-catenin, we detected the 
total β-catenin after cells were treated with oleanolic acid deriva-
tives for 24 h. We observed that oleanolic acid derivatives treatment 
of SMMC-7721 cells for 24 h did not alter the amount of β-catenin 

Fig. 1:  Oleanolic acid derivatives suppress the activation of Wnt/β-catenin signaling in SMMC-7721 cells. SMMC-7721 cells were incubated with 7, 9, or 11 μM of oleanolic acid 
derivatives for 48 h. RT-PCR was used to determine the mRNA levels of β-catenin (A), c-myc (B) and cyclin D1 (C) with b-actin used as an internal control. (D) SMMC-
7721 cells were treated with 7, 9, or 11 μM oleanolic acid derivatives for 48 h. The extracted total protein was analyzed for β-catenin, c-myc, and cyclinD1 with b-actin 
used as loading control. All values are mean ± SD of three experiments. * p<0.05 vs. DMSO.
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protein. However, the phosphorylation of β-catenin (Ser33/37/Thr41) 
from the whole cell extracts was obviously increased by oleanolic acid 
derivatives in a concentration-dependent manner (Fig. 3). The above 
results show that oleanolic acid derivatives promote the phosphoryla-
tion of β-catenin, thereby leading to its degradation. 

3. Discussion
In this study, we found that oleanolic acid derivatives reduced the 
mRNA and protein expression levels of β-catenin, c-myc, cyclin D1. 
Moreover, oleanolic acid derivatives increased the levels of phospho-
β-catenin (Ser33/37/Thr41). Our results suggest that oleanolic acid 
derivatives inhibit the activity of the Wnt/β-catenin pathway through 
enhancing the phosphorylation of β-catenin (Ser33/37/Thr41), 
thereby promoting its degradation in human SMMC-7721 cells.
Tumorigenesis is closely related to the Wnt/β-catenin signal trans-
duction pathway (Takahashi-Yanaga and Kahn 2010). It has been 
shown that upregulation of the Wnt/β-catenin pathway promotes the 
proliferation, migration and invasion of HCC cells (Pez et al. 2013). 
Moreover, deregulation of β-catenin is closely related with the tumori-
genesis of HCC (Zeng et al. 2007). Cytoplasmic β-catenin is normally 
kept at a low level through the ubiquitin-proteasome system, which 
is regulated by a “destruction” complex made up of axin, APC and 
GSK-3β. Binding of Wnt proteins to Frizzled receptors leads to an 
increase in the levels of non-phosphorylated β-catenin, which enter 
into the nucleus, binds with the T-cell transcription factor/lymphoid 

enhancer-binding factor (TCF/LEF) and activates the expression of 
c-Myc and cyclin D1 (Clevers 2006; Moon et al. 2004). In different 
cancers, c-Myc is frequently overexpressed (Lin C. P. et al. 2010). 
Much evidence suggests that c-myc is a potential drug target (Calc-
agno et al. 2008; Dang 2012; Li et al. 2003; Wang et al. 2012). Leu 
et al. (2014) reported that reevesioside A can inhibit c-myc protein 
expression to exert its anticancer activity against human hormone-
refractory prostate cancers. The development and progression of many 
cancers such as breast, bladder and lung cancers depend on cyclin D1. 
Many studies found that the degradation of cyclin D1 may enhance 
the therapeutic intervention (Alao et al. 2006; Alao et al. 2004; Feng et 
al. 2007). In the present study, we found that oleanolic acid derivatives 
decreased the expression of β-catenin, c-Myc, cyclin D1 in a dose-
dependent manner in SMMC-7721 cells.
It is well known that non-phosphorylated β-catenin avoids ubiquitin-
proteasome-mediated degradation and subsequently translocates into 
the nucleus. High levels of nuclear β-catenin are responsible for poor 
prognosis in some cancers (Baldus et al. 2004; Cheng et al. 2011; 
Khramtsov et al. 2010; Lin et al. 2000). In the present study, we found 
that oleanolic acid derivatives reduced the expression of β-catenin 
regardless of the cytoplasm and nucleus in a concentration -dependent 
manner. GSK-3β phosphorylates β-catenin (Ser33/37/Thr41) and 
facilitates the maintenance of low levels of β-catenin in the cytoplasm. 
We hypothesized that the reduction in cytoplasmic β-catenin following 
oleanolic acid derivative treatment might be due to the upregulation 
of phospho-β-catenin (Ser33/37/Thr41), thereby promoting its degra-
dation. Indeed, the results indicated that oleanolic acid derivatives 
enhanced the phosphorylation of β-catenin in the cytoplasm. Evidence 
has indicated that β-catenin is important in hepatocarcinogenesis and 
assists in maintaining the survival of HCC cells, making it a potential 
target for cancer therapeutics (Zeng et al. 2007). It is therefore impor-
tant that the mechanism by which oleanolic acid derivatives induce the 
phosphorylation of β-catenin will be further studied. 
In conclusion, oleanolic acid derivatives suppress the Wnt/β-
catenin signaling pathway in HCC cells. This is accompanied by 
increased phosphorylation of cytosolic β-catenin. Our findings 
suggest that one of the mechanisms associated with the antitumor 
activity of OA, UA and their derivatives might be through blocking 
the Wnt/β-catenin pathway.

4. Experimental

4.1. Chemicals and reagents
Oleanolic acid derivatives were kindly given by Dr. Lei of Beijing University of Chinese 
Medicine (Beijing, China). The details of the oleanolic acid derivatives have been intro-
duced in previous studies. The derivatives of 93% purity were subsequently dissolved 
in dimethylsulfoxide (DMSO). RPMI1640 cell culture medium and fetal bovine serum 
(FBS) were purchased from Gibco. Sodium dodecylsulfate (SDS), dithiothreitol (DTT), 
phenylmethylsulfonylfluoride (PMSF), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltet-
razolium bromide (MTT), annexin V-FITC/propidium iodide (PI) apoptosis detection 
kit and JC-1 were purchased from Sigma. Reverse transcriptase and the SYBR green 
quantitative RT-PCR kit were purchased from TAKARA (Dalian, China). Rabbit anti-β-
catenin, anti-cyclin D1, anti-c-myc, anti-β-actin, phospho-β-Catenin (Ser33/37/Thr41) 
and horseradish epoxidase-conjugated goat anti-rabbit antibodies were obtained from 
Cell Signaling Technology (Boston, MA, USA). The nucleoprotein and cytoplasm 
protein extraction kits were obtained from Nanjing KeyGen Biotech (Nanjing, China). 
PVDF microporous membranes and the enhanced chemiluminescence detection kit 
were obtained from TAKARA (Dalian, China). The RIPA cell lysis buffer was obtained 
from Beyotime Biotech (Haimen, China).

4.2. Cell culture and treatment 
Human HCC SMMC-7721 cells were obtained from the American Type Culture 
Collection (Manassas, VA, USA) and were cultivated in RPMI-1640 medium 
containing 10% heat inactivated FBS and 1% penicillin-streptomycin at 37 oC in a 
5% CO

2
 incubator. Cells were treated with different concentrations of oleanolic acid 

derivatives or DMSO (alone) for the indicated period of time.

4.3. The genetic level analysis test
Cells were maintained in 6-well plates and treated with 7, 9, or 11 μM of oleanolic acid 
derivatives or 0.11% DMSO for 48 h. Trizol agent (Gibco Life Technologies) was used for 
extraction of general RNA and RNA concentration was determined using a spectropho-
tometer (Thermo-Scientific, Wilmington, DE). The quality of RNA was visualized using 
1% agarose gel electrophoresis. RT-PCR was completed in a 20 μl reaction mixture using 
the following procedure: predegeneration (95 °C, 30 s), and 35 cycles of denaturation (94 
°C, 45 s), annealing (60 °C, 30 s) and extension (72 °C, 1 min). The terminal step was an 

Fig. 2:  Oleanolic acid derivatives induced the phosphorylation of β-catenin. (A) 
SMMC-7721 cells were incubated with 7, 9, or 11 μM of oleanolic acid deriv-
atives for 48 h. Cytoplasmic proteins were extracted for Western blot analysis 
of β-catenin and phosphorylation of β-catenin (Ser33/37/Thr41) with β-actin 
as a reference. (B) Nuclear proteins were extracted for analysis of β-catenin 
with Histone H2A as loading control. DMSO was used as a control treatment.

Fig. 3:  Oleanolic acid derivative promoted the phosphorylation of total β-catenin. To-
tal protein from SMMC-7721 cells treated with 0, 7, 9, or 11 μM of oleanolic 
acid derivatives for 24 h was analyzed for β-catenin and phosphorylation of 
β-catenin (Ser33/37/Thr41) with β-actin as a loading control.
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extension step at 72 °C for 10 min. The threshold cycle (Ct) has an inverse association with 
the related mRNA level. The 2-ΔΔCt method was used to calculate the relative quantity of 
target mRNA. The sequences of the primers were designed using Primer Premier 5.0 and 
are shown in the Table.

4.4. Western blot analysis
Cell lysis buffer containing a 1% protease inhibitor cocktail (Roche) was used to extract 
the total protein. Cytoplasm and nuclear proteins were prepared using a cytoplasmic and 
nuclear protein extraction kit according to manufacturer’s instructions. Protein concen-
tration was determined using the BCA assay. A total of 60 μg of extracted protein was 
separated on 10% SDS-PAGE and subsequently transferred onto a PVDF membrane. 
The membranes were blocked with 5% w/v non-fat dry milk dissolved in TBS-T at room 
temperature for 1 h and incubated with primary antibodies overnight at 4 °C. Twelve 
hours later, PVDF membranes were washed with TBS-T, and incubated with horseradish 
peroxidase (HRP)-labeled secondary antibodies for 60 min at room temperature. An ECL 
kit was used for observing protein bands. β-actin acted as a loading control.

4.5. Statistical analysis
Data are presented as mean±SD. All experiments were repeated at least three times. 
All data were analyzed using SPSS19.0 statistical software. One-way ANOVA was 
used to analyze multiple groups. GraphPad Prism 5.02 and Excel were used for statis-
tical analysis. A P value < 0.05 was considered significantly different. 
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Table:  Sequences of primers for RT-PCR

Gene Sense (5’-3’) Antisense (5’-3’)

β-catenin CCAAGTGGGTGGTATAGAGG AGTCCATAGTGAAGGCGAAC

c-myc TTGTTGCGGAAACGACG TCATAGGTGATTGCTCAGGAC
cyclinD1 GCATGTTCGTGGCCTCTAAG TTCAATGAAATCGTGCGGGG

β-actin AAATCGTGCGTGACATTAA GGAAGGAAGGTTGGAAGAGAGC


