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The tumor suppressor gene, p53, is inactivated in the human hepatocellular carcinoma cells line, 
Hep3B. Berberine has been reported to inhibit the proliferation of cancer cells. This study examined 
whether apoptosis was induced in berberine-treated Hep3B cells and observed the association 
between apoptosis and the expression of p53 and DNA methyltransferase (DNMT). The cell viability 
was measured using an MTT assay. Apoptosis of Hep3B was measured using annexin V flow 
cytometry. Berberine-treated cells were examined for their DNMT enzymatic activity, mRNA 
expression, and protein synthesis. The p53 levels were examined by Western blot analysis. The 
berberine treatment resulted in increased Hep3B cell death and apoptosis in a time- and 
dose-dependent manner. The DNMT3b activity, mRNA expression, and protein levels all decreased 
after the berberine treatment. In contrast, the p53 protein levels increased with a concomitant 
decrease in DNMT3b. No change in the expression of ERK was observed, but the P-ERK levels 
decreased in a dose dependent manner. These results indicate that a treatment of Hep3B cells with 
berberine can reduce the expression of DNMT3b, leading to an increase in the tumor suppressant 
gene p53 and an increase in cell apoptosis. This shows that berberine can effectively suppress the 
proliferation of liver cancer cells.

Copyright © 2020 The Korean Society for Clinical Laboratory Science. All rights reserved. 
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INTRODUCTION

Liver cancer is one of the most common cancers 

worldwide [1]. Genetic alteration is one of the key 

contributing factors for liver carcinogenesis and 

genetic alterations is heavily influenced by DNA 

methylation [2]. Specific DNA methylations are 

regulated by expression of DNA methyltransferase 

(DNMT) and as such, DNMT expression are associated 

with liver carcinogenesis [3, 4]. Three forms of DNMT 

exist. DNMT1 acts on nascent DNA during cellular 

differentiation resulting in formation of hemimethylated 

CpG dinucleotides (maintenance DNMT) [5, 6]. DNMT3a 

and DNMT3b methylate CpG dinucleotides during early 
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replication (de novo DNMT). The loss of either DNMT3a 

or DNMT3b exhibits a profound effect on cells [7, 8]. 

The functions of the three DNMTs are overlapping. For 

example, DNMT1 can acts as a de novo DNMT whereas 

DNMT3a and DNMT3b can act as maintenance DNMT 

[9, 10]. It has been reported that DNMT can influence 

tumor suppressor gene expression such as p53 [11, 12]. 

Several therapies are available for treatment of liver 

cancer [13]. Of these methods, anti-cancer drugs 

inhibit cell activity. However, all existing anti-cancer 

therapies have a myriad of inherent side-effects [14]. 

Therefore, development of new therapeutic regimens 

with minimal side-effects are necessary. Recently, 

natural products and/or extracts from natural 

products, which have limited adverse effects, have been 

examined as adjunct therapy for cancer [15]. 

One such natural product, berberine, has anti-cancer 

effects on stomach cancer, lung cancer and cervical 

cancer. In addition, berberine exert anti-oxidative 

effects as well as other pharmacologic properties [16]. 

Berberine has been reported to inhibit cancer cell 

proliferation [17, 18], decrease TNF-alpha expression 

[19], and regulate urokinase-plasminogen activator 

inhibitor (PAI) [20]. In addition, berberine can modulate 

the caspases-mitochondria-dependent pathway [21] to 

enhance apoptosis. In 2014, Yao et al reported that 

berberine can induce hypomethylation of p53 in 

multiple myeloma cells resulting in apoptosis [22]. 

Another report suggested that administration of 

berberine caused demethylation of DNA in rat liver 

[23]. Collectively, these reports suggest that berberine 

may affect p53 methylation status in the liver. 

In the current study, we evaluated the effects of 

berberine on the Hep3B liver cancer cell line [24]. 

Hep3B cells were treated with berberine in vitro and the 

induction of apoptosis, p53 expression and DNMT 

activity was assessed.

MATERIALS AND METHODS

1. Cell culture

The human hepatocellular carcinoma cell line 

Hep3B (ATTC, Manassas, VA, USA) were cultured on 100 

mm culture plates (Falcon, Corning, NY, USA) in 

Dulbecco’s modified Eagle’s medium (DMEM, Sigma, 

Irvine, United Kingdom) containing 10% fetal calf 

serum (GE Healthcare Bio-Sciences AB, Bjorkgatan, 

Uppsala, Sweden), penicillin (100 g/mL; GE Healthcare 

Life Sciences, Pasching, Austria) at 37°C in humidified 

chamber at 5% CO2. Berberine hydrochloride (Sigma- 

Aldrich, Louis, MO, USA) was dissolved in deionized 

water (1 mM) and diluted prior to addition to culture 

media for 24 or 48 hours.

2. MTT assay

Cells in the exponential growth phase were 

harvested, adjusted to 4×104 cells/mL and seeded in a 

96-well plate. After incubating for 24 hours, the cell 

culture medium was removed and fresh media 

containing berberine was added. Cells were incubated 

for both 24 and 48 hours, followed by the addition of 

100 L EZ-Cytox (MTT reagent; DoGenBio, Guro, 

Seoul, Korea). After incubation at 37°C for 4 hours, the 

absorbance was measured at 450 nm using a microplate 

reader (Molecular Devices, San Jose, CA, USA). The 

survival rate was determined using growth rate %= 

(optical density of treated cells/optical density of 

untreated cells)×100.

3. Flow cytometric analysis for detection of apoptosis

Hep3B cells were cultured for 24 hours with varying 

concentrations of berberine (50, 200, and 400 M), 

detached with trypsin and then stained with annexin 

V-FITC/PI detection kit (BD Pharmingen, San Diego, 

CA, USA). The cells were analyzed immediately on a 

flow cytometer (BD Pharmingen).

4. Measurement of DNMT activity

Nuclear proteins were isolated using EpiQuikTM 
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Nuclear Extraction Kit I (Epigentek, Brooklyn, NY, USA) 

from berberine treated cells. After measuring the 

protein concentration with the BCA Protein Assay Kit 

(Thermo scientific, Rockford, IL, USA), total DNMT 

activity was analyzed using EpiQuikTM DNA Methyl-

transferase Activity/Inhibition Assay (Epigentek).

5. RNA extraction and cDNA synthesis

Cells were homogenized with 1 mL of Trizol Reagent 

(Ambion, Carlsbad, NM, USA), mixed with 0.3 mL of 

chloroform and centrifuged at 12,000 rpm for 15 min at 

4°C. The aqueous layer was transferred to a new tube 

and 0.6 mL isopropanol added. The tubes were inverted 

several times and centrifuged at 12,000 rpm for 10 min 

at 4°C. The supernatant was removed and the RNA 

pellet washed with 70% alcohol. The RNA pellet was 

briefly air-dried and dissolved in DEPC-treated water. 

Total RNA concentration was measured using Nano 

Drop (Molecular Devices). The cDNA was synthesized 

using the primescript 1st strand cDNA synthesis kit 

(TaKaRa, Kusatsu, Tokyo, Japan).

6. PCR

PCR was performed using the premix TaqTM (TaKaRa) 

and specific primers. Primer sequences and PCR 

conditions are as follows. Amplification for DNMT1 was 

conducted for 30 cycles, denaturation at 94°C for 30 s, 

annealing at 60°C for 30 s, and extension at 72°C for 30 s. 

DNMT1 sense primer sequence is 5’-AGCCTTCGG 

CTGACTGGCTGG-3’ and antisense primer sequence is 

5’-CTGCCCATCATCATGACCTGG-3’. Amplification for 

DNMT3a was conducted for 35 cycles, denaturation at 

94°C for 30 s, annealing at 60°C for 30 s, and extension 

at 72°C for 30 s. DNMT3a sense primer sequence is 

5’-GACTGTATGGATGTTCTGTCAG-3’ and antisense 

primer sequence is 5’-ATTTGTCCTGGCAGACGAAGCA-3’. 

Amplification for DNMT3b was conducted for 35 

cycles, denaturation at 94°C for 30 s, annealing at 60°C 

for 30 s, and extension at 72°C for 30s. The DNMT3b 

sense primer sequence is 5’-GCTGCAGACCAVCTC 

TGTGGCACG-3’ and antisense primer sequence is 

5’-GCCGCCTCTTCACCATCCCG-3’. The PCR products 

were analyzed by 3% agarose gel electrophoresis. 

DNMT1 PCR product size is 150 bp, DNMT3a PCR 

product size is 146 bp, and DNMT3b PCR product size 

is 81 bp. Amplification of GAPDH was conducted for 30 

cycles, denaturation at 94°C for 30 s, annealing at 50°C 

for 30 s, and extension at 72°C for 30 s. GAPDH sense 

primer sequence is 5’-ACCACAGTCCATGCCATCAC-3’ 

and antisense primer sequence is 5’-TCCACCACC 

CTGCTGTA-3’. The PCR products were analyzed by 2% 

agarose gel electrophoresis. GAPDH PCR product size is 

450 bp.

7. Protein extraction and Western blot analysis

Berberine treated cells were homogenized with a 

sonicator using lysis buffer containing protease 

inhibitors. Lysates were centrifuged at 12,000 rpm, 4°C, 

20 min, and then protein lysates transferred to a new 

tube. Total protein concentration was assessed using 

the BCA Protein Assay Kit. Protein samples were boiled 

at 95°C for 5 min after addition of 5X SDS-PAGE loading 

buffer (25 mM Tris-HCL pH 6.8, 10% SDS, 50% glycerol, 

0.5 M DTT, 0.5% bromophenol blue). After electro-

phoresis, the proteins were transferred to a nitrocel-

lulose membrane and blocked with 5% skim milk 

(Sigma-Aldrich) at room temperature for 2 hours. 

Membranes were washed with 1X TBS-T and incubated 

overnight at 4°C with specific antibodies against p53 

(1:5000; Integrated DNA Technologies, Science Park II, 

Singapore), ERK (1:5000; Integrated DNA Technologies), 

P-ERK (1:5000; Integrated DNA Technologies), DNMT1 

(1:1000; Integrated DNA Technologies), DNMT3a 

(1:1000; Integrated DNA Technologies), and DNMT3b 

(1:1000; Integrated DNA Technologies). The membrane 

was washed with 1X TBS-T and incubated for 2 hours 

with HRP-conjugated goat anti-rabbit lgG polyclonal 

antibody (Bethyl, Montgomery, AL, USA) or HRP- 

conjugated anti-mouse lgG polyclonal antibody 

(Bethyl) at room temperature. Bands were detected 

using West Pico PLUS Chemiluminescent Substrate 

(Thermo scientific).
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Figure 1. Berberine inhibits cell proliferation of Hep3B cells. Hep3B 
cells (4×104 cells/mL) were seeded in a 96-well plate. After 
incubating for 24 h, the cell culture medium was removed and fresh 
media containing berberine (50, 100, 200, 400 M) was added for 
both 24 and 48 h. MTT reagent (100 L) was added and incubated 
at 37°C for 4 h. Absorbance was measured at 450 nm. The survival 
rate was determined using growth rate%=(optical density of treated 
cells/optical density of untreated cells)×100. Vertical bars indicate 
mean±SEM. *P＜0.05, ** P＜0.01, ***P＜0.001.

Figure 2. Berberine induces apoptosis of Hep3B cells. Hep3B cells 
were cultured for 24 h with berberine (50, 200, and 400 M), detached 
with trypsin and then stained with annexin V-FITC/PI detection kit. 
The cells were analyzed by flow cytometry. A representative data 
is shown.

8. Statistical analysis

All the experiments were conducted five times. The 

data were expressed as mean±SEM. All statistical 

analyses were performed by ANOVA using the 

Statistical Analysis System (SAS) software. When 

significance was detected by ANOVA, each treatment 

was compared using the least-squares or DUNCAN 

method. Significant differences among treatments were 

determined with a P-value less than 0.05. 

RESULTS

1. Berberine decreases Hep3B cell growth

We assessed whether berberine could decrease 

growth of Hep3B cells. Hep3B cells were cultured with 

different concentrations of berberine (50, 100, 200, 400 

M) for both 24 and 48 hours and cell viability assessed 

using the MTT assay. We found a statistically significant 

proportionate decrease in viable cells with increased 

concentrations of berberine at both 24 and 48 hours 

(Figure 1). This result suggests that berberine inhibited 

cell growth in Hep3B hepatocellular carcinoma cells.

2. Berberine induces apoptosis of Hep3B cells

To determine if the decrease in cell viability after 

berberine treatment was in part due to increased 

apoptosis, berberine treated cells were stained with 

FITC-conjugated annexin V and analyzed by flow 

cytometry. Berberine treatment at 50, 200, and 400 M 

resulted in an increase in apoptotic cells (Figure 2). At 

higher concentrations of berberine treatment, the 

percentage of both apoptotic cells (annexin-V positive) 

and dead cells (PI positive) increased (Figure 2). This 

result indicates that the decreased cell viability shown 

in berberine treated cells are in part due to increased 

apoptosis and subsequent cell death.

3. p53 production is induced by berberine in Hep3B 

cells

p53 is known to induce apoptosis [25]. In addition, it 

has been reported that Hep3B cells do not express p53 

[23]. We found that Hep3B cells treated with berberine 

produced the p53 protein as determined by Western 

blot analysis (Figure 3). The statistically significant 

increase in p53 protein was proportionate to the 

increased concentration of berberine treatment. In 

contrast, the protein levels of total ERK remained 
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Figure 3. Western blot analysis of ERK, P-ERK and p53 in berberine 
treated Hep3B cells. (A) Hep3B cells were cultured for 24 h with 
berberine (50, 100, 200, and 400 M) and cell lysates analyzed for 
p53, ERK and phosphorylated ERF (P-ERK) by Western blot analysis. 
-actin was used as a control. (B) Densitometry analysis of p53, ERK 
and P-ERK was performed by normalizing against -actin. Vertical 
bars indicate mean±SEM. *P＜0.05, **P＜0.01.

Figure 4. Berberine decreases DNMT enzymatic activity in Hep3B 
cells. Hep3B cells were cultured for 24 h with berberine (50, 100, 
200, and 400 M) and nuclear proteins isolated. The total nuclear 
protein concentration was normalized and DNMT activity assessed. 
The horizontal dotted line indicate baseline DNMT enzymatic activity 
of untreated control Hep3B cells. Vertical bars indicate mean±SEM.
*P＜0.05. Results are expressed relative to DNMT activity levels of 
untreated controls at each point using the set value 1.0 (horizontal 
dotted line).

constant at all concentration of berberine used but the 

levels of P-ERK decreased at higher concentrations of 

berberine. The changes occurring in total ERK and 

P-ERK by berberine treatment was consistent with a 

previous report [26].

4. Berberine inhibits DNMT activity in Hep3B cells

The data thus far implicate that berberine induces 

expression of p53 which in turn may induce apoptosis 

of Hep3B cells. To elucidate the mechanism of p53 

upregulation, we examined DNMT activity in Hep3B 

cells treated with berberine for 24 hours. DNMT activity 

of untreated control cells were set as 1 and the activity 

of DNMT of cells after berberine treatment was 

compared. We found that DNMT activity showed a 

decrease in berberine treated cells although only the 

100 M berberine treated group showing a statistical 

significance (Figure 4).

5. Berberine inhibits DNMT mRNA expression and 

protein production in Hep3B cells

Since berberine treatment decreased DNMT 

enzymatic activity, we determined if the decrease in 

DNMT activity was due to decreased expression and/or 

synthesis of DNMT. DNTM1, DNMT3a and DNMT3b 

mRNA expression levels and protein levels were 

examined by RT-PCR and Western blot analysis, 

respectively. Hep3B cells were treated with berberine 

(50, 100, 200, 400 M) for 24 hours. RT-PCR results 

show that the expression levels of DNMT1 and DNMT3a 

remain constant irrespective of berberine treatment 

(Figure 5A, B). In contrast, DNMT 3b levels significantly 

decreased at higher concentrations (＞100 M) of 

berberine treatment. Western blot analysis showed 

similar results corresponding to the mRNA expression 

data with DNMT3b protein levels decreasing at higher 

concentrations of berberine (Figure 5C, D).

DISCUSSION

Berberine is an anti-oxidative compound present in 

natural products such as phellodendron bark and 

Coptis [27, 28], although berberine has been reported 
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Figure 5. RT-PCR and Western blot 
analysis of DNMT1, DNMT3a and 
DNMT3b. (A, B) Hep3B cells were 
cultured for 24 h with berberine (50, 
100, 200, and 400 M) and RT-PCR 
analysis was performed for DNMT1, 
DNMT3a and DNMT3b. Densitometry 
analysis was performed by normalizing 
against GAPDH expression. Vertical 
bars indicate mean±SEM. *P＜0.05. 
(C, D) Hep3B cells were cultured for 
24 h with berberine (50, 100, 200, and 
400 M) and cell lysates analyzed for 
DNMT1, DNMT3a and DNMT3b by 
Western blot analysis. -actin was 
used as a control. Vertical bars indicate 
mean±SEM. *P＜0.05. Results are 
expressed relative to mRNA and 
protein levels of untreated controls at 
each point using the set value 100 
(horizontal dotted line).

to exert anti-proliferative effects on human colon 

cancer cells [29] and human esophageal cancer cells 

[30] as well as induction of apoptosis of human liver 

cancer cells via the mitochondrial pathway [31], there 

has been no reported cytotoxic side-effects of 

berberine. In the current study, we showed that 

berberine can induce cell death in the human 

hepatocellular cell line Hep3B. Based on the MTT assay, 

the growth inhibitory effect of berberine appears to be 

time- and dose-dependent (Figure 1). Furthermore, the 

anti-growth effect is in part due to induction of 

apoptosis as determined by annexin V staining (Figure 

2). These results are consistent with the data previously 

reported where the human hepatic carcinoma cell line 

HepG2 cells are also susceptible to cell death and 

apoptosis after berberine treatment [31]. 

Epigenetic mechanisms such as DNA methylation 

exert a myriad of effects on hepatocellular carcinoma 

(HCC) disease. Examples include, the tumor suppressor 

gene RASSF1A [32], the critical risk factors for 

developing HCC are infection by hepatitis B virus 

(HBV), hepatitis C virus (HCV), aflatoxins, and chronic 

alcoholism is an example of methylation [33]. These 

epigenetic mechanisms contribute to increased fre-

quency of hyper-methylation of the tumor suppressor 

genes consequently increased HCC development [3]. 

Methylation of the RASSF1A promoter result in 

decreased RASSF1A expression and protein levels 

which ultimately promote growth of hepatocellular 

carcinoma [34, 35]. 

The ERK signaling pathway promotes cellular 

proliferation and berberine has been reported to 

decrease ERK pathway by inducing activation of AMPK 

[36, 37]. Downregulation of ERK pathway has been also 

shown for berberine-treated human glioblastoma cells 

[36]. Our results provide additional evidence that 

berberine down-regulates the ERK pathway in Hep3B 

cells (Figure 3). 

Additionally, the results from the current study show 

that the inactivated tumor suppressor protein p53 [38] 

is reactivated in the presence of berberine (Figure 3). In 

Hep3B cells, p53 is methylated by DNMT and thus 

inactive [3]. In a murine model of non-alcoholic fatty 

liver disease (NAFLD), alteration of the DNA methy-
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lation pattern normalized the abnormal increase in 

L-type Pyruvate Kinase (L-PK) gene [23]. Based on this 

report, we tentatively suggest that the induction of p53 

in Hep3B cells by berberine was caused by decrease in 

DNMT3b expression. Many types of DNMT exist but 

DNA methylation is regulated predominantly by 

DNMT1, DNMT3a and DNMT3b. These three DNMT 

exert a direct effect on cell apoptosis. Our results 

indicate that of these three DNMTs examined, only 

DNMT3b expression and protein levels decreased in 

response to berberine treatment (Figure 5). It is possible 

that the decrease of DNMT3b was sufficient to induce 

apoptosis in Hep3B cells [7, 8]. We have yet to find a 

direct mechanistic link between DNAMT3b and p53. 

However, it has been shown that 5-aza-deoxycytidine 

can induce demethylation of DNA resulting in activity 

of the p53 pathway and apoptosis [12]. Furthermore, 

berberine downregulated expression of DNMT1 and 

DNMT3b in the human multiple myeloma cell line U266 

resulting in induction of apoptosis [22]. Another report 

further supports the connection between DNMT and 

p53 [39]. 

In a great number of the previous studies, berberine 

is direct or indirect effects and potential mechanisms 

on variety of human malignancies, including hepato-

cellular carcinoma, have been investigated and 

elucidated. In this study, we revealed that the 

anticancer effect of berberine was related to p53 using 

Hep3B cell, a p53 inactivated cell, and the expression of 

p53 was related to DNMT expression for the first time. 

These results may help to clarify the mechanism of 

anti-cancer effects of berberine.

요  약 

종양 억제 유전자 p53은 인간 간암세포 Hep3B에서는 불활

성화되어 있다. 베르베린(berberine)은 암세포의 증식을 억제

하는 것으로 보고되어 있다. 우리는 베르베린을 처리한 Hep3B 

세포에서 세포사멸이 유도되는지를 조사하였고 이 세포사멸이 

p53과 DNA methyltransferase의 발현과 연관되어 있는지를 

관찰하였다. MTT 분석을 통하여 세포 생존력을 측정하였다. 세

포사멸은 각각 Annexin V flow 세포 분석을 사용하여 측정하

였다. 베르베린이 처리된 세포에서 DNMT 효소 활성, mRNA 

발현, 단백질 발현 정도가 검사되었으며, p53 단백질 발현은 웨

스턴 블롯 분석에 의해 검사되었다. 베르베린 처리는 시간 및 용

량 의존적으로 Hep3B세포의 세포사멸을 증가시켰다. 베르베

린 처리 시 DNMT3b의 활성 정도, mRNA 발현 그리고 단백질 

발현 정도가 모두 감소되었다. 이와는 대조적으로, Hep3B에서

는 비활성인 p53 단백질의 발현은 DNMT3b의 감소와 동시에 

증가했다. ERK의 발현은 변화가 없었으나, P-ERK의 발현은 

농도 의존적으로 감소하는 것으로 나타났다. 이러한 결과는 

Hep3B 세포에 베르베린의 처리는 DNMT3b의 발현을 감소시

켜서 종양 억제 유전자인 p53의 증가를 유도할 수 있고, 이를 통

해서 세포사멸을 증가 시킬 수 있다는 것을 나타낸다. 이는 베르

베린이 간암 세포의 증식 억제에 효과적으로 작용할 수 있음을 

보여준다.
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