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Abstract

AIM: To investigate the effects of suberoylanilide hy-
droxamic acid (SAHA) on proliferation and apoptosis of
a human hepatocellular carcinoma cell line (HepG2.2.15)
and hepatitis B virus (HBV) replication.

METHODS: HepG2.2.15 cells were treated with dif-
ferent concentrations of SAHA. Cell morphology was
examined by confocal laser scanning microscopy, and
cell proliferation was determined using a MTT colori-
metric assay. Flow cytometry was used to detect apop-
tosis and determine cell cycle phase, while hepatitis B
surface antigen and hepatitis B e antigen content were
measured using chemiluminescence. Reverse tran-
scription polymerase chain reaction was performed to
measure HBV DNA in cell lysate.

RESULTS: Cell proliferation rates were significantly
reduced by the addition of SAHA. The inhibitory effect
of SAHA on cell proliferation was both time- and dose-
dependent. After 24 h of treatment with SAHA, the ear-
ly cell apoptotic rate increased from 3.25% to 21.02%
(P = 0.041). The proportion of Go/G: phase cells in-
creased from 50.3% to 65.3% (P = 0.039), while that
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of S phase cells decreased from 34.9% to 20.6% (P =
0.049). After 48 h of treatment, hepatitis B surface an-
tigen and hepatitis B e antigen content increased from
12.33 + 0.62 to 25.42 + 2.67 (P = 0.020) and 28.92 +
1.24 to 50.48 = 1.85 (P = 0.026), respectively. Further-
more, HBV DNA content increased from 4.54 + 0.46 to
8.34 £+ 0.59 (P = 0.029).

CONCLUSION: SAHA inhibits HepG2.2.15 cell prolif-
eration, promotes apoptosis, and stimulates HBV repli-
cation. In combination with anti-HBV drugs, SAHA may
potentially be used cautiously for treatment of hepato-
cellular carcinoma.

© 2013 Baishideng. All rights reserved.
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Core tip: HepG2.2.15 cells were treated with differ-
ent concentrations of suberoylanilide hydroxamic acid
(SAHA). Hepatitis B surface antigen (HBsAg) and hepa-
titis B e antigen (HBeAg) content were measured using
chemiluminescence. Reverse transcription polymerase
chain reaction was performed to measure hepatitis B
virus (HBV) DNA in cell lysate. Results found that, the
inhibitory effect of SAHA on cell proliferation was both
time- and dose-dependent. After 24 h of treatment, the
early cell apoptotic rate increased. After 48 h of treat-
ment, HBsAg and HBeAg content both increased. Fur-
thermore, HBV DNA content increased. In combination
with anti-HBV drugs, SAHA may potentially be used
cautiously for treatment of hepatocellular carcinoma.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most com-
mon malignant tumors. The worldwide incidence of HCC
ranks fifth out of all malignant tumors, and the number
of patients with HCC in China accounts for more than
half of total cases in the world", Etiological factors of
HCC vary for different countries and areas. Histone
deacetylase inhibitors (HDACISs) ate a seties of new anti-
cancer drugs with a wide scope of application. In recent
years, HDACIs have generated considerable interest due
to their high efficiency to inhibit a variety of solid tumors
with low toxicity”®. In the current study, the effects of
suberoylanilide hydroxamic acid (SAHA), a potent HDA-
CI, on proliferation and apoptosis of human HCC cells
HepG2.2.15 and hepatitis B virus (HBV) replication were
investigated. The study objective was to characterize a po-
tentially new treatment option for HCC.

MATERIALS AND METHODS

Cell culture and treatment

HepG2.2.15 cells (obtained from the Cell Center of the
Chinese Academy of Medical Sciences; prepared by trans-
fection of HepG2 cells with HBV genome) were main-
tained in DMEM (HyClone Laboratories, Inc., New Eng-
land, United States) supplemented with 10% fetal bovine
serum, 100 U/mL penicillin, 100 U/mL streptomycin and
380 mg/L G418 in a thermostatic and sealed incubator
(37 C, 5% COz). About 100 mmol/L SAHA (Sigma-Al-
drich Cotp, Missouri, United States) in dimethylsulfoxide
(DMSO) was prepared and stored at -20 C until further
use. HepG2.2.15 cells were divided into a control group
and several treatment groups to receive different concen-
trations of SAHA. The adherent cells were washed down
with 0.25% trypsin, followed by passage.

Inhibition of cell proliferation

An MTT colorimetric assay was used to monitor inhibi-
tion of cell proliferation by the addition of different
concentrations of SAHA to cell culture medium. For
three 96-well plates, 100 pl. HepG2.2.15 cells (1 X 10°
cells/ml.) was added to each well and incubated for 12 h
at 37 °C in 5% COz. Once cells were adhered to the wells,
SAHA was added to a final concentration of 2.5, 5, 7.5
or 10 umol/L. Wells without SAHA were used as nega-
tive controls. After the addition of SAHA, a culture plate
was incubated for 24, 48 or 72 h. Cell morphology was
examined by confocal laser scanning microscopy (CLSM).
Then, 20 pLL of MTT (5 mg/mL) was added to each well.
After incubation for 4 h, 150 pL of DMSO was added,
followed by mixing for 10 min. Lastly, absorbance (A)
at 490 nm was measured using a microplate reader. The
inhibition rate of cell proliferation was calculated as fol-
lows: Cell proliferation inhibition rate (%) = (1 - Asana
group/ ANegative control group) X 100%.
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Detection of apoptosis and determination of cell cycle
phase

Control group and SAHA groups (2.5 and 5 pmol/L)
were cultured for 24 and 48 h respectively. The single cell
suspension was then prepared. After centrifugation at
2000 g for 5 min, the cell pellet was resuspended in 0.5
mL PBS (final concentration, 1-5 X 10° cells/ mL). For
detection of apoptosis, binding buffer (500 uL) and 5 pL.
annexin V-fluorescein isothiocyanate (Annexin V-FITC)
were added to the cell resuspension, followed by 5 L
propidium iodide (PI) (Nanjing KGI Biological Technol-
ogy Co., Ltd., Nanjing, China). After incubation for 5-15
min (room temperature, avoiding light), samples were
subjected to flow cytometry (FCM). For determination
of cell cycle phase, 5 mL of obtained cell resuspension
was infused into 70% cold ethanol, followed by fixation
at 4 C overnight. During the next day, the cell solution
was centrifuged at 800 r/min for 15 min, followed by two
phosphate buffer saline (PBS) washes and resuspension in
0.4 mL PBS. RNaseA was added to a final concentration
of 50 ug/ ml, followed by digestion for 30 min in a 37 °C
water bath. Lastly, PI was added to a final concentration
of 65 pg/mlL, followed by incubation for 30 min. After
filtration through a nylon mesh, FCM was conducted.

Determination of hepatitis B surface antigen and
hepatitis B e antigen content

HepG2.2.15 cells (2.5 X 10’ cells/mL) were plated onto a
6-well plate. In triplicate, 1 uL. SAHA (7.5 pmol/L) or an
equivalent volume of DMSO was added to an individual
well. After incubation for 72 h, cells were centrifuged at
800 t/min for 5 min. The supernatant was collected, and
the hepatitis B surface antigen (HBsAg) and hepatitis B
e antigen (HBeAg) content were quantitated using quan-
titative chemiluminescence detection kits in i4000sR au-
tomatic chemiluminescence immunoassay analyser (R.D.
Abbott Company, Inc., California, United States).

Determination of HBV DNA content
A 6-well cell culture plate was prepared as previously
described above. HBV negative and positive controls
were prepared as follows: 100 pl. of cell supernatant was
mixed with an equal amount of DNA extraction liquid
(shaking for 15 s), followed by centrifugation at 12000 g
for 10 min to remove supernatant. Then, 20 pL. of DNA
extraction liquid was added to the sediment, followed by
incubation for 10 min in a 100 ‘C water bath.
HBV-polymerase chain reaction (PCR) reaction liquid
(35.6 pl) and Taq enzyme (0.4 pl) were mixed in a 0.2
mL Eppendorf tube. Two pL of treated sample superna-
tant was then added to each tube and centrifuged at 8000
g for several seconds. Quantitative fluorescent PCR was
performed under the following conditions: 95 C for 3
min; 94 C for 15 s (40 cycles); 60 C for 30 s (40 cycles).

Statistical analysis
Data were expressed as mean * SD. Statistical analysis
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Figure 1 Cell morphology changes in confocal laser scanning micros-
copy. A: Control group; B: Suberoylanilide hydroxamic acid group.

was performed using SPSS 16.0 statistical software. Single
factor analysis of variance and # tests were conducted for
comparison among multiple groups. P < 0.05 was consid-
ered as statistically significant.

RESULTS

Effect of SAHA on cell morphology

CLSM showed that proliferation of untreated HepG2.2.15
cells was rapid, and the cells were compactly arranged.
The adjacent cells fused into pieces, with clear edge. The
cytoplasm was small, with a large nucleus. In SAHA-treat-
ed groups, cell proliferation rate was significantly slower.
There were sparse adherent cells, with blurred configura-
tion. The cytoplasm increased, presenting morphological
changes similar to normal cells (Figure 1).

Effect of SAHA on cell proliferation

Multiple concentrations of SAHA could inhibit prolifera-
tion of HepG2.2.15 cells, and the inhibitory rate increased
with increasing concentrations of SAHA (P < 0.05). With
each SAHA concentration, the inhibition rate gradually in-
creased with prolonged treatment time (P < 0.05). Taken
together, the inhibitory effect of SAHA on cell prolifera-
tion was time- and dose-dependent (Table 1).

Effect of SAHA on cell apoptosis and cell cycle

After 24 h of treatment with 2.5 pmol/L SAHA, eatly
apoptosis rate of HepG2.2.15 cells increased from 3.25%
to 16.28% (P = 0.032), and the middle-late apoptosis
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Table 1 Inhibition rate of suberoylanilide hydroxamic acid on

HepG2.2.15 cells

SAHA (umol/L) 24 h 48 h 72 h

25 8% +0.54% 15% +1.52% 23% +1.39%
5.0 13% +0.63% 22% +1.68% 34% +1.61%
7.5 28% +1.56% 39% +1.67% 50% +1.70%
10.0 42% +1.72% 51% +1.82% 66% +1.76%

P < 0.05 for comparison among different concentration and different treat-
ment time, respectively. SAHA: Suberoylanilide hydroxamic acid.

Table 2 Effect of suberoylanilide hydroxamic acid on apop-

tosis rate of HepG2.2.15 cells

Group 24 h 48 h
Early Middle-late Early Middle-late
apoptosis rate apoptosis rate apoptosis rate apoptosis rate

Control 3.25% 1.08% 3.58% 1.26%
2.5 ymol/L 16.28% 5.16% 23.06% 8.42%
SAHA

5.0 ymol/L 21.02% 10.70% 26.44% 17.55%
SAHA

SAHA: Suberoylanilide hydroxamic acid.

Table 3 Effect of suberoylanilide hydroxamic acid on propor-

tion of HepG2.2.15 cells with different phases

Group 24 h 48 h
Go/G1 S G2/M  Go/G1 S G2/M
Control 50.3% 349% 14.8% 46.3% 382% 15.5%

2.5 umol/L SAHA 69.9% 223% 78% 709% 261%  3.0%
5.0 pmol/L SAHA 653% 20.6% 141% 689% 258% 53%

SAHA: Suberoylanilide hydroxamic acid.

rate increased from 1.08% to 5.16% (P = 0.035). In the
5 umol/L SAHA group, early and middle-late apoptosis
rate increased from 3.25% to 21.02% (P = 0.041) and
1.08% to 10.70% (P = 0.045), respectively (Table 2 and
Figure 2). After 24 h of treatment with 2.5 and 5 umoL/
L SAHA, the proportion of Go/G1 phase cells increased
from 50.3% to 69.9% and 65.3%, respectively, and the
proportion of S phase cells decreased from 34.9% to
22.3% and 20.6%, respectively. Most cells were arrested
in the Go/Gi phase (Table 3).

HBsAg and HBeAg content and HBV DNA content
Positive expression of HBsAg and HBeAg in the SAHA
group and control group, respectively, was observed. Af-
ter 48 h of treatment with SAHA, HBsAg and HBeAg
content increased from 12.33 £ 0.62 to 25.42 + 2.67 (P
= 0.020) and 28.92 + 1.24 to 50.48 £ 1.85 (P = 0.020),
respectively, and HBV DNA content increased from 4.54
+ 0.46 to 8.34 £ 0.59 (P = 0.029).

DISCUSSION

Abnormality of any step of epigenetics can affect gene
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Figure 2 Effect of suberoylanilide hydroxamic acid on apoptosis of HepG2.2.15 cells. A: Control group; B: 2.5 umol/L suberoylanilide hydroxamic acid (SAHA)

group; C: 5.0 umol/L SAHA group. PI: Propidium iodide.

expression or function, leading to the occurrence of
disease, such as cancer. As a main epigenetic pattern,
histone acetylation is closely related with tumor occur-
rence. HDACISs are often used to alter histone acetylation
for treatment of cancer . SAHA is a broad-spectrum
HDACI, and was approved for treating T-cell lymphoma
in 2006 (in phase I and II clinical trial). It has obvious
inhibitory effects on histone deacetylase, and can inhibit
the growth of HCC cells by arresting cell cycle progres-
sion and inducing cell differentiation and apoptosis.
HDACISs have been shown to exhibit a broad-spectrum
inhibitory activity on blood and solid tumors'*!",

Unrestricted division and proliferation is an important
feature of tumor cells. Detection of an inhibitory effect
on tumor cell proliferation is a basic index for screening
of anti-tumor drugs. In this study, CLSM and a MTT
colorimetric assay were used to show that cell prolifera-
tion rates was significantly decreased by treatment with
SAHA. Specifically, the number of cells was reduced, and
adherent cells became sparse. Time- and dose-dependen-
cies of SAHA inhibition on cell proliferation were evi-
dent. The cytoplasm increases, presenting morphological
changes similar to normal cells, which is consistent with
results from a previous study!”.

Apoptosis is programmed cell death. The process of
apoptosis and the clearance of apoptotic cells is one of
the most important factors for maintaining liver health.
In this study, after 24 h of treatment with 5 pmol/L
SAHA, early apoptosis rate and middle-late apopto-
sis rate of HepG2.2.15 cells increased from 3.25% to
21.02% (P = 0.029) and 1.08% to 10.70% (P = 0.045),
respectively, indicating that SAHA may interfere with the
balance between apoptosis and anti-apoptosis, induce the
expressions of pro-apoptotic genes (Bwf, Bim, TRAIL
and DR5)"”", and activate the expression of transcription
factor E2F1. Furthermotre, SAHA can induce the ex-
pression of apoptosis signal-regulating kinase 1 (ASK1),
which promotes apoptosis of tumor cells through the
death receptor and intracellular apoptotic pathways' ',
In addition, SAHA can activate the expression of pro-
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apoptotic proteins, including Bax and Bak, and inhibit ex-
pression of anti-apoptosis proteins, including Bcl-2 and
BclxL, thus inducing apoptosis of tumor cells"”. In the
extracellular apoptotic pathway, activated caspase-8 can
cleave Bid to truncated Bid (tBid), as well as cause Cyt C
release and Bax expression, leading to activation of cas-
pase-9 and caspase-3. Caspase-3 can promote activation
and cleavage of PARP to subsequently activate the intra-
cellular apoptotic pathway'!. SAHA has been shown to
induce transcription of CDK inhibitor p21/wafl in T24
bladder cancer cells, reducing proliferation and increasing
apoptosism}.

Abnormality of cell cycle regulation is one of intrinsic
factors for tumor occurrence. HDACIs can arrest tumor
cell cycle, inhibiting growth. Results of this study show
that, after 24 h of treatment with 5 umoL/L SAHA, the
proportion of Go/Gt phase cells increases from 50.3%
to 65.3%, and the proportion of S phase cells decreases
from 34.9% to 20.6%. Most cells were arrested in the
Go/G1 phase and induced to undergo apoptosis. This
may be related to increased expression of CDK inhibitor
p21/wafl, which is induced by SAHA treatment. Neatly
all HDACIs can induce expression of p21/wafl to in-
hibit the activities of cyclin and CDK, resulting in cell
cycle arrest and inhibition of differentiation. In addition,
SAHA has been shown to influence expression of p27.
After SAHA treatment, the degree of histone acetylation
is elevated, stabilizing the activity of p53 (an important
intracellular tumor suppressor protein) and leading to
cell cycle arrest'®™, The Ras-Raf-MEK-ERK pathway is
closely related with tumor cell proliferation. ERK can be
activated by various growth factors, leading to interaction
with transcription factors (mitogen, c-Jun, c-fos, c-Myc,
cERK1) and nuclear proteins to promote the transcrip-
tion and expression of a variety of oncogenes and genes
related to cell cycle regulation, thus promoting cell prolif-
eration and inhibiting apoptosis’” .

HBYV is a risk factor for development of HCC. An
epidemiological survey demonstrated that the carrying
rate of HBsAg in China is 7.18%. HBV can be actively
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replicated in patients with HCC, causing further liver
damagemzﬂ. HepG2.2.15 cells can continuously excrete
intact HBV Dane particles into culture media. Upon
treatment with SAHA, HBsAg and HBeAg content were
2.06 and 1.75 times greater than the control group, re-
spectively, and HBV DNA content was 1.83 times greater
than the control group. Taken together, SAHA stimu-
lated replication of HBV. Histone acetylation is involved
in regulation of gene transcription. After treatment with
SAHA, the level of histone acetylation in HBV DNA is
increased, and chromosome structure became incompact.
This facilitates the combination of transcription factor
with HBV DNA polymerase, thus stimulating HBV rep-
lication. However, this mechanism needs further valida-
tion. SAHA is an effective drug for HBV-negative HCC
patients, but should be cautiously used in HBV-positive
HCC patients in combination with anti-HBV drugs.

COMMENTS

Background

Hepatocellular carcinoma (HCC) is one of the most common malignant tumors
in the world. Its occurrence is related to the multiple-step development process
of different genetic alterations. At present, there is no effective treatment meth-
od. Suberoylanilide hydroxamic acid (SAHA) is a newly discovered anti-tumor
drug which has broad application prospect. It exhibits inhibitory effect of tumor
growth, which is been further confirmed in clinical trials.

Research frontiers

Histone deacetylase inhibitors (HDACIs) are a class of new anticancer drugs
emerging in recent years, which has attracted widespread attention. Previous
clinical trials find that, SAHA has broad-spectrum anti-hematological and solid
tumor activities, with good tolerance. However, the effect of SAHA on hepatitis
B virus (HBV) replication has not been reported.

Innovations and breakthroughs

SAHA inhibits HepG2.2.15 cell proliferation, promotes apoptosis, and stimulates
HBV replication. In combination with anti-HBV drugs, SAHA may potentially be
used cautiously for treatment of hepatocellular carcinoma.

Applications

SAHA has been applied in previous clinical trials. Results show that, it has
broad-spectrum anti-hematological and solid tumor activities. SAHA can inhibit
HepG2.2.15 cell proliferation, deduce the differentiation, and promote the apop-
tosis. At the same time, it can stimulate the replication of HBV. Therefore, SAHA
should be cautiously used for treatment of HCC, and be combined with anti-
HBV drugs if necessary. It can be used in the treatment of HBV-negative HCC
patients.
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HCC is one of the most common malignant tumors, and HDACIs are a series of
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