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Abstract

AlM To study the effect of a varying
concentrations of arsenic trioxide on human
hepatoma cell line BEL-7402 cultured in vitroand
its mechanism of action.

METHODS The BEL-7402 cells were treated
with arsenic trioxide (at the concentrations of
0.5,1,2umol/L, respectively) for 4 successive
days. The cell growth and proliferation were
observed by cell counting and cell-growth curve.
Morphologic changes were studied with
electronmicroscopy. Flow cytometry was used
to assay cell-DNA distribution and the protein
expression of Bcl-2 and Bax detected by
immuno cytochemical method.

RESULTS The cell growth was significantly
inhibited by varying concentrations of arsenic
trioxide as revealed by cell counting and cell-
growt h curve, which was dose- and time-
dependent. Arsenic trioxide treatment at 0.5, 1
and 2umol/L resulted in a sub G1 cell peak, the
apoptosis rate of the control group was 9.31%
and that of 0.5umol/L arsenic trioxide 15.53%,
no significant difference was seen between the
two. The apoptosis rates of 1, 2umol/L arsenic
trioxide were 19.10% and 21.87% respectively,
which were much higher (both P<0.05).
Decrease of G,/ G; phase cells and increase of S
phase cells were observed by flow cytometry,
suggesting the inhibition effect of 0.5, 1,
2umol/L arsenic trioxide on BEL-7402 cell lay in
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the G,/G; phase. Morphologic changes such as
intact cell membrane, nucleic condensation,
apoptotic body formation were seen under
transmission electronmicrescopy, whereas the
0.5mol/L arsenic trioxide-treated BEL-7402
cells showed decrease of nucleocytoplasmic
ratio, round nucleus, well-differentiated
organelles in the cytoplasm. The processes and
microvilli on the cell surface of the experimental
groups under scanning electron microscopy were
significantly decreased. High expressions of
Bcl-2 and Bax were detected in 1 and 2umol/L
arsenic trioxide-treated cells, these were 46%,
87.33% and 83.08%, 95.83% respecti vely,
among which that of Bax was more significant.
Arsenic trioxide treatment at 0.5pumol/L
resulted in a higher expression level of Bcl-2 and
lower expression level of Bax, which were
8.81% and 3.83% respectively, as compared
with that of the control group (15.33%)
(P.<0.01, P,<0.01).

CONCLUSION  Arsenic trioxide not only
inhibited proliferation but also induced apoptosis
of human hepatoma cell line BEL-7402. The
induced-apoptosis effect of 1, 2umol/L arsenic
trioxide was related to the expression level of
Bcl-2 and Bax.

INTRODUCTION

Arsenic trioxide is the main ingredient of traditional
Chinese medicinal, pi shi. Zhang P, et al first
reported the effect of Arsenic trioxide on
promyelocytic leukemia (APL) with satisfactory
results. The rate of complete remission in patients
who had not recelved any treatment before reached
73.33%, and was 52.38% in patients with
recurrence, the longest remission period was more
than ten years, and intravenous route of
administration was the choice, no toxic or adverse
effects were seen>*. There was no cross resistance
between arsenic trioxide and other chemical drugs
during the course of treatment of APL!. Shen!®
concluded that arsenic trioxide treatment was
effective and relatively safe in APL patients
refractory to ATRA and conventional
chemotherapy. Inorganic arsenic trioxide was
recently shown to induce apoptoss in NB4
promyelocytic leukemic cells™. The present study
was so designed as to broaden the anti-tumor



682 ISSN 1007-9327 CN 14-1018/R

World J Gastroentero

October 2000 Volume 6 Number 5

spectrum and to study the inhibitory effect of
Arsenic trioxide on human hepatomacell line and its
mechanism of action, in order to provide some
theoretical basisforitsclinica use.

MATERIALS AND METHODS

Materials

Human hepatoma cell line BEL-7402 was purchased
from the Cell Institute of Chinese Academy of
Science. Arsenic trioxide was produced in
Pharmaceutical Department of First Hospital of
Harbin Medical University. RPMI 1640 was
purchased from GIBCO. Propidium iodide and
Rnase were from Sigma Chemica Co. A murine
monoclonal antibody against human Bcl-2 and Bax
oncoprotein and antimice rabbit polyclonal antibody
were purchased from Maixin Co., Fuzhou.

Methods

Cedll culturing Human hepatoma BEL-7402 cells
were grown as monolayers in RPMI1 1640 medium
supplemented with 8% caf serum (CS),
1001U/mL  penicillin and 100mg/mL streptomycin
and incubated at 37°C in the humidified incubator
with 5% CO,/95% air. The exponent growing
BEL-7402 cells were suspended in medium, planted
4-6x10°/flask or 3x10%wel into culture flask or
24-well plate.

Drug treatment The growing BEL-7402 cells
planted into culture flasks or 24-well plates were
incubated at 37°C in 5% CO,/95% air for 24h. The
medium was aspirated and replaced with medium
containing arsenic trioxide (fina concentration
0.5umol/L, 1pmol/L, 2pumol/L, respectively)
as treatment groups and medium with non-arsenic
trioxideascontrols.

Determination of growth curve The human
hepatoma BEL - 7402 cells were digested with 0.25%
trypsin, stained with 2% trypan-blue. The cell
growth and proliferation of BEL-7402 cells were
observed by counting the cell number every day.
The non-blue-stained cells were viable cells or
apoptotic cells and the blue-stained cells were
necrotic cells.

Morphologic observation The BEL-7402 cells
growth and morphologic changes were observed by
OLYMPUS IX70  inverted phase-contrast
microscopy. After incubated in medium containing
0.5umol/L, 1pmol/L, 2umol/L arsenic trioxide
(experimental groups) and non-arsenic trioxide
(control groups) for 4 successive days, the cells
were prefixed in 2.5% glutaraldehyde, postfixed in
1% 0OsO,, dehydrated in ethanol series, and
replaced in propene oxide. The cell samples
attached to grids were examined with a JEM-1220
transmission electron microscope (TEM) and the cell

samples grown on covered glass-slide (made in non-
enzyme digestion) were gilded in vacuum and
examined with aHITACHI S-520 scanning electron
microscope (SEM).

Flow-cytometry analysist After incubated in
medium containing varying concentrations of
arsenictrioxide and in the control groups for 4 days,
the cells were digested with 0.25% trypsin,
collected after centrifugation at 1000rpm for 10min,
than washed two times with cold PBS by
centrifugation (1000 rpm, 5min), resuspended in
0.5mL PBS, adjusted to a cell concentration of 1x
10f/L, and fixed with ice-cold 70% alcohol at 4°C
(could the preserved for less than 2 weeks). The
fixed water of single-cell suspension was discarded
after centrifuged at 1000rpm for 10min, which was
them washed twice with PBS (1000rpm, 5min), and
adjusted to a cell concent ration of 1x10°L, The
DNA was stained with propidium iodide a 4°C for
30 minutes, then the suspension was analyzed on the
apparatus at room temparature. According to
ModFit LT software, the cells were divided into
four parts. subG; phase, Gy/G; phase, S phase
and G,/M phase.

Immunocytochemistry  The BEL-7402 cells of
experimental groups and controls were seeded into
24-well plate (with cover glass-dlide). After
incubated inmedium with 0.5umol/L, 1umol/L,
2umol/L arsenic trioxide respectively and non-
arsenic trioxide for 4 days, the BEL-7402 cells were
fixed with pure acetone for 10min, washed three
times with PBS, acted upon by 0.25% 0.5%
Triton X-100 for 10min, and washed Thrice with
PBS. Bcl-2 and Bax protein in the BEL-7402 cells
were detected with SABC method. The cell
specimens were incubated with 0.3% hydrogen
peroxide in methanol for 30 minutes to block the
endogenous peroxidase activity, then washed in PBS
and incubated in 10% normal goat serum for 20
minutes to reduce nonspecific antibody- binding.
Specimens were then incubated with a 1:50 dilution
of murine monocional antibody against human Bcl-2
or Bax oncoprotein overnight at 4°C, followed by
washes Thrice with PBS, then incubated with
biotinylated rabbit antimice polyclonal antibody at a
dilution of 1:100 for 30 minutes followed by another
3 washes. Slides were then treated with
streptoavidin-peroxidase reagent for 30 minutes at a
dilution of 1:100 and were washed with PBS 3
times. Finally, slides were incubated in phosphate-
buffered saline containing diaminobenzidine and 1%
hydrogen peroxide for 10 minutes, counterstained
with hematine, and mounted.

Statistics All the data were expressed as meant
standard deviation (x+s), the differences between
the rates of different groups were andysed by X?
test.
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RESULTS

Effects of arsenic trioxide on the growth of the
BEL-7402 cells

The BEL-7402 cells were incubated in medium
containing 0.5pumol/L, 1 pmol/L and 2 pmol/L
arsenic trioxide respectively for 1 to 6 days. The
cell-growth inhibitory effect of arsenic trioxide on
cells was significant as revealed by cell counting,
which was both dose-and time-dependent. During
incubated in arsenic trioxide for 3 to 5 days, the
speed of growth of BEL-7402 cdlls was remarkedly
dow, on the 6" day, the number of cels fel to the
lowest level. The percentage of necrotic cells was
lessthan 1% by trypan-blue staining (Figure 1).
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Figure 1  The effect of As,0; on cell growth of BEL-7402.

Morphologic changes

By inverted phase-contrast microscopy, one could
find the attaching ability of BEL-7402 cells to the
flask treated with 1 pumol/L, 2 umol/L arsenic
trioxide was weaker as compared with that of the
controls, and the growth markedly inhibited.

The BEL-7402 cells treated with arsenic
trioxide underwent significant changes as seen in
TEM, the nucleocytoplasmic ratio in BEL-7402 cells
enlanged, with indentation of nuclei. The
nucleocytoplasmic ratio in BEL-7402 cells treated
with 0.5umol/L arsenic trioxide was much smaller
than that in controls, and the nuclei appeared
round, with loss of nuclear indentation, but with
well-differentiated organelles in the cytoplasm.
When treated with arsenic trioxide at 1umol/L,
2umol/L for 4 successive days, one could find
intact cell membrane, nuclear condensation and
apoptotic body formation, aso, marked changes on
the cell surface in SEM, there were abundant
processes and microvilli on the surface of BEL-7402
cells in the control group, but much less in 0.
5umol/L arsenic trioxide group. The processes
and microvilli were lost when treated with
lpymol/L and 2pmol/L arsenic trioxide (Figures
2,3).

Determination of sub-G; peak

After treated with  0.5umol/L, 1umol/L,
2umol/L arsenic trioxide for 4 successive days, the
BEL-7402 cells were analysed by flow-cytometry.
The apoptotic rate of cells in the control group was
9.31%, in 0.5umol/L arsenic trioxide group,
15.53%, there was no dtatistical difference between
the two (P>0.05). The apoptotic rates of BEL-
7402 cell in luymol/L and 2umol/L arsenic
trioxide were significantly higher than that of the
control group, being 19.10% and 21.89%,
respectively (P;<0.05, P,<0.05) (Table 1).

Analysis of cell cycle

After treated with arsenic trioxide at 0.5pmol/L,
1umol/L and 2umol/L for 4 successive days, the
DNA distribution of BEL-7402 cells showed great
changes. The percentage of Go/G; phase cell in the
control group was 62.91%, that of S phase cdl,
33.77%. The percentage of Gy/G; phase cell of the
experimental groups decreased progressively more
than that of the control groups with increase of
concentration of arsenic trioxide, whereas the
percentage of S phase cell was increased, but with
no statistical difference between the two (P>0.05)
(Tablel).

Protein expression of Bcl-2 and Bax

After treated with  0.5umol/L, 21umol/L,
2umol/L arsenic trioxide for 4 successive days, the
expression of Bcl-2 and Bax protein were detected
by immunocytochem istry. The positive expression
rates of Bcl-2 in 1umol/L and 2umol/L arsenic
trioxide were 46.00% and 83.08%, respectively,
sgnificantly higher than that in the control group
(P<0.01). This was aso higher in 0.5umol/L
arsenic trioxide group, yet there was no statistical
difference between them (P>0.05). The positive
expression rate of Bax in 0.5umol/L arsenic
trioxide was significantly lower than that of the
control group (P<0.01), but it was significantly
higher in 1umol/L, 2umol/L groups than that in
the control group (P:<0.01, P,<0.01) (Table2
andFigure4).

Table 1 Influence of varying concentrations of arsenic trioxide
on apoptotic rate and DNA distribution

DNA distribution (%)

Group Apoptotic rate

Gy/G, S
Control 9.31+0.24 62.91+1.30 33.77+£0.41
0.5umol/L As,O, 15.53+0.69 60.92+2.16 36.87+2.46
lpmol/L As;O; 19.10+1.022  57.55+2.24 40.14+2.87
2pumol/L As,O; 21.87£0.84* 54.12+1.18 43.17+2.30

Treated group vs control group, 2P<0.05.

Table 2 Influence of arsenic trioxide on expression of Bcl-2 and
Bax (%)

As,0; concentration (umol/L)
Control

0.5 1 2

4.33+0.29 8.81+0.84 46.00+3.61° 83.08+8.16°
15.33+1.04 3.83+0.29" 87.33+2.02° 95.83+2.36°

Treated group vs control group, °P<0.01.

Bcl-2 expression
Bax expression
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Figure 2 Transmission electronmicroscopic observati on of
ultrastructural changes in human hepatoma cells treated with 0,
0.5, 1, 2umol/L As,0; for 96h. The nucleocytoplasmic ratio
enlanged with indentation of nuclei in BEL-7402 cells of Oumol/L
As,0; group (A). The nucleocytoplasmic ratio become smaller,
nuclei appear round, but with well-differentiated organelles in the
cytoplasm in 0.5umol/L As,O; group (B). The intact cell
membrane, nuclear condensation and apoptoti ¢ body formation in
1, 2umol/L As,O; group (C,D).

Figure 3 Scanning electronmicroscopic observation of changes in
human hepatoma cell membranes treated with 0, 0.5, 1,
2umol/L As;O; for 96h. There were abundant processes and
micro villi on the surface of BEL-7402 cells in Opmol/L As,O,
group (A). The processes and micro villi was much less in
0.5umol/L As,Os group (B). The processes and micro villi were
lost when treated with 1, 2umol/L As,O; (C,D).
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Figure 4 Bcl-2 expressions in human hepatoma cells. Oumol/L
As;O3 group (A). 0.5umol/L As,O; group (B).

DISCUSSION
It has been demonstrated that in vitro study is
superior to in vivo, study, being also in consistency
with the latter therefore, it is the main method in
studying the effect of anti-tumor drugs currently!®.
Inhibition of proliferation is the basic
reguirement of anticancer drugs®?®. Recent
clinical studies in China showed that arsenic trioxide
is an effective and relatively safe drug in the
treatment of acute promyelocytic leukemia
Chen* found arsenic trioxide could trigger
apoptosis of APL cell line NB4 cdlls, which was
associated with downregulation of bcl-2 gene
expressions and modulation of PML-RAR apha
chimeric protein. Advanced hepatocel lular
carcinoma has limited, treatment options and
prognosis is poor. Recent studies have focused on
the apoptosis either by suppression of Bcl-2, Bel-xL
or promotion of Bik, Bax, Bakl**?4, Our results
showed the BEL-7402 cell growth was significantly
inhibited by arsenic trioxide at the concentrations of
0.5umol/L, 1pmol/L and 2umol/L, and the
inhibition effect was not relevant to the cytotoxicity
as shown by cell counting after trypan-blue staining.
When incubated with arsenic trioxide for 3 to 5
days, the speed of growth of the BEL-7402 cellswas
remarkably slow. Funthermore, the percentage of
Go/G; phase cells was lower than that of the
control group, the apoptotic rate of the
experimental group was significantly higher, These
indicated the inhibition effect of arsenic trioxide
acted mainly on the Gy/G;,; phase cells. The

percentage of S phase cells was much increased,
suggesting there might be synergistic effect when
arsenic trioxide used in combination with other S
phase anti-cancer drugs.

Apoptosis in a complicated physio-pathologic
process involving the suicidal mechanism®!. Many
anticancer drugs can induce apoptosis of neoplastic
cells, which opens a new avence to treatment of
cancer®!,  Modern mole cular biological
investigations have indicated that apoptosis is
regulated by many oncogenes, such as p53, c-myc,
bcl-2, bax, bad etc.!?”*2, Bcl-2 in an apoptosis-
related gene and plays an important role in
regulating apoptosis®*®, by blocking the final
pathway of apoptotic signal transmitted
systemi®*4, Bcl-2 can inhibit the apoptosis
stimulated by  chemotherapeutic  drugs,
radiotherapy, heat shock, free radicas, Ca?* and
TNF etc.*%, Bax is a homologous protein of
Bd-2, in the form of homopolymer or isodipolymer
Bcl-2/Bax®**, The ratio of Bax and Bcl-2
protein influences the apoptotic rate of cells
stimulated by several externd or internd
factor®®%, Chen's report showed that arsenic
trioxide did not influence bax, bcl-x, c-myc, or p53
gene expression, but downregulates bcl-2 gene
expression at both mRNA and protein level %,

Our results suggested that the proliferation
inhibitory effect of arsenic trioxide at 1umol/L and
2umol/L was related to apoptosis induction which
was possibly regulated by the expression of Bcl-2,
Bax. Oltval et al® reported the number of
apoptotic cells was higher when Bax protein was
predominant. In our study, the apoptotic
percentage by flow-cytometry assay was concordant
with the protein expression level of Bcl-2 and Bax in
1pumol/L and 2umol/L arsenictrioxide-trested cells.

Arsenic trioxide has dual effects on APL cells:
preferential apoptosis at high concentration (0.5-2
microM) and partia differentiation at low
concentration (0.1-0.5 microM)®?, Treatment of
BEL-7402 cells with 0.5umol/L arsenic trioxide
showed intricate results in our study. The reasons
were as follows: (U The apoptotic rate of BEL-7402
cell increased after 0.5umol/L arsenic trioxide
treatment, but had no statistical difference as
compared with that of the control. Express on of
the Bcl-2 protein was increased with arsenic trioxide
treatment, whereas expression of Bax protein fell.
Ogasawara et al® confirmed that Fas system
played an important role in hepatocytic apoptosis
induction, therefore, other apoptosis-related gene
expresson might be involved in that treated with
0.5pumol/L arsenic trioxide. @ It had been seen
that the nucleocytoplasmic ratio was decreased, the
nucleus became round, with loss of indentation but
there were well-differentiated organelles in the
cytoplasm, suggesting a possible role for
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0.5pmol/L arsenic trioxide in the induction of
differentiation.

In conclusion, our study demonstrates the
proliferation inhibition and apoptosis induction
effects of arsenic trioxide at the concentrations of
0.5umol/L, 1umol/L and 2umol/L on the
human hepatoma cell line BEL-7402. It seems that
arsenic trioxide can be a new adjuvant drug in
treatment of liver cancer. Arsenic trioxide can be
introduced into human body via hepatic artery
catheterization to induce cell apoptosis. The present
study provides some theoretical basis for its clinical
use.
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