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LIVER CANCER.

Selective COX-2 inhibitor, NS-398, suppresses cellular
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Abstract

AIM: To investigate the growth inhibitory mechanism of
NS-398, a selective cyclooxygenase-2 (COX-2) inhibitor,
in two hepatocellular carcinoma (HCC) cell lines (HepG2
and Huh?).

METHODS: HepG2 and Huh?7 cells were treated with
NS-398. Its effects on cell viability, cell proliferation,
cell cycles, and gene expression were respectively
evaluated by water-soluble tetrazolium salt (WST-1)
assay, 4’-6-diamidino-2-phenylindole (DAPI) staining,
flow cytometer analysis, and Western blotting,
with dimethyl sulfoxide (DMSO) as positive control.

RESULTS: NS-398 showed dose- and time-dependent
growth-inhibitory effects on the two cell lines.
Proliferating cell nuclear antigen (PCNA) expressions in
HepG2 and Huh7 cells, particularly in Huh7 cells were
inhibited in a time- and dose-independent manner.
NS-398 caused cell cycle arrest in the G1 phase with cell
accumulation in the sub-G1 phase in HepG2 and Huh7
cell lines. No evidence of apoptosis was observed in two
cell lines.

CONCLUSION: NS-398 reduces cell proliferation by
inducing cell cycle arrest in HepG2 and Huh7 cell lines,
and COX-2 inhibitors may have potent chemoprevention
effects on human hepatocellular carcinoma.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most
common malignancies worldwide!". Although HCC is
significantly more prevalent in Asia and Africa, a rising
incidence has been reported in Western countries. Most
patients present at an advanced stage when successful
surgical treatment is no longer feasible and current
therapeutic options achieve clinical responses in only a
small percentage of cases. As a consequence, effective
approaches for prevention and treatment need to be
established.

Epidemiological and experimental studies have
demonstrated the effect of non-steroidal anti-inflammatory
drugs (NSAIDs) in the prevention of human cancers,
especially those in the gastroenterological tract!”,
Epidemiological studies have shown that the rate of
mortality of colorectal cancer in individuals taking
NSAIDs is 40%-50% lower than that in non-users™.
NSAIDs inhibit endogenous prostaglandin synthesis. The
key step in the enzymatic conversion of arachidonic acid
to prostaglandins is catalyzed by cyclooxygenases (COX),
and represents the specific target of NSAIDs.

Two forms of cyclooxygenase, COX-1 and COX-2
have been identified. COX-1 is expressed constitutively
in most tissues and appears to be responsible for
prostaglandin production in various physiological
functions such as platelet aggregation and maintenance
of gastric mucosa. In contrast, COX-2 is induced by
several inflammatory cytokines and growth factors” and
frequently over-expressed in various tumor cells. Selective
COX-2 inhibitors do not affect platelet aggregation or
bleeding time and cause far fewer acute gastric erosions
than several nonselective inhibitors. Therefore, selective
COX-2 inhibitors such as celecoxib and NS-398 are
preferable to nonselective COX-2 inhibitors.

The role of COX-2 in hepatocellular carcinogenesis
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is still unclear. Previous studies have shown increased
expression of COX-2 in patients with various liver
diseases, suggesting its possible role in chronic liver disease
and during HCC progression”. In addition, some studies
have described the possible benefits of treatment with
COX-2 inhibitors as indicated by their effects on human
HCC cell lines®"". However, contrasting results have also
been reported about the expression of COX-2 or the
effects of COX-2 inhibitors on HCC cell lines"". COX-2
may be a logical therapeutic target in various human
cancers including HCC. However, information regarding
the mechanisms involved in these effects is scant and
sometimes contradictory'*"”,

In this study, we examined the effects and possible
mechanism of NS-398, a selective COX-2 inhibitor in two
human hepatoma cell lines, HepG2, and Huh7.

MATERIALS AND METHODS

Materials

Human hepatoma cell lines HepG2 (showing wild-type
p53) and Huh7 (showing mutant-type p53) wete obtained
from the American Type Culture Collection (Rockville,
MD, USA). Each cell line was cultured in Dulbecco’s
modified Eagle’s medium (DMEM; Invitrogen, Catlsbad,
CA) supplemented with 10% fetal bovine serum (FBS),
essential amino acids, 100 units/mL penicillin (Invitrogen),
and 100 pg/mL streptomycin (Invitrogen, Catlsbad, CA).
All cells were maintained in a humidified atmosphere
containing 950 mL/L air and 50 mL/L COz2 at 37°C.
NS-398 was purchased from Cayman Chemical (Ann
Arbor, MI, USA) and dissolved in dimethyl sulfoxide
(DMSO).

Cell viability assay

To evaluate the inhibitory growth effect of NS-398,
we confirmed its cytotoxicity and proliferating activity
by water-soluble tetrazolium salt (WST-1) assay (Roche
Diagnostics, Mannheim, Germany). The WST-1 assay
is a colorimetric method in which the dye intensity is
proportional to the number of viable cells. Cells were
seeded into 96-well microtiter plates at a concentration of
5 % 10° cells/well. After 12-h incubation, cells were treated
with serum-free media containing various concentrations
of NS-398 (0, 50, 100, and 200 pumol/L) for 24, 48, and
72 h. Because we used DMSO-dissolved NS-398, cells
cultured in the serum-free media containing an equivalent
volume of DMSO without NS-398 respectively were used
as controls to ensure DMSO not to promote unwanted
cellular effects. The final concentration of DMSO was
< 0.3%. After incubation, the cells were washed with
PBS and the cell proliferation reagent WST-1 was added
with cell culture medium, and incubated for 4 h. Sample
absorbence was analyzed using a bichromatic ELISA
reader at 450 nm. All experiments were performed in
triplicate.

Nuclei staining and FACS analysis

Charactetization of apoptosis and/or necrosis was carried
out after propidium iodide (PI) and Annexin V-FITC
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staining with apoptosis detection kit I (Pharmingen, San
Diego, CA, USA) followed by flow cytometric analysis
after 24, 48 and 72 h of 100 umol/L NS-398 treatment
in HepG2 and Huh7 according to the manufacturer’
s instructions. For histogram analysis after PI staining,
the cells were fixed with 70% ethanol in PBS for 15 min
at -20°C. The fixed cells were incubated with RNase A
(100 ug/mL) for 30 min at 37°C and then stained with
PI (50 mg/mL in PBS). Fluorescence of individual nuclei
and intact cells was determined using a FACScalibur flow
cytometer (Beacton Dickinson, San Jose, CA).

For detection of apoptosis, cells were washed twice
with ice cold PBS and stained simultaneously with FITC-
conjugated Annexin V and PI for 20 min on ice in the
dark with a binding buffer. Within the next hour, cells were
analyzed for apoptosis. The total number of apoptotic
cells was determined by calculation of Annexin V+ and
PI-cells (reflecting early apoptosis) together with annexin
V+ and PI+ cells (reflecting late apoptosis/secondaty
Necrosis).

DAPI staining

#4-6-diamidino-2-phenylindole (DAPI), a DNA-binding
fluorescent dye, was used to determine whether the
mechanism of growth inhibition upon NS-398 treatment
is apoptosis. After treatment with 100 pmol/L NS-398 for
0, 24, 48, and 72 h, the cells were washed three times with
PBS, fixed in a 3.7% formaldehyde solution for 10 min,
fixed once in 1 mL of methanol, and then stained with
4 ug/ml DAPI (Oncor, Gaithersburg, MD) for 10 min.
Results were determined by visual observation of nucleat
morphology via fluorescence microscopy.

Immunoblot analysis

HepG2 and Huh7 cells were seeded on 100-mm dishes at a
density of 1.5 X 10° cells /dish. After seeding and overnight
incubation, cells were serum-starved for 24 h and incubated
in serum-free media with 100 ymol/L. NS-398 for 0, 24,
48 and 72 h. Attached and floating cells were harvested
together. Cells cultured in the same condition without
NS-398 were used as controls. Proteins extracted from
either treated or control cells were measured by Bradford
assay, and subjected to SDS-PAGE. The proteins were then
transferred electrophoretically to nitrocellulose membrane
(Schleicher & Schuell, Dassel, Germany) at 100 V for
1 h at 4°C. To stain the proteins and to validate that equal
amounts of protein were loaded in each lane and transferred
efficiently, the membrane was immersed in 0.5% Ponceau S
(Sigma Chemical Co., St. Louis, MD) in 1% acetic acid. The
membrane was washed three times with TBS containing
0.1% Tween 20 (IBS-T). After blocking with 5% skim milk
in TBST buffer for 1 h, the membrane was incubated with
primary antibodies (anti-mouse COX-2 antibody, 1:500;
anti-rabbit caspase-9, caspase-3 and caspase-8, 1:1000; anti-
mouse poly [ADP-ribose| -polymerase (PARP) antibody,
1:1000; anti-mouse proliferating cell nuclear antigen (PCNA)
antibody, 1:1000 and anti-mouse B-actin antibody, 1:2500)
overnight at 4°C. The membrane was incubated with
secondary antibodies for 1 h and detected with ECL reagent
(Amersham-Pharmacia, UK).



Baek JY et a/. Inhibitor of COX-2 induces cell-cycle arrest in hepatoma cell lines 1177

NS-398 treatment Control
0 24 a8 72 72(h)
HepG2 d
e

Huh7 “
U e S S —

Figure 1 Immunoblot analysis for COX-2 protein levels in HepG2 and Huh7
cells. Cells were treated with 100 umol/L NS-398 for 0, 24, 48 and 72 h. Control
cells were treated with DMSO without NS-398. The upper bands represent 72
kDa COX-2-specific staining while the lower bands are B-actin controls. COX-2
expression was detectable but low in both cell lines. Decreased changes were
observed in COX-2 expression with increasing time.

Statistical analysis

One-way analysis of variance (ANOVA) was performed to
test the differences in cellular proliferation and apoptosis
of the two cell lines treated with different NS-398
concentrations for varying times. P < 0.05 was considered
statistically significant. Data were analyzed using the
Statistical Package for Social Sciences (SPSS) (version 11.0).

RESULTS
Inhibition of COX-2 expression by NS-398

We first characterized the hepatoma cell lines by their
expression of COX-2. Samples containing 50 pg of
extracted protein were loaded onto the gel. Immunoblot
analysis revealed that both cell lines expressed COX-2
protein. The expression of COX-2 was inhibited by
NS-398. Immunoblot analysis also demonstrated different
COX-2 expressions after treatment with 100 pmol/L
NS-398 for different periods of time (Figure 1).

Inhibition of HepG2 and Huh? cell viability by NS-398

To determine the effect of the selective COX-2 inhibitor
NS-398 on HepG2 and Huh?7 cells, cell viability
was determined by WST-1 assay. Growth-inhibitory
experiments were performed by treating cells with various
doses of NS-398 for different periods of time. As shown
in Figure 2, NS-398 reduced cell viability in a time- and
dose-dependent manner on both cell lines. However,

treatment with only DMSO as a control did not alter
HepG2 and Huh?7 cell proliferation (P > 0.05).

No evidence of apoptosis was observed in two cell lines
To confirm that NS-398 induces apoptosis of COX-2-
expressing HepG2 and Huh7 cells, a double-staining
method using FITC-conjugated Annexin V and PI, DAPI
staining and Western blotting were done. In the Annexin
and PI staining, the petcentages of apoptotic and necrotic
cells at 0, 24, 48 and 72 h after 100 pmol/L of NS-398
treatment were not significantly different in HepG2
and Huh7 cells (Figure 3). Moreovet, no condensed and
fragmented nuclei were found in DAPI staining (data not
shown). Immunoblot analysis showed that there was no
activation of caspase-3, caspase-8, caspase-9 and PARPs
in HepG2 and Huh7 cells treated with 100 pmol/L of
NS-398 (Figure 4). Taken together, NS-398 did not induce
apoptosis in HepG2 and Huh7 cells.

NS-398 suppressed cell proliferation by inducing cell
cycle arrest, especially in Huh7 cell lines

To test the effects of NS-398 on cellular proliferation,
the two HCC cell lines were treated with 100 umol/L
of NS-398. We detected PCNA protein by IB analysis.
As shown in Figure 5, both cell lines showed a down-
regulation of PCNA expression after treatment with
100 umol/L. of NS-398 in a time dependent manner. In
particular, NS-398 treatments significantly suppressed the
cellular proliferation in Huh7 cells.

To determine whether suppressions of proliferation
in Huh7 cells induced by NS-398 are associated with cell-
cycle arrest, we measured DNA content by flow cytometry.
We observed that the population of cells in sub-G1
phase increased after 100 umol/L NS-398 treatment in
both cell lines for different periods of time. A significant
correlation was observed between the growth inhibition
and accumulation of cells in sub-G1 phase for Huh7 at
48 h (Figure 6).

DISCUSSION

COX-2 is involved in several pathological processes such
as inflammation and cancer, and inhibition of apoptosis is
regarded as one mechanism by which COX-2 contributes
to tumorigenesis. Recent studies demonstrated that
selective COX-2 inhibitors (including NS-398) which
can inhibit cell proliferation or induce apoptosis are
found not only in HCC cell lines but also in colorectal®,
esophageal”, bladder"”, prostatic"”, lung!"", cervix"’
carcinoma cells.

Over-expression of COX-2 has been demonstrated
in patients with HCC and high COX-2 expression in
non-tumor liver tissue is significantly associated with
inflammatory activity!®'”.. These findings indicate
that COX-2 expression plays an important role in
hepatic inflammation and malignant transformation of
hepatocytes[zm. However, the key mechanism by which
COX-2 affects HCC cell growth remains unclear.

In this study, we detected the expression of COX-2
protein in HepG2 and Huh7 cells by Western blotting.
Decreased changes in COX-2 protein expression were
observed during the course of growth inhibition by
NS-398 treatment (Figure 1). Our findings suggest
that the growth-inhibitory effect on hepatocellular
carcinoma cell lines is dependent on COX-2 expression'"’.
However, several other studies have shown that there is
no correlation between COX-2 expression and growth-
inhibitory effects induced by NSAIDs™""*"!

NS-398-induced inhibition of cell growth is both dose-
and time-dependent (Figure 2). The association of COX-2
inhibition with suppression of tumor cell proliferation
remains unclear in HCC. Our findings demonstrate that
NS-398 may inhibit cell growth in a dose- and time-
dependent manner, due to the result of evident cell
cycle arrest at G1 (Figures 2 and 6)"'". Decreased PCNA
expression supports the finding of a reduced number
of cells in S phase by cell cycle analysis, which is an
important event in cell cycle arrest of HepG2 (wild-
type p53) and Huh-7 (p53-220Cys) induced by NS-398.
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Figure 2 Proliferation of HepG2 and Huh7 cells inhibited by NS-398. A: Time-dependent growth-inhibitory effect of NS-398. One hundred pumol/L NS-398 was added to
HepG2 and Huh7 cells, which were cultured for 24, 48 or 72 h, and subjected to WST-1 assay. Absorbance was detected at 450 nm with an ELISA plate reader, and the
growth rates of both cell lines treated with NS-398 were reduced compared to controls. Control cells were treated with an equivalent volume of DMSO without NS-398,
respectively; B: Dose-dependent growth-inhibitory effect of NS-398. Cells treated with various concentrations of NS-398 were cultured for 72 h, and quantified by WST-1
assay. Data from 3 independent experiments are shown as e mean + SD (°P < 0.05).
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Figure 3 Flow cytometric analysis after exposure of HepG2 (A) and Huh7 (B) cells to NS-398. Cells were treated with 100 umol/L NS-398 for 24, 48, and 72 h, stained with
annexin V-FITC and propidium iodide and analyzed on a FACScalibur flow cytometer. Quadrants 2-4 represent secondary necrotic cells, viable cells, and apoptotic cells,
respectively.

In particular, NS-398 treatment significantly suppressed COX-2P**! \While wild-type p53 over-expression leads
Huh7 proliferation. Recent reports indicate a complex to increased COX-2 levels™, opposite effects where p53
relationship between the tumor suppressor p53 and inhibits COX-2 transcription have been reportedlzsj. Thus,
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Figure 4 No evidence of activation of the caspase pathway and PARP by NS-398. No evidence of apoptosis in HepG2 and Huh7 cells was observed after NS-398
treatment. No caspase pathway activation or PARP cleavage was detected in both cell lines.
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Figure 5 Inhibition of PCNA expression by NS-398. A: Down-regulation of PCNA expression in both cell lines after NS-398 treatment. Cells were treated for 24, 48, and
72 h with 100 umol/L NS-398. Controls were treated with an equivalent volume of DMSO without NS-398. PCNA expressions in HepG2 and Huh7 cells were inhibited in a
time-dependent (as shown above) and dose-independent (data not shown) manner; B: Quantification of the relative amount of each band by image analysis.
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Figure 6 Inhibition of cell cycle arrest in Huh7 by NS-398. The cell cycle distribution was determined using a FACScan flow cytometer. Cells were harvested at 24, 48 and
72 h after treatment with 100 umol/I. NS-398 and collected. RNA was digested and DNA content was stained with propidium iodide (PI). Representative DNA histograms

for Huh7 cells were shown.
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different chemosensitivity to the selective COX-2 inhibitor
NS-398 might be associated with different p53 status,
including Huh-7 (mutated p53) and HepG2 (wild-type p53).
Several other studies, however, have shown that
NS-398 inhibits cell proliferation and induces apoptosis
via caspase-dependent or caspase-independent pathway
in hepatoma cell lines***". But in our experiments, we
obtained all negative data in Western blots and DAPI
staining, This discrepancy may be due, at least in part, to
sub-clone vatiation and different culture conditions .
Alteration of apoptosis is considered an important
mechanism of carcinogenesis” . Caspases can be divided,
based on their activity, into initiator caspases (caspase-8
and -9) and effector caspases (caspases-3, -6 and -7). In our
study, no definite evidence of apoptosis was found after
NS-398 treatment of both cell lines, suggesting that the
major mechanism of growth inhibition by NS-398 may be
anti-proliferation by cell cycle arrest rather than apoptosis.
In conclusion, selective COX-2 inhibitor, NS-398,
inhibits the growth of HepG2 and Huh7 cells by inducing
cell cycle arrest and is a potential candidate as an effective
chemopreventive tool against human HCC.
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