
Abstract. Two isoforms of cyclooxygenase (COX) are
known, and to date most studies have implicated COX-2 in
the development and progression of various human cancers.
Increasing evidence suggests that COX-1 may also play a
similar role. Indeed, we have recently observed that the
dual COX-1/COX-2 inhibitor indomethacin induces apoptosis
in human hepatocellular carcinoma (HCC) cell lines more
effectively than the selective COX-2 inhibitors, possibly
implicating COX-1 in HCC. In this study we investigated the
expression of COX-1 in non-tumor and malignant human
liver tissues, as well as the effects of the highly selective
COX-1 inhibitor SC-560 on cell growth and apoptosis in
human HCC cell lines. Expression of COX-1 was detected
in nearly all the samples assayed, although with a high
variability between non-tumoral (NT) and malignant tissues.
The percentage of COX-1 positive cells was significantly
higher in the NT tissues than in the tumors (p<0.0001). In
well-differentiated HCC COX-1 expression was significantly
higher than in the poorly-differentiated tissues (p<0.05). SC-
560 showed a dose- and time-dependent inhibitory effect on
HCC cell growth. The combination of the COX-1 inhibitor with
nimesulide and CAY10404, two selective COX-2 inhibitors,
resulted in additive effects on cell growth inhibition. SC-560
also inhibited colony formation in soft agar and induced
apoptosis in HCC cells in a dose-dependent manner. Moreover,
SC-560 decreased the levels of the anti-apoptotic proteins

survivin and XIAP and activated caspase-3 and -7 in a dose-
and time-dependent fashion. In conclusion, we report for the
first time that the selective COX-1 inhibitor SC-560 exhibits
anti-tumor and apoptotic effects in human HCC cells. Overall,
our previous and present results suggest that both COX-1 and
COX-2 inhibitors may have potential therapeutic implications
in HCC patients.

Introduction

The incidence of hepatocellular carcinoma (HCC) has
considerably increased in recent years, and HCC is now one
of the ten most common cancers worldwide. Although both
diagnostic and therapeutic measures for early-stage HCC have
improved significantly, the HCC prognosis is still extremely
poor. On the other hand, advanced HCC is a highly aggressive
tumor with a very low rate, if any, of response to common
therapies. This underlines the necessity to develop new
strategies for both the prevention and treatment of HCC.

Chronic infection with hepatitis viruses and inflammation
are risk factors for the development of HCC. However, the
cellular mechanisms linking chronic inflammation to malignant
transformation in this disorder are not clear. Several studies
have demonstrated that treatment with non-steroidal anti-
inflammatory drugs (NSAIDs) can reduce the incidence and
mortality of a wide range of tumors (1). These drugs inhibit
the activity of cyclooxygenases (COX)-1 and -2. It is now well-
established that the ‘inducible’ COX-2 enzyme is involved in
the development and progression of colon, skin and breast
cancers (2-4). Although less attention has been drawn to the
potential role of the ‘constitutive’ COX-1 enzyme in carcino-
genesis, recent evidence supports its implication in some types
of tumors (5-9).

The role of the cyclooxygenases in hepatocellular carcino-
genesis is still unclear. However, some studies have shown
an increased expression of COX-2 in patients with different
types of liver disease, suggesting its possible role, especially
in the early stages of hepatocarcinogenesis (10-13). Results
from our laboratory and others (11,14,15) have shown that
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COX-2 inhibitors effectively inhibit the growth of HCC cells,
whereas, to our knowledge there is still no experimental data
on the role of COX-1 in HCC. However, in a previous study
(15) we reported that the dual COX-1/COX-2 inhibitor indo-
methacin induces apoptosis in human HCC cell lines more
effectively than selective COX-2 inhibitors, suggesting a
possible role for COX-1 in human HCC. To further investigate
this issue, in the present study we investigated the expression
of COX-1 and -2 in both non-tumor and malignant liver
tissues and HCC cell lines. In addition, the effects of COX-1
selective inhibitor (SC-560) (16) on HCC cell growth and
apoptosis were also studied and compared with those of two
selective COX-2 inhibitors, nimesulide and CAY10404, and
of the dual inhibitor indomethacin.

Materials and methods

Tissue specimens. The study included 15 primary HCC
patients with hepatitis virus-associated chronic liver disease
(male 12, female 3; mean age 64, range 50-78 years). Nine
patients only were considered for immunohistochemical
analysis, and the remaining six for the reverse transcription-
polymerase chain reaction analysis. All tissues in this study
were surgical resection specimens. Paired tumor and
surrounding non-tumor regions were analyzed in each
patient. The disease was associated with the presence of
serum HCV antibodies in 11 patients, and four were positive
for HBsAg. Ten patients had an HCC >1.5 cm and ≤3.0 cm,
and five had HCC >3 cm. All patients underwent surgery or
liver transplantation at Division of Surgery at the University
Medical School of Palermo or Istituto Mediterraneo Trapianti
e Terapie. Informed consent was obtained from all patients.
Three histologically normal liver tissues were used as
controls.

For immunohistochemical analysis formalin-fixed,
paraffin-embedded blocks were obtained from each specimen.
Consecutive 4-6 μm tissue sections were cut from each
block. HCC was histologically graded by two independent
pathologists (A.M.F. and C.T.) and divided into 3 categories:
well-differentiated (WD), moderately-differentiated (MD) or
poorly-differentiated (PD).

Histopathological studies have suggested that HCC
originate as relatively well-differentiated tumors and become
progressively less differentiated at a later stage of their
development (17,18). To study the potential role of COX
enzymes during tumor progression, and to avoid differences
due to varying genetic backgrounds in the patients, we
evaluated areas with different grades of differentiation in a
single tumor mass. Therefore, comparison was restricted to
the two areas with the greatest difference in differentiation
grade (i.e. well-differentiated versus poorly-differentiated),
while the intermediate area (MD) was not included in the
analysis.

For RT-PCR studies of COX-1 and COX-2 gene expres-
sion, fresh tumor and non-tumor samples were collected
during surgical resection. All samples were immediately
frozen and stored at -80˚C until RNA extraction.

Histochemical staining. Specimens were de-waxed, hydrated
and then heated in a microwave oven (3-4 cycles of 5 min

each) in 10 mM citrate buffer (pH 6.0), and then washed
twice with PBS for 5 min. All sections were incubated in 3%
hydrogen peroxide (v/v) in methanol for 5 min to inhibit
endogenous peroxidase. Immunohistochemistry was performed
by the streptavidin-biotin complex (StreptABC) using the
following antibodies: rabbit polyclonal antibody against
human COX-2 (Cayman Chemical, Ann Arbor, MI, USA)
at a dilution of 1:100 for 2 h at 37˚C, and mouse mono-
clonal antibody against human COX-1 (Vector Laboratories,
Burlingame, CA) at a dilution of 1:50 for 1 h at room
temperature. Sections were then incubated for 30 min at
room temperature with biotinylated anti-rabbit or anti-mouse
immunoglobulin diluted in PBS, with streptavidin-biotin
complex for 30 min at room temperature; the color was
developed with 3-amino-9-ethyl-carbazole (AEC; Dako,
Copenhagen, Denmark) for 5-10 min at room temperature
and counterstained with Mayer hematoxylin for 3 min.
Immunohistochemical staining for COX-1 and COX-2 was
semi-quantitatively evaluated by two independent observers
(A.M.F., C.T.) using a scale of 0-5, according to both degree
and intensity of staining, in which: 0, negative; 1, positive
staining in 1-20% of cells; 2, in 21-40%; 3, in 41-60%; 4, in
61-80%; and 5, ≥81%.

Reagents and cell culture. Nimesulide, CAY10404, SC-560
and indomethacin were purchased from Cayman Chemical.
All reagents were dissolved in dimethyl sulfoxide (DMSO).
The HuH-6 and HA22T/VGH human HCC cells used in this
study had a narrow range of passage number and were
maintained as previously described (19).

Extraction of cellular RNA and reverse transcription-
polymerase chain reaction (RT-PCR). Total RNA was
extracted from HCC tissues and cells using a TRIzol reagent
(Invitrogen, Milan, Italy). RT-PCR was then performed
using the Superscript One-step RT-PCR kit (Invitrogen).
Quantification and equalization of the amount of cDNA
was achieved using primers to amplify ß-actin as an internal
control. To amplify COX-1, COX-2 or ß-actin fragments 20,
25 and 30 cycles were used to determine whether DNA
amplification was linear. All PCR products were analysed
by electrophoresis on agarose gel and photographed. The
sequences of primers used in the RT-PCR were as follows:
COX-1, 5'-AGTACAGCTACGAGCAGTTCTTGTT-3'
(sense) and 5'-GTCTCCATACAATTCCTCCAACTCT-3'
(antisense); COX-2, 5'-GAGAAAACTGCTCAACACCG-3'
(sense) and 5'-GCATACTCTGTTGTGTTCCC-3' (antisense);
ß-actin, 5'-TCACCCACACTGTGCCCATCTACGA-3' (sense)
and 5'-CAGCGGAACCGCTCATTGCCAATGG-3' (anti-
sense).

Evaluation of cell growth by MTS assay. Cells (5x103/well)
in complete medium, containing 1% (v/v) fetal bovine serum
(FBS), were distributed into each well of 96-well microtitre
plates and then incubated overnight. At time 0, the medium
was replaced with fresh complete medium, containing 1%
FBS, the agents were added and the cells were cultured for
72 h. At the end of treatment with various concentrations of
the inhibitors, MTS assay was performed using the CellTiter
Aqueous OneSolution kit (Promega Corp., Madison, WI,
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USA) according to the manufacturer's instructions. Cyto-
toxicity was expressed as a percentage of the absorbance
measured in the control cells. The inhibitory concentrations
50% (IC50) and 70% (IC70), defined as the doses of compound
that inhibited respectively 50% and 70% of cell growth were
interpolated from the dose-response curves obtained. Values
were expressed as means ± SD of three separate experiments,
each in triplicate.

Soft agar assays. Cells (2x104) were resuspended in 1.5 ml of
0.3% Bactoagar (Amersham Biosciences, Milan, Italy) in
complete culture medium, containing 10% FBS and different
concentrations of the drugs. This suspension was layered
over 2 ml of 0.6% agar in complete culture medium with or
without drugs per well in 6-well plates. Every 3 days media
were removed and replaced with 2 ml of fresh complete
culture medium containing or not the test drugs. The cells
were incubated for 21 days and the colonies containing >50
cells were counted. Relative colony formation in soft agar
was determined by the ratio of the average number of colonies
in treated cells to the average number of colonies in cells treated
with solvent (DMSO). All experiments were performed in
duplicate and repeated 3 times.

Evaluation of cell cycle distribution, and apoptosis by flow
cytometry and Hoechst 33258 staining. After 24 h of treatment,
the percentage of cells in each phase of the cell cycle was
determined as previously described (20). Apoptosis was
determined by evaluating the percentage of events accumulated
in the preG0-G1 position and by studying phosphatidylserine
exposure on cell surface as well as examining nuclear morpho-
logy after staining cells with Hoechst 33258 as reported
elsewhere (20).

Assay of caspase activity. Cells (2x104/well) were treated with
the test drugs during incubation in 96-well plates containing
complete culture medium with 1% FBS. After 24 h, the level
of caspase activity in the cells was measured by the Apo-
ONE™ homogeneous caspase-3/7 assay (Promega) according
to the manufacturer's instructions. Experiments were performed
in duplicate and repeated twice.

Western blot analysis. At time of harvest, cell lysates were
obtained and Western blotting performed as described
previously (20), with primary antibodies raised against
human COX-1 and COX-2 (Cayman Chemical), p53 (Santa
Cruz Biotechnology, Santa Cruz, CA), survivin (Abcam Ltd.,
Cambridge, UK), XIAP (Cell Signaling Technologies, Inc.,
Beverly, MA) and mouse ß-actin (Sigma-Aldrich Srl, Milan,
Italy).

Statistical analysis. Data are expressed as median and range
(min-max). The Mann-Whitney U test was used.

Results

Expression of COX-1 and COX-2 in human HCC tissues and
cell lines. Expression of COX-1 and COX-2 in HCC and the
surrounding non-tumor tissues was investigated by immuno-
histochemistry (n=9) (Fig. 1A) and semi-quantitative RT-PCR

(n=6) (Fig. 1B) in patients with liver cirrhosis-associated
HCC. Analysis showed the presence of COX-1 and COX-2
in all patients studied (Table I). COX-1 showed a cytoplasmic
localization in the hepatocytes. A faint reaction was also
observed in endothelial cells, whereas infiltrating inflammatory
cells were not stained (data not shown). COX-1 expression
was significantly higher in the non-tumor cirrhotic tissues
(NT) than in the tumors except in one case [median = 4
(range = 3-5) versus 0.5 (0-5); z=3.8, p<0.0001] (Fig. 1A;
Table I). Likewise, COX-2 expression was significantly
higher in the NT tissues than in the tumors [5 (4-5) versus 1
(0-5); z=3.4, p<0.0001] (Table I) with a diffuse cytoplasmic
localization in the NT hepatocytes and a cytoplasmic dot-
like pattern in the tumor cells (Fig. 1A). Comparison between
well-differentiated versus poorly-differentiated HCC showed
that COX-1 and COX-2 expression was significantly higher in
well-differentiated tumors [1 (0-5) versus 0 (0-2) respectively,
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Figure 1. COX-1 and COX-2 protein and mRNA levels in human hepato-
cellular carcinoma tissues and cell lines. (A) COX-1 and COX-2 protein
expression and cellular localization were determined by immunohisto-
chemistry in cirrhotic tissues (NT) of two different patients, and in the same
area of HCC tissue (T) of a single patient. (B) COX-1 and COX-2 mRNA
levels were evaluated by RT-PCR in cirrhotic (NT) and HCC tissues (T).
ß-actin levels are shown as an internal control. The results shown are in the
linear range of PCR amplification. The photographs shown represent two
independent experiments. (C) COX-1 and COX-2 mRNA and protein levels
evaluated by RT-PCR (left panel) and Western blotting (right panel). Identical
amounts of protein (25 μg) were used. The data shown represent three
independent experiments with comparable outcomes.
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z=2.0, p<0.05 for COX-1; and 4 (1-5) versus 0 (0-1)
respectively, z=3.7, p<0.0001 for COX-2] (Table I).

In four of the six patients analyzed the expression of
COX-1 mRNA was higher in the surrounding non-tumor liver
tissue than in the tumor (Fig. 1B). In one case COX-1 mRNA
levels were higher in the tumor than in the NT tissue (Fig. 1B).
COX-2 expression was up-regulated in two T and four NT
samples, respectively (Fig. 1B). Moreover, a similar pattern
was also noted between COX-1 and COX-2 expression in the
two different areas (NT versus T) taken from each patient. In
normal liver controls, COX-1 expression was weakly detected
in one out of three samples, whereas COX-2 was completely
absent in all three (data not shown).

COX-1 and COX-2 expression was studied also in the
HuH-6 and HA22T/VGH human HCC cell lines by semi-
quantitative RT-PCR and Western blot. As shown in the left
panel of Fig. 1C, COX-1 and COX-2 mRNAs were expressed
by both HuH-6 and HA22T/VGH cell lines, with COX-2
expression especially prominent in HA22T/VGH cells. In
addition, Western blot analysis revealed that HuH-6 and
HA22T/VHG cells express COX-1 and COX-2 proteins at
equivalent levels (Fig. 1C, right panel).

Cell growth inhibition induced by COX inhibitors. We first
assessed the effects of SC-560 (COX-1 inhibitor), nimesulide
(COX-2 inhibitor), CAY10404 (COX-2 inhibitor), and indo-
methacin (dual COX inhibitor) on HCC cell growth by MTS
assay. CAY10404 is a new selective inhibitor with a high
(>500,000) selectivity index (IC50COX-1/IC50COX-2) in favor
of inhibition of COX-2, thus it has an IC50 value comparable
to that of second generation selective COX-2 inhibitors, such

as valdecoxib and etoricoxib (21). Combinations of SC-560
with nimesulide and CAY10404 were also tested. The dose-
response study showed that HuH-6 (Fig. 2A) and HA22T/
VGH (Fig. 2C) cells were responsive to all the drugs. After
72 h of exposure to SC-560, the IC50 values were 9 and
105 μM, and the IC70 values 30 and 193 μM, in HuH-6 and
HA22T/VGH, respectively. Whereas, the IC50 values for
nimesulide were 86 and 72 μM, and the IC70 values 148 and
200 μM, in HuH-6 and HA22T/VGH, respectively. The IC50

values for CAY10404 were 41 and 99 μM, and the IC70 values
63 and >100 μM, in HuH-6 and HA22T/VGH, respectively.
CAY10404 was tested up to 100 μM that was the highest
concentration that did not precipitate during the incubation
period. The IC50 values for indomethacin were 46 and 88 μM,
and the IC70 values 125 and 200 μM, in HuH-6 and HA22T/
VGH, respectively. The use of combinations of SC-560 with
nimesulide and CAY10404, at concentrations equal to 25%
and 50% of their IC50 values, resulted in considerably additive
effects of cell growth inhibition both in HuH-6 and in HA22T/
VGH cells (Fig. 2B and D).

COX-1 inhibitor reduces anchorage-independent growth of
HCC cells. To investigate whether SC-560 suppresses the
transformed phenotype of HCC cells, the colony-forming
abilities of HuH-6 cells in soft agar were examined. HuH-6
cells were grown in presence of increasing concentrations of
SC-560 and after 3 weeks, the total colony number containing
>50 cells was counted. As shown in Fig. 3, SC-560 inhibited
anchorage-independent cell growth in a dose-dependent
manner. We also tested the effect of nimesulide, CAY10404
and indomethacin on cell growth. Cells were more affected by
treatment with SC-560, nimesulide or CAY10404 than by
indomethacin (Fig. 3). In this assay the IC50 value for SC-560
was <20 μM, whereas for nimesulide, CAY1040 and indo-
methacin, it was approximately 50 μM, <25 μM and 100 μM,
respectively.

SC-560 induces apoptosis in HCC cells. To investigate
whether the anti-tumor effect of SC-560 could be due to its
ability to induce apoptosis, we studied cell death in HCC
cells treated with this compound for 48 h using flow cyto-
metry analysis. SC-560 significantly increased the number
of apoptotic cells expressed as the percentage of events
accumulated in the preG0-G1 position (Fig. 4). In the same
conditions, the effects with nimesulide, CAY10404 or indo-
methacin were less pronounced in both cell lines (Fig. 4). At
the IC70 value, the effect of SC-560 was greater than nimesulide
and CAY10404 in both cell lines, whereas was slightly lower
than indomethacin only in HuH-6 cells (Fig. 4). Similar results
were obtained assessing apoptosis through annexin V binding
(data not shown).

Combinations of SC-560 with nimesulide, used at con-
centrations equal to 50% of their IC50 and IC70 values, resulted
in additive effects on apoptosis induction in HuH-6 cells. In
detail, concentration equal to 50% of IC50 value of SC-560
and nimesulide alone induced an increase in the apoptotic
rate of 1.1 and 1.2 respectively, whereas their combination
resulted in 1.7-fold increase as determined after 48 h by flow
cytometry analysis of DNA stained with propidium iodide
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Table I. Scores representing immunohistochemical staining
for COX-1 and COX-2 in human liver tissues.
–––––––––––––––––––––––––––––––––––––––––––––––––

COX-1 COX-2
–––––––––––––––––– ––––––––––––––––––

HCC HCC
––––––––––– –––––––––––

No. LC WD PD LC WD PD
–––––––––––––––––––––––––––––––––––––––––––––––––
1 5 0 0 5 2 0
2 5 1 0 5 4 1
3 4 2 0 4 1 0
4 5 2 0 4 4 0
5 4 5 2 4 4 0
6 3 1 0 5 4 0
7 3 1 2 5 4 0
8 5 0 0 4 3 0
9 4 3 0 5 5 0
–––––––––––––––––––––––––––––––––––––––––––––––––
Immunohistochemical staining for COX-1 and COX-2 was semi-
quantitatively evaluated by two independent observers using an
arbitrary scale of 0-5, according to both degree and intensity of
staining, as reported in Materials and methods. LC, liver cirrhosis;
HCC, hepatocellular carcinoma; WD, well-differentiated; PD, poorly-
differentiated.
–––––––––––––––––––––––––––––––––––––––––––––––––

Lampiasi 29_7  30/12/05  14:02  Page 248



and by evaluating the percentage of events accumulated in
the preG0-G1 position. At concentration equal to 50% of IC70

value SC-560 and nimesulide alone induced a 2- and 1.5-fold
increase in apoptotic rate, whereas their combination resulted
in 3.2-fold induction.

Furthermore, apoptosis was evaluated in HuH-6 cells by
Hoechst 33258 staining. No signs of nuclear condensation
and fragmentation were observed in control cells (Fig. 5C),
whereas they became evident in the cells treated with SC-560

(Fig. 5D). We also examined the morphology of HCC cells
by light microscopy. Treatment with SC-560 induced morpho-
logical changes in HA22T/VGH (data not shown) and HuH-6
cells (Fig. 5A and B), since the cells became sparse, rounded
and detached from the culture dishes.

Effect of SC-560 on proteins regulating apoptosis in HCC
cells. Separate experiments were carried out to investigate
the potential effects of SC-560, nimesulide and indomethacin
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Figure 2. Growth inhibition induced by COX inhibitors. (A and B) HuH-6 and (C and D) HA22T/VGH cells were incubated in the presence of the indicated
concentrations of the inhibitors alone (A and C) and their combinations (B and D) for 72 h and then cell viability was assessed by MTS assay. Data are
expressed as the percentage of untreated cells and are the mean ± SD of three separate experiments, each of which was performed in triplicate.

Figure 3. Effect of COX inhibitors on anchorage-independent growth of HCC cells. A representative experiment of HuH-6 cells grown in soft agar for 21 days.
Cells were plated on soft agar in the absence or presence of the indicated concentrations of COX inhibitors. Data are expressed as percentage of colony in
untreated cells (C).
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on the expression of anti- and pro-apoptotic proteins in HCC
cells. In HuH-6 cells, tumor suppressor p53 levels were
unchanged (Fig. 6A), suggesting that the anti-tumor activity
of all the drugs occurs in a p53-independent manner. In
contrast, exposure to SC-560 for 24 h resulted in a dose-
dependent decrease in the two anti-apoptotic proteins XIAP
and survivin (Fig. 6A). Nimesulide and indomethacin yielded

similar results (Fig. 6A). Equivalent results were also observed
after 48 h of treatment (data not shown). In HA22T/VGH
cells, SC-560 decreased survivin but not XIAP levels, whereas
nimesulide and indomethacin decreased both survivin and
XIAP (Fig. 6A). Expression of p53 in HA22T/VGH cells could
not be detected.

Survivin and XIAP have been shown to inhibit apoptosis
by binding to active caspase-3 and caspase-7 (22). As survivin
and XIAP levels decreased, the activity of caspase-3/7
increased in HuH-6 cells after exposure to SC-560 for 24 h
(Fig. 6B).

Discussion

Several lines of evidence indicate that COX-2 is an important
molecular target for anticancer therapies. Indeed, COX-2 has
been shown to be involved in many processes of carcino-
genesis, such as neoangiogenesis, inhibition of apoptosis,
stimulation of cell growth as well as invasiveness and meta-
static potential of tumor cells (1). We and others have shown
that human HCC tissues and cells express COX-2 (10-15)
and that targeting COX-2 with specific inhibitors may have
potential therapeutic effects in HCC patients (11,13,14,23-25).
On the other hand, increasing evidence indicates that also
COX-1 plays an essential role in skin and intestinal tumori-
genesis (5-9). COX-1 is up-regulated in human breast (4),
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Figure 4. COX inhibitors increase apoptotic rate in HCC cells. HuH-6 (A) and
HA22T/VGH (B) cells were treated with COX inhibitors at concentrations
corresponding to the IC50 and IC70 values, and cell death was determined
after 48 h by flow cytometry analysis of DNA stained with propidium iodide
and evaluating the percentage of events accumulated in the preG0-G1 position.
Data are expressed as percentages of apoptotic cells and are the mean ± SD
of three separate experiments. C, untreated cells.

Figure 5. Morphological changes induced by SC-560 in HuH-6 cells. (A and
B) bright field; (C and D) Hoechst 33258 staining. In (B) and (D) cells were
exposed to 40 μM SC-560 for 24 h. The typically apoptotic appearance
(fragmented and condensed nuclei) of cells treated with SC-560 are indicated
by arrows.

Figure 6. Reduction of survivin and XIAP protein levels and activation of
caspase-3/7 after treatment of HCC cells with COX inhibitors. (A) HuH-6
and HA22T/VGH cells were treated with indicated concentrations of solvent
alone (DMSO) or COX inhibitors for 24 h and then harvested. Identical
amounts of protein (25 μg) were used for Western blotting analysis. In HA22T/
VGH cells, p53 was barely detectable in the conditions used (data not shown).
The data shown represent three independent experiments with comparable
outcomes. (B) HuH-6 cells were incubated with the indicated concentrations
of SC-560 for 24 h, and caspase-3/7 activity was determined as described in
Materials and methods. Data are expressed as a -fold increase of untreated
cells (C).
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prostate (26), cervical (27) and ovarian cancers (28,29). In
addition, it has been shown that cooperation between COX-1
and COX-2 can be essential for intestinal polyp formation
(8).

Since little attention has been paid to the possible role of
COX-1 in HCC, in this study we analyzed COX-1 expression
in HCC and the surrounding non-tumor tissues. On the whole,
we found a higher COX-1 expression in the cirrhotic liver
tissues surrounding HCC, than in the tumors. However, in two
cases COX-1 was up-regulated in the tumor tissues compared
to the adjacent non-tumoral cirrhotic tissues.

In HCC, it has been strongly suggested that as the tumor
increases in size, foci of less-differentiated malignant tissues
arise within the tumor mass and increase until they replace
the well-differentiated tumor tissues. It has also been suggested
that tumor growth depends on this phenomenon (17,18). We
found, in agreement with results reported by Koga et al (10),
that COX-1 expression was higher in well-differentiated than
in poorly-differentiated HCC, suggesting that the presence of
COX-1 might be involved in the early stages of tumor growth.

Our previous observations, showing the ability of the
non-selective NSAID indomethacin to induce greater apoptotic
rates than selective COX-2 inhibitors in HCC cells (15),
prompted us to investigate the effects of the selective inhibition
of COX-1 in HCC. In this study we used SC-560, which is
700 times more selective in inhibiting COX-1 than COX-2
(16), to treat two HCC cell lines, the HuH-6 and HA22T/
VGH cells, which express both COX isoforms. Consistent
with previous reports on other tumor cell types (28-32), we
found for the first time that treatment with the selective
COX-1 inhibitor led to growth inhibition in a dose-dependent
manner in HCC cells. The importance of COX-1 in the HCC
cell growth was futher confirmed by the fact that SC-560
inhibited anchorage-independent growth of HuH-6 cells in
soft agar, an in vitro marker for malignancy of cancer cells.

Furthermore, treatment of HCC cells with SC-560 triggered
significant apoptotic effects; interestingly, at the level of
nearly maximal effect of growth inhibition, i.e. using the
IC70, the extent of apoptosis for SC-560 was slightly less than
that of indomethacin and much greater than nimesulide and
CAY10404, suggesting a possible independent survival role
of each of the two COX isoforms in the cell lines.

On the other hand, cell growth assays indicated that the
combination of the COX-1 and COX-2 inhibitors yielded
additive results. Recently, the combination of COX-1 and
COX-2 selective inhibitors was found to suppress polyp
formation more effectively in the intestinal tumorigenesis
of the Apc knockout mouse model (9). Since COX-1 and
COX-2 catalyze identical reactions, it is possible that one
COX isoform may compensate for the loss of the activity of
the other. Inhibition of both isoforms may overcome such
compensation and produce better results than those obtained
with the single treatments.

We further investigated the possible mechanisms underlying
the anti-tumor effects of SC-560. This compound decreased
the levels of anti-apoptotic proteins survivin and XIAP in
HuH-6, and of survivin in HA22T/VGH in a dose- and time-
dependent manner. Survivin and XIAP have been shown to
inhibit apoptosis by binding to active caspase-3 and caspase-7
(22); accordingly, we observed that SC-560 treatment of

HuH-6 cells resulted in an increase in the activity of such
caspases. The ability of SC-560 to decrease survivin and XIAP
expression, possibly explaining the induction of apoptosis by
the compound, is a novel finding in HCC and suggests that
inhibiting COX-1 might be an effective way to target these
important downstream regulatory proteins.

However, it should take in consideration that increasing
evidence suggests the involvement of molecular targets
other than COX in the antiproliferative effects and induction
of apoptosis of selective inhibitors (33). Moreover, the
concentration of NSAIDs required to cause the biological
response in cultured cells is usually much greater than that
required to inhibit enzymatic activity. Therefore, the possibility
that some of the effects observed in this study may be
independent of their effects on COX activity cannot be ruled
out. Investigation of the possible COX-independent effects
of COX inhibitors in HCC cells is clearly warranted, and
experiments evaluating the role of the mitogen-activated
protein kinase and the phosphatidylinositol 3-kinase/Akt
pathways in the antineoplastic effects of COX-1 as well as
COX-2 selective inhibitors are currently underway.
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