


Statistical Analysis. A minimum of three experiments measuring the
growth inhibition was performed, and the mean of the inhibitory effect was
expressed as percent inhibition calculated as (number of treated cells/number
of control cells3 100. Pairwise group comparisons between different groups
were done using the unpaired Student’st test. Significant differences were
assumed when the chance of differences arising from a sampling error was,1
in 20 (i.e., P, 0.05).

Results

Growth Inhibition. All three cell lines used in this study, KYN-2,
HepG2, and Huh-7, expressed COX-2 strongly, and also the expres-
sion of COX-2 at the mRNA level was confirmed by RT-PCR (Fig.
1). Sulindac exhibited a statistically significant dose-dependent
growth-inhibitory effect on all HCC-derived cell lines evaluated in
this study (Fig. 2a). Supplementation of KYN-2 cell culture medium
for 72 h with 25, 50, and 100mM sulindac produced almost 10, 48, and
70% reduced cell growth, respectively, when compared with cells in
medium supplemented with DMSO only (Fig. 2b). As shown in Fig.
2b, at comparable concentrations, exisulind had a comparatively
greater dose-dependent inhibitory effect than that of the sulindac at
72 h of treatment; however, there was no statistical difference between
the two groups. Moreover, the growth-inhibitory effect of sulindac on
KYN-2 cells was found to be time dependent, because the inhibitory
effect became gradually stronger with the passage of time after
treatment, with the most significant effect observed at 72 h. (Fig. 2c).

As shown in Fig. 2d, the results of manual counting of cell numbers
conformed well with those performed with the MTT assay. Sulindac-
and exisulind-induced morphological changes were evident by 72 h of
treatment in all cell lines. Cells in dishes supplemented with sulindac
or exisulind became sparse, rounded, and detached from the dishes
(Fig. 2f).

Cell Cycle Effect. DNA histograms prepared from cells cultured in
medium supplemented with sulindac showed accumulation of cells in
G0-G1 and a corresponding reduction in percentages of cells in S and
G2–M (Fig. 3). In contrast to the apoptotic effect, arrest of the cell
cycle was not time dependent. Sulindac produced cell quiescence
during the first 24 h of cell culture in the preconfluent state, and after
that the cell cycle progressed to S and G2-M as noted in the control
cells at 48 h after sulindac treatment (data not shown).

Apoptosis and Secondary Necrosis.To evaluate whether the
growth-inhibitory effect of sulindac was associated with apoptosis or
necrosis, a double-staining method using FITC-conjugated annexin V
and PI was done. Annexin V, a calcium- and phospholipid-binding
protein, binds preferentially to a negatively charged inner membrane
phospholipid, phophatidylserine, on exposure to the cell surface and
detects early cellular apoptotic changes, whereas the normally imper-
meable vital dye PI detects cells undergoing necrotic changes. As
shown in Fig. 4a, 100mM sulindac induced cellular apoptosis without
producing cellular necrosis. This effect was time dependent, because

Fig. 1. Immunostaining and mRNA expression of COX-2 in KYN-2, Huh-7, and HepG2 cell lines.GAPDH, Glyceraldehyde-3-phosphate dehydrogenase.

2086

EFFECT OF SULINDAC IN HCC

Research. 
on December 3, 2020. © 2000 American Association for Cancercancerres.aacrjournals.org Downloaded from 



the percentages of cells undergoing apoptosis increased from 16.6% at
12 h to 66.5% at 48 h (Figure 4,a–d). Furthermore, annexinV- and
PI-stained slides were inspected for morphological changes associated
with apoptosis. A representative slide at 48 h after sulindac treatment
shows nuclear condensation and fragmentation as the hallmark of
cellular apoptosis (Fig. 4e).

Discussion

The potential for sulindac as an antineoplastic agent has been
unanimously established in colorectal carcinoma cell lines. Subse-
quently, similar results have been reported in several other carcinomas

(2–4); however, the effect has yet to be elucidated in HCC-originated
cell lines. Sulindac, a new generation of NSAID, inhibits both iso-
forms of COX (COX-1 and COX-2), key enzymes that catalyze the
formation of prostaglandins from arachidonic acid. This inhibitory
effect of sulindac is attributable to its antineoplastic effect, although
much controversy remains around this plausible hypothesis. Much of
this controversy looms around a similar antineoplastic effect exerted
by exisulind, which has virtually no inhibitory effect on either of the
COX enzymes (3). As established previously in colorectal carcinoma
cell lines, similarly both sulindac and exisulind had a uniform growth-
inhibitory effect on all HCC-originated cell lines used for this study.

Fig. 3. DNA histograms of KYN-2 cells cultured in medium supplemented with DMSO (a) and sulindac (b).

Fig. 2. Growth-inhibitory effect of sulindac and sulindac sulfone. A concentration-dependent growth inhibitory effect of sulindac on all HCC cell lines was noticed (a), and a similar
effect was also noted for sulindac sulfone in KYN-2 cells (b). A time-dependent effect of sulindac on KYN-2 cells was evident at a 100mM dose (c). The manually counted data of
cell number were reproducible by the MTT assay (d).e and f, Morphological characteristics of KYN-2 cells before (e) and after (f) sulindac treatment.
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All of the three cell lines used in this study had different differen-
tiation statuses, with HepG2 and Huh-7 being well differentiated (9)
and KYN-2 being less differentiated (10). Kogaet al.(8) reported that
COX-2 is involved in early stages of HCC carcinogenesis and is
expressed frequently in well-differentiated carcinomas. However, in
this study, irrespective of their differentiation status, all three cell lines
expressed COX-2 both at the protein and mRNA levels. Supplemen-
tation of culture medium with both sulindac and its irreversible
oxidative form exisulind at comparable concentrations produced a
concentration-dependent growth-inhibitory effect. A growing body of
evidence suggests that exisulind induces apoptosis in various tumor
cell lines and inhibits chemically induced colonic (11) and mammary
carcinogenesis (2). In these reports the authors concluded, and we
concur with them, that the antineoplastic effect of sulindac may be
irrespective of its inhibitory effect on COX enzymes and prostag-
landin biosynthesis. It is worth mentioning that a comparable growth-
inhibitory effect of sulindac could be achievable at a much lower

concentration (100mM) in HCC cell lines than in other cell lines,
because sulindac had a significant inhibitory effect at 100mM in HCC
cell lines, whereas in pancreatic and colon cancer cell lines it was 200
and 400mM, respectively (4, 7). Sulindac is a prodrug and is metab-
olized to sulindac sulfide by the gut flora and in the liver before it
exerts its effect on COX enzymes (12). It might be possible that HCC
cell lines efficiently converted sulindac to its sulfide form for effec-
tivity at a relatively lower concentration.

Although the exact mechanism for the antineoplastic effect of
NSAIDs has yet to be delineated, the antiproliferative effect and/or
induction of apoptosis have been attributed to this antineoplastic
effect. The antiproliferative effect of NSAIDs by quiescence of the
cell cycle has been questioned by several authors, but most of them
agree regarding the proapoptotic effect of NSAIDs. In a recent report,
Elder et al. (13) demonstrated that NS-398, a new generation of
NSAID had no effect on cell cycle distribution in a colon carcinoma
cell line, whereas Piazzaet al. (14) showed that sulindac produced G1

Fig. 4. Percentages of apoptotic cells after sulindac
treatment in KYN-2 cells at 0 h (a), 12 h (b), 24 h (c),
and 48 h (d). Quadrants2–4, Secondary necrotic cells,
viable cells, and apoptotic cells, respectively. The
percentages of apoptotic cells at 0, 12, 24, and 48 h
after sulindac treatment were 0, 16.2, 42.9, and 66.5%,
respectively.e, Morphological changes as evidence of
apoptosis in sulindac-treated KYN-2 cells.
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arrest in proliferating colon carcinoma cell lines. In this study, we
found that both cell cycle arrest and apoptosis contributed to the
growth-inhibitory effect of sulindac in HCC cell lines. In the precon-
fluent state, sulindac produced significant cell cycle arrest in G0-G1 as
early evidence of an antineoplastic effect; however, this was not time
dependent, because the cells emerged from the arrest and entered into
S-phase. In contrast, the rate of apoptosis increased uniformly in a
time-dependent manner and reached a maximum of 66.5% at 48 h of
sulindac treatment, which was followed by a maximum growth inhi-
bition at 72 h of treatment (Fig. 4).

Several mechanisms have been proposed affecting the molecular
pathways regulating the cellular proliferation and apoptosis by the
NSAIDs, although the key mechanism still remains a dilemma. Only
a few of these mechanisms are related to their capability to inhibit
COX, and most of them are COX independent, including modulation
of ras signal transduction (15), mitogen-activated protein kinase ac-
tivation (16), nuclear factorkB activation (17), cyclin expression (7),
activation of the sphingomyelin-ceramide pathway (18), and p53
expression (14). In this study, we used two well-differentiated HCC
cell lines of differentially mutatedp53 and ras genes with an N-ras
mutation at codon 61 position 2 in the HepG2 cell line, and ap53
point mutation resulted in the amino acid changes of cysteine for
tyrosine at codon 220 in the Huh-7 cell line (9, 19). Sulindac was
equally effective in both of these cell lines and produced similar
growth inhibition, indicating that neither of these pathways is crucial
for the antineoplastic effect of sulindac.

HCC is the leading cancer in men in Taiwan and is one of the most
common causes of malignancy-related death in Africa and Asia (20).
Despite an enthusiastic effort to diagnose the disease at an early stage,
the prognosis is still dismal, thus implying that emphasis should be
given on preventive measures. Unfortunately, to date, there is no
effective preventive measure in this highly malignant disease. Both
viral infection and chemical carcinogens are thought to be responsible
for the development of HCC, with distinct preceding steps of prema-
lignant lesions in the vicinity of cirrhotic liver. Epidemiological
studies have shown a 40–50% reduction in mortality rates from colon
cancer in patients receiving NSAID therapy (21). It is worth mention-
ing that the results of this study might create a new avenue for the
chemoprevention of HCC by the new generations of NSAID therapy.
In the late 1970s, Hialet al. (22) demonstrated that COX-dependent
NSAIDs exerted an antiproliferative effect on a rat hepatoma cell line.
For long-term chemoprevention, the COX-dependent NSAIDs are not
suitable because of their deleterious effect on gastrointestinal func-
tions. Therefore, the new generation of COX-independent NSAIDs
such as exisulind and COX-2-specific inhibitors might be suitable for
HCC chemoprevention. However, before recommending these drugs
as routine prophylaxis, further studies regarding the safety profile of
these drugs and identification of cohorts at high risk for subsequent
development of HCC should be conducted.
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