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Abstract

AIM: To compare the effect of nimesulide or/and 5-
fluorouracil (5-FU) on tumor growth inhibition and apoptosis
in mice with the implanted hepatoma and to observe their
possible interactions.

METHODS: The inhibitory effects on tumor growth was
evaluated by inhibition rate. Apoptosis was assessed by the
ultrastructural, flow cytometry features and the DNA ladder
demonstrated by agarose gel electrophoresis. PGE, level
was determined by radioimmunoassay. Expression levels of
c-jun, c-fos and p53 were evaluated by western blotting.

RESULTS: Nimesulide or 5-FU alone inhibited the growth
of hepatoma, while a synergistic effect was observed for a
combined use of both. More pronounced morphologic
changes for tumor cell apoptosis and the DNA ladder were
found for the latter treatment. Expression levels of c-jun
and p53 were found to be elevated for the tumors from
mice treated with nimesulide and 5-FU comparing to those
with either of them, but a reduced PGE; level was observed
only for the treatment with nimesulide. No change was
detected on c-fos expression.

CONCLUSION: Nimesulide and 5-FU appear to have
synergistic effects for the growth inhibition and apoptosis
induction. Both were found to be overexpressed in p53 and
c-jun proteins, rather than that of c-fos, associations with
the resulted apoptosis.

Li XH, Li XK, Cai SH, Tang FX, Zhong XY, Ren XD. Synergistic
effects of nimesulide and 5-fluorouracil on tumor growth and
apoptosis in the implanted hepatoma in mice. World J
Gastroenterol 2003; 9(5): 936-940

http://www.wjgnet.com/1007-9327/9/936.htm

INTRODUCTION
5-Fluorouracil (5-FU) iswidely used in the chemotherapies

for many malignancies including gastrointestinal, breast and
head and neck cancers. Itsintravenousor intra-arterial delivery
was often used as amonotherapy or in combination with other
chemotherapeutic agents. It can cause DNA damage and
induces apoptosisin some cancerd*3. Further works are being
done to potentiate 5-FU cytotoxicity by improving the dosing
schedule and biochemical modulation of 5-FU. However, one
of the major hindrances for its clinical application is the
development of resistance by neoplastic cells, being innate or
acquired for 5-FUM™., 5-FU, therefore is often used in
combination with other anti-cancer therapiesin the treatment
of solid tumors. Experimental have indicated that pre-exposure
of MCF-7 breast cancer cellsto paclitaxel followed by 5-FU
was preferable.

During the last 20 years, accumulating data have shown
an anti-proliferative effect of non-steroidal anti-inflammatory
drugs (NSAIDs) in avariety of malignant cell lined®*2, PGs
and their synthesizing enzyme COX-2 was suggested to be
involved in carcinogenesis®®. Reducing the COX-2 and PGE,
expression proved to be an alteration approach to inhibit tumor
growth. Some selective COX-2 inhibitors may be of the
therapeutic significance. Nimesulide, asulfonanilide class COX-
2 inhibitor, can bind specifically to the large catalytic moiety of
COX-2, with much less adverse effects on the gastrointestinal
tract compared to the non-specific NSAIDS. In our previous
studies, nimesulide was found to reduce the COX-2 and PGE,
levels in association with the resulted apoptosis in mice
implanted Hepatoma. In the present study a synergistic effect
was observed for nimesulide and 5-FU on the growth and
apoptosis of mouse hepatoma, and its possible molecular
mechanism(s) was aso investigated.

MATERIALS AND METHODS

Drugs and reagents

5-FU was purchased from Dongrui Pharmaceutical Co
(Jiangsu, China). Nimesulide and other chemicals were
purchased from Sigma Chemical Co (St. Louis, MO, USA)
and suspended in PBS (pH 7.2). Monoclonal anti-mouse
antibodies were supplied from Santa Cruz.

Animals and tumor model

Kunming breed mice, with their body weights ranging from
18 g to 22 g, were used. Subcutaneous inoculation was
conducted in the flank with 1x10”/ml mouse hepatoma cell
line HepA™*¥, The mice were bred on standard mouse chow
and tap water under standard conditions. Nimesulide was given
ig daily in avolume of 0.2 ml. 5-FU was injected ip every
three days. Mice were randomly separated into five groups,
10 mice each: vehicle control, nimesulide 20 mg/kg, 5-FU 10
mg/kg, 5-FU 20 mg/kg, and nimesulide 20 mg/kg plus 5-FU
10 mg/kg. Throughout the experimentation period, food and
water was available to animalsad libitum. After 21d test period
animals were killed by cervical dislocation. Tumor was
weighed, and fixed or minced using a mortar and pestle.

Tumor inhibition rate
Tumor growth was evaluated by the inhibition rate as assessed
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by the formula: IR=(1-T/C)x100 %. IR represents inhibition
rate, T and C indicate the mean tumor weightsin the treatment
and control groups, respectively.

Morphological analysis of apoptosis

Morphological changesindicative of apoptosis were detected
by electron microscopy (EM). Briefly, dissected tumor samples
were fixed with 20 ml/L glutaraldehyde in PBS for 1 h. After
being washed with buffer for 3 times, the samples were post-
fixed in OsO, in cacodylate buffer for 1 h. Subsequently, the
samples were dehydrated in ethanol and embedded in epoxy
resin (Agar 100). Thin sections (70nm) were stained in uranyl
acetate and Reynolds lead citrate and viewed at 75 kV in an
electron microscope (JEM-100CX 11/T).

Flow cytometry

Cell suspension was fixed in ice-cold 70 % ethanol in PBS,
and stored at -20 “C. Prior to analysis, the cells were washed
and resuspended in PBS and incubated with RNase | 1 g/L
and propidium iodide 20 mg/mL at 37 C for 30 min. The
analysis of sampleswas performed using aflow cytometer.

DNA ladder visualication

Pulverized tumorswere lysed with 150 m hypotonic lysisbuffer
(10 mmol/L EDTA, 0.5 % Triton X-100in 1 mmol/L Tris-HClI,
pH7.4) for 15 min on ice and were precipited with 2.5 %
polyethyleneglycol and 1 mol/L NaCl for 15 min at 4 %. After
centrifugation at 16 000 g for 10 min at room temperature,
the supernatant was incubated in the presence of proteinase
K (0.3 g/L) at 37 ‘C for one hour and precipitated with
isopropanol at -20 C. After centrifugation, each pellet was
dissolved in 10 m of TrissEDTA (pH7.6) and electrophoresed
onal.5 % agarose gd containing ethidium bromide 2 mg/mL.
DNA fragmentswere visualized by ultraviolet transillumination.

Detection of prostaglandin E2 (PGE,) by radicimmunoassay
(RIA)

The amounts of immunoreactive PGE, in samples of solid
tumor from mice were determined by RIA using a kit
(Institute of Blood, Suzhou Medical university, China)
following to the manufacturer’ sinstructions. Briefly, to each
polypropylene RIA tube, 100 ni of anti-PGE,, *|-PGE,, and
PGE; or a sample were added. Immune complexes were
precipitated 24 h later with 1 ml of polyethylene glycol
solution, and the radioactivity in the precipitate was
determined by a gamma counter. There was no nonspecific
interference of the assay by the components of the sample.
Assays were carried out in triplicate and the mean and
standard deviations were obtained.

Western blotting for c-jun, c-fos, and p53

Samples were extracted with alysis buffer (1 % Triton-100,
50 mM NaCl, 50 mM NaF, 20 mM TrispH 7.4, 1 mM EDTA,
1 mM EGTA, 1 mM sodium vanadate, 0.2 mM
phenylmethylsulfonyl fluoride, and 0.5 % Nonidet P-40). The
cell lysates, 60 mg each, were solubilized in sample buffer by
boiling for 5 min, and then subjected to 10 % SDS-PAGE.
The resolved proteins were electrotransfered onto a
nitrocel lulosefilter. Thefilter wasincubated consecutively with
aprimary antibody and with peroxidase-conjugated anti-mouse
immunoglobulin G (1gG). The reactions were visualized using
the ECL detection system.

Statistical analysis

Results are expressed as xts. Statistical analysis of the results
was performed using the student’ s t-test. P<0.05 was
considered statistically significant.

RESULTS

Tumor inhibition rate

Administrated nimesulide and 5-FU suppressed tumor growth
of the implanted hepatoma. The growth inhibitory rate was
about 30 % after treatment with nimesulide (20 mg/kg).
Application of 5-FU (20 mg/kg) also resulted in a marked
inhibitory effect on the growth of the implanted tumors, while
no significant effect was observed with the lower dose (10
ma/kg). It showed a greater inhibitory effect with a combined
use of nimesulide and 5-FU than with either of them (Table 1).

Table 1 Effect of nimesulide and 5-FU on tumor inhibition in
mouse implanted hepatomas (n=10, x+s)

Group X1 R1 X2 R2
Control 3.671.7 - 3.69+1.6
Nimesulide 20mg/kg  2.59+0.9¢ 30% 2.56+0.9° 31%
5-FU 10mg/kg 2.63+0.9° 28% 2.61+1.0° 29%
5-FU 20mg/kg 1.11+0.6° 70% 1.01+0.6° 73%
Nimesulide 20mg/kg  0.43+0.2? 88% 0.49+0.22 87%

+5-FU 10mg/kg

2P<0.01 vs control, °P<0.05, °P<0.01 vs nimesulide+5-FU. X1:
the first mean tumor weights; R1: the first mean inhibition rates;
X2: the second mean tumor weights; R2: the second mean in-
hibition rates.

Effect of nimesulide and 5-FU on apoptosis in HepA cells
The tumor growth-inhibiting effect was found to be associated
with apoptosis as demonstrated by EM, and characterized by
cell shrinkage and blebbing, condensation of unclear chromatin
and nuclear fragment (Figure 1). Administration of 20 mg/kg
of nimesulide or 20 mg/kg of 5-FU alone resulted in slight
increasesin apoptotic cell numbers, whereasthe combined use
of 20 mg/kg of nimesulide and 10 mg/kg of 5-FU caused
markedly increased number of apoptotic cells.

Figure 1 Electro micrographs of nimesulide plus 5-FU treated
mice hepatoma. A, control; B, nimesulide plus 5-FU.
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Agarose gel electrophoresis showed DNA ladder in the
hepatoma tissue 21 d after the treatment. Compared to those
caused by nimesulide or 5-FU aone, the DNA ladder appeared
more pronounced for the combined the treatment with 5-FU
(10 mg/kg) and nimesulide. (Figure 2).
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Figure 2 DNA ladder pattern of hepatoma tissues as demon-
strated by agarose gel 1.5 % electrophoresis. M, DNA markers;
lanes 0-3, control, nimesulide 20 mg/kg, 5-FU 20 mg/kg,
nimesulide 20 mg/kg +5-FU 10 mg/kag.

The pro-apoptotic effect of nimesulide was further
confirmed by flow cytometry. After trestment with nimesulide
and/or 5-FU for 21 d, the profiles of the DNA histogramswere
different from control (Figure 3). With 5-FU and nimesulide
administered, a striking SubG; peak was found and the
apoptotic index increased from (4.3x1.5) % to (72+2.5) %
(Table 2).

Table 2 Apoptotic indices of nimesulide and 5-FU in mouse
hepatoma tissues after the treatment with determined by FCM.
n=3, Xts

Nimesulide 5-FU Nimesulide
Control (20 mg/kg) (20 mg/kg) (20 mg/kg)+
5-FU (10 mg/kg)
Apoptotic Index 4.3t1.5 29.042.6% 49.0+2.0% 72.0£2.5%
3P<0.01 vs control; °P<0.01 vs nimesulide +5-FU.
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Figure 3 Data of flow cytometry of mouse hepatoma without
any treatment as a control (A), or following 21 d treatment
with nimesulide 20 mg/kg (B), 5-FU 20 mg/kg (C) and
nimesulide 20 mg/kg+5-FU 10 mg/kg (D). The sub-G1 peak
to the left of the G1 peak represents apoptotic cells.

Expression of PGE,

The PGE, contents of the implanted hepatoma tissue was
636.67+17.9 ng/ml after treatment with 20 mg/kg of 5-FU,
being at the same level asin the control group. However, it
was significantly reduced with nimesulide administered, alone
or combined with 5-FU (10 mg/kg) (Figure 4). Apparently,
the mechanisms for the growth inhibition by nimesulide and
5-FU may be different, the former being associated with, and
the latter independent of, PGE, content in tumor tissue.
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Figure 4 Effect of Nimesulide and 5-FU on PGE, content in
mouse hepatoma. Each column is the mean £ SD of the sample.
1-4, control, nimesulide 20 mg/kg, 5-FU 20 mg/kg, and
nimesulide 20 mg/kg+5-FU 10 mg/kg. n=3. x£s.2P<0.01 vs
control, °P<0.01 vs nimesulide+5-FU.

Effect on c-jun, c-fos, and p53 expressions

Western blotting showed that nimesulide or 5-FU induced
expression of ¢c-jun and p53 in mouse hepatoma. Treatment
with nimesulide plus 5-FU resulted in up regulation of the
expression of these genes, while it was not for the c-fos
expression. Treatment with of 5-FU, 20 mg/kg in dose, also
gave rise to expression of c-jun and p53. However, the effect
of the combined application of nimesulide and alow dose of
5-FU (10 mg/kg) was more pronounced compared to those of
5-FU or nimesulide alone (Figure 5).
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Figure 5 Effect of nimesulide and 5-FU on expression of c-fos,
c-jun, and p53 in mouse hepatoma. 0-3, control, nimesulide 20
mg/kg, 5-FU 20 mg/kg, nimesulide 10 mg/kg+5-fu 10 mg/
kg. The b-actin was used as an intrinsic reference molecule.

DISCUSSION

Previous observations showed that indomethacin, a non-
selective COX inhibitor, improved hematopoietic recovery
following 5-FU. 5-FU toxicity, determined asloss of colony-
forming ability, increased with its dose, and indomethacin
caused a generalized aleviation of 5-FU toxicity, but only if
given concurrently with 5-FU¥. By the subsequent treatment
with interferon g, indomethacin, and phenylbutyrate in human
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colon carcinoma cells, the recurrence of colon carcinomas,
occurring frequently between cycles of 5-FU treatment, can
be prevented or at least effectively retarded*”.

The present study demonstrated that both nimesulide and
5-FU can inhibit the tumor growth and induce apoptosis, the
combination of nimesulide and 5-FU being more effective
compared to that of 5-FU or nimesulide alone. Apparently,
apoptosis may be associated with the growth-inhibiting effect
of 5-FU combined with nimesulide, and a synergistic effect
was observed for these two agents. As demonstrated in this
report, 5-FU (20 mg/kg) or nimesulide alone stimulated c-jun
and p53 expression in hepatomaat alow level, thiseffect being
greatly enhanced its combination with nimesulide.

The mechanism involved in growth inhibition and cell
apoptosis by combination nimesulide with 5-FU treatment
remains obscure. The ultimate outcome of tumor treatment with
anti-cancer agentsis the effect of many intrinsic and extrinsic
factors, functioning independently or cooperatively!*#?, |n the
present study the possible role of c-fos and c-jun protein on
tumor growth and apoptosis was evaluated®. The well-
characterized substrate of JNK is c-Jun, a component of the
AP-1 transcription factor!?>?%, Expression of c-jun was
repeatedly shown to be involved in apoptosis induction and
growth inhibition of many anti-cancer agents. In the present
study, the level of c-jun was up-regulated by the treatment
with nimesulide or 5-FU aone, and that with nimesulide plus
5-FU were even more effective. No significant change was
observed in the c-fos levels in tumors after treatment with
nimesulide or 5-FU aone, or their combined use, indicating
that the anti-cancer effects on mouse hepatomawere associated
with c-jun rather than c-fos.

The tumor suppressor gene, p53, is a key component in
regulating cell cycle progressionf?4. Strikingly, many apoptotic
stimuli are known to be p53-dependent!?=?, For example, p53
isrequired for the bleomycin-induced cerebellar granule cell
death, following c-jun protein overexpression'®”, MIF, alocal
proinflammatory cytokine, is capable of functionally
inactivating p53. The observation provides a mechanistic link
between inflammation and cancer’®?. Moreover itiswell known
that selective COX-2 inhibitors have anti-inflammation and
anti-cancer effects through inhibition COX-2. The elevated
p53 level in mouse hepatoma treated with nimesulide alone or
plus 5-FU may be due to inhibit COX-2 and PGE; level.
Furthermore 5-FU induces cell apoptosisin a p53-dependent
way'™. Our resultsraise the possibility that p53 isrequired for
c-jun-dependent apoptosis induced by nimesulide or/and 5-
FU treatment. It is possible that theses two drugs increase p53
expression though different intracellular pathway for activating
cell death processes.

In conclusion, a synergistic effect was observed between
nimesulide and 5-FU on apoptosis in murine hepatoma,
indicating its potential application in the management of human
hepatocellular carcinomas.
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