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Cyclooxygenase 2 (COX-2) and retinoid X receptor αααα (RXRαααα) are
suggested to have roles in carcinogenesis. COX-2 inhibitors have
been reported to suppress growth of hepatocellular carcinoma
(HCC) cell lines in vitro. However, little is known about the
preventive effect of these drugs on spontaneous hepatocarcino-
genesis in vivo. Etodolac exists in a racemic mixture containing S-
and R-etodolac. S-etodolac is responsible for COX-2 inhibitory
activity and R-etodolac is related to the downregulation of RXRαααα.
Here, the effect of etodolac on spontaneous development of HCC
in fatty liver Shionogi mice is evaluated. Etodolac was admin-
istered at a low (2 mg/kg) or high (10 mg/kg) dose three times
a week for 16 months starting at the age of 3 months. The
development of HCC was suppressed slightly in the high-dose
group, and suppressed markedly in the low-dose group,
although the development of fatty liver was not inhibited in
either group. Plasma prostaglandin E2 levels were also decreased
significantly in the low-dose group, consistent with the
suppression of HCC. The expression of RXRαααα and proliferating
cell nuclear antigen in non-tumorous liver tissues was decreased
significantly in both the low-dose and high-dose groups. These
findings show that etodolac treatment at an optimum dose
suppresses hepatocarcinogenesis in vivo, and may be useful for
preventing the development of HCC in humans. (Cancer Sci 2006;
97: 768–773)

Hepatocellular carcinoma is a common malignancy
worldwide, accounting for approximately 6% of all

human cancers and up to 1 million deaths per year.(1,2) Epide-
miological studies and clinical observations have indicated
that some medicines, such as vitamin A, vitamin K2 and
interferon-α, have chemopreventive effects for hepatocar-
cinogenesis.(3–5) Because these medicines are not enough to
prevent hepatocarcinogenesis in humans, other efficient
preventive tools are needed urgently.(6)

The use of COX-2 inhibitors is associated with a reduced
development of certain types of tumors, such as colorectal
cancer and prostate cancer.(7–9) COX-2 inhibitors suppress the
growth of human HCC implants in nude mice and lung
metastasis of HCC in F344 rats, and show preventive effects
on chemically induced hepatocarcinogenesis in rats.(6,10–13)

We reported previously that a specific COX-2 inhibitor,
etodolac ([±]-1,8-diethyl-1,3,4,9,-tetrahydropyrano-[3,4-b]
indole-1-acetic acid), decreases the levels of PGE2 and
inhibits the expression of PCNA in several HCC cell lines
in vitro.(14) Etodolac exists in a racemic mixture containing S-
and R-etodolac. S-etodolac has been shown to possess COX-
2 inhibitory activity and R-etodolac was recently reported to
bind RXRα and to inhibit the development of prostate can-
cer.(15–17) RXRα, which plays an important role in regulating
cell proliferation and differentiation, is expressed abundantly
in the liver and is involved in hepatic steatosis and hepatocar-
cinogenesis in HBV and HCV infection in humans.(18–20)

However, little is known about the chemopreventive effect of
COX-2 inhibitors on spontaneous hepatocarcinogenesis
in vivo.

Fatty liver Shionogi mouse is an inbred strain that shows
neither hyperphagia nor obesity but has an abnormal triglyc-
eride accumulation in hepatocytes after birth.(21,22) Fifty per-
cent of the mice show fatty liver grade I and II 9 weeks after
birth, and all mice develop fatty liver grade III and IV after
15 weeks.(21) FLS mice develop severe fatty liver (hepatic
steatosis) and chronic HCC under normal conditions, in
which the incidence of HCC is reached to 52% at 16 months
of age.(22) To explore the mechanism involved and to find a
specific and effective medicine for the prevention of hepato-
carcinogenesis, we studied the effect of a COX-2 inhibitor,
etodolac, on spontaneous development of HCC in FLS mice.

Materials and Methods

Animals and experimental design
Thirty male FLS mice aged 2 months were obtained from
Aburahi Laboratories, Shionogi Company (Shiga, Japan).
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They were housed, one per cage, under specific pathogen-free
conditions in a 12 : 12 h L : D cycle at 23 ± 1°C and
50 ± 10% humidity, and fed a standard CE-2 diet (CLEA
Japan, Tokyo, Japan) and tap water ad libitum. The mice
were divided randomly into three groups of 10 mice each. All
animals received humane care and all experiments followed
the Guidelines for Animal Experimentation of the Japanese
Association for Laboratory Animal Science.(23) Two doses of
etodolac (Nihon Shinyaku Company, Tokyo, Japan) were
used: 2 mg/kg BW for the E-LD group and 10 mg/kg BW
for the E-HD group. Etodolac was dissolved in 100% ethanol
and diluted to suitable concentrations with a 5% aqueous
solution of arabic gum. The solutions of etodolac were given
to mice by oral gavage, three times per week (Monday,
Wednesday and Friday) for 16 months from age 3–
18 months. The control group was treated with the same
amounts of 0.7% ethanol and 5% arabic gum. The mice were
observed weekly for BW, skin damage and general condition.
The animals that were still alive at 18 months were
anesthetized with diethyl ether and blood was collected from
the heart. The livers were immediately removed and weighed.
Tumor nodules that had developed were measured for
diameter and cut for formalin fixation and paraffin
embedding or frozen storage.

Measurement of prostaglandin E2

Prostaglandin E2 levels in the plasma were assayed using the
PGE2 High Sensitivity Immunoassay Kit (R & D Minneapolis,
MN, USA) as described previously.(14)

Histological examination
Tumor and non-tumorous liver tissues were fixed in 10%
neutral-buffered formalin, embedded in paraffin, cut into
sections 5 µm thick, and stained with hematoxylin and eosin.
The classification of liver histology was based on the criteria
described by Frith and Ward.(24)

Immunohistochemical analysis
Paraffin sections from HCC and non-tumorous liver tissues
were deparaffinized in xylene, rehydrated with graded
concentrations of ethanol, and treated with antibodies against
COX-2, RXRα and PCNA, as described previously.(25) All
antibodies were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA, USA) and used at a dilution of 1/100. The
RXRα-positive and PCNA-positive cells were counted micro-
scopically in five high-power fields at magnitude × 400. The
labeling index of RXRα and PCNA was expressed as the
proportion of cells with positive RXRα and PCNA nuclear
activity.

RNA extraction and reverse transcription–polymerase 
chain reaction
Total RNA was extracted from liver tissues using Isogen
(Nippon Gene, Toyama, Japan), and mRNA was prepared
using an Oligotex-dT30 mRNA Purification Kit (Takara Bio,
Otsu, Japan) according to the manufacturer’s instructions.
cDNA was synthesized using random 9-mers and an RNA
PCR Kit (version 2.1; Takara). The primers for polymerase
chain reaction were as follows: COX-2 forward, 5′-GGTCT
GGTGC CTGGT CTGAT GATG-3′; COX-2 reverse, 5′-

GTCCT TTCAA GGAGA ATGGT GC-3′;(9) RXRα forward,
5′-CTTTG ACAGG GTGCT AACAG AGC-3′; RXR α
reverse, 5′-ACGCT TCTAG TGACG CATAC ACC-3′;(26) β-
actin forward, ATGGT GGGAA TGGGT CAGAA GGAC-
3′; and β-actin reverse, 5′-CTCTT TGATG TCACG CACGA
TTTC-3′.(27) cDNA amplification was carried out under the
conditions 94°C for 1 min, 55°C for 1 min, and 72°C for
1 min, using β-actin as an internal control. The products were
analyzed on a 3% NuSieve 3 : 1 agarose gel (FMC
BioProducts, Rockland, ME, USA), stained with ethidium
bromide and photographed under ultraviolet light.

Statistical analysis
Statistical analysis for the development of HCC was carried
out using the Student’s t-test or Fisher’s exact test. Values are
expressed as mean ± SE. P < 0.05 was considered
statistically significant.

Results

Effects of etodolac on HCC development
Histological findings of fatty liver and HCC spontaneously
developed in the liver of 18-month-old FLS mice are shown
in Fig. 1A,B. The expression of COX-2 protein in the non-
tumorous liver tissues was determined by immunohistolo-
gical staining (Fig. 1C,D). The mRNA expression of COX-2
was confirmed by RT-PCR (Fig. 1E).

The incidence of HCC was evaluated after the administra-
tion of etodolac. The total numbers of HCC nodules were 11
in the control group (10 mice), 0 in the E-LD group (eight
mice) and three in the E-HD group (nine mice). The numbers
of mice that developed HCC were 5, 0 and 3 in the control,
E-LD and E-HD groups, respectively. Development of HCC
was suppressed completely by the administration of low-dose
etodolac. The administration of high-dose etodolac also
showed a suppressive effect, although it was not statistically
significant (Table 1).

All of the 27 mice used in the present study developed
fatty liver from grades II to IV at the end of experiments with
no remarkable difference in the degree of fatty or inflam-
matory changes. A small number of mice in each group
developed yellow nodules of 1–2 mm in diameter and reddish
cysts, which were identified microscopically as fatty nodules
and peliosis hepatis, respectively (data not shown). Liver
cirrhosis was not observed in any of the mice. Liver weights
also did not show significant differences among the control,
E-LD and E-HD groups (data not shown). One mouse in
the E-HD group died at the age of 17 months, and two
mice in the E-LD group died at 13 and 14 months. No HCC
was found in these mice and the cause of death was not
clear.

Except for the livers, no abnormal findings were observed
macroscopically in heart, lung, kidney, intestines and large
vessels in any of the FLS mice. Five mice in the E-HD group
had skin damage, including depilation and rash, and two among
them had skin ulcers. The mean BW of mice at 18 months
of age were 37.9 ± 1.11 g (n = 10), 36.88 ± 1.2 g (n = 8) and
35.56 ± 0.93 g (n = 9) in the control, E-LD and E-HD
groups, respectively. No significant difference was found in
BW among the control, E-LD and E-HD groups.
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Fig. 1. Histopathological features of hepatocellular
carcinoma (HCC) and expression of cyclooxygenase-2 (COX-
2) in non-tumorous fatty liver of fatty liver Shionogi mice.
(A) Non-tumorous liver tissue, (B) HCC, (C) expression of
COX-2 protein in non-tumorous liver tissue by
immunohistological staining, (D) negative control of (C).
Scale bar = 50 µm. (E) Expression of COX-2 mRNA in a non-
tumorous liver tissue by reverse transcription–polymerase
chain reaction.

Table 1. Incidence of hepatocellular carcinoma (HCC) in fatty liver Shionogi mice
 

 

Group No. mice Etodolac (mg/kg)
Grade of steatosis No. HCC 

nodules
No. mice that 

developed HCCII III IV

Control 10 0 0 4 6 11 5 (50%)
E-LD 8 2 1 2 5 0* 0*
E-HD 9 10 0 3 6 3 3 (33%)

*P < 0.05 by Fisher’s exact test. Grades of classification are according to the size and distribution pattern of the vesicles in the hematoxylin–
eosin-stained sections.(24) E-HD, high dose of etodolac; E-LD, low dose of etodolac.
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Plasma PGE2 levels after etodolac administration
The activity of etodolac can be estimated by analyzing the
concentration of PGE2 in the plasma. The concentrations of
PGE2 in the plasma were 1010.15 ± 120.22 pg/mL (n = 10),
443.33 ± 116.99 pg/mL (n = 8) and 773.8 ± 137.67 pg/mL
(n = 9) in the control, E-LD and E-HD groups, respectively.
We found that the plasma levels of PGE2 of the E-LD group,
but not the E-HD group, were significantly lower than in the
control group (P < 0.05) (Fig. 2).

Effects of etodolac on RXRαααα expression
Hepatocarcinogenesis in FLS mice has been attributed to
chronic inflammation in fatty liver. Therefore, we invest-
igated the effects of etodolac administration on hepatocytes
in non-tumurous fatty liver of FLS mice. In prostate cancer,
R-etodolac has been shown to bind to RXRα, inducing its
degradation via ubiqutin and the proteasome-dependent
pathway.(17) Analysis by immunohistological staining showed
that the expression of RXRα in hepatocytes in non-tumorous
liver tissues was significantly lower in E-LD (10.98 ± 0.87%
n = 6) and E-HD (11.65 ± 1.72% n = 4) groups than in the
control group (27.28 ± 2.91% n = 5) (P < 0.01; Fig. 3A–C). In
contrast, semiquantitative RT-PCR analysis showed identical
expression of RXRα mRNA among non-tumorous liver
tissue of the control, E-LD and E-HD groups (Fig. 3D). These
findings suggest that etodolac binds to RXRα and induces its
degradation in the non-tumorous liver of FLS mice.

Effects of etodolac on PCNA expression
Proliferating cell nuclear antigen is expressed throughout the
cell cycle, except during G0 phase, and plays an important
role in cell proliferation. The labeling index of PCNA in the
non-tumorous liver tissues of the E-LD (2.15 ± 0.11%, n = 8)
and E-HD groups (2.2 ± 0.27%, n = 9) was significantly lower
than the control group (3.13 ± 0.26%, n = 10) (P < 0.05, Fig. 4).

These findings show that the growth of hepatocytes in non-
tumorous tissue was inhibited by etodolac administration.

Discussion

Fatty liver Shionogi mice develop serious fatty liver and
HCC with age, providing a good animal model to study
hepatocarcinogenesis from fatty liver in vivo.(21,22) Using FLS
mice, we here examined the in vivo effects of a COX-2
inhibitor, etodolac, on spontaneous development of HCC.

Etodolac exists in a racemic mixture. S-etodolac possesses
activity to inhibit COX-2, which catalyzes the conversion of
arachidonic acid to PGE2.

(15,16) COX-2 and PGE2 have been
reported to be involved in carcinogenesis of the colon, pros-
tate and liver.(7–9,28–30) Etodolac has been reported to reduce
aberrant crypt foci in rat colon, and another selective COX-2
inhibitor, NS-398, has been reported to reduce rat colon car-
cinogenesis.(31–33) In the present study, we found that etodolac
was effective in inhibiting PGE2 synthesis and HCC develop-
ment in FLS mice, particularly at a low concentration. A sim-
ilar observation has been reported for aspirin, where a low
dose has a better preventive effect than a high dose in human
colorectal cancer.(7) On the other hand, NS-398 has been
shown to inhibit aberrant crypt foci in F344 rats in a dose-
dependent manner.(32)

In the present study, we observed that the plasma concen-
tration of PGE2 was higher in the E-HD group than in the E-
LD group. The plasma concentration of PGE2 was lower in
the E-HD group than in the control group (not significantly).
The plasma levels of etodolac in mice in the E-HD group
were approximately five times higher than those in mice in
the E-LD group (data not shown). Our previous study using
HCC cell lines showed that PGE2 generation by etodolac is
not inhibited in a dose-dependent manner. Rather, PGE2

levels in the culture medium were higher with the high-dose
treatment than with the low-dose treatment.(14) The inhibition
of PGE2 generation by NS-398 was also dose-independent
at doses higher than 100 mM in some HCC cell lines.(34)

The dose-independency of plasma PGE2 suppression by eto-
dolac in vivo is compatible with these findings in the in vitro
experiments. However, the precise mechanism of dose-
independency has not yet been clarified. Another suggested
explanation is that the higher levels of PGE2 in the E-HD
group may be attributable to adverse effects of a high dose of
etodolac. Severe skin damage developed in mice in the E-HD
group. This could be responsible for loss of the preventive
effect of COX-2 inhibitor on HCC in the E-HD group.
Furthermore, in the present study, the plasma PGE2 levels
were consistent with the HCC incidences. These data suggest
that PGE2 plays an important role in the development of
HCC in FLS mice. The 2 mg/kg dose of etodolac three times
a week used in this study is less than the usual dose in
humans (200 mg orally twice a day), and no side effects were
observed in this group. Thus, we consider that administration
of a low dose of COX-2 inhibitor should be sufficient for liver
cancer prevention in humans. Furthermore, it is necessary to
evaluate the efficacy of etodolace doses lower than 2 mg/kg
to elucidate the optimum dose for liver cancer prevention.

Recently, R-etodolac has been reported to bind specifically
to RXRα and prevent prostate cancer.(17) In the present study,

Fig. 2. Effect of etodolac on plasma prostaglandin E2 (PGE2) levels
in fatty liver Shionogi mice. A marked decrease in plasma PGE2

levels was observed after low-dose (2 mg/kg bodyweight)
administration of etodolac (E-LD). E-HD, high-dose (10 mg/kg
bodyweight) administration of etodolac. *P < 0.05. Bars indicate ±SE
of mean.
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we found significant decreases in RXRα protein expression
in non-tumorous liver tissue in both the E-LD and E-HD
groups, whereas RXRα mRNA expression was almost simi-
lar among the control, E-LD and E-HD groups. These results
suggest that the degradation of RXRα induced by R-etodolac
is also responsible for the preventive effect of hepatocarcino-
genesis in FLS mice.

Hepatitis C virus stimulates the expression of COX-2 via
oxidative stress.(35) HCV core protein induces fatty liver by
binding to the DNA-binding domain of RXRα.(20) High levels
of COX-2 and RXRα expression in hepatocytes may be
involved in hepatocarcinogenesis following HBV and HCV
infection.(18–20,36,37) Vitamin A has been reported to inhibit
hepatocarcinogenesis by dephosphorylating RXRα.(38) Our
results showed that both PGE2 and RXRα levels were
decreased by etodolac, indicated that etodolac may be useful
for the prevention of HCC caused by HBV and HCV.

We have reported that COX-2 inhibitors (etodolac and NS-
398) suppress PCNA expression and induce cell cycle arrest

in HCC cell lines.(14,34) In the present study, we found that
PCNA expression in non-tumorous fatty liver was signifi-
cantly lower in both the E-LD and E-HD groups compared
with the control group. The PCNA labeling index showed no
difference between the E-LD and E-HD groups. Similar
results have been reported with NS-398 in F344 rats.(32,33)

These results suggest that low-dose administration of
etodolac is sufficient to suppress cell cycle progression in
FLS mice.

The present results suggest that low-dose administration of
etodolac has a strong chemopreventive effect against hepato-
carcinigenesis by inhibiting COX-2 activity, and RXRα and
PCNA expression in mice. The prevention of hepatocarcino-
genesis in vivo by COX-2 inhibitor may be caused by the
primary suppression of malignant transformation from
hepatocytes or inhibition of the growth of HCC cells in early
stages, which have already developed in the liver but can not
be detected as tumors. Etodolac may also prove to be of
value in the prevention of HCC in humans.

Fig. 3. Effect of etodolac on retinoid X receptor α (RXRα)
expression in non-tumorous liver tissues. (A) RXRα in the non-
tumorous liver tissue of a control mouse. (B) RXRα in the non-
tumorous liver tissue of the low-dose administration group (E-LD).
Scale bars = 50 µm. (C) The RXRα labeling index in the non-
tumorous tissues was significantly lower in the low-dose and high-
dose (E-HD) groups than in the control group. **P < 0.01. Bars
indicate ±SE of mean. (D) reverse transcription–polymerase chain
reaction analysis of RXRα mRNA. RXRα expression from two mice is
shown in each group (control, E-LD and E-HD). β-Actin was used as
an internal control. Expression of RXRα mRNA was not decreased by
the administration of etodolac.
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