
Abstract. Transgenic rats carrying human c-Ha-ras proto-
oncogene (Hras128 rats) have been shown to be highly
susceptible to induction of tumors. We have found an early
induction of tongue tumors in Hras128 rats treated with 4-
nitroquinoline 1-oxide (4NQO). 4NQO was administered to
the Hras128 and wild-type Sprague-Dawley (SD) rats for 4
and 8 weeks, respectively. The experiment was terminated at
14 (Hras128 rats) and 28 (SD rats) weeks. Either during or
after treatment with 4NQO, dysplastic hyperplasia, papilloma
and squamous cell carcinoma were found on the tongue of
both Hras128 and wild-type rats, with a higher incidence and
multiplicity in Hras128 rats. Treatment of the Hras128 rats
with 4NQO significantly increased cell proliferation in the
tumor compared to the control rats. In the tongue tumors of
the Hras128 rats, there was a significant increase in the
mRNA expression levels of cyclin D1 and COX2. To
examine whether this experimental system is useful for
screening of the candidate agents for cancer preventive
effect, nimesulide, a selective COX2 inhibitor, was tested in
the present model. Nimesulide significantly decreased total
multiplicity of tongue lesions compared to the control rats.
Treatment of Hras128 rats with nimesulide caused a
significant decrease in the levels of mRNA expression of
cyclin D1 and COX2 in the tumor. Therefore, the current
4NQO-induced Hras128 rat tongue carcinogenesis model
provides a simple and rapid system for investigating carcino-

genesis process and evaluating the effect of possible cancer
preventive agents for human tongue cancer.

Introduction

Oral cancer is a relatively common malignancy ranking 11th
in frequency on a worldwide basis, and more than 390,000
new cases are being diagnosed annually (1,2). Human oral
cancer is related to cigarette smoking and chewing or
smokeless tobacco (3). This disease has a multifocal character
often referred to as a field cancerization (4). This malignancy
is most common in developing countries of Asia and South
America (5), and incidence and mortality rate of this disease
are rising in developed countries, especially in young males
(6-8). This aggressive epithelial malignancy is associated with
severe morbidity and poor survival despite recent advances
in treatment (7).

Rat model using 4-nitroquinoline 1-oxide (4NQO) has
been widely used for investigating carcinogenesis of oral
cancer and evaluating the modulatory effects of possible
chemopreventive agents (9,10). The 4NQO-induced oral
cancer is derived from papilloma through hyperplastic epi-
thelium and dysplasia (11), and this multistage process mimics
the development of these malignancies in human (11,12).
Recent reports by Tsuda and his colleagues demonstrate that
transgenic rat carrying human c-Ha-ras proto-oncogene,
termed Hras128 rat [Jcl/SD-TgN(HrasGen)128Ncc], is
highly susceptible to tumor induction in various organ sites
including mammary gland, esophagus, skin, urinary bladder
and tongue (13-15).

In the present study, we developed a novel tongue
carcinogenesis Hras128 rat model by using 4NQO to cause a
rapid induction of tongue tumors within as short a period as
14 experimental weeks. Using this experimental system, we
also confirmed that nimesulide, a selective COX2 inhibitor,
which has been demonstrated to prevent rat tongue carcino-
genesis (16), prevents the occurrence of tongue tumors
induced with 4NQO.
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Materials and methods

Animals. A total of 80 male Hras128 rats [Jcl/SD-TgN
(HrasGen)128Ncc] and wild-type Sprague-Dawley (SD) rats
bred by CLEA (CLEA Japan, Inc., Tokyo, Japan) at 6 weeks
old were maintained in plastic cages in a conditioned room at
23±2˚C, 50±10% humidity and 12-h light/dark cycle lighting.
The animals were allowed free access to powdered basal
diet CE-2 (CLEA Japan) and tap water. The animals were
also maintained in the Animal Facility of University of the
Ryukyus, Faculty of Medicine, and the experiments were
conducted according to the Institutional Animal Care
Guidelines of University of the Ryukyus.

Treatment. After one week of acclimatization, rats were ran-
domly assigned to the experimental groups (Fig. 1). Hras128
and SD rats in groups 1-3 (10 rats each) were given tap
water containing 20 ppm 4NQO (CAS no. 56-57-5, Wako
Pure Chemical, Osaka, Japan; 98% pure) for 4 and 8 weeks,
respectively. One week after 4NQO treatment, rats in groups
2 and 3 received 100 and 400 ppm nimesulide (CAS no.
51803-78-2, Nacalai Tesque, Inc., Kyoto, Japan) in basal diet
until the end of the experiment, and rats in group 1 received
no further treatment and fed the basal diet. Rats in group 4
received the 400 ppm nimesulide diet without 4NQO treat-
ment. Rats in group 5 were fed the basal diet alone and served
as untreated controls. Careful observation of tongue lesions
was done on a weekly basis until the end of the experiment.
Animals were weighed weekly and consumption of the experi-
mental diets was also recorded. Tongue lesions including
dysplastic hyperplasia (DH), papilloma (PAP) and squamous
cell carcinoma (SCC) were noted grossly for their location,
number, and size, and tumor incidence and multiplicity were

analyzed. At 14 and 28 weeks after the start of the experi-
ment, Hras128 and SD rats were euthanized with CO2

anesthesia, and then complete autopsies were performed with
these animals. The identified tumors were carefully removed
and cut into two segments. One segment of the tumor was
immediately frozen in liquid nitrogen for reverse transcription-
PCR (RT-PCR) analysis; the second segment was fixed in
10% buffered formalin and then processed for histopatho-
logical (hematoxylin and eosin staining) and immunohisto-
chemical analyses. Oral lesions including dysplasia and
neoplasia were diagnosed according to the criteria described
elsewhere (17,18).

Immunohistochemical staining and measurement of PCNA
positive index. These assays were performed using an
established method as previously described by us (19). In
brief, 4-μm thick paraffin sections were prepared to include
the tongue tumor or adjacent normal mucosa. These sections
were treated in 3% H2O2 for 20 min to block the endogenous
peroxidase activity and then incubated with a primary anti-
body of proliferating cell nuclear antigen (PCNA) (1:50
dilution) (Dako Co., Ltd., Kyoto, Japan) at room tempera-
ture for 60 min. Sections were then stained using a Simple
Stain kit (Nichirei, Tokyo, Japan) according to the manu-
facturer's instructions. PCNA was measured in cells con-
sisting of the tongue tumor or normal mucosa. The PCNA
positive index was determined by calculating the ratio of
PCNA-positive nuclei/total number of nuclei counted as
described by us (19). More than 300 cells were counted in
each lesion.

Reverse transcription-PCR (RT-PCR) analysis. These assays
were performed by established procedures (20). Snap-frozen
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Figure 1. Experimental protocol. As indicated, the experimental period of the Hras128 and wild-type SD rat lasted 14 and 28 weeks, respectively.
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histopathologically verified tongue tumors were randomly
chosen and total RNA was extracted for RT-PCR assays.
Total RNA was isolated from frozen tissues using a TRIzol
reagent (Invitrogen Life Technologies, Inc., Rockville, MD)
as recommended by the manufacturer. cDNA was amplified
from total RNA (100 ng) using a SuperScript III One-Step
RT-PCR System (Invitrogen Life Technologies). PCR was
conducted for 35 or 38 cycles in a Takara PCR Thermal Cycler
SP TP-400 (Takara Bio, Inc., Tokyo, Japan). The primers used
for amplification were as follows: cyclin D1-specific primer
set, CD-1F (5'-CTG GCC ATG AAC TAC CTG GA-3') and
CD-1R (5'-GTC ACA CTT GAT GAC TCT GG-3'); p53-
specific primer set, P-2F (5'-CAG CGA CAG GGT CAC CTA
AT-3') and P-3R (5'-GTG GAT AGT GGT ATA GTC GG-3');
p21CIP1-specific primer set, C-3F (5'-CCT TAG CCT TCA
TTC AGT GT-3') and C-4R (5'-GCC AGG ATC AGA AAC
ACA GC-3'); p27KIP1-specific primer set, K-2F (5'-CCG CCT
GCA GAA ACC TCT TC-3') and K-2R (5'-TGG ACA CTG
CTC CGC TAA CC-3'); cyclooxygenase-2 (COX2)-specific
primer set, PT-4F (5'-TGG GCC ATG GAG TGG ACT
TA-3') and PT-4R (5'-ATG AGC CTG CTG GTT TGG
AA-3'). ß-actin-specific PCR products for the same RNA
samples were simultaneously amplified and served as internal
controls. Primers BA-F2 (5'-GGG TAT GGG TCA GAA

GGA CT-3') and BA-R2 (5'-TGT AGC CAC GCT CGG
TCA GG-3') were used for amplification of ß-actin. Each
amplification cycle consisted of 0.5 min at 94˚C for denaturing,
0.5 min at 55˚C for primer annealing and 1 min at 72˚C for
extension. PCR products were analyzed by agarose gel
electrophoresis and stained with ethidium bromide. The results
were confirmed by repeating experiments.

Statistical analysis. Tumor incidence and multiplicity were
compared between the Hras128 and SD rats, or between
animals treated with nimesulide and those not treated with
nimesulide. Tumor incidence was analyzed by ¯2 or Fisher's
exact probability test, and tumor multiplicity was analyzed
by Student's or Welch's t-test. Significance was established
at P<0.05.

Results

General observation. A total of 78 Hras128 and SD rats
survived at the end of the experiment. Two SD rats in group
1 died from unidentified cause. No macroscopic metastases
were observed in any of 78 rats. Body, liver, kidney and
relative liver weights are shown in Tables I and II. In Table I,
the body weight of group 3 was significantly lower than that
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Table I. Body, liver, kidney and relative liver weights in Hras128 rats.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

No. of Body Liver Kidney Relative liver weight
Group Treatment rats weight (g) weight (g) weight (g) (g/100 gr body weight)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

1 4NQO 10 597±30a,b 24.6±2.9b 4.7±0.4 4.1±0.3b

2 4NQO➝100 ppm 10 577±24 22.4±3.1 4.6±0.4 3.8±0.4
nimesulide

3 4NQO➝400 ppm 10 531±42b 24.8±2.7 4.6±0.5 4.6±0.4b

nimesulide
4 400 ppm 5 588±20 26.0±2.8 4.8±0.5 4.4±0.4

nimesulide
5 None 5 625±60b 28.0±4.8b 5.2±0.1 4.4±0.6

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aMean ± SD. bStatistically significant.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table II. Body, liver, kidney and relative liver weights in Sprague-Dawley rats.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

No. of Body Liver Kidney Relative liver weight
Group Treatment rats weight (g) weight (g) weight (g) (g/100 gr body weight)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

1 4NQO 8 523±100a,b 19.7±5.9 3.7±0.5b 3.7±0.8
2 4NQO➝100 ppm 10 520±77b 20.6±4.5 3.9±0.6 3.9±0.6b

nimesulide
3 4NQO➝400 ppm 10 538±29b 17.5±3.5b 3.6±0.4 3.2±0.5b

nimesulide
4 400 ppm 5 662±96b 24.4±7.1b 5.0±0.8b 3.6±0.8

nimesulide
5 None 5 558±68 18.1±2.9 3.4±0.3 3.2±0.5b

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aMean ± SD. bStatistically significant.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Figure 2. Macroscopic (left panels) and histological (right panels) appearance on the induced tongue lesions indicated by arrows. These lesions were induced
with 4NQO in Hras128 rats. (A) Normal mucosa (N); (B) dysplastic hyperplasia (DH); (C) papilloma (PAP); (D) squamous cell carcinoma (SCC) (arrow).
DH displayed thickened epithelium with prominent surface keratinization, loss of polarity in epithelial cells, nuclear pleomorphism, dyskeratosis and
increased or abnormal mitosis. PAP and SCC exhibited non-invasive growth of neoplastic cells and invasive growth into subepithelial and muscular tissues,
respectively.

Figure 3. Occurrence of tongue lesions in Hras128 (closed square) and SD (closed triangle) rats. As indicated, left 2 panels indicate (%) incidence (A) and
number (C) of dysplastic hyperplasia (DH). Note a marked increase in incidence and number of DH in Hras128 rats. This increase persisted until the end of
the experiment (at experimental-week 14). Right 2 panels indicate (%) incidence (B) and number (D) of tumor. X-axis indicates the experimental week. Note
that the incidence and number of tongue tumors (PAP and SCC) in the Hras128 rat are greater than that of the SD rat.
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of groups 1 (P<0.001) and 5 (P<0.01). Liver and relative liver
weights of group 1 were significantly lower than that of groups 5
(P<0.01) and 3 (P<0.01), respectively. In Table II, the body
weight of groups 1-3 was significantly lower than that of group 4
(P<0.05). Kidney and liver weights of group 1 and 3, respec-
tively, were significantly lower than that of group 4 (P<0.05).
Relative liver weight of group 2 was higher than that of groups 3
and 5 (P<0.05). These data indicate a toxic effect of 4NQO
on the carcinogen-treated animals and that nimesulide may
affect the weight of the body and the organs examined.

Occurrence of tongue lesions. On the time course study, an
early induction of grossly visible tongue lesions including
DH and tumor was found. These lesions were histopatho-
logically DH, PAP and SCC (Fig. 2). After 3 weeks of 4NQO
treatment, the incidence and number of DH in Hras128 rats
markedly increased, and this increase persisted until the end
of the experiment (at experimental-week 14) (Fig. 3A and C).
In the DH lesion of Hras128 rats, treatment with 4NQO
resulted in a 1.4- and 2.3-fold increase in incidence and

number, respectively, when compared to the SD rats. At the
experimental-week 14, the incidence and number of tongue
tumors in the Hras128 rat were greater than that of the SD rat
(Fig. 3B and D). Also, treatment of Hras128 rats with 4NQO
resulted in a 2.7- and 4.3-fold increase in tumor incidence
and number, respectively, when compared to the SD rats. At
the end of the experiment, there was a significant increase in
tumor multiplicity of the Hras128 rat (2.2±0.2) in comparison
to the SD rat (1.5±0.8) (P<0.05). No visible esophageal tumors
were found in any group of the Hras128 and SD rats.

Incidence and multiplicity of the tongue lesions. Treatment of
Hras128 rats with 400 ppm nimesulide caused a significant and
dose-dependent decrease in tumor incidence and total tumor
multiplicity compared to group 1 (P<0.05, Table IIIA). In SD
rats, the total tumor multiplicity was significantly decreased
at 400 ppm nimesulide treatment (P<0.05, Table IIIB). In
treatment of Hras128 and SD rats with nimesulide, the
incidence and multiplicity were decreased in value but these
changes were not statistically significant (Table III).
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Table III. Incidence and multiplicity of the tongue lesions.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
A. Hras128 rat
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Incidence Multiplicity
No. of –––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––

Group Treatment rats Total DH PAP+SCC Total DH PAP+SCC
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

1 4NQO 10 8 8 6 3.4±2.1a 1.8±1.0 2.2±0.2
2 4NQO➝100 ppm 10 9 7 4 2.0±1.0 1.7±1.1 1.2±0.5

nimesulide
3 4NQO➝400 ppm 10 8 7 2b 1.6±0.7c 1.4±0.8 1.0±0.1

nimesulide
4 400 ppm 5 0 0 0 0 0 0

nimesulide
5 None 5 0 0 0 0 0 0

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aMean ± SD. bSignificantly different from group 1 by ¯2 test (P<0.05). cSignificantly different from group 1 by Student's t-test (P<0.05). DH,
dysplastic hyperplasia; PAP, papilloma; SCC, squamous cell carcinoma.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

B. SD rat
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Incidence Multiplicity
No. of –––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––

Group Treatment rats Total DH PAP+SCC Total DH PAP+SCC
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

1 4NQO 8 8 3 8 1.8±0.8a 2.0±1.4 1.5±0.8
2 4NQO➝100 ppm 10 10 2 8 1.6±0.7 1.3±0.6 1.5±0.8

nimesulide
3 4NQO➝400 ppm 10 10 2 8 1.3±0.7b 1.0±0.1 1.2±0.4

nimesulide
4 400 ppm 5 0 0 0 0 0 0

nimesulide
5 None 5 0 0 0 0 0 0

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aMean ± SD. bSignificantly different from group 1 by Student's t-test (P<0.05). DH, dysplastic hyperplasia; PAP, papilloma; SCC, squamous
cell carcinoma.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Positive index. To examine the effect of 4NQO in cell
proliferation, we measured PCNA positive index in the tumor
of group 1 and normal mucosa of group 5 (Fig. 4). In Hras128
rats, PCNA positive index was 58.8±4.9 (tumor) and 13.8±3.0
(normal mucosa). In SD rats, PCNA positive index was
58.1±6.6 (tumor) and 14.3±2.2 (normal mucosa). As shown
in Fig. 4, treatment of Hras128 and SD rats with 4NQO caused
a significant increase in PCNA positive index (P<0.05). These
results indicate that treatment of rats with 4NQO increased
cell proliferation in the tumor.

mRNA expression levels in the tumor of Hras128 rats.
Because we found that at sacrifice the Hras128 rat developed
greater number of tongue tumors than the SD rat and that
4NQO treatment enhanced cell proliferation in the tumor, we
analyzed the levels of expression of cyclin D1, p21CIP1, p27KIP1,
p53, COX2, using quantitative reverse transcription PCR
(RT-PCR) assays. In tumor samples of the Hras128 rat, there
was a marked (6.5- to 7.5-fold) and significant increase in the
cellular levels of cyclin D1 and COX2 mRNA compared to
the adjacent normal mucosa samples (Fig. 5). There was also
a slight (1.7- to 2.3-fold) increase in those of p53 and p21CIP1

mRNA (Fig. 5). We then examined whether nimesulide
affects the levels of expression of these molecules in the tumors
of Hras128 rats. Nimesulide caused a marked decrease in the
cellular level of COX2, and also caused a slight decrease in
that of cyclin D1 mRNA. Nimesulide treatment at high dose
(400 ppm) inhibited the expression of COX2 mRNA to
almost zero level. Nimesulide also caused a slight decrease in
the cellular level of cyclin D1 mRNA.

Discussion

Treatment of Hras128 rats with 4NQO caused an early
induction (up to six experimental weeks) of DH and tumor in
the tongue, when compared to the wild-type SD rat (Table III
and Fig. 3). These results clearly show that Hras128 rats are
more sensitive to 4NQO induced tongue carcinogenesis than
SD rats. This susceptibility to a carcinogen is in accordance

with previous experiments demonstrating that Hras128 rats
are more sensitive to a 7,12-dimethylbenz[a]anthracene
(DMBA) or 4NQO in the mammary or tongue tumors than
were wild-type SD rats (11,21). In addition, Miyamoto et al
demonstrated that the rasH2 mouse carcinogenesis model is
highly susceptible to 4NQO induced tongue and esophageal
tumors (12). In the present study, after three weeks of 4NQO
treatment DH of the tongue epithelium in Hras128 rats
markedly increased with respect to incidence and number,
when compared with this lesion in SD rats (Fig. 3). The inci-
dence and number of tongue tumors (PAP and SCC) also
markedly increased after 6 weeks of 4NQO exposure, and
this increase persisted until the end of the experiment (at
experimental-week 14), when compared with these lesions in
SD rats. In conventional 4NQO initiated carcinogenesis
models, oral tumors are induced during 22-32 experimental
weeks (11,22). In the present model, tongue tumors can be
induced in only a short period of 14 experimental weeks. We
therefore conclude that 4NQO-induced tongue carcinogenesis
was extensively enhanced in the Hras128 rat.

Human oral cancer is a focal disorder (3), and experimental
studies have indicated that there is a multistage process in the
development of the oral lesions, in which dysplasias process
to SCC through PAP (11,12). The results obtained in the
present study showing that Hras128 and SD rats developed
DH and tumors in a time-dependent manner (Fig. 3) is
consistent with the established facts on human oral cancer. In
addition, because of the ease of examining the lesions, the
oral cavity is an excellent target organ for experimental studies.
Therefore, the DH lesion may provide a useful biomarker for
clarifying detailed carcinogenesis process and also provide
clues to causative agents in human oral cancer.
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Figure 4. Proliferating cell nuclear antigen (PCNA) positive index in the
tumor (T) and normal (N) tongue mucosa. Asterisks indicate significant
difference in PCNA positive index between tumor and normal mucosa
(Student's t-test, P<0.05). The difference was seen in both Hras128 and SD
rats.

Figure 5. Representative results of RT-PCR assays. Densitometric analysis
(right panel). Asterisks indicate significant difference between tumor (T)
and adjacent normal mucosa (N) (P<0.05).
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The Ha-ras codon 12 and 61 mutations in human oral SCC
occur at a frequency of approximately 35% (22). Previously
we have reported that mutations in the ras family genes are
17% in 4NQO induced rat tongue tumors (23). The current
Hras128 rats carry copies of the human c-Ha-ras transgene in
their genome (15). The alkylating agent 4NQO is a powerful
carcinogen in several organs (10), and it causes Ha-ras gene
mutations by forming DNA adducts especially to guanine
(N2, N7 and N8 positions) or adenine (N1 and N6 positions)
(24-26). In a parallel study using Hras128 rats (unpublished
data), no mutations were found in either endogenous rat c-
Ha-ras gene or exogenous human c-Ha-ras gene in any tissue
of DH, PAP SCC and normal mucosa, suggesting that in the
present model the oral dysplasias progress to SCC via a
mechanism, not involving mutational activation of the ras
gene. In previous experiments, the transduced exogenous
human c-Ha-ras gene was somatically mutated in the tumors
of N-methyl-N-nitrosourea induced mammary carcinogenesis
and N-butyl-N-(4-hydroxybutyl)nitrosamine induced urinary
bladder carcinogenesis models (13,15). In these studies,
however, no mutation was found in the endogenous gene.
Similar results were also seen in a human c-Ha-ras trans-
genic mouse model (12). Therefore, it is likely that mutation
in the transgene itself is not necessarily crucial for malignant
progression and that these unique aspects in mutation status
may reflect the different susceptibilities of different organs to
specific carcinogens or the specificity of gene-carcinogen
interactions. However, it remains to be determined whether
the ras protein accumulates in the cytoplasm and nucleus of
these tumors.

Overexpression of cyclin D1 has been found in both human
and rat oral tumors (27,28). Overexpression of COX2 has
been found in human oral cancer and DMBA induced hamster
cheek pouch tumor (29,30). In the present study, we found
that in tumor samples of Hras128 rats treatment of 4NQO
caused a marked increase in the levels of mRNA expres-
sion of cyclin D1 and COX2, when compared to the adjacent
normal mucosa (Fig. 5). We also found that treatment of
4NQO resulted in a significant increase in PCNA positive
index in the tumor of Hras128 rats, when compared to the
normal mucosa (Fig. 4). These analyses were performed in
samples obtained at 14 weeks of the experiment. Thus, these
results suggest that enhanced cell proliferation cooperates
with the up-regulation of cyclin D1 and COX2 to cause a
rapid induction of tongue tumors. We also found that mRNA
expression levels of p53 and p21CIP1 were marginally increased
in the tumor of 4NQO-treated Hras128 rats (Fig. 5). This
may be consistent with the study by Seo et al demonstrating
that up-regulation of p53 and p21CIP1 is a possible mechanism
of nucleotide excision repair in response to 4NQO induced
DNA damage (31).

The 4NQO-induced Hras128 rat oral carcinogenesis
model may provide a system for evaluation of the mecha-
nisms of multistage oral carcinogenesis and detection of
causative agents in human oral cancer. Using this system, we
also examined whether the model can be used to identify
possible cancer preventive agents. A selective COX2 inhibitor,
nimesulide (4-nitro-2-phenoxymethanesulphonanilide) was
tested for its modifying effects on 4NQO-induced tongue
carcinogenesis. We found that treatment of Hras128 rats with

nimesulide caused a significant and dose-dependent decrease
in tumor incidence and multiplicity compared to the control
(Table IIIA). In Hras128 rats, treatment of nimesulide
markedly decreased the level of expression of COX2 mRNA in
the tumor compared to the adjacent normal mucosa. Therefore,
the present model may also have some relevance and appli-
cation to identify cancer preventive agents for human oral
cancer. In summary, 4NQO rapidly causes dysplasia in oral
squamous epithelia, which leads to PAP and SCC, as it does in
human oral lesions. We consider the present Hras128 rat
model a simple and rapid system that can be used for
assessment of oral carcinogenesis and cancer prevention.
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