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Table 1

SK1 and COX-2 immunostaining in colon tumors induced by azoxymethane

Number of SK1 COX:-2
samples staining” staining”
Tumors Positive +/~ Negative Positive +— Negative

Adenomas 9 00" 2(22) 7(78) 0(0) 2(22) 7(78)
Adenocarcinomas 28 21 (75) (an 4(i4) 14 (50) 7 (25) 7(25)
Well 17 13 (76) 3(18) 1(6) 12 (71) 4(23) i{6)
Moderately 6 5(83) 0(0) 1(t7 2(33) 117 3050
Poorly 5 3(60) 00 2 (40) 0(0) 2(40) 3(60)

“Negative, no staining; +/~, weak staining in <50% of the eclls; positive, moderate to strong staining >50% of the cells. “Values in parentheses
represent percentage. SK1, sphingosine kinase 1; COX-2, cyclooxygenase 2.
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Figure 1. Characterization of the mouse SX1 monoclonal antibody. A) Specificity of the SK1 monoclonal antibody: HEK
293 cells transiently transfected with pcDNA3 (Janes 1 and 3) or pcDNA3-human SK1 (lanes 2 and 4) for 24 h were
subjected to immunoblot analysis with the mouse anti-hwnan SK1 monoclonal antibody. The antibody used to probe lanes
1 and 2 was preabsorbed with the immunizing SK1 oligopeptide, which resulted in the disappearance of the SK1
immunoblot band. Cross reactivity of the anti-human SK1 antibody to rat SK1: B} Western blot analysis was performed for
the lysates from rat kidney (K) and colon {C) with the mouse anti-human SK1 monoclonal antibody, which also detected a
single band with the respective molecular weight of rat SK1 (47 kD). SK1 immunostaining in rat colon cancer tissues
indaced by azoxymethane (AOM): C) Positive immmunostaining for SK1 is seen in colon cancer tissues induced by AOM
after immunostaining with the mouse anti-SK1 monoclonal antibody {(SK1 Ab) but is not observed when the fissues were
stained without the primary SK1 Ab (No Primary Ab) or with preabsorbed anti-SK1 antibody (Absorbed Ab). D)
Expression of SK1 in AOM-induced rat colon cancers: SK1 positive staining is shown in colon cancer cells, but not in
normal epithelial cells adjacent to the cancer. Cellular localization of SK1 staining in colon cancer tissues: E) The SK1
and COX-2 immunostaining are observed in the cytosolic and perinuclear regions of colon cancer cells (black arrows),
vascular endothelial cells (red arrow), and inflammatory stromal cells (yellow arrow). SK1 and COX-2 immunostaining in
AOM-induced rat colon cancer tissues. Representatives of microphotographs are shown. Bar indicates 100 pun,
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Figure 2. Expression of SK1 and COX-2 in various stages of colon carcinogenesis induced by AOM. H&E staining and
SK1 and COX-2 immunohistochemistry in representative samples of colon tumors induced by AOM in male F344 rats are
presented: A) adenoma; B) well-differentiated adenocarcinoma: €) moderately differentiated adenocarcinoma; and Dy
poorly differentiated adenocarcinoma. Original magnification is x40. Bar indicates 100 pm.
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Fig. 3

A B

3 -4
(X107) P<0.001 (X10%) P<0.01
15 - |
- o |
: 5
S 10 4 O
% S
= 5- 22
=
0 . :

0
Normal Cancers Normal Cancers

Figure 3. Up-regulation of SK1 and COX-2 mRNA expression in colon adenocarcinoma indoced by AOM. The
expression of SK1 (4) and COX-2 (B) mRNA in normal colon mucosa and adenocarcinomas induced by AOM in male
F344 rats was determined by quantitative real-time RT-PCR, The data are expressed as mean normalized expression, which
is directly proportional to the amount of RNA of a target gene (SK1 or COX-2} relative to the amount of the reference gene
B-actin. The results are presented as mean = SD (n=5).
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Fig. 4
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Figure 4. Down-regulation of $K1 inhibits COX-2 expression and PGE, production in HT-29 human colon cancer cells.
SK1 siRNA (200 nM) down-regulates SK1 protein expression (4) and reduces COX-2 expression (B) and PGE,»
production (C) induced by TNF-o (5 nM) or IL-1§ (2.5 ng/mi) in HT-29 cells. A and B) Representative Western blot
analyses are shown. The data presented in {C) are the mean =+ SE of 3 independent experiments.
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Figure 5. Overexpression of human SK1 in rat intestinal epithelial cells induces COX-2 expression. SK1 stably
transfected RIE-S cells show increases in SK activity (4), intracellular levels of S1P (B), and expression of EGFP-tagged
human SK1 () and COX-2 (D) with or without TNF-a (5 nM) or IL-1j3 (2.5 ng/mi) stimulation as compared with these of
empty vector plasmid-transfected RIE-N cells. RIE-1 cells are untranstected parental ceils.
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Fig. 6
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Figure 6. Effects of exogenous sphingolipids on COX-2 expression and PGE, production in HT-29 cells. 4) Uptake of
ceramide (Cer), sphingosine (Sph), and S1P by HT-29 cells after the cells were incubated with 1 1M of individual Cy,
backbone-labeled sphingolipids for 30 min. Vehicle-treated cells were included as a control. B) S1P, but not ceramide and
sphingosine, stimulates PGE; production by HT-29 cells. €) S1P induces expression of COX-2, but not COX-1, in HT-29
cells in a dose- and time-dependent manner.
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Figure 7. A hypothetic model of the role of SK1/$1P in colon carcinogenesis. Colon carcinogens such as AOM induce
SK1 expression. SK1 phosphorylates sphingosine to S1P, In turn, S1P may promote colon carcinogenesis via up-regulation

of COX-2 expression and stimulation of PGE; production. In addition, the SK1/81P pathway may alse promote colon
carcinogenesis via a COX-2 independent mechanism.
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An animal model for the rapid induction of tongue neoplasms in human
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its potential nse for preclinical chemoprevention studies
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Oral squamous cell carcinoma is one of the most common
human neoplasms, and prevention of this malignancy
requires a better understanding of its carcinogenesis pro-
cess. To this end, we tried to establish an animal model
using the human c-Ha-ras proto-oncogene-carrying trans-
genic (Tg) rats and the carcinogen 4-nitroquinoline 1-oxide
(4-NQO). 4-NQO (28 p.p.m.) was administered to Tg and
non-Tg rats for 8 weeks in their drinking water, and then
the occurrence of tongue carcinogenesis was compared
during the experimental period of 22 weeks. In addition,
we determined the DNA ploidy in tengue lesions and
examined the immunchistochemical expression of five bio-
markers such as cyclin D1, glutathione S-transferase pla-
cental form, cyclooxygenase (COX)-2, inducible nitric
oxide synthase (iNOS) and B-catenin. Next, the cancer
chemopreventive effects of nimesulide, pioglitazone and a
synthetic geranylated derivative, which have been reported
to be inhibitors of tongue carcinogenesis, were examined in
Tg rafs treated with 4-NQO. Either during or after treat-
ment with 4-NQO in the drinking water, tongue dysplasia
and tumors were observed on the tongues of both Tg and
non-Tg rats, with a greater incidence and multiplicity in Tg
rats. Histopathologically, squamous cell dysplasia, papil-
loma and carcinoma with or without invasion were present
in the tongue. Immunohistochemistry revealed that expres-
sion levels against five biomarkers increase with disease
progression, and the changes correlated with those of the
DNA ploidy pattern. Interestingly, a strong expression of
CO0X-2, iNOS and B-catenin was observed on the invasive
front of squamouns cell carcinomas. A subseguent chemo-
prevention study using Tg rats showed that the chemicals
tested suppressed the occurrence of tongue carcinomas

Abbreviations: CDK, cyclin-dependent kinase; COX, cyclooxygenase;
DMBA, 7,12-dimethylbenz(a)anthracens; EGMP, ethyl 3-(4'-geranyloxy-
¥-methoxyphenyl)-2-propenoate; GST-P, glutathione $-transferase placental
form; H&E, hematoxylin and eosin; iNOS, inducible nitric synthase; NO,
Niwic oxide; 4-NQO, 4-nitroguinoline l-oxide; PPAR, peroxisome
proliferator-activated receptor; SCC, squamous cell carcinoma; Tg rats,
Human c-Ha-ras proto-oncogene carrying transgenic rats,

Carcinogenesis v0l.27 no.3 © Oxford University Press 2005; all rights reserved.

when they were administered afier 4.-NQO-exposure.
These results may thus indicate that our 4-NQO-induced
Tg rat tongue carcinogenesis model simulates many aspects
of human oral carcinogenesis and it can be applied for an
analysis of oral cancer development while also helping to
identify potentially effective cancer chemopreventive
agents against oral cancer.

Introduction

Oral cancer, mostly squamous cell carcinoma (SCC), is con-
sidered to be one of the most common neoplasms in the world
with nearly 390 000 new cases per year (1). This malignancy is
particufarly common in such developing countries as India,
Sri Lanka, Vietnam, the Philippines and Brazil, where it con-
stitutes up to 25% of all types of cancers (2). Recently, the oral
cancer incidence and mortality rates have been increasing in
the USA, Japan, Germany and Scotland, especially among
young males (3-5). In addition, many patients tend to develop
secondary primary tumors even if the primary tumors can be
treated (6). This suggests the occurrence of 2 multi-focal tumor
development, called ‘field cancerization’ (7). As a result, the
development of cancer chemoprevention is an important strat-
egy for fighting this malignancy (8—10), and an animal mode!
for preclinical studies is warranted to clarify how best to
control this epithelial malignancy.

Several animal models for oral carcinoma development
were utilized, including hamster, rats and mouse models. The
most commonly used model is 7,12-dimethylbenz{a)anthracene
{DMBA)-induced hamster cheek pouch carcinogenesis model
(11) and ~60% of all SCC have a mutation in codon 61 of
Ha-ras gene (12). Treatment by the administration of 4-
nitroquinoline i-oxide (4-NQO) in drinking water can induce
tumors in oral cavities in rats (13) and mice (14). Oral SCCs
induced by 4-NQO in rats, which shows morphological and
histopathological similarities to those of human tumors, have
been extensively used to investigate and test a wide variety of
synthetic and natural agents for chemopreventive potential (8).

Mutations in the three ras genes and p53 gene are observed
in human cancers, including oral cancer (15-18). Activating
mutations in K-ras and H-ras have been reported in human
oral SCCs , primarily in those caused by exposure to carcino-
gens that are present in betel quid (19). In addition, ras activa-
tion involves murine oral squamous carcinogenesis (20,21),
although some exceptions have been reported (22). The devel-
opment of oral cancey appears to be a continuum, 2 progression
from the early stage of oral lesions to SCC and metastasis. The
results of animal model studies could thus translate directly or
indirectly to clinical patients’ care initiatives or at least allow
targeted studies that make the best use of human clinical trials.
4-NQO-induced rat fongue carcinogenesis is such a model. In
addition, genencaliy modified animal models are also useful
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for elucidating the molecular and cellular processes that lead
to cancer initiation, progression and metastasis, and on the
suitability to undergo therapeutic and chemopreventive trials
(23-26).

The current study was conducted using the human c-Ha-ras
proto-encogene-carrying transgenic (Tg) rats highly suscept-
ible to a variety of chemical carcinogens (27) to establish a
more realistic animal model for oral carcinogenesis, which
reveals both histological and immunohistochemical character-
istics (28) similar to the human counterpart. In this study, the
sequential observation up to 22 weeks of pathological altera-
tions in the tongue of Tg and non-Tg rats treated with 20 p.p.m.
4-NQO in their drinking water for 8 weeks was conducted. The
expression of cyclin D1 (28,29), glutathione S-transferase pla-
cental form (GST-P) (30) cyclooxygenase (COX)-2 (31), indu-
cible nitric synthase (iINOS) (31) and B-catenin (32) in the
tongue lesions induced by 4-NQO was immunohistochemic-
ally investigated, because these biological and molecular
markers have been characterized in experimental models for
oral tumors (12,30,32). A DNA ploidy pattern was also
determined in the observed tongue lesions. In addition, to
assess the utility of human c-Ha-ras proto-oncogene Tg rats
in preclinical chemoprevention study on tongue cancer, a
chemoprevention study was conducted using three agents, a
COX-2 inhibitor nimesulide (31), a ligand for peroxisome
proliferator-activated receptor (PPAR)y pioglitazone (33) and
a synthetic geranylated derivative ethyl 3-(4’-geranyloxy-3'-
methoxyphenyl)-2-propenoate (EGMP) (34}, which have been
reported to exert cancer chemopreventive ability against 4-
NQO-induced colon carcinogenesis in F344 rats. We have
found previously the cancer chemopreventive ability of
another PPAR«y ligand troglitazone in 4-NQO-induced rat
tongue carcinogenesis (29).

Materials and methods

Animals

Human c-Ha-ras proto-oncogene Tg and non-Tg rats bred by CLEA Japan
(Tokyo, Japan) (35) at 6 weeks of age wers obtained and maintained in plastic
cages in an experimental room controlled at 23 £ 2°C temperature, 50 3 10%
humidity and lighting (12 h light—dark cycle). The animals were all allowed
free access to a powdered basal diet CRF-1 {Orienta! Yeast, Tokyo, Japan) and
to tap water. The experiments were conducted according to the ‘Guidelines for
Animal Experiments in Kanazawa Medical University®.

Development af animal model

A total of 69 Tg and non-Tg rats were used for the experiment after 1 week
quarantine. In this experiment, which was designed to monitor the develop-
ment of preneoplastic and neoplastic tongue lesions, 33 Tg rats (14 males and
19 females) and 36 non-Tg rats (20 meles and 16 females) were given tap
water containing 20 p.p.m. 4-NQO (98% pure, CAS no. 56-57-5, Wako Pure
Chemical, Osaka, Japan) for 8 weeks, and thereafter they received no further
treatments (Figure 1). The animals were sequentially killed at Week 8
(2 Tg males, 2 Tg females, 2 non-Tg males and 2 non-Tg females), Week 10
(1 Tg male, | Tg female, 2 non-Tg males and 1 non-Tg female), Week 12 (2 Tg
males, 2 Tg females, 2 non-Tg males and 2 non-Tg females), Week 14
(2 Tg males, 3 Tg females, 2 non-Tg males and 2 pon-Tg females), Week 18
(2 Tg males, 3 Tg females, 2 non-Tg males and 2 non-Tg females) and
Week 22 (5 Tg males, 8 Tg females, 5 non-Tg males and 7 non-Tg females)
to determine the occurrence of tongue preneoplasms and neoplasms. After
killing by exsanguination under deep ether ancsthesia, macroscopic observa-
tions were performed and the number of grossly visible tumors in the tongue
and esophagus were recorded, and then these organs were processed for
histopathological examination after being fixed in 10% buffered formalin.
The tongues with or without lesions were alse processed to assess the expres-
sion of cell proliferation biomarkers by immunohistochemistry. For a histolo-
gical examination, the tissue and gross lesions were fixed in 10% buifered
formalin, embeddad in paraffin blocks, and then the histoiogical sections were

620

[ 8 10 12 14 18 22 wke
H 1 [l 1 [ 1 L ]
ToANCODRem K X X X X
: MNaritering of white patehes '
in the tongue
Tod 2 1 2 2 2 5
TgQ: 2 i 2 3 3 8
Non-Tgds 2 2 2 2 2 5
MNon-TgQ: 2 1 2 2 - 7

Mo. of rats used for sequential observation
of tongue histopatholay

Fig. 1. Experimental protocol. X, killing time points. Nos, number of Tg
and non-Tg rats that are killed for tongue histopathology.

stained with hematoxylin and eosin (H&E). Epithelial lesions (hyperplasia,
dysplasia and neoplasia) in the oral cavity were diagnosed according to the
criteria described by Banoczy and Csiba (36) and Kramer et al. (37). Te
determine the multiplicity of the tongue lesions, the tongue was examined
for gross lesions without the use of any magnification aid. The tongue was cul
in half longitudinally and each tissue specimen was fixed in 10% buffered
formalin. Each tissue was totally submitted as multiple transverse sections for
histological processing. This averaged 56 pieces/tissue and 10-12 pieces/total
tongue. The tongue lesions were counted on all slides stained with H&E, then
the sum was divided by the number of slides, and they were expressed as the
rean & SD,

Immunohistochemistry for cyclin DI, GST-P, COX-2, iNOS and B-catenin

After killing, the tongues were removed and processed to make tissue sections.
Paraffin-embedded tongue tissues were cut and nine serial sections (3 wm)
were made. One section was used for the histopathology, and the others for
the immunohistochemistry of cyclin D1, GST-P, COX-2, iNOS and B-catenin.
Fmmunohistochemistry for these antibodies was performed using a stain sys-
tem kit ENVISION+ (K4003 or K4001, DakoCytomation, Kyoto, Japan).
Primary antibodies used were as follows: a mouse monoclonal antibody
against cyclin D1 (NCL-CYCLIN D1-GM, 1:100 dilution, Novocastra Labor-
atories, Newcastle upon Tyne, UK), a rabbit polycional antibody against
GST-P (Cat, no. 311, 1:300 diiution, Medical and Biological Laboratories,
Nagoya, Japan), a rabbit polyclonal antibody against COX-2 (Cat. no. 210726,
1:200 dilution, ALEXIS JAPAN, Tokyo, Japan), a rabbit polyclonal antibody
against iNOS (Cat. no. ab15326, diluted, Abcam, Cambridge, UK) and a rabbit
polycional antibody against B-catenin {Cat. no. sc-7199, 1:100 dilution,
Santa Cruz Biotechnology, Santa Cruz, CA). These antibodies were applied
to the sections according to the manufacturer’s protocol. As negative controls,
adjacent sections were processed by omitting incubation with the primary
antibodies (cyclin DI, GST-P, COX-2, iNOS and #-catenin). The slides were
subsequently reviewed in a blinded fashion.

The cells were considered positive for cyclin D1 when definite nuclear
staining was identified. Positive cell ratios for cyclin D1 were calculated by
counting at Jeast 50 cells in the tongue lesions of each rat. The immunchisto-
chemical expression of GST-P, COX-2, iNOS and B-catenin was observed
with the grading intensity of the immunoreactivity in neoplasms and preneo-
plastic lesions of the tongue. Lesions with a stainability in >1% of the celis
were regarded as positive, wherezs all others were regarded as negative. To
guantitate the degree of stainability for each antibody, the grading system was
used according to the following criteria described by (=), no immunoreactiv-
ity; (&, +, ++), increasing degrees of intermediate immunoreactivity; and
{+++), extensive immunoreactivity. Care was taken to exclude the possibility
of any inflammatory cells that were mistakenty identified as positive epithelial
cells.

DNA ploidy analysis

Tongue lesions developed in Tg males that received 4-NQO and then were
killed at Week 22 were used for the DNA ploidy analysis. Sections of 5 pm
adjacent to H&E and immunohistochemically stained sections were processed
for Feulgen's staining (38) after hydrolysis with 1 N HCL The areas previously
selected on the H&E sections were identified on projections of the Feulgen-
stained sections. A microspectrophotometer (MMSP, Olympus, Tokyo, Japan)
was used for the measurement of nuclear DNA content. The optical setting was
as follows: Objective, Plan 40%; Condenser, 20x; Measuring spot, 7-12 pm;
Wavelength, 545 nm. More than 50 celis were measured in each lesion and
100 nuclei in SCC. The DNA content of the lymphocytes contained in the
section was taken as the diploid (2C) reference value (39). Ploidy histograms
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(frequency of occumrence of individual cell ploidy values) were constructed for
each histological category. Aneuploidy was objectively computed on the basis
of the algorithm (40) as the 5C exceeding rate that is defined as the percentage
of cells with 2 DNA content of »>5C. Finally, the mean ploidy and mean rates
(%) of <2.5C, 2.5-5C and >5C for each lesion category were calculated.

Chemoprevention study using Tg rats

For 8 weeks, 15 Tg males and 24 Tg females were given 4-NQO (20 p.p.m. in
drinking water). Tg males were then divided into two groups: Group 1 (8 males)
received no further treatment and Group 2 (7 males) was fed the experimental
diet containing 400 p.p.m. nimesulide (Sigma Chemical, St Louis, MO) for
11 weeks, starting | week after cessation of 4-NQO exposure. In addition,
24 Tg females were then divided into three groups: Group 3 (7 females)
received no further treatment. Groups 4 (9 females) and 5 (8 females) were
fed the experimental diets mixed with 500 p.p.m. pioglitazone (Takeda Chem-
ical Industries, Osaka, Japan) and 2% EGMP (96% purity, synthesized from
ferulic acid) for 11 weeks, respectively, starting 1 week after the cessation of
4-NQO exposure. At Week 20, all Tg rats were killed by exsanguination under
deep ether anesthesia, and macroscopic inspection was done. After killing,
nurmber of grossly visible tumors in the tongue and other tissues were recorded,
and then these organs with lesions were processed for a histopathological
examination: after fixation in 10% buffered formalin. For histological exam-
inations, tissue specimens and gross lesions fixed in 10% buffered formalin
were embedded in paraffin blocks, and the histological sections were stained
with H&E. The tongue was cut in half longitudinally and each tissue specimen
was fixed in 10% buffered formalin. Epithelial lesions (hyperplasia, dysplasia
and neoplasia) in the tongue were diagnosed accerding to the criteria described
by Banoczy and Csiba (36) and Kramer ef af. (37). To determine the multipli-
city of the tongue lesions, the tongue was examined for gross Jesions withoui
the use of any magnification aid. Each tissue specimen was totally submitted
as multiple transverse sections for histological processing. This averaged
5-6 piecesftissue and 10-12 piecesftotal tongue. The tongue Iesions were
counted on all slides stained with H&E, the sum was then divided by the
number of slides, and the multiplicity was expressed as the mean + SD.

Statistical analysis

A statistical analysis of the incidence of lesions was performed esing Fisher's
exact probability test, and the other results expressed as the mean <+ SD were
analyzed by Student-Newman—Keuls multiple comparison test using the
GraphPad InStat software (version 3.05) (GraphPad Software, San Dicgo,
CA). A level of P < 0.05 was considered to be statistically significant.

Results

Monitoring of white patches

All rats were well tolerated with oral exposure of 4-NQO in
drinking water. During the study, white patches were mainly

present in the dorsal site of the root of tongue. When mon-
itored, the number of white patches (clinically called as leuko-
plakia) in the tongues of Tg and non-Tg rats under Light ether
anesthesia, starting from Week 2 to Week 8, and the frequency
of such white patches gradually increased over time in both Tg
and non-Tg rats of either sex between Week 2 and Week 6
(Figure 2). However, the number of lesions in the Tg rats
dramatically increased between Week 6 and Week 8
(Figure 2). In addition, the frequency of males was larger
than fémales, in both Tg and non-Tg. At Week 8, five small
{<2 mm in diameter) and two large (>3 mm in diameter) white
patches in Tg males were biopsied to determine their histo-
pathology. The former were histologically found to be dys-
plastic leukoplakia while the latter were minute SCC.

Incidence and multiplicity of tongue neoplasms and dysplasia
Exophytic papillary or invasive tongue tumors (Figure 3A)
were mainly observed in the dorsal site of the root of tongue.
Dysplastic lesions with various degrees of atypia (Figure 4B-
I-D-1) were also found in the tongue. Tongue tumors were
histopathelogically squamous cell papilloma and carcinoma
with or without invasion (Figure 4E-1-G-1). The incidence
and multiplicity of tongue neoplasms at each killing point are
given in Table I and is illustrated in Figure 3B. All Tg males
killed at Weeks 8, 10, 12, 14, 18 and 22 had tongue neoplasms
(squamous cell papilloma and carcinoma). Non-Tg males that
were killed at Weeks 8, 10 and 14 did not have any tongne
tumors, but they had dysplastic lesions in the tongue. As for
non-Tg males, one of two rats kifled at Week 12, two of two
rats killed at Week 18 and two of five rats killed at Week 22
developed tongue papilloma and/or carcinoma. Tg females
killed at Week 8 (one of two rats), Week 12 (one of two
rats), Week 14 (two of three rats), Week 18 (all three rats)
and Week 22 (five out of eight rats) had tongue neoplasms
{(squamous cell papilloma and/or carcinoma), but one Tg
female killed at Week 10 did not have any tongue tumors.
Non-Tg females that were killed at Weeks 8, 10 and 12 did
not develop any tongue tumors, but they did have tongue
dysplastic lesions. Two of two non-Tg females killed at
Week 14, one of two non-Tg females killed at Week 18 and
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Fig, 2. Mean number of white patches in the tongue that were menitored from Week 2 through Week 8. a, significantly different from male non-Tg (P <
G.05}); b, significantly different from female non-Tg (P < 0.001); c, significantly different from male non-Tg (P < 0.001}); d, significantly different from
female non-Tg (P < 0.05); and e, significantly different from female Tg (P < 0.05).
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Fig. 3. Tongue neoplasms developed in Ty and non-Tg rats that were treated with 4-NQO. (A) Macroscopic view of tongues at Week 22. Large tongue tumors
with white patches develop in Tg rats of either sex, whereas only a few small tongue tumors or white patches are found in the tongue in non-Tg tats of both
sexes, {B) Mean multiplicity (number of tumars/rat) of tongue tumors at each killing time point, Number of tongue tumors increased from Week 14 in male

Tg rats.

two of seven non-Tg females killed at Week 22 developed
papilloma and/or carcinoma. Besides neoplasms, the Tg and
non-Tg rats of both sexes also had tongue dysplasia with
different degrees of atypia and multiplicity: the cccurrence of
lesions in Tg rats was earlier than in non-Tg rats, and the
frequency in Tg rats was greater than in non-Tg rats {data not
shown).

In other organs, esophageal tumors and/or mammary fmors
were present in Tg rats. One papilloma and two carcinomas
in a Tg male killed at Week 18. In addition, two esophageal
papillomas developed in a Tg male and one esophageal car-
cinoma in each of two Tg males that were killed at Week 22.
In two Tg females, esophageal papillomas developed (one had
one papilloma and the other two papillomas). However, the
non-Tg rats did not develop tumors in tissues other than the
tongue.

Immunohistockemistry of cyclin D1, COX-2, iNOS, GST-P
and B-catenin

Immunoreactivity against five antibodies (cyclin D1, COX-2,
iNOS, GST-P and B-catenin) was closely similar in the non-
lesional areas and lesions in the tongue of Tg and non-Tg
males and females. Their expression was found in the nucieus,
cytoplasm andfor cell membrane (Figure 4).

622

Cyclin D1 immunohistochemistry revealed that a few basal
cells in the non-lesional ‘normal’ appearing areas were posit-
ive for nuclei (Figure 4A-2). Their nuclear stainability
increased with the disease progression from dysplasia/
papilloma to carcinoma (Figure 4B-2-G-2). The cyclin D1-
positive ratio reflecting the rate of proliferation was the same
in preneoplastic lesions dysplasia, and it reached the highest
values in tumors (Table IE).

Strong GST-P immunoreactivity was present in the nucleus
and cytoplasm of all dysplastic lesions and carcinomas
developed in rats treated with 4-NQO (Figure 4A-3-G-3).
Papilloma cells were also positive for GST-P, but their intens-
ity was weak in comparison with dysplastic and carcinoma
cells (Figure 4E-3). Non-lesional cells at the lower part of
squamous epithelium were weakly positive for GST-P
(Figure 4A-3). The multiplicity of GST-P-positive dysplastic
lesions during Week 8 through Week 22 is given in Table III.
The highest multiplicity of GST-P-positive dysplastic lesions
was observed at Week 12 in Tg males, at Week 8 in Tg
females, at Week 18 in non-Tg males, and at Weeks 14 and
18 in non-Tg females.

COX-2 immunoreactivity was weakly present in the
basal cells of the ‘normal’ appearing areas (Figure 4A-4—
G-4). Dysplasia with mild, moderate and severe atypia
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Immunohistochemistry

COX-2 INOS

i

B-catenin

Fig. 4. Histopathology and immunohistochemistry of eyclin D1, GST-P, COX-2, iNOS and B-catenin of tongue lesions in Tg males that received 4-NQO,
(A), “Normal" appearing tongue squamous epithelium; (B} Mild dysplasia; (C) Moderate dysplasia; (D) Severe dysplasia; (E) Squarmous cell papilloma;

(F) 8CC in sity and (G) Invasive SCC. (A-1), (B-1), (C-1), (D-1), (E-1), (F-1) and (G-1), H&E stain; (A-2), (B-2), (C-2), (D-2}, (E-2), (F-2) and (G-2), cyclin
D1 immunchistochemistry; (A-3), (B-3), (C-3), (D-3), (E-3), (F-3) and (G-3), GST-P immunohistochemistry; (A-4), (B-4), (C-4), (D-4), (E-4), (F-4) and
(G-4), COX-2 immunchistochemistry; (A-5), (B-5), (C-5), (D-5), (E-5), (F-5) and (G-5), iNOS immunohistochemistry; and (A-6), (B-6), (C-6), (D-6), (E-6),
(F-6) and (G-6), B-catenin immunohistochemistry. Five biomarkers (cyclin D1, GST-P, COX-2, iNOS and 8-catenin) are expressed in the squamous cell
Iesions of these tongues and their expression increases with the disease progression. Original magnification, (A-1, A-3-5), (B-1-6), (C-1-6), (D-1-6), (F-1-5),

and (G-1-5), 10x%; (A-2), (A-6), (E-6), (F-6) and (G-6), 20x; and (E-1-5), 2x.

(Figure 4B-4-D-4) showed a relatively strong positivity for
COX-2 in nucless andfor cytoplasm of cells in the upper
and middle parts of the epithelium. Approximately half of
all papilloma cells (Figure 4E-4) and most cancer cells
(Figure 4F-4 and G-4) showed COX-2-positivity in the nucleus
and/or cytoplasm. Interestingly, a strong expression of COX-2
was found in the invasion front of carcinoma, where a number
of mononuclear inflammatory cells were present,

iNOS-immunohistochemistty showed a weak immuno-
reactivity in the nucleus andfor cytoplasm of dysplastic
(Figure 4B-5-D-5) and carcinoma cells (Figure 4F-5 and G-
5): the intensity was greater in the carcinoma cells than in the
dysplastic cells. Similar to the COX-2 expression, a strong
expression of iNOS was noted in the invasion front of cancer
tissue, where numerous inflammatory cells had infiltrated, In
addition, papilloma cells were positive for iNOS in their
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Table 1. Incidence and muiltiplicity of tongue neoplasms in Tg and non-Tg rats that received 4-NQO

Tg/non-Tg Sex Incidence of tongue neoplasms {multiplicity, mean or mean £ SD)
Week 8 Week 10 Wesk 12 Week 14 Week 18 Week 22
Squamous cell papilloma
Tg Male 272(1) 0/1 (G) 0/2 (0} 22 (3) 212 (2.5) 5/5 {140 £ 0.30)
Tg Female 22 (1) 0/1 () 1/2 (0.5) 273 (0.67 £ 0.47) 2/3 (0.67 £ 047) 3/8 (0.63 % 0.99)
Non-Tg Male 02 (@ 0/2 (0) 0/2 (0) 0/2 (0 272 (1) 2/5 {0.60 % 0.80)
Non-Tg Female 012 (0) 01 {0) 072 (0) 22 (1) 12 0.5 271 (0.29 £ 045)
Squamous cell carcinoma
Tg Male 22 (1} 171 (1) 272 (1.5) 2/2 (2.5) 212 (5.5) 5/5 (3.00 = 1.67)
Tg Female 112 (0.5} 0/1 (0) 12 (0.5 2/3 (0.67 £ 047) 3/3 (233 £ 047) 58 (LI3 4+ 117
Non-Tg Male 0/2 {0) 012 (0) 12 (0.5) 0/2 (O) 072 () 2/5 (040 £ 0.49)
Non-Tg Female 012 (0) o1 () 0/2 (0) G2 () 172 (0.5) 2f7 (043 £ 073)
Table IL. Cyclin D1-positive index in various torgue lesions from ﬂ%at?m_n. Sqme papllloma cells were also positive for B_
male Tg and non-Tg, rats treated with 4-NQO at Week 22 catenin in their nuclear/cytoplasm/cell membrane.
Table I'V summarizes the immunoreactive intensity of five
Lesions Male Tg Male non-Tg antibodies (cyclin D1, COX-2, iNOS, GST-P and B-catenin).
Non-lesional® area 26 £ 0.9° (10) 6 05 (10) fﬂ\mong the annbofixes, GST-P positivity was the most prom-
Dysplasia inent of all the lesions.
Mild 5.4 4 1.1°(10) 42+ 08 (10}
Moderate 7.6 % 1.7° (10) 6.2 = 24° (10) DNA ploidy of the tongue lesions
; szl\l.'em ?:7]2 i g_?:-:»r }1& %2.3 i:g:':: él(g)) When determining the DNA content, ploidy histograms tended %
apilloma £ N S . 2 -
Carcinoma 38.8 L 4.0° (5) 374 £ 6675788 (5) to skew to the right from the diploid value in all the histolo

Numbers in parentheses are number of lesions examined.
“Mean £ SD.

bedgionificantly different from ‘non-lesional’
and ‘P < 0.001)
‘S:gmf" icantly different from ‘mild dysplasia® (P < 6.001).
fSignificantly different from ‘moderate dysplasia’ (P < 0.001).
Egignificantly different from ‘severe dysplasia’ (P < 0.001).
bSipnificantly different from ‘papilloma’ (P < 0.001).

aren (*P <0,005,°P <0.001

Table III. Multipticity of GST-P-positive dysplasia at each killing
time point

Week 8 Week 10 Week 12 Week 14 Week 18 Week 22

Male Tg  55°(2) 30(1) 65( 60(2) 55() 400:£2.28(5)

Fernale Tg 65(2) 60(1) 50(2) 47(3) 350(3) 4.00X255(8)

Male 05(2) 25(@) 35(@ 40() 652 580£214(5)
non-Tg

Female 3.5(2) 3.5(1) 40 502 50(2) 457x232(D
non-Tg

Numbers in parentheses are number of rats examined.
"Mean or mean X SD.

nucleus/cytoplasm, but the intensity was relatively lower than
in cancer cells (Figure 4E-5). A faint positive reaction of iNOS
was found in the nucleus/cytoplasm of the non-lesional cells at
the basal layer (Figure 4A-5).

B-Catenin staining in the non-lesional cells was weakly
positive in their cell membrane, but not in the nucleus
(Figure 4A-6). Their nuclear/cytoplasm/ceifl membrane
stainability increased with disease progression from
dysplasia/papilloma to carcinoma (Figure 4B-6-G-6). Among
these lesions, carcinoma cells expressed the strongest intensity
of B-catenin staining in their nuclear/fcytoplasm/cell mem-
brane (Figure 4F-6 and G-6). Interestingly, cancer cells at the
invasion front expressed the cytoplasmic/nuclear pattern of
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gical categories. This skew increased in relation to the severity
of the lesions investigated. Figure 5 shows an example of the
characteristic histograms of the tongue lesions that developed
in the Tg males receiving 4-NQO. Interestingly most histolo-
gically normal-appearing tongue squamous epithelium speci-
mens showed a peak with a small deviation within the 2C-4C
region and some events exceeded the tetraploid value, The
mean percentages of ploidy distribution are shown in
Tabie V. As expected, invasive carcinomas and carcinomas
in situ exhibited a statistically significant increase in compar-
ison with the non-lesional epithelium specimens. The mean
ploidy values were around the tetraploid range. However, a
considerable number of cells exhibited an aneuploid DNA
content in the dysplasia and carcinoma. The results for mild
dysplastic areas and histologically ‘normal appearing’ areas
were remarkable, The mean ploxdy value was significantly
higher than for the ‘normal appearing’ areas, and aneuploid
cells were detected in all of the evaluated lesions.

Effects of nimesulide, pioglitazone and EGMP on 4-NQO-
induced tongue carcinogenesis in Tg rats

The influence of the dietary administration of the three tested
chemicals (nimesulide, pioglitazone and EGMP) on tongue
carcmogenesas initiated with 4-NQO in Tg rats of both sexes
is illustrated in Figures 6 and 7. The administration of all the
test chemicals reduced the incidence of tongue carcinoma in
comparison with that in the Tg rats, which received 4-NQO
alone, but the differences were not statistically significant
(Figures 6A and 7A). However, the dietary administration of
400 p.p.m. nimesulide significantly lowered the multiplicity of
tongue SCC (73% inhibition, P < 0.05, Figure 6B). In addi-
tion, a significant inhibition in the muitiplicity of tongue SCC
by feeding with 500 p.p.m. pioglitazone (61% inhibition,
P < 0.001) and by dietary feeding with 2% EGMP (34%
inhibition, P < 0.01) was observed as shown in Figure 7B.
In addition, all the test chemicals in the diet reduced the
development of severe tongue dysplasia (data not shown).
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Fig. 5. Representative DNA histograms from various tongue lesions (inserls) in male Tg rats treated with 4-NQO. (A) *Normal® appearing tongue squamous
epithelium; (B) Mild dysplasia; (C) Moderate dysplasiz; (D} Severe dysplasia; (E) Squamous cell papilloma; (F) SCC in site and (G) Invasive SCC. DNA
aneuploidy is evident with the disease progression. Inserts: tongue lesions stained with H&E. Original magnification, (A)<(D}, (F) and (G), 10x; and (E), 2x.

Administration of all the test chemicals in the diet did not
affect the tumor incidence and multiplicity, which were quite
Iow, in organs other than the tongue (data not shown).

Discussion

In the current study, 4-NQO treatment rapidly induced tongue
lesions (dysplasia and neoplasms) in Tg males and females, in
comparison with non-Tg males and females. Qur model can
be utilized for the rapid assessment of the modifying effects
(inhibition and/or enhancement) of xenobiotics on oral carci-
nogenesis. In fact, our results in a chemoprevention study
using this animal model with a 20 week experimental period,
where a COX-2 specific inhibitor, a PPARYy ligand and a

synthetic geranylated derivative suppressed the multiplicity
of the tongue carcinomas induced by 4-NQO, confirmed our
previous findings using & 4-NQO-induced rat tongue carcino-
genesis model with a 30 or 32 week experimental period
(29,31,34). Another novel finding of the present work is the
association between the immunchistochemical overexpression
of five biomarkers (cyclin D1, GST-P, COX-2, iNOS and B-
catenin) and DNA aneuploidy in dysplastic and neoplastic
tongue lesions.

Malignant neoplastic cells possess an indefinite proliferative
capability, thus being able to elude a commitment to terminal
differentiation and post-mitotic quiescence that normally regu-
lates tissue homeostasis in an organism. In order to achieve
a proliferative autonomy, malignant neoplastic cells have to
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Table I'V. Summary of immunchistochemistry of cyclin D1, GST-P, COX-2, iNOS and B-catenin in various tongue lesions

Antibodies  *Normal” appearing  Hyperplasia Dysplasia Neoplasms
epithelinm
Simple Papillary or nodular  Mild ~ Moderate  Severe  Papilloma  Carcinoma in sifu Invasive carcinoma

CyclinDl - + + + + + + et et

GST-P - =+ e + ++ ++ -+ +++ +++

COX-2 - * +— + + ++ + ++ +

iNOS - E +—+ £— = + o+ + +4+

Bcatenin  + + + + ++ +H F et +++

—, <5% of positive cells; &, 5-24% of positive cells: +, 25-50% of positive cells; 4+, 51-75% of positive cells; and +++, >75% of positive cells.

Table V. Summary of DNA ploidy determination of various tongue lesions of tg males that received 4-NQO alone

Variety of tongue lesions No. of cases <2.5C (%) 2.5C-5C (%) >8C (%) - Mean ploidy
‘Normal’ appearing-epithelivm 10 60 & 8" 3246 BL£5 257+ 024
Dysplasia

Mild 10 45+ 11° 45 & 10° 11£9° 3.15 + 0.31°

Moderate 10 25 & 4% 517 24 + 6" 3.48 = 0.35""

Severe 10 18 % 450 234 5° 60 + 7°° 4.75 + 0.33%
Papitloma 10 25 & shed 50 & 58 25 & 40k 3.73 & 0.64580
CIs 10 12 £ st 25 £ gbell 63 & gholt 501 & 0.5
Invasive 10 9 o 3 btk 27 & 5% 65 o sttt 5.24 £ Q.458=H!
“Mean =+ SD.

'”’Signiﬁcamly different from *normal appearing-epithelium® (°P < 0.001, °P < 0.005 and °P < 0.001).
“*Significantly different from ‘mild dysplasia® ("P < 0.001, /P < 0.001 and *P < 0.01).

"Significantly different from ‘moderate dysplasia® ("P < 0,005 and P < 0.01).

HSignificantly different from ‘severe dysplasia’ (P < 0.05 and “P < 0.01).

'Significantly different from “papilloma’ (P < 0.001).

T

4-NQO

4-NQO 4-NQO—»

400 ppm 400 ppm
nimesulide nimesulide

. : Squamous cell papilloma

: Total tumor

: Squamous cell carcinoma

Fig. 6. The effect of dietary nimesulide (400 p.p.m.} on tongue neoplasms in male Tg rat. (A) Incidence (%) of tongue carcinomas and (B) multiplicity (no. of
carcinoma/rat) of tongue carcinoma. Treatment with nimesulide reduced the incidence and multiplicity of tongue tumors. The inhibition in the multiplicities of
carcinoma and total tumor (papilloma + carcinoma) was significant (P < 0,05 for carcinoma and £ < 0.01 for total tamor).

either switch to an autocrine production of mitogenic factors or GTPase Ras (41). The uncontrolled proliferation of malignant
acquire activating mutations within the components of the neoplastic cells is also frequently achieved by the direct
signal transduction pathways that mediate mitogenic signaling. deregulation of cell cycle control. Mitogenic signaling ulti-
An example of this is the activating mutations of the small mafely leads to the upregulated expression of cyclins that
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4-NQO-»  4-NQO-»

500 ppm 2% EGMP
ploglitazone

: Total tumor

. : Squamous cell papilloma D : Squamous cell carcinoma

Fig. 7. The effect of dietary leeding with pioglitazone (500 p.p.m.) and EGMP (2%) on tongue neoplasms in female Tg rats. (A} The incidence (%) of tongue
carcinomas and (B) multiplicity (number of carcinorna/rat) of tengue carcinoma. Treatment with pioglitazone ar EGMP reduced the incidence and multiplicity
of the longue tumars. The inhibition in the multiplicities of carcinoma and total tumer (papilloma + carcinoma) was significant (pioglitazone, P < 0.001 for
carcinoma and £ < Q.05 for total tumor; and EGMP, P < (.01 for carcinoma and £ < 0.05 for total tumor).

together with their catalytic partners, cyclin-dependent kinases
(CDKs), hyperphosphoryiate the products of the retino-
blastorna tumor suppressor gene family.

Cyclin D1 plays an important role in the transition from the
G, to the S phase of the cell cycle, and perturbations in this
control point can lead to neoplastic transformation (42). In
fact, cyclin D1 is frequently overexpressed in both human
(43} and rat oral tumors (28,29}, and it is thought to be an
important factor in their development. In this study, we
immunohistochemically determined the cyclin D1 expression
in sections from tongue lesions induced by 4-NQO in Tg or
non-Tg rats and observed a few of cyclin DI-positive cells in
the ‘normal’ appearing basal layer in the tongues of Tg rats
after 4-NQO treatment. However, cyclin D1 staining was
observed in dysplastic and neoplastic lesions with high expres-
sion levels (overexpression) in cancer cells. In contrast, papil-
loma cells showed a weaker expression of cyclin D1 than did
dysplastic and cancer cells. This is in good agreement with
our previous findings that were based on male F344 rats
treated with 4-NQO (28,29). As a result, an overexpression
of cyclin D1 is common in the early lesions that ultimately
form malignant oral cancers but not in those that form benign
tumors (44). Interestingly, the ras oncogene can induce the
expression of cyclin D (45,46).

GST-P is a useful biomarker for detecting preneoplastic
lesions in rat hepatocarcinogenesis (47). In oral carcinogen-
esis, an alteration in the immunohistochemical expression of
GST-P was also reported in the hamster buccal pouch (48)
and rat tongue (49), and this expression became stronger with
tumor progression. Qur findings on GST-P expression in
tongue dysplasia and neoplasms are in accordance with
these reports. As found in human oral lesions (dysplasia and
neoplasms) that are positive for human placental form of GST

(GST-m) (49), nuclear/cytoplasmic staining was more
frequently noted in severe dysplasia and carcinoma than in
papilloma and mild/moderate dysplasia in the present study.
This biological marker, thus, can be applied to the early detec-
tion of preneoplastic tongue lesions (dysplasia) in humans,

Recently, much attention has been paid to the role of COX-2
in carcinogenesis (50). COX-2 can influence several processes
important to cancer development. The inducibility of COX-2 is
partly explained by the presence of numerous cis-acting ele-
ments in the 5'-flanking region of the COX-gene (51). COX-2
is generally not found in the normal epithelium but increases in
response to mitogens, pro-inflammatory cytokines and growth
factors, and it has also been linked to carcinogenesis (52). In
the current study, we found the immunohistochemical COX-2
expression to be upregulated in premalignant and malignant
lesions, as given by their aberrant DNA content. In addition, a
specific COX-2 inhibitor nimesulide in the diet could inhibit
4-NQO-induced tongue carcinogenesis, as shown in this study
with Tg rats and in our previous experiment with F344 rats
(31). These findings may indicate that an upregulation of
COX-2 is related to the development of oral carcinomas
(28,29.31,53).

Nitric oxide (NO) plays an important role in both carci-
nogenesis and tumor progression (50,54-56). NO could
stimulate tumor growth and metastasis by promoting the
migratory, invasive and angiogenic abilities of tumor cells,
which may also be triggered by the activation of COX-2
(57). In fact, a significantly higher expression level of iNOS
was found in both the human oral SCC (58) and rat tongue
cancer induced by 4-NQO (31,34). As a result, iNOS gen-
erating NO in oral cancer progression might be able to play
an important role in oral cancer progression. Our data on
iNOS immunchistochemistry in this study may suggest a
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