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Summary

4-Nitroquinoline 1-oxide (4NQO)-induced rat tongue carcinogenesis is a useful model
for studying oral squamous cell carcinoma. The aim of this study was to investigate the
expression of bcl-2 and bax during tongue carcinogenesis induced by 4NQO. Male
Wistar rats were distributed into three groups of 10 animals each and treated with
50 ppm 4NQO solution through their drinking water for 4, 12 or 20 weeks. Ten
animals were used as negative control. Although no histological changes were induced
in the epithelium after 4 weeks of carcinogen exposure, bcl-2 and bax were over-
expressed (P < 0.01) in all layers of the ‘normal’ epithelium. The expression levels were
the same in all layers of epithelium for both the antibodies used (bcl-2 or bax). In
dysplastic lesions at 12 weeks following carcinogen administration, the levels of bcl-2
and bax expression did not increase when compared to negative control with the
immunoreactivity for bcl-2 being restricted to the superficial layer of epithelium. In
well-differentiated squamous cell carcinoma induced after 20 weeks of treatment with
4NQO, bcl-2 was expressed in some cells of tumour islands. On the other hand,
immunostaining for bax was widely observed at the tumour nests. The labelling
index for bcl-2 and bax showed an increase (P < 0.05) after only 4 weeks of 4NQO
administration. In conclusion, our results suggest that abnormalities in the apoptosis
pathways are associated with the development of persistent clones of mutated-
epithelial cells in the oral mucosa. Bcl-2 and bax expression appears to be associated
with a risk factor in the progression of oral cancer.
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Oral cancer is a common neoplasm worldwide, particularly in
developing countries such as India, Vietnam and Brazil, where
it constitutes up to 25% of all types of cancer (Magrath &
Litvak 1993). Despite sophisticated surgical and radio-
therapeutic therapies, patient survival has not improved
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significantly during the last decades (Xi & Grandis 2003).
Tobacco and alcohol consumption is the most significant
exogenous factors involved in tumourigenesis (Hahn et al.
2002). The most commonly used animal models in oral cancer
research are the hamster buccal pouch using fat-soluble 7,12
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dimethylbenz[a]anthracene (DMBA) and the rat tongue using
water-soluble 4-nitroquinoline 1-oxide (4NQO). Considering
that one of the most important routes of oral carcinogens is
through liquid intake containing water-soluble carcinogens,
we concluded that 4NQO is well suited for examining the
role of xenobiotics in experimental oral carcinogenesis
(Tanaka et al. 2002). Based on the multistep process of carci-
nogenesis characterized by the initiation, promotion and
tumour progression, chronic administration of 4NQO in
drinking water induces rat tongue cancer with morphological
characteristics similar to that seen in man (Ohne et al. 1985;
Nishimura 1999; Niwa et al. 2001; Okazaki et al. 2002;
Vered et al. 2003).

It has been established that DNA damage and subsequent
cell proliferation can promote tumour progression through
multiple pathways. Apoptosis plays an important role in the
control of cellular proliferation, in so far as the loss of apop-
totic response in cells is one of the mechanisms involved into
the transformation from benign to malignant phenotype
(Arends & Wyllie 1991).

Bcl-2 and bax are two important effector genes during the
apoptosis process. The bcl-2 proto-oncogene was originally dis-
covered by analysis of the t(14;18) chromosomal translocation
associated with human follicular B-cell lymphoma (Tsujimoto
et al. 1985). The bcl-2 gene encodes a protein located in the
nuclear membrane, on the inner surface of mitochondria, and
the endoplasmic reticulum (Akao et al. 1994). It is the most
important gene of the bcl-2 family and has been shown to be an
inhibitor of apoptosis (Lu et al. 1996). Immunohistochemical
overexpression of bcl-2 has been observed in carcinomas of the
nasopharynx, lung, urinary bladder, colon, prostate, breast,
thyroid and oral cavity (Lu et al. 1993; lkegaki et al. 1994;
Gazzaniga et al. 19935; Sinicrope et al. 1995; Krajewska et al.
1996; Ravi et al. 1996; Kapucuoglu et al. 1997; Manetto et al.
1997; Nylander et al. 1997; Singh et al. 1998). Bax, another
member of the bcl-2 family, is considered to be a major effector
of apoptosis (Oltvai et al. 1993). In normal and tumour tissues,
the distribution of bax is inversely related to that of bcl-2
(Krajewski et al. 1994). Thus, the bcl-2/bax ratio controls
the relative susceptibility of cells to lethal stimuli (Korsmeyer
et al. 1993). In the present study, we used immunohisto-
chemistry to investigate the expression of bcl-2 and bax during
4NQO-induced rat tongue multistep carcinogenesis.

Materials and methods

Animals and experimental design

Forty male Wistar rats (8 weeks old) weighing approximately
250 g were obtained from Centro de Bioterismo (CEMIB),

Universidade Estadual de Campinas, SP, Brazil. They were
maintained under controlled temperature conditions
(24 = 2 °C), light-dark periods of 12 h and with free access
to water and commercial diet (Nuvital, PR, Brazil). The ani-
mals were distributed into three groups of 10 and were treated
with 50 ppm 4NQO (Sigma, St. Louis, MO, USA) solution
through their drinking water for 4, 12 or 20 weeks. Ten
animals were used as negative control. At the end of the
experimental period, the rats were sacrificed with 0.4%
sodium pentobarbital (1 ml/kg body weight, i.p.). The tongues
were longitudinally cut into halves for histopathological
examinations. The tissues were fixed in 10% buffered forma-
lin (Merck, Darmstadt, Germany), embedded in paraffin
blocks and stained with haematoxylin and eosin (H.E.,
Merck). The Animal Committee of Botucatu Medical
School, UNESP, approved all experimental protocols.

Histopathological analysis

Histopathological evaluation was performed under light micro-
scope. The tongue sections were analysed and graded as normal,
hyperplasia, dysplasia and carcinoma by Kramer et al. (1978).

Immunobhistochemistry

Serial sections of 4 um were deparaffinized in xylene and
rehydrated in graded ethanol, then pre-treated in a microwave
(Eletrolux, SP, Brazil) with 10 mm citric acid buffer (pH = 6)
for three cycles of 5 min each at 850 W for antigen retrieval.
They were pre-incubated with 0.3% hydrogen peroxide in
phosphate-buffered saline (PBS) for 5 min for inactivation of
endogenous peroxidase and then blocked with 5% normal
goat serum in PBS for 10 min. The specimens were then
incubated with either anti-bcl-2 polyclonal antibody (N-19,
Santa Cruz Biotechnology, CA, USA) at a concentration of
1:50 or anti-bax polyclonal antibody (P-19, Santa Cruz
Biotechnology) at a concentration of 1:200. All incubations
were carried out overnight at 4 °C within the refrigerator.
This was followed by two washes in PBS for 10 min. The
sections were then incubated with biotin-conjugated second-
ary antibody anti-mouse immunoglobulin G (IgG) for bcl-2
(Vector Laboratories, Burlingame, CA, USA) at a concentra-
tion of 1:200 or anti-rabbit IgG for bax (Vector Laboratories)
at a concentration of 1:200 in PBS for 1 h. After that, the
sections were washed twice with PBS followed by the applica-
tion of preformed avidin biotin complex conjugated to perox-
idase (Vector Laboratories) for 45 min. The bound complexes
were visualized by the application of a 0.05% solution of
3-3'-diaminobenzidine solution and counterstained with hae-
matoxylin. For control studies of the antibodies, the serial
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sections were treated with mouse IgG (Vector Laboratories) at
a concentration of 1:200 or rabbit IgG (Vector Laboratories)
at a concentration of 1:200 in place of the primary antibody.

Quantification of immunohistochemistry

Sections stained using immunohistochemistry were analysed
for the percentages of immunopositive cells in areas diagnosed
as normal, hyperplasia, dysplasia and carcinoma under the
optical microscope. A total of 1000 epithelial cells were evalu-
ated in 3-5 fields at x400 magnification. These values were
used as labelling indices. To determine the apoptotic ratio,
bcl-2/bax expression ratio was calculated using the previously
obtained individual percentages.

Statistical methods

Statistical analysis was performed by Kruskal-Wallis nonpara-
metric test using spss software pack (version 1.0). P value
<0.05 was considered for statistical significance.

Results

Histopathological evaluation following 4NQO treatment

No histopathological changes in epithelial cells were observed
in the control group (Figure 1a) nor after 4-week treatment

Figure 1 Photomicrographies showing the multistep process of rat
tongue carcinogenesis: (a) no histopathological change (control);
(b) hyperplasia and hyperkeratosis, (c) epithelial dysplasia and (d)
squamous cell carcinoma of well-differentiated type. (Hematoxylin
and Eosin stain; X100 magnification).
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Table 1 Incidence of histopathological lesions in tongue of rats in the
4-nitroquinoline 1-oxide (4NQO)* model for oral carcinogenesis

Lesions

Groups Number

(week) of animals Normal Hyperplasia Dysplasia Carcinoma
0 10 10 0 0 0

Control

4 10 10 0 0 0

12 10 0 7 3 0

20 10 0 0 3 7

"4NQO - 50 ppm by drinking water.

with 4NQO. The primary histopathological change, i.e.
hyperplasia and hyperkeratosis with the spinous cell layer
gradually thickened, was evidenced after 12-week treatment
(Figure 1b). In this period, epithelial dysplasia was also found
in mild and moderate forms (Figure 1c). At 20 weeks, squa-
mous cell carcinoma was found in the majority of animals.
The histopathological grade of the carcinomas was usually
squamous cell carcinoma of a well-differentiated type
(Figure 1d). The tumours spread into the submucosa and
underlying muscle layer, forming small nests with typical
keratin pearl formation. In advanced cases, severe atypia
was frequently found. The histopathological findings are sum-
marized in Table 1.

Immunobhistochemistry

Immunohistochemical data for bcl-2 and bax are shown in
Figures 2 and 3, respectively. Immunostaining for both the
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Figure 2 Bcl-2 labelling index in the negative control (zero)

and those exposed to 4-nitroquinoline 1-oxide for 4, 12 and

20 weeks. Values were expressed as mean + SD. *P < 0.01 when
compared to negative control group.
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Figure 3 Bax labelling index in the negative control (zero) and
those exposed to 4-nitroquinoline 1-oxide for 4, 12 and 20 weeks.
Values were expressed as mean = SD. *P < 0.01 when compared
to negative control group.

markers were detected in the cytoplasm with a granular pat-
tern. In the normal epithelium, represented by the control
group, immunostaining with anti-bcl-2 monoclonal antibody
was weak and only identified in the basal and suprabasal cell
layers (Figure 4a). In contrast, staining with anti-bax antibody
was seen in the superficial layers of the epithelium (Figure 5a).

Although no histological changes were induced in the
epithelium after 4 weeks of carcinogen exposure, bel-2 and
bax were over-expressed in all layers of the epithelium

Figure 4 Immunostaining for bcl-2: (a) rat control epithelium; (b)
epithelium of the rat 4 weeks after the initiation of 4-nitroqui-
noline 1-oxide administration; (c) dysplastic lesion after 12 weeks
of carcinogen administration and (d) squamous cell carcinoma of
well-differentiated type (x400).

Figure 5 Imunostaining for bax: (a) rat control epithelium; (b)
epithelium of the rat 4 weeks after oral administration of 4NQO;
(c) dysplastic lesion after 12 weeks following 4-nitroquinoline
1-oxide administration and (d) squamous cell carcinoma of
well-differentiated type (x400).

indistinctly, i.e. basal, prickle, granular and superficial layers
(Figures 4b and 5b, respectively). The expression levels were
the same in all layers of epithelium for both the antibodies
used (bcl-2 or bax). Following 12 weeks of carcinogen admin-
istration, the rat tongues showed early proliferative changes of
the epithelium characterized by hyperplasia and hyperkerato-
sis. However, there are no changes in the expression level of
either bcl-2 or bax, but the distribution of bcl-2 is altered,
being restricted to the superficial layers of the epithelium
(Figure 4c), whereas the distribution of bax remains similar
in both controls and animals following treatment (Figure Sc).
In well-differentiated squamous cell carcinomas induced after
20 weeks of treatment with 4NQO, bcl-2 was expressed in
some cells of tumour islands, and staining was sometimes
absent (Figure 4d). On the other hand, immunostaining for
bax was widely observed at the tumour nests (Figure 5d). In
the negative immunohistochemical controls, no staining was
seen for either antibody (Figure 6a,b). The labelling index for

Figure 6 Negative immunohistochemical controls shown to be
unstained. (a) bcl-2 and (b) bax. (x400).
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Figure 7 Apoptotic index depicted by bcl-2/bax ratio in the
negative control and those rats treated with 4-nitroquinoline
1-oxide. Values were expressed as mean = SD. *P < 0.05 when
compared to control (zero).

bcl-2 and bax is shown in Figure 7. Bcl-2 and bax ratio
showed an increase (P < 0.05) after 4 weeks of 4ANQO admin-
istration. With respect to 12 and 20 weeks, no statistically
significant differences (P > 0.05) were found in labelling
index for bcl-2 and bax.

Discussion

The aim of chemical carcinogenesis models is to provide
further understanding concerning the multistep process of
carcinogenesis in order to investigate noxious activities caused
by environmental agents as well as to develop strategies for
early diagnostic and/or cancer prevention. Several medium-
term duration assay systems for oral carcinogenesis offer
particular promise. One of these models is DMBA-induced
carcinoma produced in the hamster cheek pouch. Because of
its peculiar anatomic site and histology, some authors have
questioned the suitability of the hamster cheek pouch for
studies related to oral tumours (Nauta et al. 1995). In this
regard, the Wistar rat is a good alternative because of its ease
of handling and availability. Furthermore, 4NQO-induced rat
tongue tumours are more realistic, because they reveal histo-
logical and biochemical characteristics similar to human
tumours (Ohne et al. 1985; Nishimura 1999; Niwa et al.
2001; Okazaki et al. 2002; Vered et al. 2003). Thus, in this
study, 4NQO was used to induce tongue carcinogenesis in
Wistar rats. Our results clearly demonstrated that 4NQO in
drinking water induced histopathological changes in tongue
mucosa along a time-course experiment from normal epithe-
lium, hyperplasia and hyperkeratosis, premalignant dysplasia,
and carcinoma in situ to invasive squamous cell carcinoma.
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In this study, we evaluated the expressivity of bcl-2 and bax
following 4NQO administration in order to determine
whether the deregulation of apoptosis may be associated
with oral tumourigenesis phase by phase. In normal oral
epithelia, represented by the control group, bcl-2 protein pre-
sence was restricted to the basal and suprabasal layers. This
suggests that bcl-2 participates in the control of the terminal
differentiation of keratinocytes by protecting their stem cells
from apoptosis (Harada et al. 1998). On the other hand, our
results showed abnormal expression of bcl-2 in ‘normal’ oral
mucosa 4 weeks following the initiation of 4NQO adminis-
tration. These findings are in agreement with other studies
which have also demonstrated an up-regulation of bcl-2 in
oral mucosa cells 4 weeks after 4NQO administration in rats
(Nishimura 1999).

In humans, only a small portion of initial lesions develops
oral carcinomas. Therefore, the challenge is to identify which
lesions have a real malignant potential. It is conceivable that,
during the multistep progression of cancer, accumulated
genetic damage results in the loss of the ability to appropri-
ately regulate cell proliferation, so that maintenance of the
equilibrium between cell proliferation and cell deaths depends
upon prompt apoptotic elimination of damaged and abnor-
mally proliferating cells (Polverini & Nor 1999). In this study,
bcl-2 was expressed in the superficial layer of epithelium in
oral epithelial dysplasias. These results concur with other
studies investigating pre-cancerous lesions in the colorectal,
oral cavity, stomach and oesophagus (Lauwers et al. 1994;
Sinicrope et al. 1995; Nishimura 1999; Okazaki et al. 2002).
However, others have reported a sporadic bcl-2 expression or
lack of expression for bcl-2 in oral dysplasias (Schoelch et al.
1999; McAlinden et al. 2000; Loro et al. 2002). On the basis
of our results, we postulated that bcl-2 over-expression also
appears to be associated with the progression of oral cancer.
Oral cancer and, in particular, squamous cell carcinoma has
been repeatedly linked to dysregulation of apoptosis
(Gastman 2001). Regarding the oral squamous cell carcino-
mas 4NQO-induced herein, the expressivity of bcl-2 was
weak. Some studies have addressed an over-expression of
bcl-2 in poorly differentiated carcinomas (Jordan et al. 1996;
Chen et al. 2000). In this study, the oral squamous cell carci-
nomas were of a well-differentiated type. This might explain
the discrepancies between these findings.

Bax interacts with bcl-2 in its regulation of apoptosis by the
formation of bcl-2/bax heterodimers (Oltvai et al. 1993). In
the present study, the expression of bax increased after 4
weeks of 4NQO chronic administration. This increase was
unexpected and was regarded as a result of homeostatic path-
ways against the abnormal expression of bcl-2. In well-
differentiated cell carcinomas, there was a general increase
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of bax expression at the tumour nests. Some authors have
pointed out very weak or absent immunostaining for bax in
the poorly differentiated oral carcinomas, suggesting therefore
that bax may play a role in the differentiation of carcinoma
cells (Jordan et al. 1996; Chen et al. 2000). Our results are
consistent with the above reports. Considering that the bcl-2/
bax ratio reflects the regulation of apoptosis more clearly than
the detection of either bcl-2 or bax separately (Korsmeyer
et al. 1993), we were able to calculate the bcl-2/bax ratio
here. The labelling index for bel-2 and bax showed an increase
after only 4 weeks of 4NQO administration. This finding
suggests a preferential expression of bcl-2, which is thought
to protect cells from apoptosis and render them susceptible to
mutations and tumour progression (Jordan et al. 1996;
Polverini & Nor 1999).

In conclusion, our results suggest that abnormalities in the
apoptosis pathways are associated with the development of
persistent of mutated-epithelial cells in the
oral mucosa. Bcl-2 and bax expression appears to be asso-

clones

ciated with a risk factor in the progression of oral cancer.
However, this suggestion should be verified by further
investigation.
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