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Introduction

Oral squamous cell carcinoma (OSCC) is one of the ten
most common cancers worldwide of which 90% of them are
squamous cell carcinomas1. In the last two decades an
increase in incidence of oral carcinomas has been observed

but the overall survival rates have not improved2. Oral onco-
genesis is a multi-step process including multiple molecular
genetic events in many chromosomes and genes that involve
the abnormal activation of oncogenes along with the inacti-
vation of tumour suppressor genes3. The accumulation of
such genetic events seems to contribute to uncontrolled cell
growth and formation of invasive carcinomas. The precise
nature of the genetic alterations occurring at each step of
oral carcinogenesis still remains unclear4.

Two oncogenes that are abnormally activated in OSCC are
erbB2 and erbB3, which belong to the type I transmembrane
tyrosine kinase family of receptors5. The ability of one c-erbB
family member to influence or function synergistically with
another is a general feature of these receptors5. Receptor activa-
tion through generation of ligand-dependent dimers results in
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phosphorylation of specific tyrosine residues within the cytoplas-
mic region, which leads to the recruitment of phosphotyrosine-
binding effector proteins, and subsequent stimulation of multiple
signaling pathways5. In order to be activated, erbB2 and erbB3
require co-receptors, which are usually other erbBs6. ErbB2 lacks
its own distinct ligand, therefore it can only take part in signal
transduction pathways through association with other members
of the erbB family6. ErbB3 is a receptor for heregulins (also
known as neuregulins) which perform many functions during
neuronal development via erbB3 receptor-mediated signaling
pathways7. ErbB3 lacks an intrinsic tyrosine kinase activity, thus
in order to be activated it must associate with erbB2 comple-
menting each other’s deficiency by the formation of a functional
signal transduction complex6. ErbB2 is widely distributed in vari-
ous tissues and shares a similar pattern of expression to that of
Epidermal Growth Factor Receptor (EGFR). Interestingly, it
has been detected throughout the myofibre membrane of rat
skeletal muscle8. The overexpression of erbB2 in various types of
cancer has been shown to promote the multiple adhesion and
invasion steps of the metastatic cascade, suggesting that this gene
may play an important role in carcinogenesis and metastasis9.
Simultaneous expression of both erbB2 and erbB3 has been
found to significantly increase their individual transforming activ-
ity, suggesting a role for erbB3 in malignant progression9.

Increased levels of the erbB2 protein have been reported
in human OSCC, resulting mainly from amplification of its
gene10-18. On the other hand, several studies of human OSCC
have reported overexpressed erbB3 mRNA and protein but
no gene amplification19-23. In tumour cells overexpressing
erbB3, promoter activity is enhanced as a result of the
increased abundance of the transcription factor OB2-124.
Nevertheless, there is rare information in the literature
regarding the exact stages of oral oncogenesis in which over-
expression of erbB2 and erbB3 actually begins. 

This study was designed to determine erbB2 and erbB3
expression and their possible correlation in sequential stages of
OSCC formation in an experimental animal system of induced
oral carcinogenesis. In Syrian golden hamsters, the chemically
induced oral pre-malignant lesions and OSCC resemble both
pathologically and ultrastructurally the equivalent ones that
develop in humans exposed to tobacco and alcohol25,26.

Materials and methods

Experimental carcinogenesis

Thirty-seven male Syrian golden hamsters (Mesocricetus aura-
tus) purchased from the Hellenic Pasteur Institute (Athens) at
the age of five weeks and weighed approximately 100 g each,
were used in this study. The experimental protocol was
approved by the General Directorate of Veterinary Services
according to Greek legislation (PD 160/1991), in compliance
to the EEC Directive 609/1986 and Law 2015/1992. The ani-
mals were randomly divided into four groups: one Control
group (n=7) and three experimental groups for carcinogen
treatment (A, B and C; n=10 animals each). The left buccal

pouches of animals in the experimental groups were treated with
0.5% 9,10-dimethyl-1,2-benzanthracene (DMBA) (Sigma, St.
Louis, MO) dissolved in paraffin oil, for 10 weeks (group A) and
for 14 weeks (groups B and C), as previously described27. The
pouches of all animals were examined weekly in order to observe
the growth of tumours on the mucosa. The treated buccal
pouches were removed after sacrifice of animals at 10 weeks
from application of the carcinogen (group A), at 14 weeks
(group B) and at 19 weeks (group C). The Control animals were
sacrificed at 10 weeks and a left buccal pouch sample was taken.
The biopsies were given a number and examined blindly.

Pathological evaluation

The histological status of the lesions was defined after
examination of the complete section under light microscopy
and the tissue profiles were classified in the following cate-
gories: normal, hyperkeratosis, hyperplasia, dysplasia, early
invasion, well- and moderately-differentiated carcinoma. In
every sample all possible different lesions were evaluated.

Immunohistochemical analysis

The biopsies from the 37 animals were fixed in 10% neu-
tralized formaldehyde solution and embedded in paraffin.
Three sections of 4 Ìm were prepared from each specimen and
were mounted on Super Frost Plus-coated glass slides (Menzel
and Co., Braunschweig, Germany). One section was stained
with hematoxylin and eosin for routine histological evaluation,
while the other two were used for immunohistochemical detec-
tion of erbB2 and erbB3 proteins. The sections were incubated
with monoclonal primary antibodies against c-erbB-2 (c-erbB-
2/HER-2/neu Ab-17, Lab Vision Corporation, 1:150 dilution)
for 30 minutes at room temperature and c-erbB-3 (C-17:sc-
285, Santa Cruz Biotechnology Inc, 1:150 dilution) overnight at
4oC using standard immunohistochemical methodology, as
previously described27. For erbB3 antigen retrieval was per-
formed by incubation of the sections with trypsin for 15 min-
utes. Human breast carcinomas which express strongly erbB2
and erbB3 were used as positive controls. Negative controls for
each biopsy were processed in the same manner, using
Phosphate Buffer Saline (PBS) instead of the primary anti-
body. All slides were independently reviewed by two investiga-
tors blindly. The consecutive hematoxylin-eosin-stained slides
were evaluated by a pathologist experienced in oral pathology,
without knowing the erbB2 and erbB3 staining patterns.

Statistical analysis

The mean value of percentages of positive stained cells
was calculated from all the different lesions present in each
sample. These values were tabulated for each group of ani-
mals (control group, experimental groups A, B, C) and were
compared for every pair of sequential groups. 

In order to evaluate the pattern of antibody expression in
relation to the histological status, the various lesions were
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divided according to tumour progression in a) normal tissue,
b) non-cancerous and pre-cancerous conditions (hyperker-
atosis, hyperplasia, dysplasia), c) tumour (early invasion,
well-differentiated carcinoma, moderately-differentiated
carcinoma). In every lesion the percentages of positively
stained cells exhibiting membrane or cytoplasmic staining
were also calculated. The percentages of positively stained
cells (general), membrane positively stained cells (mem-
brane) and cytoplasmic positively stained cells (cytoplasmic)
from each non-cancerous and precancerous category were
compared with those of normal tissue, while the percentages
of positively stained cells from each tumour category were
compared with the mean percentage of the two non-cancer-
ous and one pre-cancerous lesions.

A two-tailed student’s t-test was applied for statistical
analysis using the SPSS 10.0 program for WindowsTM. In
addition, in every group and every histological category a nor-

mal distribution check was performed using the Kolmogorov-
Smirnov Z test of SPSS. If a group or a histological category
was not normally distributed, additional statistical analysis
was performed with the Wilcoxon test using SPSS.

Results

A progression towards OSCC formation in correlation to
the increased time of carcinogenesis was evident by the his-
tological status of biopsies in the four studied groups of ani-
mals (Table 1). Therefore, as expected, this experimental
model seems valid and further analysis of immunostaining
data was implemented. In all cases with no normal distribu-
tion, the results of both the Wilcoxon test and two-tailed stu-
dent’s t-test provided the same level of significance.

Cell membrane staining of erbB2 in hyperkeratotic tissues

Control group Group A Group B Group C

Normal tissue 4
Hyperkeratosis 2
Hyperplasia 1
Dysplasia 6
Early invasion 3 1
Well differentiated carcinoma 1 6 1
Moderately differentiated carcinoma 3 9

Table 1. Histological status of biopsies in the control group and in the three experimental groups.

Pre-cancerous Tumour

Normal Oral mucosa Oral Oral Early Well- Moderately-
oral with mucosal mucosal invasion differentiated differentiated

mucosa hyperkeratosis hyperplasia dysplasia OSCC OSCC

a. General

Mean percentage (%) 6.7 42 56.3 64.1 78.4 82.5 45.6
(N=15) (N=5) (N=16) (N=22) (N=19) (N=24) (N=25)

Mean (%) of pre-cancerous conditions 58.6
T-test probability P<0.05 P<0.001 P<0.001 P<0.05 P<0.01 N.S

b. Membrane

Mean percentage (%) 0.3 54 57.8 41.4 48.7 22.3 19.7
(N=15) (N=5) (N=16) (N=22) (N=19) (N=24) (N=25)

Mean (%) of pre-cancerous conditions 49
T-test probability P<0.001 P<0.001 P<0.001 N.S P<0.01 P<0.01

c. Cytoplasmic

Mean percentage (%) 6.7 42 80 90.5 91.6 88.8 74.8
(N=15) (N=5) (N=16) (N=22) (N=19) (N=24) (N=25)

Mean (%) of pre-cancerous conditions 80.9
T-test probability P<0.05 P<0.001 P<0.001 N.S N.S N.S

Table 2. Percentages of erbB2 positive cells in the various categories of tissue status and in regard to localization of staining: a) general
(both membrane and cytoplasm) b) membrane only c) cytoplasm only. N.S.: No statistical difference.
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was found to be increased compared to normal ones (Table 2).
A stable pattern of erbB2 expression was observed in the fol-
lowing non-cancerous, pre-cancerous and early tumour
stages, followed by a statistically significant decrease in the
last two observed cancer stages (well-differentiated and
moderately-differentiated carcinoma) of this particular
experimental system (Table 2). Interestingly, cytoplasmic
staining exhibited a different pattern of erbB2 expression.
The percentage of positively stained cells rose gradually
from normal to non-cancerous and pre-cancerous tissues,
while a relatively stable expression was observed in the fol-
lowing tumour stages, with a slight non-significant decrease
in well-differentiated carcinomas (Figure 1). Another inter-
esting difference is that in cancerous conditions the percent-
age of cells exhibiting cytoplasmic staining is remarkably ele-
vated compared to the equivalent one in cells expressing
erbB2 in cell membrane.

A similar pattern of initial increase and stabilization of
erbB2 expression was revealed by statistical analysis per-
formed for the control group and the three experimental
groups (Table 3). The percentage of erbB2 positively stained
cells was found to be increased in group A compared to the
control group (P<0.05). An additional increase in group B,
followed by a slight decrease of erbB2 expression was not
statistically significant.

The immunohistochemical analysis performed for c-erbB-
3 antibody in normal, pre-cancerous and cancer tissues
revealed a complete absence of expression.

Discussion

In this study, the expression of erbB2 during various stages
of oral oncogenesis was evaluated in an experimental system.
A gradual increase of erbB2 expression from normal oral
mucosa to non-cancerous and pre-cancerous stages was
observed. In the initial tumour stages the percentages of posi-
tively erbB2 stained cells remained almost stable, while in the
stage of moderately-differentiated carcinoma a substantial
decrease was observed. Interestingly, the observed erbB2 cyto-
plasmic staining was very elevated compared to membrane
staining in the initial stages of oral oncogenesis, while both of
them decreased during the later stages of oral oncogenesis.

The findings of this study indicate the abundance of cyto-
plasmic erbB2 in oral carcinomas. It is known that the extra-
cellular region of erbB2 can be proteolytically removed into
the sera of patients with malignancies of an advanced stage
(such as breast carcinoma) and therefore the proportion of
receptors attached in the cell membrane is substantially
eliminated28. In addition, in tumour patients the glucose-
chaperone protein GRP94 forms stable complexes with
overexpressed erbB2 resulting in its proteolysis. As a result,
this association does not permit the localization of erbB2 in
the membrane29. Furthermore, the abundance of erbB2 in
cytoplasm may also be attributed to alternative RNA pro-
cessing which produces secreted forms of c-erbB2 that do
not contain the transmembrane regions resulting in its cyto-
plasmic localization30.

ErbB2 is a receptor without its own distinct ligand, thus in
order to be activated it has to associate with other erbBs5,6.
In this experimental study, abundance and cytoplasmic local-
ization of erbB2 was observed indicating a close relationship
with carcinogenesis, since overexpression of erbB2 leads to
its increased association with other erbBs and to increased
activation of the signal transduction pathways affecting cel-
lular growth, division and differentiation5.

The findings of this study are in agreement with previous
reports of humans where pre-malignant and malignant oral
lesions showed progressive increase of erbB2 expression as
the cells acquired a more malignant phenotype16,17.
Nevertheless, previous reports did not perform a detailed
analysis of membrane or cytoplasmic erbB2 expression in all
possible stages of oral oncogenesis. In addition, several other
reports have detected high levels of erbB2 expression when

Figure 1. Immunohistochemical staining of oral tissues using erbB2
antibody is shown: (A) erbB2 + (5-20% positive cells) cell mem-
brane stained hyperplastic oral mucosa; (B) erbB2 ++ (20-50%
positive cells) cytoplasmic staining of oral mucosa well-differentiat-
ed carcinoma; (C) erbB2 +++ (>50% positive cells) cytoplasmic
and cell membrane staining of oral mucosa early invasion, x 40.
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compared to normal or benign oral lesions although a classi-
fication of their results according to the progression of oral
cancer had not been performed12,14,21.

On the other hand, this study revealed no immunoreactiv-
ity of erbB3 in contrast to several reports which have
observed overexpression of erbB3 in human OSCC com-
pared to normal oral mucosal tissue19-23. Although erbB3 has
already been studied and analysed in experimental murine
models31, it has never before been studied in hamsters and its
gene remains unknown. It is possible that this particular ani-
mal lacks erbB3 and its role of signal transduction in normal
or tumour oral tissue is undertaken by another erbB factor. 

Conclusions

In conclusion, this study is the first one regarding analysis
of erbB2 and erbB3 expression in an experimental animal
system of induced gradual oral carcinogenesis. This experi-
mental system in hamsters indicates a strong correlation
between erbB2 overexpression and oral cancer progression
and an absence of erbB3 expression in normal or tumour tis-
sues. The findings of this study regarding erbB2 may be used
as an early prognostic marker in human oral cancer. If erbB2
overexpression is detected in pre-cancerous oral lesions such
as leukoplakia, it seems that the best strategy for cancer pre-
vention is immediate surgical treatment.
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