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p53, cyclin D1 and epidermal growth factor receptor (EGFR) are molecular markers that regulate the cell cycle or
cell growth and play important roles in tumor development and progression. In this study, we examined the
impact of immunohistochemical expression of these markers on tumor progression in 140 oral cancers. p53,
cyclin D1 and EGFR were expressed in 64 cases (46%), 54 cases (39%) and 54 cases (39%), respectively, but
there was no inter-relationship between any two of these markers. In the association of these markers with
clinicopathological features, EGFR expression alone was significantly associated with poor differentiation
(P¼ 0.0008) and invasive growth pattern (P¼ 0.0003). Any of these markers, including EGFR, had no significant
impact on survival. Coexpression of all these markers, however, was significantly associated with invasive
growth pattern (P¼ 0.0149) and shortened survival (P¼ 0.0181), and was a significant and independent
unfavorable prognostic factor (P¼ 0.0002), along with tumor size (P¼ 0.0040), nodal metastasis (P¼ 0.0137) and
growth pattern (P¼ 0.0017) in a multivariate analysis. Simultaneous coexpression of these markers in oral
cancers might prove to be a useful indicator for identification of low- or high-risk patients.
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Biological phenotypes of cancer greatly affect the
clinical outcomes of patients with the disease. If
such biological characteristics of cancer could be
predicted before treatment, it would be possible to
select more effective and suitable treatment for each
cancer. Recent studies have clarified that a variety of
molecular events play extremely important roles in
not only tumor development but also tumor pro-
gression. Consequently, special attention has turned
to molecular markers as a possible means for
obtaining useful information to predict aggressive
phenotypes of tumors.1

The molecular markers of interest are those
involved in cell cycle regulation of tumor cells and
a group of growth factors, since cancer is caused by
uncontrolled proliferation of cells, which is itself

induced by abnormalities of cell cycle regulatory
mechanisms or activation of growth factors. The p53
tumor-suppressor gene regulates cell cycle progres-
sion through induction of apoptosis at the G1/S
checkpoint.2,3 Immunohistochemical p53 protein
expression is based on the prolonged half-life of
the mutant protein compared to the wild-type.4

Cyclin D1 plays a central role in the G1/S cell
cycle transition and responses to cytotoxic stimuli.5,6

Epidermal growth factor receptor (EGFR), a trans-
membranous protein that binds to ligands such as
EGF and transforming growth factor-a, activates
protein-tyrosine kinase, which mediates the signaling
involved in cell proliferation and differentiation.7

Apart from the well-established prognostic indicators
of TNM staging and mode of invasion, these markers
have high prognostic values in human cancer,8–21

although there are some discrepancies.22–24

In view of the prospective impact of multiple
molecular marker accumulation on tumor progres-
sion, multiple-marker testing could provide us with
more useful information for our definition of the
biological behavior of oral cancer than single marker
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expression. However, p53, cyclin D1 and EGFR
have never been analyzed together in a multipara-
metric approach for predicting outcome in head
and neck cancers. In this study, we examined
the prognostic significance of the combined expres-
sion of these markers in a large series of 140
curatively resected oral cancers. This prospective
study is, to our knowledge, the first report that has
examined the impact of combined expression of
these markers, using immunohistochemistry, on
clinicopathological features and clinical outcomes
in oral cancer.

Materials and methods

Samples

The study group comprised 140 patients with oral
cancer (squamous cell carcinoma) who had under-
gone curative surgery at the Department of Oral
Surgery, Sapporo Medical University School of
Medicine, between 1986 and 1998. Patients who
died of another cancer or other disease, and those
who died within 1 month after curative surgery,
were excluded from the current study. The median
follow-up for all patients was 66 (range: 5–134)
months. Of the140 patients, 98 (70%) were male and
42 (30%) female, and the mean age was 59 (range:
26–85) years. Tumors occurred in the tongue in 71
patients, gingiva in 28 patients, floor of the mouth in
28 patients, buccal mucosa in 12 patients and lip in
only one patient. Tumor size, nodal status, clinical
stage, histological grade (grade of tumor differentia-
tion) and tumor growth pattern (mode of invasion)
were available for all patients. The clinical stage was
defined according to the UICC criteria (1997) and
the histological grade according to the WHO tumor
classification (2000). The tumor growth pattern was
subgrouped according to our previous study.25

Tumor samples were obtained at the time of either
incisional biopsy for initial diagnosis or excisional
biopsy under snap-frozen section control. For histo-
pathological and immunohistochemical studies,
tumor samples and nontumorous oral mucosal
specimens were fixed in 10% buffered formalin,
and then embedded in paraffin.

Immunohistochemistry

Sections (4 mm thick) cut from paraffinized blocks
served for histological and immunohistochemical
analyses. These tissue sections included not only
tumor lesions but also adjacent nontumorous oral
epithelia that served as internal controls for im-
munohistochemistry. The method employing the
streptavidin–biotin–peroxidase complex was per-
formed using a SAB-PO kit (Nichirei, Tokyo, Japan)
according to the manufacturer’s manual. Briefly,
dewaxed sections were autoclaved in 10 mM citrate
buffer (pH 6.0) at 1211C for 10 min for antigen

retrieval and then preincubated with 3% H2O2 in
methanol for 10 min to block endogenous peroxi-
dase activity. Sections were then blocked with 10%
normal rabbit serum for 10 min to reduce nonspe-
cific antibody binding and thereafter incubated
overnight at 41C with monoclonal antibodies to
p53 (1:100; clone DO-7; DAKO, Carpinteria, CA,
USA), cyclin D1 (1:50; clone 5D4; Medical Biology
Laboratories, Nagoya, Japan) and EGFR (1:40; sc-03;
Santa Cruz Biotechnology, Santa Cruz, CA, USA).
After washing with phosphate-buffered saline
(PBS), the sections were incubated for 15 min with
a biotinylated secondary antibody, followed by the
incubation with peroxidase-labeled streptavidin for
15 min. Color visualization was obtained using a
DAKO Liquid DABþ Substrate-Chromogen System
(DAKO, Carpinteria, CA, USA) according to the
manufacturer’s manual. Hematoxylin was used as a
counterstain. Each experiment included a negative
control in which the primary antibodies were
replaced by PBS. As positive controls, sections of
esophagus, colon or breast cancer known to be
positive for each molecular marker were used for
each staining.

Evaluation for Expression of Molecular Markers

The results of the immunohistochemical staining
were evaluated independently by three of the
authors (pathologists TO, TI, MS) who were un-
aware of clinical data at the time of reading.
Disagreements in evaluation were resolved by re-
view and discussion at a multiheaded microscope.
The immunohistochemical evaluation was carried
out for tumor areas including the invasion front,
which was regarded as most indicative of the
biological activity of a tumor, in 10 random high-
power fields (� 400). In all the tumors, about 1500–
2000 tumor cells were observed at a magnification of
� 400 on 10 randomly selected fields of the tumor
tissues. In the immunohistochemical assessment for
molecular markers, tumors were classified as posi-
tive or negative for statistical analysis. For p53 and
cyclin D1 tumors were evaluated as positive if over
10% of tumor cells displayed moderate to strong
nuclear staining and as negative if otherwise, as
reported previously.9,20 EGFR expression was eval-
uated semiquantitatively by slight modifications
of the scoring systems proposed previously21,26 for
distribution (%) and intensity of membranous and/
or cytoplasmic staining. Scores representing the
percentage of stained tumor cells were as follows:
0, no stained cells; 1, 1–30%; 2, 31–50%; and 3,
450%.21 Intensity was graded from 0 (no staining)
to 3 (strong) in comparison with the normal oral
epithelium as for membranous expression of
EGFR.21,26 The final score was calculated by adding
the scores for percentage and intensity. Tumors were
evaluated as EGFR positive if the final score was 5 or
6 and as negative if otherwise.
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Statistical Analysis

The association between expression of a marker
and clinicopathological features was examined
using the w2 test. Survival analyses were performed
by the Kaplan–Meier method, and the statistical
difference was analyzed by the log-rank test.
To evaluate the effects of molecular markers on
the clinicopathological features and the patients’
prognoses, multivariate analysis using the Cox
stepwise proportional-hazards model was performed
on these tumors. A hazard ratio of 1 indicates
equivalence for the different levels of a factor. For
all statistical analyses, Po0.05 was considered to be
significant.

Results

Expression of Molecular Markers in Normal Oral
Epithelia and Oral Cancers

In general, p53 and cyclin D1 immunoreactivities
were not found in normal oral epithelia that served
as controls, but occasionally, in some cases, very
slight nuclear p53 reactivities were expressed in
nontumorous oral epithelia adjacent to tumors. In
contrast, membranous EGFR immunoreactivities
could be regularly demonstrated in the basal and
suprabasal layers of normal oral epithelia (Figure 1).

In oral cancers, immunoreactivities for the mole-
cular markers were detected in a subset of tumors.
Figure 2 is a case of simultaneous coexpression of all
three markers in tumor. Nuclear p53 (Figure 2a) and
cyclin D1 (Figure 2b) immunoreactivities were
frequently found in tumor cells, but not in stromal
cells. In addition to the usual membranous staining,
abnormal cytoplasmic expression of EGFR was
frequently observed in tumor cells (Figure 2c). The
positive rates for the molecular markers were 46%
(64/140) for p53 and 39% (54/140) for both cyclin
D1 and EGFR. There was no statistically significant
association between any two of these markers,

although cyclin D1 and EGFR tended to be corre-
lated (P¼ 0.0651) (Table 1).

Association between Expression of Molecular Marker
and Clinicopathological Features in Oral Cancers

There was no statistically significant association
between p53 or cyclin D1 expression and any
clinicopathological feature, whereas EGFR expres-
sion was significantly associated with poor tumor
differentiation (P¼ 0.0008) and invasive growth

Figure 1 Membranous EGFR expression in oral mucosa. Nuclear
counterstaining with hematoxylin. Original magnification � 170.

Figure 2 Simultaneous coexpression of nuclear p53 (a), nuclear
cyclin D1 (b) and membranous and cytoplasmic EGFR (c) in an
oral SCC. Nuclear counterstaining with hematoxylin. Original
magnification �170.

Molecular marker expression in oral cancer
M Shiraki et al

1484

Modern Pathology (2005) 18, 1482–1489



pattern (P¼ 0.0003) (Table 2). Similar analysis was
performed for the coexpression of these markers
(Table 3). Of the 140 cases, 35 (25%)were negative
for any of these markers, 53 (38%) displayed single-
marker expression, 37 (26%) two-marker coexpres-
sion and 15 (11%) coexpression of all three markers.
The increased expression of molecular markers was
significantly associated with progressing invasive
growth pattern (P¼ 0.0149). In addition, the tumors
with single or only one marker expression had a
tendency towards well tumor differentiation,
although there was no statistical significance
(P¼ 0.0669).

Association between Expression of Molecular Markers
and Survival in Oral Cancers

Figure 3 illustrates Kaplan–Meier overall survival
curves for patients with oral cancer according to the

expression of molecular markers. The expression of
p53 was not associated with survival (Figure 3a).
However, patients in the group with tumors expres-
sing cyclin D1 (Figure 3b) or EGFR (Figure 3c)
tended to have worse survival than the group
negative for these markers, although the difference
did not reach statistical significance (P¼ 0.0877 and
0.0740, respectively). Similar analysis was also
performed for the simultaneous coexpression of
these markers. Overall survival of patients deterio-
rated gradually with the increase in the coexpres-
sion of these markers, and the patient group with
tumors positive for all three markers had signifi-
cantly worse survival than the other groups
(P¼ 0.0181).

Patients in the groups with tumors having
expression of one or two markers did not show a
significant difference in survival compared to the
group without marker expression (Figure 3d). In a
multivariate Cox hazards regression analysis, the

Table 1 Relationships between p53, cyclin D1 and EGFR expression in oral cancers

Molecular marker n p53 Cyclin D1

Negative Positive P-value Negative Positive P-value

Cyclin D1
Negative 86 49 37 0.4199
Positive 54 27 27

EGFR
Negative 86 51 35 0.1327 58 28 0.0651
Positive 54 25 29 28 26

Table 2 Relationships between expression of molecular markers and clinicopathological features in oral cancers

Variable n Expression of molecular markers

p53 Cyclin D1 EGFR

Positive (%) P-value Positive (%) P-value Positive (%) P-value

Tumor size
T1/2 110 48 (44) 0.3466 45 (41) 0.2766 43 (39) 0.8089
T3/4 30 16 (53) 9 (30) 11 (37)

Nodal metastasis
Negative 103 44 (43) 0.2351 39 (38) 0.7742 36 (35) 0.1421
Positive 37 20 (54) 15 (41) 18 (49)

Clinical stage
Stage I/II 89 38 (43) 0.3437 34 (38) 0.9056 32 (36) 0.4008
Stage III/IV 51 26 (51) 20 (39) 22 (43)

Differentiation
Well 73 30 (41) 0.4264 28 (38) 0.5208 19 (26) 0.0008
Moderate 49 26 (53) 17 (35) 22 (45)
Poor 18 8 (44) 9 (50) 13 (72)

Growth pattern
Expansive 31 13 (42) 0.6047 10 (32) 0.7018 8 (26) 0.0003
Moderately invasive 73 32 (44) 29 (40) 22 (30)
Markedly invasive 36 19 (53) 15 (17) 24 (67)
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coexpression of all three molecular markers was
identified as an independent prognostic factor of
overall survival (P¼ 0.0019), along with tumor size
(P¼ 0.0079), lymph node metastasis (P¼ 0.00190)
and invasive growth pattern (P¼ 0.0003). The
expression of any one or two of markers was not
an independent prognostic factor (Table 4).

Discussion

In this study, immunohistochemistry was used to
evaluate marker expression in tumors. This method
lacks objective quantitation, but it avoids difficulties
due to contamination by nontumorous cells and has
the advantages of determining the positivity and
expression pattern of a marker in tissue. However,
results obtained by immunohistochemistry from
clinical tumor samples are not always in good
agreement among investigators. The differences
could be related to the number of cases examined,
treatment modality and immunohistochemical
methodology. The selection of criteria applied to
define a tumor as positive or negative are especially
important, since they greatly affect the results.

Table 3 Relationships between expression of molecular markers
and clinicopathological features in oral cancers

Variable n Coexpression of
molecular markers

P-value

0 1 2 3

Tumor size
T1/2 110 30 38 28 14 0.1973
T3/4 30 5 15 9 1

Nodal metastasis
Negative 103 29 39 25 10 0.4565
Positive 37 6 14 12 5

Clinical stage
Stage I/II 89 26 31 23 9 0.4862
Stage III/IV 51 9 22 14 6

Differentiation
Well 73 22 32 12 7 0.0669
Moderate 49 12 14 18 5
Poor 18 1 7 7 3

Growth pattern
Expansive 31 12 10 6 3 0.0149
Moderately invasive 73 18 34 14 7
Markedly invasive 36 5 9 17 5

Figure 3 Kaplan–Meier overall survival curves of patients with oral SCC with respect to molecular marker expression. Patients are
divided into two groups, negative and positive, depending on the expression for p53 (a), cyclin D1 (b) and EGFR (c), respectively. In
addition, patients are divided into four groups, 0 for no expression, 1 for single expression of any marker, 2 for coexpression of any two
markers and 3 for coexpression of all three markers, in the analysis for the simultaneous coexpression of these markers (d).
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Therefore, it would be desirable to compare results
of studies conducted using similar immunohisto-
chemical criteria.

Mutation of the p53 gene has been implicated in
the development of 450% of all human cancers.
The majority of the p53 mutations appear as
missense mutations that closely correlate with
accumulation of mutant p53 protein.27 However,
mutation of p53 is not always correlated with its
protein expression in human cancers. The reason for
this observation is unclear. Some of the tumors
positive for p53 may be accumulating wild-type
functional p53, since levels of p53 can be stabilized
by interactions with other intracellular proteins
such as mdm-2, leading to immunohistochemical
expression.28–30 In addition, p53 mutations resulting
in a stop codon, frameshift, or nonsense mutations

may result in altered or truncated proteins that are
not detected by immunohistochemistry.2 In human
cancers, accumulation of p53 has been shown to be a
good indicator of poor prognosis.10,13,20 In this study,
we found p53 expression in 46% of the 140 tumors
investigated, which is lower than the reported
64%31 but similar to that23,32 found in head and
neck cancers, when examined using the same
antibody and cutoff value. Our data, however,
confirmed the results of previous studies that failed
to establish an association of p53 expression with
survival in head and neck cancers.31,32 The absence
of an impact of p53 expression on tumor progression
might possibly be explained by recent studies that
report the predictive value of p53 mutation33 and
mutation within DNA-binding surface region of
p5334 for shortened survival rather than p53 protein
expression in head and neck cancers. More compre-
hensive studies combined with mutational analysis
are required for determining the outcomes of cancer
patients using immunohistochemistry.

In this study, cyclin D1 was expressed in 54 cases
(39%), which is higher than the 19% reported for
head and neck cancers22 and 33% for esophageal
cancer12 but similar to that in another report on
esophageal cancer,18 when examined using the same
antibody and cutoff value as in this study. Ampli-
fication of the cyclin D1 gene and the subsequent
protein expression have been reported to be asso-
ciated with disease progression9,22 and reduced
survival9,14,16 in head and neck cancers. In our
series, however, cyclin D1 expression was asso-
ciated with neither disease progression nor survival.
The lack of impact of cyclin D1 expression on tumor
progression in our study may be, in part, explained
by other roles of cyclin D1 such as induction of
apoptosis35 and involvement in p21- and wild-type
p53-mediated growth arrest36 or Rb-related tumor
growth suppression.37 Surprisingly, cell cycle pro-
gression is changeable in response to the amount
and timing of cyclin D1 influencing the cell cycle,38

and the decision for cell growth or arrest may
depend on the concentration of cyclin D1.10 Thus,
cyclin D1 seems to function not only as a regulator
in G1/S transition under ordinary circumstances but
also as a negative regulator of cell proliferation in
different situations.39 Therefore, cautious considera-
tion should be given to the results of the cyclin D1
expression for prognostic evaluation because of the
complex roles of cyclin D1.

The activation of the growth factor receptor is
important in tumor development and invasive tumor
growth. EGFR influences important steps of tumor
invasion and dissemination.40 The significance of
EGFR as a high-risk indicator for disease progression
or poor prognosis has been described for head and
neck cancers.8,11,21 In general, EGFR immunoreactivity
is located in the cell membrane, but there is currently
a debate on the interpretation of cytoplasmic staining
of EGFR.41 We included the cytoplasmic staining of
EGFR in the results to be evaluated because this

Table 4 Cox’s multivariate analysis of overall survival in patients
with oral cancer

Model Variable HRa 95% CIb P-value

A Tumor size
T1/2 1 1.308–5.926 0.0079
T3/4 2.784

Nodal metastasis
Negative 1 1.163–5.439 0.019
Positive 2.516

Differentiation
Well/moderate 1 0.405–2.791 0.9012
Poor 1.063

Growth pattern
Expansive/moderately
invasive

1 1.881–8.349 0.0003

Markedly invasive 3.963

B Stage
Stage I/II 1 1.838–7.622 0.0003
Stage III/IV 3.743

p53
Negative 1 0.771–3.076 0.2212
Positive 1.54

Cyclin D1
Negative 1 0.843–3.345 0.1407
Positive 1.679

EGFR
Negative 1 0.831–3.291 0.1523
Positive 1.653

C Stage
Stage I/II 1 1.964–8.178 0.0001
Stage III/IV 4.008

Coexpression of molecular
markers

0/1/2 marker expression 1 1.598–7.936 0.0019
3 marker expression 3.561

a
Hazard ratios from Cox models.

b
95% Confidence intervals.
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abnormal staining was assessed to be important and
specific like membranous staining in another study of
oral cancer.21 In this study, we found EGFR expression
in 54 cases (39%), which is within the range from 3721

to 51%42 reported for oral cancer examined using the
same scoring system for criteria as in our study. In
addition, in our cases, EGFR expression was signifi-
cantly related to an invasive growth pattern, but this
expression, unexpectedly, was associated with neither
the disease progression nor survival for cancer
patients, which is consistent with a previous report.24

Our data, however, do not completely deny the
usefulness of EGFR as a marker for prognosis because
EGFR expression tends to be correlated with survival
(P¼ 0.0740). The reason for the lack of impact of
EGFR expression on prognosis is unclear, but this may
be due to the backgrounds of the cases examined or
immunohistochemical tissue heterogeneity.

Next, we examined the impact of coexpression of
molecular markers on tumor progression. The coex-
pression of these markers was found to be signifi-
cantly associated with an invasive growth pattern
and worse survival. Patient survival was signifi-
cantly reduced with the increase in the coexpression
of markers. Patients with tumors simultaneously
expressing all three markers had a significantly
worse prognosis than groups with no, single- or two-
marker expression. In addition, the coexpression of
all three markers was selected as an independent
prognostic factor in multivariate analysis, together
with tumor size, lymph node metastasis and
invasive growth pattern, which is consistent with
recent studies.21,43 Such coexpression of multiple
molecular markers is in close agreement with the
fundamental concept of multistep cancer develop-
ment and progression. Immunohistochemical ana-
lysis using multiple molecular markers for
prognostic evaluation can provide us with even
more useful information than the use of one or two
markers.

In conclusion, our study should be extremely
valuable for the determination of treatment strate-
gies in future studies. Multiple marker testing may
have a great value in identifying high-risk oral SCC
patients before surgery and in selecting patients who
will benefit from intensive adjuvant therapy.
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