International Journal of Oral Science (2015) 7, 161-168

OPEN © 2015 WCSS. All rights reserved 1674-2818/15

&

www.nature.com/ijos

ORIGINAL ARTICLE

Expression of p53, p21¢/PYWAFL 3nd elF4E in the
adjacent tissues of oral squamous cell carcinoma:
establishing the molecular boundary and a cancer
progression model

Yi Li"?, Bo Li', Bo Xu'?, Bo Han?, Hui Xia?, Qian-Ming Chen' and Long-Jiang Li"?

The present study evaluated the expression of key molecules and the status of DNA in both oral squamous cell carcinoma (OSCC) and
adjacent tissues to establish a molecular surgical boundary and provide a cancer progression model. Biopsy samples from 50 OSCC
patients were divided into T (cancer), P1 (0-0.5 cm), P2 (0.5-1 cm), P3 (1-1.5 cm) and P4 (1.5-2 cm) groups based on the
distances from the visible boundary of the primary focus. Twenty samples of normal mucosa were used as controls. We used
immunohistochemical staining and flow cytometry to evaluate p53, p21/P2WAFI e|FAE and Ki-67 expression and to determine DNA
status, respectively. Sub-mucosal invasion was present in the P1 and P2 groups as determined by haematoxylin and eosin staining.
Mutant p53 expression decreased gradually from cancerous to normal mucosae, whereas p21F¥WAFI expression displayed an
opposite trend. elF4E expression decreased from cancerous to normal mucosae. Ki-67 expression, the heteroploidy ratio, S-phase
fraction and proliferative index decreased gradually with the distance from the tumour centre. Based on these results, we suggest that
the resection boundary in OSCC surgery should be beyond 2 cm from the tumour. Additionally, the adjacent tissues of the primary focus

could be used as a model for assessing cancer progression.

International Journal of Oral Science (2015) 7, 161-168; doi:10.1038/ijos.2015.5; published 3 April 2015

Keywords: elF4E; molecular boundary; oral squamous cell carcinoma; p21; p53

INTRODUCTION

Oral squamous cell carcinoma (OSCC), which is the most common
malignant tumour in the oral and maxillofacial regions, accounts for
more than 80% of all cases.' Although many new treatment strategies
have been developed, the 5-year survival rate of patients has remained
atapproximately 55% for the past 30 years. One of the primary reasons
for treatment failure is local recurrence.?

Surgery, during which verifying the excision boundary is crucial,
remains the most important treatment for OSCC.> Frozen sectioning
is a pathological laboratory procedure used to perform rapid micro-
scopic analysis of a specimen and is the most common method to
determine the resection boundary of OSCC. However, the collection
of sections poses a risk to patients whose adjacent tissues could
become a source for local recurrence.”* Although these adjacent tis-
sues seem ‘normal’, they are contiguous with tumours and could be
precancerous tissues that are undergoing malignant progression. Gene
expression or metabolism in tumour tissues significantly changed
before any histopathological manifestations, including the overex-
pression of oncogenes or the malfunction of cancer-related molecules,
were observed.’

Some clinical studies have shown that the local recurrence rate of
patients with histologically negative margin tissues could be 9%-—
32%.° Dolcetti et al.” reported that a mutated p53 gene was overex-
pressed in the adjacent ‘normal” or hyperplastic mucosa of laryngeal
cancer and stated that p53 abnormalities most likely occur extremely
early in laryngeal squamous cell carcinoma development. Curran
et al.® showed that 35% of adjacent histologically normal samples were
telomerase positive in oral cancer patients. We hypothesize that if the
molecular boundary of the adjacent tissue can be defined as a surgical
margin, then precancerous tissues can be fully removed to reduce the
postoperative local recurrence rate effectively. Simultaneously, adjacent
tissues of head and neck cancer are an ideal model to study the develop-
ment and occurrence of tumours and may become a new model for
head and neck cancer research.

To verify the molecular boundary of OSCC and to explore the
biochemical events in OSCC progression, we conducted a study of
tongue and buccal cancer biopsy samples. Histopathology, immuno-
histochemistry and flow cytometry were used to compare the diffe-
rences among OSCCs, adjacent tissues and normal oral mucosae.
Histological changes; p53, p21<"""4! and eIF4E expression; DNA
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content and sample ploidies were analysed to examine the adjacent
tissues at the molecular level, which may provide a theoretical basis for
the determination of a safe surgical margin.

MATERIALS AND METHODS

Ethics statement

This study was approved by the Institutional Review Board of West
China Hospital of Stomatology, Sichuan University. All enrolled
patients provided written informed consent. This study was per-
formed according to the tenets of the Declaration of Helsinki.

Patients and samples

From 2008 to 2009, 50 patients who were treated at the Department of
Head and Neck Oncology of West China Hospital of Stomatology,
Sichuan University, were randomly selected to participate in the pre-
sent research. Simultaneously, normal mucosa samples were donated
from patients who received surgical treatment for trauma, maxillo-
facial malformation, or sublingual gland cysts. The clinical and path-
ological information for all participants is listed in Table 1. None of the
patients had uncontrolled infection or immuno-deficiency disease or
received any anticancer treatments for 3 months before the study. All
pathological diagnoses were performed by experienced pathologists
using haematoxylin and eosin (H&E) slides according to the 2005
World Health Organization histological classification.”

All tumour patients underwent extensive resectioning of the pri-
mary focus, combined with radical or functional neck dissection as a
basic treatment. The surgical boundary was estimated during the
operation, with the criterion of a minimum of 2 cm from the tumour
tissues. The specimens were cut and separated into the following 5
groups: T (centre of the tumour), P1 (0-0.5 cm to the tumour boun-
dary), P2 (0.5-1 cm to the tumour boundary), P3 (1-1.5 cm to the

Table 1 Clinical and pathological characteristics of all participants
Cancer (n=50) Normal (n=20)

Case information

Ages/year 31-73 (median: 54) 33-68 (median: 50)
Gender
Male 32 14
Female 18 6
Sites
Tongue 28 5
Bucca 22 15
Tumor classification
T 8 NA
T 32 NA
T3 8 NA
Ta 2 NA
Lymphatic metastasis
No 4 NA
Ny 6 NA
N2 40 NA
N3 0 NA
Distant metastasis 0 NA
Tumor grading
| 16 NA
Il 32 NA
il 2 NA
Post-treatment 12 NA
Recurrence
Post-treatment 0 NA
Metastasis

NA, not applied.
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tumour boundary) and P4 (1.5-2 cm to the tumour boundary).
Twenty normal oral mucosal specimens were selected as controls
and labelled N. Patients returned for periodic post-treatment physical
examination, with follow-up by phone and mail, reflecting our stan-
dard practice.

Histopathology

Biopsy samples were collected during surgery. The specimens were
immediately fixed in 10% formalin, embedded in paraffin and cut
into 5-pum serial sections. The sections were examined using H&E
staining. The slides were observed under a light microscope to cal-
culate the sub-mucosal invasion of malignant cells in the P1, P2, P3
and P4 groups and to identify the largest areas of sub-mucosal infil-
tration. Morphological changes in the adjacent epithelium were also
noted.

Immunohistochemical staining
p53, p21“PYWALL and eIPAE expression in the adjacent tissues of OSCC
was evaluated by immunohistochemistry. The specimens were fixed
immediately in 10% formalin, embedded in paraffin, and cut into 10-pum
serial sections. After deparaffinization, the antigen unmasking procedures
were performed by bringing the slices to a boil in 10 mmol-L™ sodium
citrate buffer (pH 6.0) for Ki-67 and eIF4E or in 10 mmol-L" elhy-
lene diamine tetraacetic acid (EDTA) buffer (pH 8.0) for p53 and
p21<PYWAT] The slices were cooled down and rinsed with phosphate-
buffered saline (PBS). Blocking buffer (5% bovine serum albumin) was
added to the slides for 20 min, and then the slices were incubated with
primary antibody (p53, 1:50 dilution, Abcam, Shanghai, China, product
code: ab32049; p21 “PWAF1 150 dilution, Cell Signaling, Danvers, MA,
USA, product code: #2946; eIF4E, 1:40 dilution, Santa Cruz Biotechnology,
Shanghai, China; Ki-67, 1:150 dilution, Abcam, Shanghai, China, product
code: sc-9976) at 4 C overnight. The slices were incubated in secondary
antibody at 37 C for 30 min, then incubated in horseradish peroxidase-
labelled streptavidin and 3,3’-diaminobenzidine (DAB) and rinsed. Next,
the slices were counterstained in haematoxylin and sealed with cover slips.
Positive p53 and p21“P"AF! expression was defined by the pre-
sence of brown nuclear staining in the cells, whereas positive eIF4E
expression was defined by the presence of brown peri-nuclear staining.
The evaluation of p53, p21““*/"A" and eIF4E staining was based on
the immunoreactive score, which is a semi-quantitative method. !
Grading of the samples depended on the staining intensity and posi-
tive cell percentage. Scores were determined by multiplying the intens-
ity of the staining value (0 for negative, 1 for light, 2 for intermediate
and 3 for strong staining) by the positive cell percentage (0 for 0-5%,
1 for 6%-25%, 2 for 26%-50%, 3 for 51%—-75% and 4 for>75%).
A score of 0 indicated negative expression; 1-4, (+); 5-8, (++)
and >8, (+++). The Ki-67 proliferative index was calculated by
the average percentage of positive cells in ten random fields of
immunohistochemical slices at a magnification of X400. All tissue
sections were evaluated blindly by three experienced pathologists.

Flow cytometry analysis

Fresh specimens were minced with scissors, forced through an iron
mesh (pore size 140 um) and washed twice with PBS. Then, the samples
were incubated in 0.25% trypsin solution at 37 ‘C for 20 min and fixed
overnight with cold 70% ethanol. Cells were suspended at 1X10° mL ™"
Propidium iodide solution (50 pg-mL™~ 1Y was used to stain the cells for
flow cytometry. Human lymphocytes were processed in parallel with
the tumour samples and used as an external diploid control. DNA
analysis was performed using a flow cytometer (Coulter Elite ESP,



Miami, FL, USA), and the parameters, which included the aneuploidy
rate, DNA index, S-phase fraction (SPF) and proliferative index (PI) of
each specimen, were recorded.

Statistical analysis

Statistical analyses were performed using Statistical Package for the
Social Sciences (SPSS) 13.0 statistics software (SPSS, Chicago, IL,
USA). The Chi-square test, four-fold table Chi-square test and
Fisher’s exact test were performed. Kaplan—Meier curves with log-rank
tests were created to assess the overall and tumour-free survival rates.
Data were considered statistically significant when P>0.05.

RESULTS

Sub-mucosa invasion extended 1 cm from the cancer boundary
Typical transitions of histopathological manifestations from OSCC to
normal were observed in the H&E slides (Table 2). Twenty-one speci-
mens had sub-mucosal OSCC invasion in the P1 group, which
accounted for 42% of all cases, whereas only 8 specimens had OSCC

Table 2 H&E staining of para-tumor tissue
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invasion in the P2 group, which accounted for 16% of all cases. No
sub-mucosal invasion was found in the P3 and P4 groups (Figure la).
Significant differences in the sub-mucosal invasion rates were
observed among the P1, P2 and P3, P4 groups (P<<0.001), and no
significant difference in the sub-mucosal invasion rates was found
between the P3 and P4 groups (P=1.000).

Changes in p53 and p21 “F"AF! expression were observed in the
para-cancer mucosa

Brown staining indicative of p53 expression was observed in the nuclei
of tumour cells in the immunohistochemical slides. The P1, P2, P3 and
P4 groups showed brown nuclear staining in the basal and prickle cell
layers, whereas no staining was observed in normal oral mucosa
(Figure la). Positive p53 expression decreased gradually from P1
group to P4 group. The positive staining ratios were 68% (34/50) in
the tumour samples (T), 60% (30/50) in P1 group, 46% (23/50) in P2
group and 18% (9/50) in P3 group. However, 0 of P4 group samples
displayed positive staining (0/50) (Table 3). Significant differences in

Groups Case number Normal or simple hyperplasia Mild or moderate dysplasia Severe dysplasia Submucosal invasion of cancer Invasion rate/%
Py 50 0 27 23 21 42°

Pa 50 11 31 8 8 167

P3 50 32 18 0 0 o*°

P4 50 47 3 0 0 0*°

H&E, haematoxylin and eosin. P1, 0-0.5 cm to tumor boundary; P2, 0.5-1 cm to tumor boundary; P3, 1-1.5 cm to tumor boundary; P4, 1.5-2 cm to tumor boundary.
2 Significant differences of sub-mucosal invasion rate were observed between P1, P2 and P3, P4 groups (P<0.001).
® No statistical difference of sub-mucosal invasion rate was found between P3 and P4 groups (P=1.000).

Table 3 Immunohistochemical gradient of P53 and P21¢/F/WAF1

in OSCC, para-tumor tissue and normal mucosa

Gradation of staining

Groups Number - + ++ +++ Positive Positive rate/%
P53
T 50 16 5 16 13 34 68°
P, 50 20 10 12 8 30 60°
P, 50 27 12 7 4 23 46°
Ps 50 41 5 4 0 9 18°
P, 50 50 0 0 0 0 0°
N 20 20 0 0 0 0 0
P21CIP1/WAF1
T 50 32 13 5 0 18 36°
Py 50 30 15 5 0 20 40°
P 50 26 17 7 0 24 48°
Ps 50 17 15 18 0 33 66°
P, 50 2 16 30 2 48 96°
N 20 0 8 10 2 20 100°
elFAE
T 50 0 0 29 21 50 100°
P, 50 14 5 18 13 36 72°
P, 50 26 8 12 4 24 48°
Ps 50 31 11 8 0 19 38°
P, 50 35 12 3 0 15 30°
N 20 20 0 0 0 0 0°

0OSCC, oral squamous cell carcinoma. T, centre of the tumor; P1, 0-0.5 cm to tumor boundary; P2, 0.5-1 cm to tumor boundary; P3, 1-1.5 cm to tumor boundary; P4, 1.5—

2 c¢m to tumor boundary; N, normal mucosa.

@Significant differences of p53 expression were observed between T, P1, P2 and P3, P4 groups (P<0.05). No statistical difference of p53 expression was found between T

and P1, P2 groups (P>0.05) and between P4 and N groups (P>0.05).

®No significant differences between T, P1 and P2 groups (P>0.05), or between P4 and N groups (P>0.05); statistical differences between P2 and P3 groups (P<0.001),

and between P3 and P4 groups (P<0.001).

¢ Significant differences of elF4E expression were observed between T, P1, P2, P3, P4 and N groups (P<0.005).
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Figure 1 Sub-mucosal invasion and p53, p21 “P"WAF and elF4E expression in the tumour and adjacent tissues. (a) Biopsies of primary lesions and the adjacent

tissues from patients were taken and divided into the following groups: T, centre of the tumour; P1, 0-0.5 cm to the tumour boundary; P2, 0.5-1 cm to the tumour
boundary; P3, 1-1.5 c¢cm to the tumour boundary; P4, 1.5-2 cm to the tumour boundary; N, normal mucosa. Then, the samples processed for immunoreactivity to
p53, p21 CPIWAF and elFAE. H&E staining is presented at X 100 magnification, whereas all other panels of immunohistochemical staining are presented at X400
magnification. (b) Overall and tumour-free survival rates for the patients based on the immunohistochemical staining of elF4E in the P4 (1.5-2 cm to the tumour
boundary) regions. H&E, haematoxylin and eosin.
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Figure 2 Immunohistochemical staining of Ki-67 in the tumour and adjacent tissues (x400). T, centre of the tumour; P1, 0-0.5 cm to the tumour boundary; P2,
0.5-1 cm to the tumour boundary; P3, 1-1.5 cm to the tumour boundary; P4, 1.5-2 cm to the tumour boundary; N, normal mucosa.

p53 expression were observed between the T, P1, P2 and P3, P4 groups
(P<<0.05). No significant difference in p53 expression was found
between T and the P1 and P2 groups (P>0.05) and between P4 and
N groups (P>0.05).

Positive p21<F¥"A staining was localized primarily to the cell
nucleus. Negligible p21</"AF! gignal was observed in tumour sam-
ples (T) and in tissue samples 0-0.5 cm to the tumour boundary (P1).
As the distance from the tumour foci increased, greater numbers of
positive cells were detected in the basal and suprabasal strata in the
adjacent tissues (Figure 1a). The positive staining ratios were 36% (18/
50) in the tumour samples (T), 40% (20/50) in P1 group, 48% (24/50)
in P2 group, 66% (33/50) in P3 group, 96% (48/50) in P4 group and
100% (20/20) in the normal samples (Table 3). No significant differ-
ences were observed between T, P1 and P2 groups (P>0.05) or
between P4 and N groups (P>0.05). However, significant differences
in p21“PYWALT expression could be found between P2 and P3 groups
(P<0.001) and between P3 and P4 groups (P<<0.001). Therefore, the
cells of the P1 and P2 groups were similar to the cancer cells, whereas
the cells of the P4 group might not yet have undergone the pre-malig-
nant process. The cells in the P3 group could be transitional subpo-
pulations that are in the process of malignant transformation.

eIF4E expression decreased from cancerous to normal tissues
Cells positive for e[F4E expression were characterized by brown peri-
nuclear and cytoplasmic brown staining (Figure 1a). In the tumour
centre, positive cells were diffused throughout the entire epithelia. In
the adjacent mucosa, as the distance from the tumour foci increased,
the staining intensity significantly decreased, and the positive cells
were found primarily in the basal and suprabasal strata. The positive
staining ratios were 100% (50/50) in the tumour samples (T), 72%
(36/50) in P1 group, 48% (24/50) in P2 group, 38% (19/50) in P3
group and 30% (15/50) in P4 group. eIF4E-positive cells were not
observed in the normal oral mucosa specimens. eIF4E expression
decreased from the centre to outer regions but still displayed 30%
positive expression in P4 group, which significantly differed from that
of the N group (P<0.005) (Table 3).

During the follow-up period, 6 patients (6/35, 17.14%) with nega-
tive eIF4E staining and 8 (8/15, 53.33%) patients with positive eIF4E
staining in the P4 group died. Additionally, 14 (14/35, 40%) patients
with negative eIF4E staining and 10 (10/15, 66.67%) patients with
positive eIF4E staining had post-treatment recurrences (Figure 1b).
Survival was evaluated for the entire population. A log-rank test for the
overall survival rate that compared the two groups indicated that
patients with negative eIF4E staining in the mucosa 1.5-2 cm from
the tumour had a significantly higher survival rate than those patients
with positive eIF4E staining (P=0.004). Similar results were observed
for the tumour-free survival rate when comparing the two groups
(P=0.031). These results suggested us that positive eIF4E staining in
the adjacent tissues of OSCC could be used as a parameter to predict
clinical outcomes.

Proliferative assay of the cells in cancerous and adjacent mucosa
In the present study, we used Ki-67 expression as an index to determine
the proliferative ability of the cells in the cancerous and adjacent
mucosa. We observed that positive Ki-67 staining was characterized
by nuclear brown staining (Figure 2). In the tumour centre, positive
cells were gathered in the tumour focus or were arranged in a ball or
cord within the islets and were distributed in the basal or spinous layer
of the adjacent mucosa. A gradual decrease in the Ki-67 proliferative
index was observed from the tumour focus (31.07%=*4.39%) and the P1
group (40.10%76.44%) to the P4 (7.11%*2.76%) and normal groups
(6.74%=3.32%). Using chi-square analysis, significant differences were
observed among the groups (F=480.535, P<<0.001), while no difference
was found between the P4 and N groups (P>0.05) (Table 4).
Differences in both DNA content and ploidy were found among the
samples. Ratios of aneuploidy, SPF and PI gradually with increasing
distance from the tumour centre. When the chi-square test was used,
significant differences in the ratio of aneuploidy were found between T
and the P2, P3, P4 and N groups (P<<0.001); between P1 and the P2,
P3, P4 and N groups (P<<0.001); and between N and the T, P1, P2,
P3 and P4 groups (P<<0.001). In contrast, no difference was found
between T and P1 groups (P>0.05). SPF and PI analyses showed
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Table 4 Proliferative index of Ki-67 and flow cytometry analysis in OSCC, para-tumor tissue and normal mucosa

Groups Number Pl of Ki-67 */% Aneuploidy Aneuploidy rate/% SPF #/% P1#/%

T 50 31.07+4.39% 31 62° 27.51+6.69° 30.27+6.59¢
Py 50 40.10+6.442 27 540 25.96+6.56° 28.55+6.449
P, 50 18.61+1.91° 14 28° 21.50+5.72° 23.72+5.29¢
Ps 50 13.96+3.91° 8 16° 17.60+5.79° 19.63+5.80¢
P, 50 7.11+2.76%¢ 8 16° 14.26+5.84° 16.12+5.69¢
N 20 6.74+3.32%¢ 0 oP 8.39+1.93° 10.85+2.04¢

OSCC, oral squamous cell carcinoma; PI, proliferative index; SPF, S-phase fraction. T, centre of the tumor; P1, 0-0.5 cm to tumor boundary; P2, 0.5-1 cm to tumor
boundary; P3, 1-1.5 cm to tumor boundary; P4, 1.5-2 cm to tumor boundary; N, normal mucosa.

#Mean=Standard deviation.
@Significant statistic differences among the groups (P<0.001).

b"“'dSignifican’[ differences between T, P1 and P2, P3, P4, N groups (P<0.001), and between N with T, P1, P2, P3 and P4 groups (P<0.001), no difference was found

between T and P1 groups (P>0.05).
€ There were no statistical difference between P4 and N groups (P>0.05).

similar results regarding the ratio of aneuploidy among the cancer
tissues (Table 4).

DISCUSSION

In this study, H&E staining illustrated a typical transition of tissue
morphology from OSCC to normal. All specimens in the P1 group had
typical hyperplasia, while only three specimens showed mild hyper-
plasia in the P4 group. Twenty-one (42%) specimens in the P1 group
had sub-mucosal OSCC invasion, while only three specimens (16%) in
the P2 group had OSCC invasion. No sub-mucosal invasion was found
inthe region 1 cm away from tumour tissues. Other investigators have
reported that the sub-mucosal invasion border of buccal squamous
cell carcinoma can be up to a width of 9.99 mm,'?>"* which is con-
sistent with our study. At the region 1.0-1.5 cm from the visible bor-
ders of the tumour, 18 cases with moderate to mild epithelial dysplasia
were observed. Mild dysplasias were found in three cases at the region
1.5-2.0 cm to the tumour boundary, and the rest were simple hyper-
plasia or normal. Thus, according to our histopathological observa-
tions of adjacent OSCC tissues, combined with existing research
findings, 1.5 cm away from visible tumour tissues can be considered
a histological boundary for clinical treatments.

Previous studies have shown that abnormalities occur at the
molecular level of tumour cells before histomorphological changes.
Ngoi et al'* found that oncogene and tumour suppressor gene
expression significantly changed in the mucosa adjacent to cancer
and differed from normal mucosa; para-tumour mucosa was in a state
of pre-malignancy. Therefore, exploring the molecular boundaries of
OSCC para-tumour tissue has a great significance for determining the
excision boundary for surgery.

The wt-p53 gene is a primary mediator of cell cycle arrest, DNA
repair, and apoptosis. The mutation and inactivation of p53 may
be a critical event in the origin and progression of head and neck
carcinoma, and p53 mutations are among the most common genetic
changes in oral squamous cell carcinoma.”'® In recent years, the p53
overexpression rate for oral squamous cell carcinoma was found to be
50%—80%, and p53 expression significantly correlated with the occur-
rence and metastasis of head and neck cancer and with survival
time.®™** Other scholars also found that p53 overexpression in sur-
gical margin tissue is one of the indicators of a poor prognosis and
recurrence and that p53 expression in the surgical margin can provide
the basis for filtering high-risk cases of tumour recurrence.'”*° Our
study found that positive p53 expression decreased gradually from
group P1 to P4. No significant difference in p53 expression was found
between T and the P1 and P2 groups (P>0.05) or between normal oral
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mucosa and regions 1.5 cm and farther from the centre of the tumour
(P>0.05). However, significant differences between the regions from
the tumour to 1.0 cm from the visible boundary and the regions from
1.5 cm away from the tumour and normal mucosa were found.
Therefore, we believe that the molecular boundary of p53 is 1.5 cm
away from the visible boundary of the tumour tissues.

p21 is a potent cyclin-dependent kinase inhibitor. As an inhibitor of
cyclin E/cdk2 and cyclin A/cdk2 and, to a lesser extent, of cyclin B/
cdkl, p21“™PWAFL functions as a regulator of cell cycle progression at
G, and is necessary for cell cycle entry and progression.”'~** The
tumour suppressor protein p53 can precisely control the expression
of the p21 gene, which mediates the p53-dependent cell cycle G, phase
arrest in response to a variety of stress stimuli. However, in post-
mitotic differentiated cells, such as spinous cells in squamous epithe-
lia, p21“"PYWAFL expression is differentiation-dependent rather than
p53-dependent. Despite this dependence, loss-of-function p21 muta-
tions do not accumulate in cancer nor do they predispose individuals
to cancer incidence.”>"** Similar to these results, we found that posi-
tive p21“""/WAF! expression was rare in the tumour proper. As the
distance increased, greater numbers of positive cells were detected in
the basal and suprabasal strata. Additionally, the results showed that
the samples in the P1 and P2 groups (1.0 cm to the visible tumour
boundary) were similar to cancer samples, whereas P4 group (2.0 cm
to the tumour boundary) was similar to normal mucosa. The P3 group
(1.0-1.5 cm to the tumour) appeared to be a transitional area that
differed from the cancerous and normal mucosa. Therefore, we believe
that the molecular boundary of p21 is 1.5 cm away from the visible
boundary of the tumour tissues.

eIF4E, which is a eukaryotic protein synthesis initiation factor, is
elevated in all head and neck squamous cell carcinomas.?>” Sorrells
et al.”® confirmed that the eIF4E gene was amplified and overexpressed
in head and neck squamous cell carcinoma. eIF4E amplification and
elevation were the highest in the tumour core, intermediate in the
transitional zone, and lowest in the tumour-free margin. eIF4E gene
amplification and overexpression appeared to progress from the
‘tumour-free’ margin to the tumour core. In our study, eIF4E
decreased from the centre to outer regions but still had 30% positive
expression at regions 2.0 cm from the visible borders of the tumour,
showing a significant difference compared with normal oral mucosa
(P<0.005). We believe that the boundary of eIF4E is at least 2 cm away
from the tumour. At present, however, without efficient methods for
reconstruction of oral organs, the surgical margins of OSCC are gene-
rally less than 2 ¢cm away from the visible borders of lesions due to the
consideration of the post-operative function of organs and special



local anatomical structure. Thus, we could not obtain biopsy samples
more than 2 ¢cm from the visible tumour boundary to define the eIF4E
molecular border more accurately.

Significantly, we found that eIF4E overexpression may be an earlier
molecular event than p53 mutation in the occurrence of OSCC.
Franklin et al.*® showed that eIF4E expression in surgical margins
was an independent prognostic factor and that its absence in surgical
margins might predict long-term survival; detecting eIF4E expression
in the surgical margins might improve survival by determining which
patients would benefit from further resection or adjuvant therapy.
Nathan et al.”® demonstrated that eIF4E is a more sensitive and effec-
tive recurrent predictor of head and neck squamous cell carcinoma
compared with p53. Our retrospective research regarding clinical out-
comes showed similar results; patients with positive eIF4E staining in
P4 regions (2.0 cm to the tumour boundary) suffered higher recur-
rence and mortality rates (P<<0.05). Therefore, we believe that eIF4E is
a more precise determinant of the molecular border of OSCC, and we
suggest that head and neck oncologists could use immunohistochem-
ical staining of eIF4E in the adjacent tissues of OSCC as a parameter for
adjunctive treatments after primary surgery.

Ki-67 expression has been used as a well-developed assay in many
studies to analyse cancer cell proliferation.”"* In the present research,
we found a gradual decrease in Ki-67 expression from the tumour and
P1 group to the P4 group and normal mucosa, which indicated that the
proliferative ability decreased from cancerous to normal mucosae.
Interestingly, the proliferative index of Ki-67 in the P1 group
(40.10£6.44) was higher than that in tumour samples (31.07%+4.39).
We supposed that the cells in the P1 group (0-0.5 cm to the tumour
boundary) might have the most active proliferative and invasive abili-
ties; this region is called the invasive tumour front.”> However, these
results require further studies. Additionally, based on Ki-67 expression,
we determined that the safe surgical boundary should be atleast 1.5 cm
from the visible tumour margin. Many studies have confirmed that
when malignant tumours occur, abnormal DNA content and cell
proliferative activity are important biological characteristics of the
malignant cells.**> The DNA content of diploid cells is strictly con-
sistent in normal tissues, while the DNA content of malignant cells is
often higher. DNA aneuploid cells arise in 70%-90% of malignant
tumours.”>*® DNA ploidy and the SPF are important indicators of
abnormal tumour cell proliferation. Therefore, quantitative research
regarding DNA content and ploidy can objectively reflect the aggressive
biological behaviour of malignant cells, such as their proliferative and
invasive activities.”® We found that the aneuploidy rate, SPF and PI
gradually decreased with the increasing distance of samples from the
tumour centre. Significant differences still existed at the region 2 cm
away from tumour tissues, which indicated that the boundaries of
these indexes were larger than 2 cm.

Human papillomavirus (HPV) is now recognized as one of the
primary causes of head and neck cancers.”” HPV infects the epithelium
of skin and mucous membranes selectively. In total, 150 HPV geno-
types have been identified and fully sequenced; of theses genotypes, the
most common types in oral carcinomas are HPV 16, 33 and 82,3738
Most (>90%) HPV-associated head and neck squamous cell cancers
are caused by HPV 16. The molecular mechanism of HPV carcinogen-
esis can be explained by the regulation and function of the two viral
oncogenes E6 and E7. The E6 gene product binds to the p53 tumour
suppressor gene. The association of E6 with p53 leads to the specific
ubiquitination and degradation of the p53 protein. This degradation
then prevents p53 from inducing either the growth arrest or apoptosis
of infected cells1.**~*° Gillison et al.*! reported that HPV-16 DNA was

Molecular boundary of oral cancer
Y Lietal

o

detected in head and neck cancers of 92 (38%) of 240 case subjects by
in situ hybridization in their clinical research. Because the E6 protein
of HPV16 destabilizes p53, HPV16-positive carcinomas are likely to be
negative for the stable, mutated p53 protein detected in the present
study, which might be the reason that 32% of the samples in the T
group displayed negative p53 staining. We did not detect HPV in the
present study. A method of HPV detection that is highly accurate,
reproducible from one diagnostic laboratory to the next, and practical
for universal application in the clinical arena, is a pressing need. We
suggest that HPV detection should be one of the routine exams used
for the head and neck cancer patients in the future.

According to our histopathological and molecular pathological
studies of OSCC para-tumour tissues, we reached the following con-
clusions: the gradient expression of p53 and eIF4E in para-tumour
tissues indicates that molecular boundaries exist within the para-
tumour tissue. eIF4E overexpression may be an earlier molecular event
than p53 mutations during OSCC progression. Therefore, using eIF4E
expression to define the molecular boundary of para-tumour tissue,
which is 2 cm away from the visible borders of tumours, may be more
appropriate. Para-tumour tissues have a high potential for malignant
transformation and should be resected thoroughly to reduce the recur-
rence of OSCC. If possible, a 2-cm clinical boundary should be secured
during operation. Otherwise, a minimum 1.5-cm boundary should be
secured. Additionally, post-operational chemo- and radiotherapies
should be provided to reinforce the elimination of malignant tissues
and cells.
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