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OBJECTIVES: (1) To determine whether the protein of the suppressor gene p53 accumulates in 
leukoplakia of the oral cavity in individuals who use snuff; and (2) to determine whether a 
correlation exists between the accumulation of p53 protein and the degree of epithelial 
dysplasia present in oral leukoplakia. 

DESIGN: Retrospective analysis of archival tissue specimens. 
SEfflNG: The University Hospital, a tertiary referral hospital affiliated with the Oklahoma University 

Medical Center, Oklahoma City, Oklahoma. 
PATIENTS: In the first part of the study, biopsy specimens of leukoplakia from 12 persons who used 

snuff were compared with specimens from uninvolved oral mucosa of the same persons and 
with biopsy specimens from 12 nontobacco-using persons. In the second part of the study, 
accumulation of p53 protein was determined in 42 archival paraffin-embedded specimens 
from oral leukoplakia and correlated with the degree of epithelial dysplasia. 

METHODS: Accumulation of p53 protein was assessed by immunoperoxidase staining with four 
different primary antibodies. Positive cells were counted in five consecutive high-power fields. 

RESULTS: In part one, the average number of positive cells in the leukoplakia of snuff-users 
(21.89 :±: 4.33; mean:±: SE) was higher than that of normal-appearing mucosa (4.00 :±: 1.0; 
p < 0.05) and that of nontobacco-using controls (7.00 :±: 5.04). In part two, the average 
number of positive cells was higher in the moderately dysplastic (140.36 ± 30.03) and severely 
dysplastic lesions (232.86 ± 26.85) than in the mildly dysplastic lesions (14.53 :±: 3.33; 
p < 0.05). The correlation between the degree of epithelial dysplasia and the number of cells 
positive is strong (Spearman's correlation coefficient = 0.853). 

CONCLUSIONS: The accumulation of p53 protein in leukoplakia of snuff-users is higher than in 
normal-appearing oral mucosa from both snuff-users and nontobacco-using controls. A strong 
correlation exists between the degree of epithelial dysplasia present in oral leukoplakia and 
the number of cells staining positive for p53. The accumulation of p53 protein holds potential 
as an intermediate end point in studies of chemoprevention of oral cancer. (OTOLARYNGOL HEAD 
NECK SURG 1994;111:758-63.) 

Leukoplakia of the buccal and gingival mucosa is 
found in as many as 50% to 60% of persons who use 
snuff.1

·
3 Oral leukoplakia is considered to be a pre­

malignant lesion by most clinicians4
•
6 because squa-

mous cell carcinoma eventually occurs in 3% to 18% 
of persons who have it.7

·
9 

The development of carcinoma in oral leuko­
plakia usually occurs over a period of several years. 
Thus it is desirable to identify biomarkers that would 
be useful for monitoring both the risk of malignancy 
developing in oral leukoplakia and the efficacy of 
prevention interventions. These biomarkers are de­
scribed as "intermediate" because it is hoped that 
they will allow detection of precancerous changes 
before carcinoma is present. Investigations of such 
biomarkers in oral leukoplakia have included pro­
liferation markers (mitotic frequency), epithelial 
markers of differentiation (transglutaminase I and 
involucrin), and genomic markers (DNA ploidy, mi­
cronuclei, and chromosome specific probes).10 Gil­
christ et al. 11 demonstrated that epithelial markers of 
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differentiation would not be useful as intermediate 
biomarkers, and the usefulness of other differentia­
tion and genetic markers has not been adequately 
evaluated.12 

Accumulation of the tumor suppressor gene p53 
protein holds potential as a biomarker in the study 
of leukoplakia. The p53 gene has been identified as 
a tumor-suppressor gene in its normal expression. 13 

Mutation of the p53 gene is currently the most 
commonly identified gene mutation associated with 
human neoplasia. 14 Normally the protein product 
has a very short half-life and cannot be identified by 
standard immunohistochemical techniques. How­
ever, mutation of the gene frequently results in 
accumulation of a protein product that can be iden­
tified immunohistochemically.13 Furthermore, accu­
mulation of p53 protein has been found in prema­
lignant lesions of the breast, 15 colon, 16 esophagus, 17 

and larynx, 18 as well as in the. dysplastic epithelium 
adjacent to carcinomas of the breast and esopha­
gus.15·19 To date, accumulation of p53 protein has 
been reported in only two cases of oral leukoplakia. 20 

Thus the usefulness of p53 mutation as a predictor 
of malignant transformation has not been investi­
gated thoroughly in regard to oral leukoplakia. 

This study was designed with the following objec­
tives in mind: first, to determine whether accumu­
lation of tumor-suppressor gene p53 protein occurs 
in leukoplakia of the oral cavity in persons who use 
snuff; and second, to determine whether a correla­
tion exists between the accumulation of p53 protein 
and degree of epithelial dysplasia present in oral 
leukoplakia. 

METHODS AND MATERIAL 
Collection of Patient Material 

The first part of the study involved a study group 
of 12 persons who used snuff and had leukoplakia in 
the mucosa of the oral cavity and a control group of 
12 healthy persons who did not use tobacco and did 
not have leukoplakia of the oral cavity. A 5-mm 
punch biopsy was obtained from the center of an 
area of leukoplakia and from a corresponding nor­
mal-appearing area of buccal mucosa from each of 
the snuff-using individuals. In the same manner, one 
biopsy was obtained from the buccal mucosa from 
each of the 12 nontobacco-using persons. Consent 
for biopsy was obtained from all study participants 
according to the guidelines of the Institutional Re­
view Board of the University Hospital. 

All biopsy specimens were bisected immediately; 
one half was preserved in 10% formalin and later 
embedded in paraffin, and the other half was quick-
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frozen in liquid nitrogen and stored at - 80° F. Both 
paraffin-embedded and frozen specimens were pro­
cessed immunohistochemically. 

The second portion of the study involved 43 par­
affin-embedded leukoplakia specimens collected 
between 1985 and 1992, available in the pathology 
archives of the University Hospital, Oklahoma City, 
Okla. The degree of epithelial dysplasia present in 
each specimen was graded by a pathologist, using 
light microscopy examination of hematoxylin and 
eosin-stained sections, according to the following 
criteria: mild dysplasia, squamous cell hyperplasia, 
hyperkeratosis with signs of dysplasia; moderate dys­
plasia, no exact criteria exist, but cellular and struc­
tural abnormalities are intermediate between those 
present in mild and severe dysplasia; and severe 
dysplasia, pronounced cellular atypia with many ir­
regular and hyperchromatic nuclei, significant loss 
of basal cell polarity, but with identifiable squamous 
differentiation. 

Tissue used for positive controls was donated by 
Dr. William Bennett (National Cancer Institute, 
Bethesda, Md.; human squamous -cell carcinomas 
implanted into nude mice) and Dr. J. P. Klein­
Szanto (Fox Chase Cancer Center, Philadelphia, 
Pa.; human lung carcinomas). Positive cancer con­
trols were also identified by immunohistochemical 
analysis of specimens from the archives of the De­
partment of Pathology at the University of Okla­
homa, Health Sciences Center. These positive can­
cer controls were used with each batch of specimens 
to confirm reliability of the technique. 

lmmunohlstochemlcal Processing 

Four primary antibodies (PAs) were chosen to 
maximize the possibility of identifying accumulation 
ofp53 protein: PAb42121 and PAb 180122 (Oncogene 
Science, Inc., Uniondale, N.Y.), which are murine 
monoclonal antibodies to human p53 protein that 
recognize specific epitopes of both the wild-type and 
mutated forms of p53 protein; PAb CM-123 (Signet 
Laboratories, Dedham, Mass.), which is a polyclonal 
rabbit antibody raised against both wild-type and 
mutant human p53 protein; and PAb 24024 (Onco­
gene Science, Inc.), which recognizes only mutated 
forms of p53 protein. Thus it would be expected that 
three of the four antibodies would recognize wild 
and/or mutant forms of p53, whereas one (PAb 240) 
recognizes only mutant forms. 

Six-micrometer sections were cut with a cryostat 
and mounted on glass slides (Probe-On Plus, Fisher 
Scientific Co., Pittsburgh, Pa.). Frozen sections were 
allowed to air dry for 5 to 10 minutes and then were 
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fixed in acetone for 15 minutes at 4° C, rinsed in 
phosphate-buffered saline (PBS), air dried, and 
stored at - 20° C. Before processing, frozen sections 
were allowed to come to room temperature. 

Six-micrometer sections were also cut from the 
paraffin-embedded specimens. These sections were 
mounted on glass slides and incubated at 40° C for 
45 minutes to assist with deparaffinization. They 
were then taken through two washes of xylene ( of 10 
minutes each) and alcohol washes graded down to 
distilled water. 

All prepared slides were then rinsed three times 
in PBS and 0.05% Tween-20. To block endogenous 
peroxidase activity, we immersed the slides in hy­
drogen peroxide (0.6%) for 15 minutes at room 
temperature. For reduction of nonspecific back­
ground staining, the sections were incubated with 
horse immunoglobulin G for the monoclonal anti­
bodies or goat immunoglobulin G for the polyclonal 
antibody, for 30 minutes at room temperature. The 
sections were then incubated with each PAb (1:50 
dilution) for 1 hour at 45° C. Sections to be used as 
negative controls were incubated with the vehicle 
solution for the primary antibody, and the PAb was 
left out of the solution. Sections were then washed 
in PBS three times and were incubated with biotin­
ylated secondary antibody (Vectastain Elite Kit; 
Vector Laboratories, Burlingame, Calif.) at 1 : 200 
dilution for 45 minutes. After three rinses in PBS, 
the sections were incubated with the avidin-biotin 
complex (Vector Laboratories) at 1: 200 dilution, 
followed with 3,3'-diaminobenzidine 0.05 mg/ml hy­
drogen peroxide for 5 minutes, and rinsed twice with 
PBS. 

The staining process was standardized by use of 
an automated processor, the Histomatic Code-On 
processor (Fisher Scientific, Inc.). This was done to 
reduce variability in the staining protocol because all 
specimens for one batch were taken through each 
step at exactly the same time and under the same 
conditions. 

The sections were counter-stained with he­
matoxylin, dehydrated through graded alcohols, 
cleared, and then cover-slipped with DPX mounting 
medium (BDH Laboratory Supplies, Poole, 
England). The slides were examined with light mi­
croscopy (Olympus Vanox AH-2 fitted with differ­
ential interference control optics; Olympus Corp., 
Lake Success, N.Y.). 

To confirm the specificity of positive staining, we 
performed repeat analysis with serial dilutions of 
primary antibody with selected positive specimens. 
PAb 421 and PAb CMl were diluted to 1: 25, 1: 50, 
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and 1: 100, and PAb 1801 was diluted to 1: 50, 1: 100, 
and 1 : 200. Selected positive specimens showed a 
primary antibody concentration dependency (i.e., 
serial increases in primary antibody concentration 
resulted in sequentially more intense nuclear stain­
ing). The 1 : 50 dilution was selected for analysis of 
specimens because it produced the most distinct 
nuclear staining. 

To control for background staining, we incu­
bated identical serial sections with the PAb vehi­
cle (PBS + 20% bovine serum albumin + 0.05% 
Tween-20) without the primary antibody. 

Data Analysis 

Determination of positive staining was made on 
the basis of intense full nuclear staining with a brown 
coloration. The number of cells stained in five ad­
jacent high-power fields and the location of cells 
relative to the basal cell layer were recorded. The 
staining observed with antibodies 1801 and CMl 
complemented each other and produced the most 
consistent staining patterns. These two antibodies 
were therefore used to quantify the number of cells 
staining positive. The cell counts reported were the 
average of these two antibodies. 

Statistical analysis was performed on a personal 
computer equipped with Statistica software (Stat­
soft, Tulsa, Okla.). Differences between groups 
were analyzed with a one-way analysis of variance, 
and correlation of coefficients were calculated by 
use of the Spearman's rank order correlation test for 
nonparametric data. The alpha level was set at 0.05. 

RESULTS 

The positive control specimens consistently stained 
positive with all four antibodies. 

Part 1 

Histologic examination of the leukoplakia speci­
mens from snuff-users demonstrated mild epithelial 
dysplasia in all 12 cases. The epithelium of the 
normal-appearing mucosa from the persons who 
used snuff and from the nontobacco-using persons 
was found to be histologically normal. Accumulation 
of p53 protein was detected in 5 of the 12 ( 41. 7%) 
leukoplakia specimens. The average of the total 
number of positive cells in the leukoplakia of snuff­
users (21.89 ± 4.33; mean ± SE) was higher than 
that of normal-appearing mucosa ( 4.00 ± 1.0) and 
that of nontobacco-using controls (7.00 ± 5.04) 
(Fig. 1). The difference between the number of 
positive cells in the leukoplakia specimens and that 
of the normal tissue from the same persons was 

l 
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Fig. 1. Means of number of positive cells in five consecutive 
high-power fields from leukoplalcla and normal tissue. NS, Not 
significant. 

statistically significant (p < 0.05). The difference 
between the number of positive cells in the Ieuko­
plakia specimens and that of the controls was not 
significant (p = 0.06). The difference between the 
number of positive cells in normal-appearing mu­
cosa of snuff-users and the normal mucosa of non­
tobacco-using controls was not statistically signifi­
cant (p > 0.05). 

Part 2 

There were 24 specimens with mild dysplasia, 11 
specimens with moderate dysplasia, and 8 with se­
vere dysplasia. The proportion of specimens that 
contained at least one cell staining positive was 
about 50% in all histologic categories of dysplasia 
(Fig. 2). However, the number of positive-staining 
cells correlated with the degree of dysplasia 
(r = 0.853) (Fig. 3). In fact, the average number of 
positive cells in the specimens showing moderate 
dysplasia (140.36 ± 30.03) and severe dysplasia 
(232.86 ± 26.85) was significantly higher than that 
in the specimens showing mild dysplasia (14.53 ± 
3.33) (p < 0.05) (Fig. 4). 

In controls that were processed with no primary 
antibody, no staining was noted in the paraffin sec­
tion preparations; however, frozen specimens did 
demonstrate reproducible background cytoplasmic 
staining thought to be caused by endogenous per­
oxidase activity that did not block with our low­
concentration hydrogen peroxide blocking step. In 
the positive cancer controls, this background stain-
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Fig. 2. Percent of specimens with any positive-staining 
cells. 

ing was consistently located within tissue macro­
phages. 

DISCUSSION 

The results of this study indicate that accumula­
tion of the p53 protein may be a useful biomarker in 
monitoring leukoplakia of the oral cavity in snuff­
users, with regard to the potential progression of this 
lesion to squamous cell carcinoma. 

In the leukoplakia of the snuff-users we studied, 
the average number of positive-staining cells was 
significantly higher than in the normal-appearing 
epithelium of the same persons; however, the pro­
portion of specimens that contained at least one 
positive staining cell was only 41.7%. This is not 
unexpected and is probably because the leukoplakia 
specimens studied were very homogeneous in their 
histology, with only mild epithelial dysplasia present. 
Previous investigations have shown that accumula­
tion of p53 occurs in only a small proportion of other 
epithelial lesions with mild dysplasia. 

If we accept progression in the severity of dyspla­
sia as a reflection of the transition from oral Ieuko­
plakia to carcinoma, the results of the second part of 
our study suggest that accumulation of the p53 
protein is an early event in the oncogenic process 
related to oral leukoplakia. The parallel increase in 
the number of p53-positive cells and the degree of 
dysplasia that we observed in this study has also been 
observed by Bennett et al.25 in the epithelium 
surrounding esophageal carcinomas. Interestingly, 
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these authors obsexved one example of esophageal 
dysplasia in which p53 mutation and protein accu­
mulation occurred before invasion developed. A 
similar correlation between the degree of dysplasia 
and the accumulation of p53 protein has been dem­
onstrated in colon adenomas.20 In this regard, Pig­
natelli et al.16 have speculated that because p53 
protein accumulation does not correlated with es­
tablished prognostic indicators for colorectal carci­
noma, the genetic alteration seen in these early 
premalignant lesions, such as adenomas of the co­
lon, may be involved in the early steps of the ad­
enoma/carcinoma oncogenic process. A similar role 
for alterations in the p53 gene could be operative in 
oral leukoplakia. It is therefore reasonable to expect 
that cessation of snuff use or intexventions that may 
halt the oncogenic process in oral leukoplakia will be 
evidenced by corresponding changes in the accumu­
lation of p53 protein. 

The obsexved lack of significance in the difference 
between the accumulation of p53 protein in the 
leukoplakia specimens and the nonsmoking control 
specimens may be a result of the small number of 
persons studied, particularly because the difference 
in the number of positive cells is small. It is also 
possible that the use of snuff initially decreases the 
accumulation of p53 protein in the oral epithelium, 
before dysplasia becomes histologically apparent. 
The latter explanation is less likely. Shea et al.,26 

studying p53 protein accumulation in basal cell car­
cinomas of the skin, obsexved significantly less ac-
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Fig. 4. Means of number of positive cells In five consecutive 
high-power fields from leukoplakla specimens with various 
degrees of epithelial dysplasla and from normal tissue. NS, Not 
significant. 

cumulation of this protein in the epithelium of the 
surrounding normal-appearing skin, and no accu­
mulation in control samples of skin chronically pro­
tected from sunlight. These authors hypothesized 
that the p53 protein accumulation in the exposed, 
but normal, epithelium may represent cellular at­
tempts to prevent genomic incorporation of muta­
tions. We were not able to demonstrate a similar 
"field effect" in the normal-appearing oral mucosa 
of snuff-users. Such a field effect, if present in 
persons with oral leukoplakia, may be influenced by 
duration and extent of tobacco use, as well as other 
variables not taken into account by this investi­
gation. 27·28 

It is not possible to ascertain that the p53 protein 
detected in the leukoplakia specimens in this inves­
tigation is actually the result of mutation. In fact, 
none of the leukoplakia specimens stained positive 
with antibody 240, which recognizes only mutated 
p53 protein. Whereas the presence of staining with 
P Ab 240 would have been definitive evidence for the 
presence of mutated p53, the absence of staining 
does not exclude the presence of mutated forms not 
recognized by this antibody. In addition, PAb 240 
may not have bound well for formalin-fixed speci­
mens because we obsexved that it also gave poor 
results with cancer controls. Realizing the chronic 
nature of snuff-induced oral leukoplakia, its ability 
to regress when snuff use is discontinued, and the 
long period over which cancer usually develops, it is 
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possible that the positive p53 staining demonstrated 
in some of our specimens does not represent muta­
tion, but represents an induction of wild-type p53 
production and/or posttranscriptional stabilization 
of the protein. This hypothesis will have to be ex­
amined with DNA analysis to identify mutations 
within the p53 gene. Using special flow cytometry 
techniques, Kastan et al. 29 have been able to dem­
onstrate increased levels of wild-type p53 protein in 
human hemopoietic cells after radiation-induced 
DNA damage. They propose that this may be caused 
by a posttranscriptional mechanism that stabilizes 
p53 protein and prolongs its half-life. Thus p53 may 
inhibit the mitotic cycle while DNA repair mecha­
nisms prevent the permanent incorporation of mu­
tations into the DNA.30

•
31 

In summary, we have demonstrated p53 protein 
accumulation in snuff-related oral leukoplakia spec­
imens to be significantly greater than that seen in the 
normal tissue from the same person. We have also 
demonstrated that p53 protein accumulation in oral 
leukoplakia is correlated with the degree of epithe­
lial dysplasia present in the specimen. Consequently, 
the accumulation of p53 protein may be a biomarker 
useful for monitoring the effect of prevention inter­
ventions in persons with oral leukoplakia. 
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