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Abstract: Oral leukoplakia (OL) is the most common potentially malignant lesion of the oral cavity. Immunohistochemi-

cal analysis of p53 and Ki67 proteins is a simple and inexpensive method widely used in non-dysplastic OLs to reveal le-

sions predicted to develop oral cancer. The present longitudinal study evaluated the predictive role of p53 and Ki67 pro-

teins alone or in combination in a group of OLs without dysplasia followed for many years. Seventy-seven OL patients re-

ferred to our Department between January 2006 and October 2013 underwent histochemical analysis of p53 and Ki67 ex-

pression. OLs were considered at high risk in the presence of either high p53 expression (>20%), or low/normal p53 ex-

pression associated with high Ki67 expression (Ki67/p53 ratio >3). Seven OLs evolved to OSCC during the follow-up pe-

riod. Three cases had p53 overexpression, while four had a high Ki67/p53 ratio. Statistical significance was reached when 

samples with p53 overexpression were combined with samples with high Ki67/p53 ratio (Chi square 5.3; p<0.02). The 

combined immunohistochemical expression of p53 and Ki67 proteins could be a useful and simple molecular marker for 

early detection of non-dysplastic OLs at risk of developing oral cancer. 
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INTRODUCTION 

Head and Neck cancer is the sixth leading cancer world-
wide, with more than 500,000 cases diagnosed every year. 
The vast majority of head and neck cancers are oral 
squamous cell carcinomas (OSCCs) that arise from the 
epithelial lining of the oral cavity, including the tongue and 
lips [1].  

OSCC is often preceded by recognizable potentially ma-
lignant disorders. Oral Leukoplakia (OL) is widely consid-
ered the most common potentially malignant lesion of the 
oral cavity and may affect any site of the cavity [2]. The risk 
of OL malignant evolution is extremely variable, ranging 
from 4 to 20% [3, 4].  

The diagnosis of OL is both clinical and histological and 
a biopsy is mandatory to exclude other known diseases. 
Clinically OL can be divided into a homogeneous type (flat, 
thin, uniform in color) and a non-homogeneous type that 
includes white-and-red (erythroleukoplakia), irregularly flat 
(speckled) or nodular lesions. Verrucous leukoplakia is yet 
another non-homogeneous type that usually has a uniform 
white appearance with a distinctive verrucous texture [5]. 
Proliferative Verrucous Leukoplakia (PVL) is a distinct sub-
type of Verrucous Leukoplakia [6], characterized by multi-
focal presentation, resistance to treatment and a high rate of 
malignant transformation [7, 8]. 

Histopathologically, a distinction can be made between 
dysplastic and non-dysplastic OLs. High-risk lesions are 
generally characterized by epithelial dysplasia although its  
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absence does not preclude malignant transformation [9]. One 
way to detect genetic alterations in non-dysplastic OLs is to 
assess the molecular markers associated with OSCC that 
predict malignant transformation when found in epithelial 
precursors [9-11]. Immunohistochemical analysis of p53 
proteins is a simple and inexpensive method that has been 
widely used to reveal OLs predicted to develop OSCC. p53 
protein is a product of TP53 tumor suppressor gene, and 
TP53 gene mutations leading to loss of function are the 
commonest type of genetic damage found in human cancers 
and OSCC, often preceding recognizable histological altera-
tions [11-13]. In about 50% of cases, TP53 mutations deter-
mine an overproduction of p53 inactive proteins resulting in 
the immunohistochemical overstaining frequently found in 
OSCC and in lesions predicted to develop OSCC, and con-
sidered a good marker to predict malignant transformation of 
OLs. However, some mutations lead to transcription or trans-
lation errors which result in reduced p53 protein synthesis 
and reduced staining on immunohistochemistry. This may be 
difficult to interpret as a pathological status, considering the 
significant inter and intrasubject variability in daily p53 pro-
duction and the lack of consensus in the cutoff differentiat-
ing “normal” from reduced p53 expression.  

In a previous cross-sectional study, we found that “nor-
mal” or reduced p53 expression, when combined with high 
Ki67 protein expression as an immunohistochemical marker 
of proliferating cells, demonstrated a higher predictive power 
than when taken alone [14]. The rationale was that normal 
cells undergoing increased proliferation due to factors such 
inflammation, trauma, etc. usually accumulate p53 protein 
that is considered a physiologic response safeguarding 
epithelial growth. It follows that the finding of high Ki67 
values associated with normal or low p53 values (high 
Ki67/p53 ratio) may suggest an impaired p53 production as a 
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consequence of TP53 gene damage. The results of that study 
showed that samples with high p53 scores considered to-
gether with samples with normal p53 but elevated Ki67/p53 
(increased mitotic/apoptosis ratio) included 93% of OSCC 
and 81% of OLs with moderate or severe dysplasia. 

The aim of the present longitudinal study was to follow a 
population of patients with an initial diagnosis of OL without 
signs of dysplasia to determine whether p53 alone or com-
bined with Ki67 could have a predictive power to detect non-
dysplastic OLs that developed to OSCC. 

MATERIAL AND METHODS 

The study cohort comprised 77 OL patients referred to 
the Department of Biomedical and Neuromotor Sciences, 
Section of Oral Sciences, University of Bologna, Bologna 
(Italy) between January 2006 and October 2013. Of the 77 
patients, 34 were males and 43 females aged 26-95 years 
mean 61.6 ± 13.8. Eight OLs were on the cheek, five on the 
tongue, 19 in the gum, three on the hard palate, and one on 
the lip. Sixty OLs appeared as white homogeneous lesions, 
while 17 OLs were white or white/red inhomogeneous le-
sions. All samples underwent histological and immunohisto-
chemical analysis and a minimum follow-up of 12 months 
was available.  

OL was clinically defined as a white patch or plaque 
that could neither be rubbed off nor diagnosed as any spe-
cific disease [15]. Histological diagnoses were performed 
at Bellaria Hospital, Department of Pathology of the Uni-
versity of Bologna (Bologna, Italy). Hematoxylin-eosin 
(H&E) stained sections from all the cases were reviewed by 
one pathologist with experience in oral pathology (MPF) 
who was unaware of the clinical outcomes. Histological 
diagnoses were performed following the criteria described 
in the World Health Organization’s blue book [16]. On 
histology, all lesions showed squamous cell hyperplasia 
(simple hyperplasia, according to the Ljubljana classifica-
tion), characterized by increased basal-parabasal layers and 
acanthosis in the absence of architectural alterations [17]. 
Leukoplakias with signs of dysplasia were not included in 
the study population. 

Immunostaining was performed on 2 m thick sections 
serially cut from the selected blocks. The following antibod-
ies were employed: monoclonal anti-Ki67 (Dako, Denmark, 
clone MB-1 diluted 1:200) and monoclonal anti-p53 (Dako, 
clone p53, diluted 1:50). Processing was performed in an 
automatic stainer (Autostainer, Ventana, USA). All the cases 
contained an internal control as basal cells of the oral epithe-
lium show nuclear positivity for the two markers under 
study. Negative controls consisted in omitting the primary 
antibody. Counting the percentage of positive nuclei in 400 
consecutive epithelial cells of selected areas representative of 
the lesion gave a semi quantitative evaluation of the immu-
nohistochemical results.  

p53 values were considered high (p53 overexpression) 
equal to or more than 20%; the Ki67/p53 ratio was considered 
high when equal to or more than 3 [14]. Fig. (1a, 1b) and  
Fig. (2a, 2b) show examples of low and high immmunohisto-
chemical expression of Ki67 and p53 protein respectively.  

STATISTICAL ANALYSIS 

Patients’ age, sex, smoking behavior, site, clinical ap-
pearance, p53 overexpression, and high Ki67/p53 ratio were 
analyzed for their relationship with risk of progression to 
OSCC during follow-up. The Cox proportional hazards 
method with forward selection was used as multivariate sur-
vival analysis. Time was defined as the period between diag-
nosis and the target event or last follow-up. P values <.05 
were considered statistically significant in all analyses. 

RESULTS 

Table 1 lists the features of the study population. p53 
overexpression was found in 19 samples (24.7%). A high 
Ki67/p53 ratio was found in 27 samples (35.1%). 

Seven OLs (10% of all OLs) evolved to OSCC during 
follow-up period. Three cases had p53 overexpression at 
presentation and developed to OSCC after 30, 36 and 60 
months respectively, while four cases had high Ki67/p53 
ratio and all developed to OSCC within six months. None of 
the OLs with normal p53 expression and normal Ki67/p53 
ratio evolved to OSCC.  

 
(a) 

 
(b) 

Fig. (1). Examples of OL with low Ki67 expression limited to basal keratinocytes (a) and OL with Ki67 high expression (b). 
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(a) 

 
(b) 

Fig. (2). Examples of OL with low p53expression (a) and OL with high p53 expression (b). 

 
Table 1. Features of the study population. 

 N° % OLs evolved to OSCC Significance p 

Age <65 vs >65 48/29 6.3 vs 13.3 0.30 

Males vs females 34/43 8.8 vs 9.3 0.70 

Smokers vs no smokers 35/42 2.9 vs 4.3 0.08 

Dysomogeneus vs omogeneus appearance 17/60 17.6 vs 6.7 0.20 

High vs normal p53 expression 19/58 15.8 vs 6.9 0.32 

High vs normal Ki67/p53 ratio 27/50 14.8 vs 6.0 0.17 

High p53 expression and high Ki67/p53 ratio vs all remaining samples 36/31 19.4 vs 0 0.02 

 
Fig. (3a, 3b) shows a 77-year-old non-smoking female 

who initially presented a non-homogeneous leukoplakia of 
the marginal tongue without signs of dysplasia but with high 
p53 expression (50%) at immunohistochemical analysis; 36 
months later she developed OSCC. 

The results of the Cox proportional hazards method 
showed that the only significance was reached when samples 
with p53 overexpression were combined with samples with a 
high Ki67/p53 ratio (Chi square 5.3; p<0.02) (Fig. 4). 

DISCUSSION 

The clinician’s ability to identify OLs at increased risk of 
cancer development is critical to improve control of oral 
carcinoma. Epithelial dysplasia is still the most important 
predictive factor in clinical practice, but recent studies have 
shown a substantial amount (3.9 to 11%) of non-dysplastic 
OLs undergoing malignant transformation [18-20]. His-
tological assessment of dysplasia is in fact extremely subjec-
tive and significant interobserver and intraobserver variabil-
ity in reading the degree of epithelial dysplasia is well-
documented [21]. Another factor is that histological diagno-
sis of an incisional biopsy is a “snapshot” of the lesion and 
sometimes underestimates the true nature of the whole lesion 
[19]. For these reasons, it is important to find alternative 
parameters allowing early detection of OLs without any dys-
plastic changes at risk of developing OSCC.  

TP53 mutations are the commonest genetic damage 
found in human tumors and OSCC [22, 23] and are regarded 

as early events in carcinogenesis [24-26]. Overproduction of 
p53 inactive proteins is a well-documented consequence of 
TP53 genetic damage. Many studies on oral premalignant 
and malignant lesions have shown p53 overexpression rang-
ing from 35% to 90% [13, 15, 27, 28]. Overexpression in 
OLs was further confirmed in recent studies [29-33]. In par-
ticular, De Oliveira et al. analyzed p53 protein expression in 
OSCC and premalignant lesions. They found a higher ex-
pression of p53 protein in OLs with respect to OSCC lesions 
(55.2 vs. 44.8%) and emphasized the key role of p53 during 
early stages of carcinogenesis [29].  

Visioli et al. analyzed p53 and p21 protein expression in 

non-dysplastic leukoplakias with different epithelial altera-

tions (acanthosis, hyperkeratosis and acanthosis combined 

with hyperkeratosis), and in dysplastic leukoplakias. The 

results showed high p53 expression in both groups without 

any significant between groups difference [31]. They con-

cluded that all OLs must be considered potentially malignant 

disorders irrespective of the presence or not of dysplasia, and 

patients should be kept under regular long-term clinical fol-
low-up. 

In the present longitudinal study, three out of seven OLs 
that evolved to OSCC showed high p53 values at the first 
examination, although 16 OLs with p53 overexpression did 
not progress to OSCC and four OLs with “normal” p53 ex-
pression did evolve to OSCC. These data do not allow p53 
overexpression alone to be taken as a variable statistically 
associated with OSCC progression, at least in a small sample 
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 (a) (b)  

Fig. (3). A clinically and histologically non-homogeneous OL of the marginal tongue in a 77-year-old non-smoking female patient (a). A 

second incisional biopsy 36 months later disclosed OSCC (b). 

 

 

Fig. (4). The Cox proportional hazards method shows that p53 overexpression combined with a high Ki67/p53 ratio is the only variable sig-

nificantly associated with OL that evolved into OSCC (Chi square 5.3; p<0.02). 

 
population [11, 15, 34]. In fact, some mutations lead to er-
rors in the p53 gene that result in the arrest or reduction of 
p53 protein synthesis and negative or reduced staining on 
immunohistochemistry. Tumors with nonsense or frameshift 
mutations also result in the production of unstable truncated 
proteins, which are also negative on immunohistochemistry 
[35, 36]. Recently, Reddy et al. found weak p53 staining in 
nine out of 30 OLs with different grades of dysplasia [30]. 

In this connection, we previously assumed that the find-
ing of “normal” or depressed p53 expression associated with 
an increased proliferation rate (increased mitotic/apoptosis 
ratio) might possibly identify genetically damaged lesions 
lacking a p53 protective role during cell cycling and at risk 
of progressing to p53 negative cancer [14]. The rationale was 
that an increased physiologic cell proliferation in non-
neoplastic cells usually leads to overproduction of p53 pro-
tein as a guardian of epithelial growth [14, 37, 38]. Hence, a 
high proliferating rate associated with normal/reduced p53 
expression may be interpreted as an impaired p53 produc-
tion. The previous study used Ki67 protein as a marker of 
cell proliferation and a high Ki67/p53 ratio as an index of 
impaired p53 response to a high cell turnover [14].  

In the present cohort, four of the seven OLs that evolved 
to OSCC showed a high Ki67/p53 ratio at the first examina-
tion, although 23 OLs without a high Ki67/p53 ratio did not 

progress to OSCC. Interestingly, the combination of p53 
overexpression and high Ki67/p53 ratio identified all seven 
OLs evolving to OSCC and was the only parameter statisti-
cally related to OSCC progression. However, overexpression 
of p53 and a high Ki67/p53 ratio in the present cohort was 
only found in 46 out of 77 patients (59.7%), and only seven 
of these 46 (15%) OLs evolved to OSCC. Moreover, the 
avoidance of false negative results takes priority in the pres-
ence of a lesion predicted to develop cancer, and sensitivity 
is most important to maximize negative-predictive accuracy. 
It is noteworthy that none of the 31 OLs with normal p53 
expression or a normal Ki67/p53 ratio evolved in OSCC 
during a mean follow-up period of 42 months (range 12-90).  

In conclusion, our results suggest that OLs may be con-

sidered potentially malignant lesions even in the absence of 
histological dysplasia. Overexpression of p53 protein alone 

did not identify all OLs that subsequently developed to 

OSCC, whereas the combination of p53 and Ki67 expression 
did. The combined immunohistochemical expression of p53 

and Ki67 proteins could represent a simple and inexpensive 

molecular marker for early detection of potentially malignant 
lesions at risk of developing OSCC. These data need to be 

confirmed in future studies with a longer follow-up involv-

ing a larger number of patients with non-dysplastic OLs. 
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