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Abstract

Objective: This study aims to assess and report the pre-
dictive value of tissue p53 protein expression and serum
pS53 antibodies as a screening tool for oral potentially
malignant disorders (OPMDs) cases with risk of malig-
nant transformation.

Methods: A case—control study was jointly conducted at
the Department of Pathology and Oral and Maxillofacial
Pakistan. Surgery in several dental institutes in the country from

E-mail: dr.abbassaleem(@gmail.com (A.S. Khan) April 2016 to March 2017. A total of 180 eligible subjects
Peer review under responsibility of Taibah University. (60 cases of OPMDs, 60 cases of oral squamous cell
carcinoma, and 60 controls) were included in the study.
Tissue p53 immunoreactivity was determined by immu-
nohistochemistry, and serum concentrations of p53
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antibodies were determined by enzyme-linked immuno-
sorbent assay. Specimens were collected for laboratory
investigations after obtaining written consent from both
patients and controls.

Results: Among the study participants, the recorded
male to female ratio was close to 2:1, and most partici-
pants fell in the age range of 41—60 years and above. Of
the 60 cases of OPMDs, the observed tissue p53 immu-
nopositivity was 73.3% (n = 44) while for the p53 anti-
body, the seropositivity was 96.7% (n = 58). The
sensitivity for pS53 immunoreactivity was 73%, and
specificity was 98.3% between OPMDs and healthy
individuals.

Conclusion: The present study provides evidence (for
OPMDs) that serum p53 antibodies and p53 immunore-
activity could be used as a sensitivity test and a specific
test, respectively, and may contribute to determining the
potential of OPMD for malignant transformation risk.

Keywords: Antibodies; Immunohistochemistry; Oral poten-
tially malignant disorders; Oral squamous cell carcinoma;
Predictive value of tests; Tumour suppressor protein p53

© 2021 The Authors.
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Introduction

Oral cancer is a remarkable component of the global
cancer burden, with increased morbidity and mortality. Oral
squamous cell carcinoma (OSCC) is a common histopatho-
logical variant of oral epithelial malignancy.l Oftentimes it is
caused by numerous potentially malignant disorders.” The
oral potentially malignant disorders are clinically
detectable oral mucosal disorders that carry an increased
risk of developing oral malignancy. The reported
worldwide prevalence of oral potentially malignant
disorders is about 4.47%.° The OPMDs are characterized
by diverse forms of clinical presentations, which either
regress or progress to OSCC. Clinically, they appear as
white, red, or mixed (red and white) lesions marked as oral
leucoplakia, oral lichen planus, oral erythroplakia, snuff
dipper keratosis, oral submucous fibrosis, and others.”
Histologically, OPMDs present themselves as epithelial
precursor lesions, characterised by squamous cell
hyperplasia, with or without other specific cytological and
architectural alterations termed as oral epithelial dysplasia
(OED), subcategorised as mild, moderate, or severe,
dysplasia, and carcinoma in situ.™  As  noted by
observational studies, the risk of malignant transformation
among OPMDs varies from lesion to lesion. For example,
the reported malignant transformation rate (MTR) is
0.13%—42.2% for oral leukoplakia, up to 70% for oral
proliferative verrucous leukoplakia, and 0—10% for oral
lichen planus.”® Early stage diagnosis of an OPMD is key
for preventing malignant transformation in the disease and

can therefore decrease the morbidity and mortality of
OSCC. To improve the prognosis of OSCC, it is vital to
explore a biomarker that can be employed to predict the
possible risk of malignant transformation of an OPMD.
This goal may be achieved by investigating a biomarker in
the tissue or body fluid samples of OPMDs cases with a
predicting property of the development of oscc.”™
Inactivation of tumour suppressor genes (TSGs) is one of
the reported key episodes in the multistep process of
developing oral malignancy and premalignancy.]0 Among
the TSGs associated with oral cancers and oral potentially
malignant precursors, p53 is the highly searched gene.m’”
The role of p53 is noteworthy, as, in the research literature,
it has been designated as the ‘molecule of the year’,12 as an
‘apoptotic super hero’,'?  ‘the guardian of genome,
policeman of oncogenes’,14 and as the ‘caretaker and
gatekeeper gene’.15 The tumour suppressor functions of
p53 are achieved via cell cycle arrest, repair of DNA,
senescence, and apoptosis.lz*15 Researchers have marked
the aberrations in the p53 gene, resulting in accumulation
of p53 protein in the tissue samples of oral cancerous and
precancerous lesions, which in turn leads to induction of
p53 autoantibodies in circulation as a part of humoral
immune response.](’fw

Therefore, following this research, p53 was selected, tissue
p53 immunoreactivity and p53 seropositivity were evaluated,
and its clinical usefulness as a screening tool for MT in
OPMDs cases was analysed, which in turn will improve the
OSCC prognosis via early stage diagnosis. The alternate
hypothesis of the study was that immunohistochemical
expression of the p53 protein and p53 autoantibody levels are
different in tissue and serum samples of OPMDs, OSCC, and
healthy individuals, and they are effective predictors of the
malignant potential of an OPMD.

Materials and Methods

A case—control study was conducted on 180 subjects,
comprising 120 cases (60 cases of OPMDs and OSCC each)
and 60 healthy individuals. The data collection involved
multi-dental care centres in Pakistan, including the oral and
maxillofacial surgical units of the Peshawar Dental College
(PDC), the Khyber College of Dentistry (KCD), and the
Pakistan Institute of Medical Sciences (PIMS). Laboratory
diagnoses were conducted at the Pathology Department of
the Peshawar Medical College (PMC) from 3 April 2016 to
31 March 2017. Data from both cases and controls were
collected through a non-probability purposive sampling
technique from the outpatient departments of the partici-
pating centres. The cases were defined as patients with
OPMD and OSCC manifestation for which an excision bi-
opsy was warranted in any case. The controls were defined as
healthy patients who visited the maxillofacial departments of
the participating centres for the surgical extraction of third
molar impactions. The rationale behind choosing these
controls was to avoid ethical dilemmas for obtaining surgical
biopsy in otherwise healthy individuals. Written consent was
obtained from all cases and controls in this study. Ethical
permission to conduct this study was obtained from
the Institutional Review Board of Prime Foundation
Pakistan.
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A structured pro forma was used as a data collection tool to
record the detailed history of the study participants. The study
participants were interviewed before the collection of serum
and tissue bio-samples. In addition to the criteria of recruiting
only histopathologically diagnosed cases of OPMDs and
OSCC, the inclusion criteria included patients who had not yet
received any treatment for oral malignancy and pre-
malignancy. Individuals who failed to provide informed con-
sent due to lack of interest, as well as subjects with co-existing
medical illnesses, such as liver cirrhosis, acute and chronic
pancreatitis, and diabetes, were excluded from the study.zo The
healthy individuals were those who consented to the study
participation and visited the recruiting centres for dental
treatments of 3rd molar surgical extractions, alveoloplasty,
and others, in which an extra portion of normal oral
mucosal tissue was removed and intended to be discarded
during the procedure.21 Beside the tissue samples, 5 mL of
venous blood was collected from all the patients under
aseptic conditions and stored in a disposable, non-pyrogenic
gel tube with clot activating vacutainer (Atlas Medo-O-VAC
Fransico). The blood was centrifuged (15 min at 1000xg)
before serum was collected and placed in an Eppendorf tube to
be kept at —70 °C. Serum p53 antibodies were assessed via
ELISA by strictly following the manufacturer’s instructions
for the anti Pp53 ELISA kit (Elabscience, Wuhan; China-
Catalog No: E-EL-HO910).22 The reported detection range
of the ELISA kit was 78.125—5000 pg/mL. The
concentration of p53 antibodies was measured in pg/mL
using an automated microplate reader (Heales-MB 580,
China) set at 450 nm. Serum samples were run in duplicate.
The observations were marked as positive for p53 Ab status
with values of 401 pg/mL and above, and negative p53 Ab
status values ranged from 0 to 400 pg/mL. The cut-off value
was estimated via 95% CI of the mean (Mean + 2SD; lower
limit: 310.01, upper limit: 370.68; margin of error: 30.3).22 The
oral mucosal tissues were processed and stained with
haematoxylin and eosin for histopathological slide review.
H&E staining confirmed the diagnosis of OPMDs and
OSCC in the tissue samples, while p53 staining was
evaluated by immunohistochemistry wusing a semi-
quantitative scoring system. Special grip-coated slides (Dako
Flex ITHC Microscope slides) were used for immunohisto-
chemical staining of the tissue samples of the study participants
with p53 protein antibody (Clone: DO-7; Antibody type:
Monoclonal mouse, Dako, Denmark). The protocol employed
for scoring p53 immunoreactivity included marking the
OPMD and OSCC tissue specimen slides either positive or
negative. The basic criteria for positive staining were the
presence of a clear brown nuclear stain. The percentage of
stained nuclei was assessed by enumerating p53 stained cells
per 100 tumour, dysplastic, or hyperplastic epithelial cells, in
the area of best staining with a cut-off value of 10% nuclei
stained with p53 immunohistochemically. The p53 stained
nuclei counts were categorised into the following four cate-
gories: absence of staining or occasional keratinocyte staining
(—), keratinocytes staining of 10—33% (+), keratinocytes
staining of 34—66% (++), and keratinocytes staining greater
than 66% (+++). The staining intensity was subjectively
graded into definite but light stain (1+), darker stain (2+), and
most intense staining (3+).23"24 In the tissue sections of normal

oral mucosa, p53 stained nuclei counts were categorised into
the following two categories: the negative stain comprised
the absence of expression of p53 protein detected in any
epithelial nuclei or even rare cells positive (1—10 cells per
section), while the positive p53 immunohistochemical stain
was marked when clear brown coloured staining with more
than 5% of suprabasal cells showed positivity.zsf27 In
epithelial tissue specimens of OPMDs and healthy
individuals, p53 staining confined exclusively to basal layers
was considered normal expression and marked as a negative
case. Endometrioid carcinoma was used as a positive control
for p53 immunoreactivity.

The sample size for this study was estimated using the
Stata (Software for Statistics and Data Science, for a power
of 80% and 95% confidence interval (CI) for a 2-tail hy-
pothesis with a 1:1 ratio. The data were analysed using SPSS
version 20. The percentages were calculated for each cate-
gorical variable and the chi-square test was applied for sta-
tistical significance, where appropriate. A probability value
of less than or equal to 0.05 was considered statistically
significant.

Results

The results of the present study are summarised in
Tables 1—4 shown below, each with an essential description
(see Figure 1).

The age of OPMD cases ranged from 30 to 95
(54.5 £ 14.41). Most of the cases of OPMDs (n = 33) and
OSCC (n = 35) were older than 50 years. The recorded male
to female ratio for OPMDs, OSCC, and healthy individuals
was approximately 2:1. The mean serum p53 antibody levels
were highest in OSCC cases, followed by OPMDs, and
lowest among the controls. Among OPMDs, circulating
serum p53 antibodies were detected in 58 out of 60 cases.
The serum p53 antibody levels above the cut-off level
among healthy individuals were not more than 600 pg/mL,
as compared to cases of OPMDs (maximum 3898 pg/mL)
and OSCC (maximum 4249 pg/mL). Among cases of
OPMDs, tissue p53 immunoreactivity was observed in 44/60
cases while 51 out of 60 cases of OSCC expressed p53
protein expression in the tissue samples of malignant
lesions.

Among OPMD cases, 96.7% (n = 58) were p53 Ab
seropositive, and among them, 70% (n = 42) expressed p53
protein immunohistochemically in preneoplastic cells.
Among healthy individuals, 20 out of 60 subjects expressed
p53 Ab in serum, of which only one subject expressed p53
protein in the suprabasal layers of normal oral mucosa
(Table 1).

Among patients diagnosed with OPMDs, the most com-
mon sites of OPMDs development included the cheek mu-
cosa, vestibule of the mouth, and retromolar trigone (63.3%,
n = 38). Clinically, the most commonly occurring entity was
oral leukoplakia (43.4%; n = 26), and histopathologically,
squamous cell hyperplasia was the most common (61.7,
n = 37) epithelial precursor lesion (Table 2).

Among the 42 cases of OPMDs with p53 protein
expression, 42 expressed both p53 antibodies and p53
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Concentration(pg/mL)

Figure 1: Standard curve: p53 ELISA (OD [450 nm] vs Concentration [ng/mL]).

Table 1: Description of age, gender, serum p53 antibody concentration, and tissue pS3 immunoreactivity of the study subjects.

Study variables Study groups p-value*
OPMD OSCC Healthy subjects

Age

Mean + SD 54.5 + 14.4 55.0 + 14.4 50.0 £ 11.8 0.230%

Age groups, n (%)

20—40 years 10 (16.7) 12 (20.0) 14 (23.3) 0.256°

41-50 years 17 (28.3) 13 (21.7) 19 (31.7)

51—60 years 10 (16.7) 16 (26.7) 16 (26.7)

>60 years 23 (38.3) 19 (31.7) 11 (18.3)

Sex, n (%)

Male 40 (66.7) 32 (53.3) 32 (53.3) 0.232°

Female 20 (33.3) 28 (46.7) 28 (46.7)

M:F 2.5:1.2 2.1:1.75 2:1.75

Serum pS3 levels via ELISA(pg/mL)

Range 303—3898 392—4249 149—-596 <0.001*

Mean £ SD 1022 + 496 1211 £ 796 340 £ 120

Categorical distribution of serum p53 Ab levels (pg/mL) via ELISA, n (%)

0—400 2 (3.30) 1 (1.66) 40 (66.7) <0.001°

401-800 14 (23.3) 20 (33.3) 20 (33.3)

801—1400 39 (65.0) 23 (38.3) =

>1400 5 (8.30) 16 (26.6) =

Serum p53 Ab status via ELISA, n (%)

Seronegative 2 (43.3) 1 (1.60) 40 (66.6) <0.001°

Seropositive 58 (96.6) 59 (98.3) 20 (33.3)

pS3 tissue immunoreactivity via Immunohistochemistry

Immunonegative 16 (26.6) 9 (15.0) 59 (98.3) <0.001°

Immunopositive 44 (73.3) 51 (85.0) 1 (1.70)

*a = ANOVA; b = Pearson’s Chi square test.

protein accumulation in precancerous cells. Statistically
significant  differences were noted between p53
immunoreactivity in tissue and p53 antibody status
among healthy individuals and cases (OPMDs and OSCC)
[Table 3].

For OPMDs, the recorded predictive value for serum p53
antibodies was characterised by high sensitivity (96.6%) and
low specificity (66.0%), while for tissue p53 immunoreac-
tivity, it was 73.0% and 98.3%, respectively, with an accu-
racy of more than 80.0% (Table 4).
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Table 2: Clinico-pathological features of OPMDs regarding p53 seropositivity status and p53 protein expression.

Clinico-pathological features of OPMD p53 immunoreactivity Serum p53 Ab status

Negative n (%) Positive n (%) Negative n (%) Positive n (%)

Site of OPMD lesions

p-value 0.822 0.945

Lip (External and inner aspects of lip, commissure of lip) = 3 (5.00) = 3 (5.00)
Tongue 4 (6.70) 9 (15.0) = 13 (21.7)
Gum (Upper and lower gum) 1 (1.70) 2 (3.30) = 3 (5.00)
Floor of mouth (Anterior and lateral floor of mouth) = 1(1.70) = 1 (1.70)
Palate (Hard and soft palate, uvula) 1 (1.70) 1 (1.70) = 2 (3.30)
Other and unspecified parts of mouth (Cheek mucosa, 10 (16.7) 28 (46.7) 2 (3.30) 36 (60.0)

vestibule of mouth, retromolar area)
Clinical diagnosis of OPMDs

p-value 0.35 0.944

Oral Leukoplakia 5 (8.30) 21 (35.0) 1 (1.70) 25 (41.7)
Speckled leukoplakia 4 (6.70) 6 (10.0) = 10 (16.7)
Oral Proliferative verrucous leukoplakia 1(1.70) 2 (3.30) = 3 (5.00)
Oral Lichen planus 4 (6.70) 8 (13.3) 1 (1.70) 11 (18.3)
Oral Erythroplakia 2 (3.30) 1(1.70) = 3 (5.00)
Snuff dippers keratosis = 3 (5.00) = 3 (5.00)
Actinic cheilosis = 3 (5.00) = 3 (5.00)
Histological description of epithelial precursor lesions

p-value 0.369 0.257

Squamous cell hyperplasia 8 (13.3) 29 (48.3) 2 (3.35) 35 (58.3)
Oral epithelial dysplasia 8 (13.3) 15 (25.0) = 23 (38.3)
Grades of Binary system of OED

p-value 0.672 s

Low risk lesion 5(38.4) 8 (61.5) = 13 (56.5)
High risk lesion 3 (30.0) 7 (70.0) = 10 (43.5)
Description of subepithelial Inflammatory infiltrate

p-value 0.098 0.833

Chronic inflammatory infiltrate 11 (18.3) 40 (66.7) 2 (3.30) 49 (81.7)
Acute on chronic inflammatory infiltrate 2 (3.30) 2 (3.30) = 4 (6.70)
None 3 (5.00) 2 (3.30) = 5(8.30)

Table 3: pS3 immunoreactivity and serum p53 autoantibodies status among healthy individuals and cases (OPMDs & OSCC).

Study Serum p53 Ab status pS53 immunoreactivity Total n (%) p-value*

Cremigs Negative n (%) Positive n (%)

p53 immunoreactivity and serum p53 autoantibodies status among OPMD & healthy individuals

Healthy individuals Negative 40 (66.7) = 40 (66.7) <0.001
Positive 19 (31.7) 1 (1.70) 20 (33.3)

OPMDs Negative = 2 (3.30) 2 (3.30)
Positive 16 (26.7) 42 (70.0) 58 (96.7)

pS3 immunoreactivity and serum p53 autoantibodies status among OSCC & healthy individuals

Healthy individuals Negative 40 (66.7) = 40 (66.7) <0.001
Positive 19 (31.7) 1 (1.70) 20 (33.3)

OSsCC Negative = 1 (1.70) 1 (1.70)
Positive 9 (15.0) 50 (83.0) 59 (98.3)

p53 immunoreactivity and serum p53 autoantibodies status among OPMD & OSCC

OPMDs Negative = 2 (3.30) 2 (3.30) 0.386
Positive 16 (26.7) 42 (70.0) 58 (96.7)

OSCC Negative = 1 (1.70) 1 (1.70)
Positive 9 (15.0%) 50 (83.3) 59 (98.3)

*Pearson’s Chi-square test.
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Table 4: Predictive value of tissue pS3 (immunoreactivity and seroreactivity) of OPMDs regarding OSCC and healthy individuals.

Statistics p53 immunoreactivity via immunohistochemistry p53 Ab status via ELISA
OPMD OSCC OPMD
Sensitivity 73.3% 85.0% 96.7%
95% CI (60.3—83.9) 95% CI (73.4—92.9) 95% CI (88.5—99.6)
Specificity 98.3% 98.0% 66.7%
95% CI (91.1-100) 95% CI (91.1-100) 95% CI (53.3—78.3)
Positive predictive value (PPV) 97.8% 98.0% 74.0%
Negative predictive value (NPV) 78.7% 86.0% 95.0%
Likelihood ratio of positive result (LR+) 44.0 51.0 2.82
Likelihood ratio of negative result (LR-) 0.27 0.15 0.06
Accuracy 85.0% 91.0% 81.0%
Misclassification rate 0.14 0.08 0.18
Diagnostic odd’s ratio 162; 334; 46;
p < 0.001; p < 0.001; p < 0.001;

95% CI (20.7—1270)

95% CI (41.0—2729) 95% CI (12.8—262)

Discussion

Among oral cancers, OSCC is reported as the most
frequently occurring histopathological entity. OPMDs are
disorders that usually develop into an oral epithelial malig-
nancy if they go unnoticed."* F inding biomarkers that can aid
in predicting the malignant potential of OPMD for timely
diagnosis of OSCC in early phases of carcinogenesis to
improve the prognosis. In the present study, tissue p53
immunoreactivity and serum p53 antibody status were
evaluated among cases of OPMDs and were compared with
the findings in OSCC and healthy individuals to examine its
role in the timely indication and conversion into oral
malignancy.

Our study observed that most OPMDs cases included
patients older than 60 years of age. This finding supports the
observations reported by Mello et al., who conducted a
systematic review and meta-analysis on the prevalence of
OPMDs.” Previous research has also indicated age as a
prognostic indicator for OPMDs.”

In the present study, the observed male to female ratio
among cases of OPMDs is in line with other studies con-
ducted in Brazil (2.4:1.8),7’ Australia (2.3:1.6),28 and India
(2.5:1.5),29 and contrary to the studies by Mishra et al.,
which found an m:f ratio of 4.1:1.5,°° and Jagtap, who
reported an almost equal ratio (1.9:1).3] Among females,
research studies have observed a low occurrence of
OPMDs but with a high rate of malignant transformation.’

In the present study, the recorded male sex and old age
preponderance were in agreement with previous studies.”**"

Similar to the cases of OPMDs, the findings of the present
study related to OSCC regarding age and gender are in
agreement with the findings of other researchers. >

p33 immunoreactivity

The present study found significantly high tissue p53
immunoreactivity among patients with OSCC, followed by
OPMDs. Our research observed the same high frequency
(73.3%) for tissue p53 immunoreactivity among cases of
OPMDs, as reported by national and international studies
(up to 80%).”%3?

The finding of p53 immunostaining in suprabasal layers
of only one tissue sample of normal oral mucosa is contrary

to numerous studies that observed a complete absence of p53
protein expression, exclusively in all oral epithelial layers or
present in the basal layer only.}}*}(7 However, a study by
Cruz et al. observed p53 immunoreactivity in suprabasal
layers of non-malignant mucosa, adjacent to the OSCC le-
sions.”” However, in the present study, only one subject
expressed p53 in the oral mucosa, and he was categorised
as male, above 50 years of age, and in the group of
tobacco consuming individuals. Detection of p53 protein in
normal oral mucosa is mostly absent due to the brief half-
life of the wild type of p53 protein or due to expression of
minimal quantity, which is difficult to detect on immuno-
histochemistry and which, if present, is mostly confined to
the basal layer of epithelium.38 Furthermore, some
researchers have indicated the detection of p53 protein in
normal cells without malignant potential as a physiological
response of cells to genotoxic stress.”

p33 antibodies

Our study observed significantly raised the mean serum
p53 antibody levels among patients with OSCC, followed by
OPMDs and healthy individuals. The present study observed
a high proportion of p53 antibodies seropositivity (96.6%)
among cases of OPMDs (Table 1), which contrasted the
frequency of detection of serum antibodies against p53 (0—
30%) noted by Ralhan et al., Sainger et al. (6.60%), and
Porrini et al. (0.00%).! 13940 The present study reported a
considerable number of healthy individuals (33.0%)
expressing serum p53 antibodies (Table 1). Previous
research has reported variable results regarding the
seropositivity of p53 antibodies among healthy controls,
ranging from 0.00% to 24.2% 14941 This difference in the
results is most probably due to the demographic variation
of the population under study.

The presence of serum p53 antibodies among healthy in-
dividuals (n = 20) in our study is noteworthy. The possible
explanation for p53 antibody seropositivity among healthy
individuals may be consistent with findings observed in high-
risk individuals, explained with the presence of p53 anti-
bodies several years before the clinical detection of
malignancy. 17,42

Furthermore, the physiological response of cells to gen-
otoxic stress may be due to a defect in the degradation
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pathway leading to the accumulation of non-functional p53
phosphoprotein.'%-2%2737:43

Tissue p53 expression and serum p53 antibodies among
healthy individuals and cases

A highly significant difference (p = 0.001) in p53 tissue
immunoreactivity was observed between healthy individuals
and OPMD cases (Table 1). These findings have also been
supported by Basheer et al. (p = 0.003)*° and Hadzi-
Mihailovic et al. (0.018),32 and contrasting observations by
Purwaningsih et al. (p = 0.091).*

In our study, statistically significant differences in serum
p53 antibody status were observed among healthy in-
dividuals and patients with OPMD. These findings are in line
with the observations noted by Ralhan et al.* but contrast
the observations of Porrini et al. (possibly due to the
recruitment of most of the cases of oral lichen planus) and
Sainger et al. (possibly due to the recruitment of most cases
of oral submucosal ﬁbrosis).”"m The present study found a
statistically significant relationship between serum p53
antibody status and tissue p53 immunoreactivity among
healthy controls and patients with OPMDs.

Predictive value of tissue p53 immunoreactivity

Our study observed sensitivity of 73.3%, showing that the
test correctly recognised 44(n) out of 60(n) cases of OPMD
and did not recognise 26.7% of them. The recorded speci-
ficity (98.3%) by the same test indicates that it has the ability
to effectively detect disease-free subjects, and only 1.70% of
false positives were not detected. These findings are in
contrast to Purwaningsih et al. (possible reasons may include
the small sample size and lack of sub-classification of cases
with OED and without dysplasia) and Basheer et al. (possible
reasons may include the small sample size and the fact that
among numerous OPMDs, only cases of oral lichen planus
were recruited) who reported low sensitivity of 55.0% and
25%, respectively,’u’35 and high specificity (100%) and
Hadzi-Mihailovic et al.”> who reported a sensitivity of
80.0% and specificity of 53%. In the present study, a PPV
of 97.8% showed that 2.22% of the results were false
positive, while 78.7% of NPV indicated that a negative test
dismissed the disease. The LR+ of 44 indicated that the
test could provide a strong clue to confirm a diagnosis.
However, the LR- of 0.27 revealed that the test provided
weak evidence to reject a diagnosis. A high diagnostic odds
ratio (DOR) revealed that the test had a better
discrimination test performance. A misclassification rate of
14% indicated the proportion of subjects who were
incorrectly categorised by the test. "+

Among cases of OSCC, the test was able to identify 85%
of true diseased subjects while 2% of false-positive subjects
were not recognised effectively.

Predictive value of p53 antibodies seroreactivity

The present study noted that the test had a high sensitivity
(96.0%) and a low specificity value (66.0%), which indicates
that it was not able to detect disease-free subjects effectively.
These observations support the findings of Ralhan et al.,

Sanger et al., and Porrini et al., who observed low sensitivity
and high speciﬁcity.l 14043 Moreover, PPV revealed that
26.0% of the results were false positive. An NPV of 95.0%
disclosed that those subjects who tested negative had a
95% possibility of not having the disease. LR+ of 2.82
indicated that the test provided weak evidence to confirm a
diagnosis while the LR- (0.06) provided strong evidence to
reject a diagnosis, as it was less than 0.1. A high DOR
showed that the test had a better discrimination test
performance. The misclassification rate (18.0%) showed
the proportion of subjects who were incorrectly categorised
by the test.* 4+

The sensitivity and specificity of serum p53 antibodies in
the same cases (OSCC) were 98.0% (95% CI [91.06—99.96])
and 66% (95% CI [53.31—78.31]), respectively, as reported in
our previous study.22

The development of a simple, rapid, and non-invasive
method for predicting the prognosis of potentially malig-
nant precursors in the early stages is the key to improving the
prognosis of OSCC.

OPMD cases with tissue pS3 immunopositivity and p53
seropositivity should be monitored more closely than p53
negative cases. These tests can possibly act as potential post-
operative monitoring markers for predicting the prognosis or
malignant potential of OPMDs and hence improve the
prognosis of OSCC by facilitating its early phase diagnosis in
high-risk individuals. Furthermore, these tests can serve as
useful markers for routine screening of asymptomatic high-
risk patients. Additionally, it is recommended that next to
the assessment of serum, saliva can also be evaluated for the
detection of p53 autoantibodies, and the results of both can
be correlated with p53 protein expression among cases of
OPMDs. Further studies should evaluate the prognostic
value of serum p53 autoantibodies in OPMD cases with
long-term follow-up.

Conclusion

This study found that serum p53 antibody status could be
used as a screening tool for predicting the OPMDs prognosis
because of its high sensitivity and non-invasiveness.
Furthermore, for high-risk OPMD lesions, p53 immunore-
activity may be recommended for predicting the probable
malignant potential of OPMDs, which will therefore
improve the prognosis of OSCC by intercepting the disease
in the preclinical cancerous stage.

Source of funding

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit
sectors.

Conflict of interest

The authors have no conflicts of interest to declare.

Ethical approval

Ethical permission to conduct this study was obtained
from the institutional review board of the first author’s



422

A.S. Khan et al.

institute (Institutional Review Board of Prime Foundation
Pakistan [IRB approval no. PMC/IRB/2015-003]; Dated:
26th August 2015). Written consent from all the prticipants
of the study was obtained.

Authors contributions

The chief investigator of this project ASK attests that this
study was conducted by the authors whose names were
mentioned. The specific contributions are as follows: ASK
was involved in the conceptual design of the work, data
collection, data management, and manuscript writing under
the chief supervision of SA and co-supervision of Z. NS
analysed and statically interpreted the data. MH provided
key assistance in laboratory work, and AKS assisted in the
histological review. All authors have critically reviewed and
approved the final draft and are responsible for the content
and similarity index of the manuscript.

Acknowledgment

We are thankful to all the honourable patients for their
consent to be a part of this research, as well as to the doctors
and other health care professionals in the participating cen-
tres for their help.

References

1. Conway DI, Purkayastha M, Chestnutt IG. The changing
epidemiology of oral cancer: definitions, trends, and risk fac-
tors. BDJ Open 2018; 225(9): 867—873. https://doi.org/10.1038/
sj.bdj.2018.922.

2. Warnakulasuriya S. Clinical features and presentation of oral
potentially malignant disorders. Oral Surg Oral Med Oral
Pathol Oral Radiol 2018; 125(6): 582—590. https://doi.org/
10.1016/j.0000.2018.03.011.

3. Mello FW, Miguel AF, Dutra KL, Porporatti AL,
Warnakulasuriya S, Guerra EN, et al. Prevalence of oral
potentially malignant disorders: a systematic review and meta-
analysis. J Oral Pathol Med 2018; 47(7): 633—640. https://
doi.org/10.1111/jop.12726.

4. Ranganathan K, Kavitha L. Oral epithelial dysplasia: classifi-
cations and clinical relevance in risk assessment of oral poten-
tially malignant disorders. J Oral Maxillofac Pathol 2019; 23(1):
19-27.

5. Warnakulasuriya S, Ariyawardana A. Malignant trans-
formation of oral leukoplakia: a systematic review of observa-
tional studies. J Oral Pathol Med 2016; 45(3): 155—166. https://
doi.org/10.1111/jop.12339.

6. Abadie WM, Partington EJ, Fowler CB, Schmalbach CE.
Optimal management of proliferative verrucous leukoplakia: a
systematic review of the literature. Otolaryngol Head Neck Surg
2015; 153(4): 504—511. https://doi.org/10.1177/01945998155
86779.

7. Speight PM, Khurram SA, Kujan O. Oral potentially malignant
disorders: risk of progression to malignancy. Oral Surg Oral
Med Oral Pathol Oral Radiol 2018; 125(6): 612—627. https://
doi.org/10.1016/j.0000.2017.12.011.

8. Sarode GS, Sarode SC, Maniyar N, Sharma N, Yerwadekar S,
Patil S. Recent trends in predictive biomarkers for determining
malignant potential of oral potentially malignant disorders.
Oncol Rev 2019 Jul 22; 13(2): 424. https://doi.org/10.4081/
oncol.2019.424.

9.

10.

11.

13.

14.

15.

16.

17.

18.

21.

22.

23.

24.

25.

Nikitakis NG, Pentenero M, Georgaki M, Poh CF, Peterson DE,
Edwards P, et al. Molecular markers associated with develop-
ment and progression of potentially premalignant oral epithelial
lesions: current knowledge and future implications. Oral Surg
Oral Med Oral Pathol Oral Radiol 2018; 125(6): 650—669.
https://doi.org/10.1016/1.0000.2018.03.012.

Pandya JA, Boaz K, Natarajan S, Manaktala N, Nandita KP,
Lewis AJ. A correlation of immunohistochemical expression of
TP53 and CDKNIA in oral epithelial dysplasia and oral
squamous cell carcinoma. J Can Res Ther 2018; 14(3): 666—670.
Porrini R, Vercellino V, Rocchetti V, Reno F, Giorda E,
Pomato E, et al. Serum anti-p53 antibodies as a diagnostic tu-
mor marker: observations in patients with malignant and pre-
malignant oral cavity lesions. Minerva Stomatol 2010; 59(5):
233-239.

. Koshland Jr DE. Molecule of the year. Science 1993; 262(5142):

1953—1954. https://doi.org/10.1126/science.8266084.

Vousden KH. p53: death star. Cell 2000; 103(5): 691—694.
https://doi.org/10.1016/S0092-8674(00)00171-9.

Efeyan A, Serrano M. p53: guardian of the genome and
policeman of the oncogenes. Cell Cycle 2007; 6(9): 1006—1010.
https://doi.org/10.4161/cc.6.9.4211.

Rubbi CP, Milner J. P53: gatekeeper, caretaker or both?. In: 25
Years of p53 Research. Dordrecht: Springer; 2007. pp. 233—253.
Yang ZC, Ling L, Xu ZW, Sui XD, Feng S, Zhang J. Are p53
antibodies a diagnostic indicator for patients with oral squa-
mous cell carcinoma? Systematic review and meta-analysis.
Asian Pac J Cancer Prev 2016; 17(1): 109—115. https://doi.org/
10.7314/apjcp.2016.17.1.109.

Warnakulasuriya S, Soussi T, Maher R, Johnson N,
Tavassoli M. Expression of p53 in oral squamous cell carci-
noma is associated with the presence of IgG and IgA p53 au-
toantibodies in sera and saliva of the patients. J Pathol 2000;
192(1): 52—57. https://doi.org/10.1002/1096-9896(2000)9999:
9999<::AID-PATH669>3.0.CO;2-C.

Naik VG, Adhyaru P, Gudigenavar A. Tumor suppressor genes
in oral cancer. Clin Cancer Investig J 2015; 4(6): 697—702.
https://doi.org/10.4103/2278-0513.165753.

. Soussi T. p53 Antibodies in the sera of patients with various

types of cancer: a review. Cancer Res 2000; 60(7): 1777—1788.

. Saleh J, Mathias M. P53 autoantibodies in the sera of patients

with various types of malignancies. Arab J Pharm Sci 2003;
2(5): 63—71.

von Zeidler SV, de Souza Botelho T, Mendonga EF,
Batista AC. E-cadherin as a potential biomarker of malignant
transformation in oral leukoplakia: a retrospective cohort
study. BMC Cancer 2014; 14(1): 972. https://doi.org/10.1186/
1471-2407-14-972.

Khan AS, Ahmad S, Ullah Z, Haq M, Usman MK, ur
Rehman A. Predictive value of serum p53 antibodies in oral
squamous cell carcinoma. Int J Pathol 2021; 19(1): 32—37.
Ara N, Atique M, Bukhari SG, Akhter F, Jamal S, Sarfraz T,
et al. Immunohistochemical expression of protein p53 in oral
epithelial dysplasia and oral squamous cell carcinoma. Pak
Oral Dent J 2011; 31(2): 296—299.

Rowley H, Sherrington P, Helliwell TR, Kinsella A, Jones AS.
p53 expression and p53 gene mutation in oral cancer and
dysplasia. Otolaryngol Head Neck Surg 1998; 118(1): 115—123.
https://doi.org/10.1016/S0194-5998(98)70387-0.

Ogden GR, Chisholm DM, Morris AM, Stevenson JH. Over-
expression of p53 in normal oral mucosa of oral cancer patients
does not necessarily predict further malignant disease. J Pathol
1997; 182(2): 1804. https://doi.org/10.1002/(SICI)
10969896(199706)182:2<180::AID-PATH847>3.0.CO;2-L.

. Humayun S, Prasad VR. Expression of p53 protein and ki-67

antigen in oral premalignant lesions and oral squamous cell


https://doi.org/10.1038/sj.bdj.2018.922
https://doi.org/10.1038/sj.bdj.2018.922
https://doi.org/10.1016/j.oooo.2018.03.011
https://doi.org/10.1016/j.oooo.2018.03.011
https://doi.org/10.1111/jop.12726
https://doi.org/10.1111/jop.12726
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref4
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref4
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref4
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref4
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref4
https://doi.org/10.1111/jop.12339
https://doi.org/10.1111/jop.12339
https://doi.org/10.1177/0194599815586779
https://doi.org/10.1177/0194599815586779
https://doi.org/10.1016/j.oooo.2017.12.011
https://doi.org/10.1016/j.oooo.2017.12.011
https://doi.org/10.4081/oncol.2019.424
https://doi.org/10.4081/oncol.2019.424
https://doi.org/10.1016/j.oooo.2018.03.012
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref10
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref10
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref10
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref10
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref10
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref11
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref11
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref11
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref11
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref11
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref11
https://doi.org/10.1126/science.8266084
https://doi.org/10.1016/S0092-8674(00)00171-9
https://doi.org/10.4161/cc.6.9.4211
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref15
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref15
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref15
https://doi.org/10.7314/apjcp.2016.17.1.109
https://doi.org/10.7314/apjcp.2016.17.1.109
https://doi.org/10.1002/1096-9896(2000)9999:9999<::AID-PATH669>3.0.CO;2-C
https://doi.org/10.1002/1096-9896(2000)9999:9999<::AID-PATH669>3.0.CO;2-C
https://doi.org/10.1002/1096-9896(2000)9999:9999<::AID-PATH669>3.0.CO;2-C
https://doi.org/10.1002/1096-9896(2000)9999:9999<::AID-PATH669>3.0.CO;2-C
https://doi.org/10.4103/2278-0513.165753
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref19
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref19
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref19
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref20
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref20
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref20
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref20
https://doi.org/10.1186/1471-2407-14-972
https://doi.org/10.1186/1471-2407-14-972
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref22
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref22
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref22
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref22
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref23
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref23
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref23
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref23
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref23
https://doi.org/10.1016/S0194-5998(98)70387-0
https://doi.org/10.1002/(SICI)10969896(199706)182:2<180::AID-PATH847>3.0.CO;2-L
https://doi.org/10.1002/(SICI)10969896(199706)182:2<180::AID-PATH847>3.0.CO;2-L
https://doi.org/10.1002/(SICI)10969896(199706)182:2<180::AID-PATH847>3.0.CO;2-L
https://doi.org/10.1002/(SICI)10969896(199706)182:2<180::AID-PATH847>3.0.CO;2-L

Predictive value of tissue p53 protein expression and serum p53 antibodies in OPMD

423

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

carcinomas: an immunohistochemical study. Natl J Maxillofac
Surg 2011; 2(1): 38—46. https://doi.org/10.4103/0975-5950.85852.
Cruz IB, Snijders PJ, Meijer CJ, Braakhuis BJ, Snow GB,
Walboomers JM, et al. p53 expression above the basal cell layer
in oral mucosa is an early event of malignant transformation
and has predictive value for developing oral squamous cell
carcinoma. J Pathol 1998; 184(4): 360—368. https://doi.org/
10.1002/(SICI)1096-9896(199804)184:4<360::AID-
PATH1263>3.0.CO;2-H.

Tadakamadla J, Kumar S, Lalloo R, Johnson NW. Develop-
ment and validation of a quality-of-life questionnaire for pa-
tients with oral potentially malignant disorders. Oral Surg Oral
Med Oral Pathol Oral Radiol 2017; 123(3): 338—349.

Gowhar O, Ain TS, Singh NN, Sultan S. Prevalence of oral
premalignant and malignant lesions in Moradabad, India-A
retrospective study. Int J Contemp Med Res 2016; 3(7): 2079—
2081.

Mishra SS, Kale LM, Sodhi SJ, Mishra PS, Mishra AS. Preva-
lence of oral premalignant lesions and conditions in patients with
tobacco and tobacco-related habits reporting to a dental insti-
tution in Aurangabad. J Indian Acad Oral Med Radiol 2014;
26(2): 152—157. https://doi.org/10.4103/0972-1363.143689.
Jagtap SV, Warhate P, Saini N, Jagtap SS, Chougule PG. Oral
premalignant lesions: a clinicopathological study. Int Surg J 2017,
4(10): 3477—3481. http://dx.org/10.18203/2349-2902.i5j20174520.
Hadzi-Mihailovic M, Petrovic R, Raybaud H, Stanimirovic D,
Koray MO. Expression and role of p53 in oral lichen planus
patients. J BUON 2017; 22(5): 1278—1286.

Purwaningsih NM, Sailan AT, Sinon SH, Jalil AA. Role of p16
and p53 in oral potentially malignant disorders and oral squa-
mous cell carcinoma: a study in Malaysia. J Int Dent Med Res
2017; 10(1): 42—47.

Gatoo MA, Dar AM, Siddiqui M. Correlation of p53 expres-
sion with different histological grades in oral squamous cell
carcinoma patients from Northern India. Am J Cancer Sci
2018; 6(1): 1—4.

Basheer S, Shameena PM, Sudha S, Varma S, Vidyanath S,
Varekar A. Expression of survivin and p53 in oral lichen pla-
nus, lichenoid reaction and lichenoid dysplasia: an immuno-
histochemical study. J Oral Maxillofac Pathol 2017; 21(3):
456—457. https://doi.org/10.4103 /jomfp. JOMFP_39 15.
Swaminathan U, Joshua E, Rao UK, Ranganathan K.
Expression of p53 and Cyclin DI in oral squamous cell carci-
noma and normal mucosa: an Immunohistochemical study.

37.

38.

39.

40.

41.

42.

43.

44,

45.

J Oral Maxillofac Pathol 2012; 16(2): 172—177. https://doi.org/
10.4103/0973-029X.98451.

Cruz IB, Meijer CJ, Snijders PJ, Snow GB, Walboomers JM,
van der Waal 1. p53 immunoexpression in non-malignant oral
mucosa adjacent to oral squamous cell carcinoma: potential
consequences for clinical management. J Pathol 2000; 191(2):
132—137. https://doi.org/10.1002/(SICI)1096-9896(200006)191:
2<132::AID-PATH605>3.0.CO;2-E.

Reibel J. Prognosis of oral pre-malignant lesions: significance of
clinical, histopathological, and molecular biological character-
istics. Crit Rev Oral Biol Med 2003; 14(1): 47—62. https://
doi.org/10.1177/154411130301400105.

Ralhan R, Agarwal S, Nath N, Mathur M, Wasylyk B,
Srivastava A. Correlation between p53 gene mutations and
circulating antibodies in betel-and tobacco-consuming North
Indian population. Oral Oncol 2001; 37(3): 243—250. https://
doi.org/10.1016/S1368-8375(00)00092-0.

Sainger RN, Shah MH, Desai AA, Shukla SN, Shah PM,
Telang SD, et al. Clinical significance of serum p53 antibodies
in oral cancer. Tumori 2006; 92(2): 134—139.

Wollenberg B, Jan NV, Pitzke P, Reiter W, Stieber P. Anti-p53
antibodies in serum of smokers and head and neck cancer pa-
tients. Anticancer Res 1997; 17(1A): 413—418.

Lubin R, Zalcman G, Bouchet L, Trédaniel J, Legros Y, Cazals D,
et al. Serum p53 antibodies as early markers of lung cancer. Nat
Med 1995; 1(7): 701—702. https://doi.org/10.1038/nm0795-701.
Ralhan R, Nath N, Agarwal S, Mathur M, Wasylyk B,
Shukla NK. Circulating p53 antibodies as early markers of oral
cancer: correlation with p53 alterations. Clin Cancer Res 1998;
4(9): 2147—2152.

Simundi¢é AM. Measures of diagnostic accuracy: basic defini-
tions. EJIFCC 2009; 19(4): 203—211.

Shaikh SA. Measures derived from a 2 x 2 table for an accuracy
of a diagnostic test. J Biom Biostat 2011; 2(5): 1000128. https://
doi.org/10.4172/2155-6180.1000128.

How to cite this article: Khan AS, Ahmad S, Ullah Z,
Sadiq N, Hag M, Sheikh AK. Predictive value of tissue
p53 protein expression and serum p53 antibodies in oral
potentially malignant disorders: Relative to oral squa-
mous cell carcinoma. J Taibah Univ Med Sc
2022;17(3):415—423.



https://doi.org/10.4103/0975-5950.85852
https://doi.org/10.1002/(SICI)1096-9896(199804)184:4<360::AID-PATH1263>3.0.CO;2-H
https://doi.org/10.1002/(SICI)1096-9896(199804)184:4<360::AID-PATH1263>3.0.CO;2-H
https://doi.org/10.1002/(SICI)1096-9896(199804)184:4<360::AID-PATH1263>3.0.CO;2-H
https://doi.org/10.1002/(SICI)1096-9896(199804)184:4<360::AID-PATH1263>3.0.CO;2-H
https://doi.org/10.1002/(SICI)1096-9896(199804)184:4<360::AID-PATH1263>3.0.CO;2-H
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref28
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref28
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref28
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref28
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref28
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref29
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref29
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref29
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref29
https://doi.org/10.4103/0972-1363.143689
http://dx.org/10.18203/2349-2902.isj20174520
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref32
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref32
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref32
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref32
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref33
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref33
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref33
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref33
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref33
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref34
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref34
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref34
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref34
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref34
https://doi.org/10.4103/jomfp.JOMFP_39_15
https://doi.org/10.4103/0973-029X.98451
https://doi.org/10.4103/0973-029X.98451
https://doi.org/10.1002/(SICI)1096-9896(200006)191:2<132::AID-PATH605>3.0.CO;2-E
https://doi.org/10.1002/(SICI)1096-9896(200006)191:2<132::AID-PATH605>3.0.CO;2-E
https://doi.org/10.1002/(SICI)1096-9896(200006)191:2<132::AID-PATH605>3.0.CO;2-E
https://doi.org/10.1002/(SICI)1096-9896(200006)191:2<132::AID-PATH605>3.0.CO;2-E
https://doi.org/10.1177/154411130301400105
https://doi.org/10.1177/154411130301400105
https://doi.org/10.1016/S1368-8375(00)00092-0
https://doi.org/10.1016/S1368-8375(00)00092-0
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref40
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref40
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref40
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref40
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref41
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref41
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref41
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref41
https://doi.org/10.1038/nm0795-701
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref43
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref43
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref43
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref43
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref43
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref44
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref44
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref44
http://refhub.elsevier.com/S1658-3612(21)00236-5/sref44
https://doi.org/10.4172/2155-6180.1000128
https://doi.org/10.4172/2155-6180.1000128

	Predictive value of tissue p53 protein expression and serum p53 antibodies in oral potentially malignant disorders: Relativ ...
	Introduction
	Materials and Methods
	Results
	Discussion
	p53 immunoreactivity
	p53 antibodies
	Tissue p53 expression and serum p53 antibodies among healthy individuals and cases
	Predictive value of tissue p53 immunoreactivity
	Predictive value of p53 antibodies seroreactivity

	Conclusion
	Source of funding
	Conflict of interest
	Ethical approval
	Authors contributions
	Acknowledgment
	References


