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Abstract
Background: About 30% of patients with Oral Squamous
Cell Carcinoma (OSCC) develop a Local Recurrence (LR) even
with histologically tumor-free surgical margins (HNMs).
Hence, molecular analysis of the HNMs before the
occurrence of any morphological changes is of paramount
importance. The present study aimed to assess and
compare the immunoexpression of p53 and TP53 gene
amplification in normal oral mucosa and histologically
negative surgical margins of Oral Squamous Cell Carcinoma
(OSCC) along with the correlation with LR and survival.

Methods: Formalin-fixed paraffin-embedded tissue blocks
of 40 HNMs of OSCC and 40 normal oral mucosa samples
were analyzed for p53 immunostaining and TP53 gene
amplification by PCR.

Results: Significantly higher positivity was noted with p53
immuno-expression, TP53 gene amplification, and
combined p53 and TP53 expression in the study group than
the control group (p<0.05). Although, statistically
insignificant, most of the cases that showed LR and
succumbed to mortality; were positive for p53 immuno-
expression, TP53 gene amplification, and combined p53 and
TP53 expression. Kaplan-Meier survival analysis showed
that subjects with TP53 and combined p53 and TP53
positivity had decreased survival rate than their negative
counterparts.

Conclusion: Detection of p53 in HNMs of OSCC can be used
as a biomarker to identify those patients who are at high
risk to develop LR and to predict survival. Combined p53
and TP53 assessment to be more reliable for predicting LR
to help clinicians/surgeons for treatment planning.

Keywords: Oral squamous cell carcinoma; p53; Recurrence;
Survival

Introduction
Globally, OSCC ranks sixth to eighth most frequent cancer and 

the incidence varies according to the geographic locations; with 
developing countries nearly contributing for 75% of the cases 
[1,2]. Literature has revealed that approximately 30% of all new 
cases are reported annually in India.

In India, OSCC commonly occurs in the gingival-buccal 
complex (alveolar ridge, gingival-buccal sulcus, and buccal 
mucosa), whereas in the Western world, the tongue is 
frequently affected. This has been attributed to the rampant use 
of chewable tobacco products which expose the buccal mucosa 
to high doses of carcinogens, especially in the younger 
generation [2].

Traditionally, the therapeutic planning and prognostic 
evaluation of OSCC is highly based on TNM staging; and surgery 
and radiotherapy remain the elective therapy for oral cancer. 
However, even with advanced diagnostic and 
therapeutic procedures, the 5-years survival remains less 
than 50% [3]. Hence, complete removal of the primary tumor 
along with free margins is a crucial prognostic and 
predictive step for successful treatment outcomes for OSCC 
[4,5]. Apart from the stage, the surgical margin status 
can have a significant impact on post-surgical 
treatments like chemotherapy and radiotherapy [6-8].

Moreover, “Minimal Residual Cancer (MRC) cells” or “fields of 
genetically altered cells” may not be recognized with 
conventional histopathology even after the complete excision of 
the tumor as indicated by microscopic assessment of surgical
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margin. Approximately about 30% of patients with OSCC
develop recurrence even with tumor-free surgical margins
[9,10].

The sampling of resected surgical margins for analysis (i.e.
defect-driven sampling or specimen-driven sampling) and the
methods employed to assess these margins have a great impact
on the treatment outcome. To address this challenging issue,
both intra and postoperative techniques like the use of
intraoperative frozen section analysis, optical imaging and
molecular assessment of margins, etc. have come into practice
[11].

For precise identification of tumor cells at the surgical margins
postoperatively, molecular margin analysis has shown promising
results [11]. Studies have shown that accumulated genealogical
alterations in the histologically normal epithelium of the
resected surgical margins are involved in local re-appearance
[12]. Hence, evaluating the resected surgical margins for their
molecular nature before the occurrence of any clinically evident
changes is of paramount importance. Consequently, designing a
reliable path to ascertain the existence of malignantly
transformed cells in Histologically Negative Surgical Margins
(HNMs) will be possible [10].

P53, well known as “the g protein is a product of the TP 53
gene and their accumulation in OSCC is most frequently seen in
>50% of OSCC [13]. Similarly, recent studies have focussed on
investigating p53 at the cellular level and TP53 at the molecular
level in HNMs and found an association with local recurrence
[14].

Considering the above-mentioned facts, the present research
was undertaken to evaluate the immuno-expression of p53
protein and TP 53 gene amplification in HNMs of OSCC and to
correlate the expression with local recurrence and survival
status.

Materials and Methods

Patients and tissue samples
After obtaining institutional ethical clearance, records from

the histopathology Department, Karnataka Cancer Therapy and
Research Institute (KCTRI), Navanagar, Hubli were searched for
OSCC cases affecting lower gingivo-buccal sulcus or buccal
mucosa that underwent resection of the primary OSCC. The
present study included two groups; Group I (Control group): 40,
age and gender-matched normal oral mucosal tissue samples
obtained during routine dental procedures, and Group II (Study
group): 40 Histologically Negative Surgical Margins (HNMs) of
primary OSCC patients.

The criteria for inclusion of cases were as follows; i) OSCC
cases affecting the lower gingivo-buccal sulcus or buccal
mucosa; ii) OSCC cases classified as T1/T2/T3, N0/N1/N2, M0,
with adequate clinical, histological, and a follow-up data and; iii)
distance between tumor and HNM should be equal to or more
than 5 mm as assessed by conventional histological examination
were included in the study. Margins with the presence of a
potentially malignant lesion, such as Epithelial Dysplasia (ED),

subjects who were given preoperative chemotherapy or
radiotherapy, Microscopic subtypes, and recurrent OSCCs were
excluded. The Haematoxylin and Eosin-stained sections of the
selected cases were reviewed to confirm tumor-free surgical
margins.

Local recurrence was considered when the tumor regrowth of
<2 cm away from the primary site seen within 3 years. Survival
status was assessed based on the interval between the time of
treatment and mortality.

IHC staining
The formalin-fixed paraffin-embedded tissue blocks from both

groups were sectioned using a soft tissue microtome and were
mounted on slides coated with 3-Aminopropyl Triethoxy Silane
(APES). One section was stained with Harris hematoxylin and
eosin. The other section was stained with p53 (ready to use,
Monoclonal Mouse Anti-p53, Clone DO-7; Dako) antibody.

Evaluation of IHC stained slides
p53 stained sections were evaluated for intensity, percentage

of nuclear staining as well as the level of expression in the
epithelium. The nuclear staining of tumor cells of known p53
positive OSCC tissue represented internal positive control.

Scores for Intensity of p53 nuclear staining included 0: No
nuclear staining,

1: Focal nuclear staining not easily visible in low power,

2: Dark and focal nuclear staining easily visible under low
power, and

3: Dark and diffuse nuclear staining easily seen in low power.

Percentage of p53 nuclear staining was scored as; 0: nuclear
staining absent,

• 1: <25% of cells showing nuclear staining,
• 2: 25–50% of cells showing nuclear staining, and
• 3: >50% of cells showing nuclear staining.

Additionally, we also scored the level of p53 nuclear staining
within the epithelium; Score 0: no staining, score 1: p53 nuclear 
staining limited to the basal layer of epithelium, score 2: p53 
nuclear staining confined to basal and supra-basal layers of 
epithelium and Score 3: p53 nuclear staining seen in the 
entire thickness of the epithelium [15, 16].

Real-Time Polymerase Chain React on (RT-PCR)
Samples from both groups were further subjected for p53 

specific RT-PCR (real-time Polymerase Chain Reaction). DNA 
extraction was done from the selected samples of both groups 
using the modified Proteinase-K method [17]. PCR primers 
specific to TP53 included the following (Bioserve India Pvt Ltd, 
Hyderabad, INDIA);

TP53-F: 5’-TGGATCCTCTTGCAGCAGCC-3’

TP53-R: 5’-AACCCTTGTCCTTACCAGAA-3’
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In the preparation of the PCR reaction mixture, a Universal 
SYBR green master mix (Roche, Basel, Switzerland) was used 
(Roche FastStart Universal SYBR green PCR master mix 
containing 2.5 mM MgCl2 was used). 

Additionally, the master mix is also comprised of dNTP Mix, 
Taq polymerase enzyme, and Syber green dye.

Initial denaturation was done at 95°C for 5 minutes and this 
was followed by 40 cycles of denaturation at 95°C, annealing at 
54°C, and extension at 72°C for 20 seconds each.

 Melting curve analysis was carried from 60°C to 95°C in 20 
minutes duration. Samples of OSCC with confirmed p53 gene 
as positive control and sterile molecular grade water as 
negative control were included in each PCR run. Melting 
curve analysis was done to confirm the specific amplification of 
target DNA.

Statistical analysis
All the statistical analysis was performed using SPSS version 

16 software. A Chi-square test or unpaired t-test was employed 
to compare the immuno-expression of p53 and TP53 gene 
amplification depending on the type of data.

 Bivariate and multivariate logistic regression analysis was 
employed to predict the local recurrence based on the 
immuno-expression of p53 and TP53 amplification and also to 
adjust known confounders. Kaplan-Meier analysis was used for 
survival analysis.

Results
The mean ages in study and control groups were 49.83 years 

(SD ± 10.43) and 37.28 years (SD ± 8.61) respectively. The 
maximum number of subjects in both groups was males.

 Among the study group, tobacco with areca nut quid chewing 
habit was the most frequently practiced habit.

p53 and TP 53 expression in HNMs: p53 protein expression 
by IHC was seen in Thirty-four (85%) HNMs of the study group 
and 16 (40%) samples of the control group and the difference 
was statistically significant (p=0.0001).

Further, TP 53 gene analysis by PCR (Figure 1), showed 
positivity in 27(67.5%) of HNMs and 14 (35%) of controls with 
statistically significant difference (p=0.0040).

Figure 1: PCR results of p53 gene amplification in the study
group.

Overall, 38 (95%) of HNMs and 18 (45%) of controls showed
either p53 protein-expression (IHC) or TP 53 gene amplification
(PCR) or both, with statistically significant difference (p=0.0001).
The types of tobacco chewing habit in the study group did not
show a significant association with p53 immunoreaction.

In the present retrospective study, the follow-up data were
retrieved through patient data sheets and contacting the
patients or their relatives.

Of the 40 patients, local recurrence was seen in 21 patients.
Although statistically insignificant, higher rate of local
recurrence was noted in p53 (n=19), TP53 (n=16) and p53+TP53
(n=21) positive cases than p53 (n=2), TP53 (n=5) and p53+TP53
(n=0) negative cases respectively as assessed by logistic
regression.

During the follow-up period (9-53 months), a total of 15 out of
40 patients succumbed to mortality. Among these 15 patients,
p53 positivity was observed in 13 cases, TP53 positivity in 11
cases, and p53+TP53 positivity in all 15 cases.

The intensity, percentage, and level of p53 immuno-
expression in HNMs (Figure 2) did not show any association with
local recurrence and survival.
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Figure 2: P53 immunostaining.

According to TNM staging, 33 cases showed lymph node
involvement. All 33 cases showed positivity for both p53 and
TP53 expression (n=33) and the association was statistically
significant (p<0.05).

Further, the logistic regression analysis showed that the
likelihood of LR varied among the various clinical characteristics;
age (<50/>50), gender (M/F), smoking (Yes/No), alcohol (Yes/
No), and the following groups; p53 Vs. no p53 in HNMs, the
intensity of p53 staining i.e. score0-1 Vs. score 2-3, percentage
of p53 staining i.e. score0-1 Vs. score 2-3, level of p53 staining
i.e. score0-1 Vs. score 2-3, TP53 Vs. no TP53 in HNMs and
p53+TP53 Vs. no p53+TP53 in HNMs.

Cox regression analysis for prediction of the status of survival
was employed. Although statistically not significant, the habit of
smoking (1.06 OR, p=0.8900), alcohol consumption (1.85 OR,
p=0.1450), TP 53 positivity (1.66 OR, p=0.2460), and p53+TP 53
positivity (1.40 OR, p=0.6530) were good predictors of the status
of survival in OSCC with HNMs.

Kaplan-Meier curves of disease-free survival rates among
OSCC patients with HNMs showed the difference in the status of
survival between positive and negative groups for p53 (Figure
3A, p=0.0030) TP 53, (Figure 3B, p=0.4230), and any positivity of
p53 or TP53 (Figure 3C, p=0.0120). However, the difference was
statistically insignificant.

Figure 3: Kaplan-Meier survival analysis.

The combined p53 and TP53 assessment showed the highest
sensitivity with good accuracy figures. The Positive Predictive

Value (PPV) was almost similar for all three parameters (p53,
TP53, and p53+TP53).

Discussion
Mutation of p53 tumor suppressor gene and protein is known

to occur in early cancerous development and is observed in
more than 50% of OSCC cases [18-20]. Also, its overexpression
has been shown to predict prognosis [21]. Were the pioneers to
evaluate p53 gene alteration in surgical margins of HNSCC and
found an association with recurrence and survival? Recently, it
has been shown that assessment of p53 overexpression by IHC
(that gives an insight into histology as well as the distribution of
the marker within the tissue) along with TP53 gene analysis of
HNMs has a promising role to identify recurrence and predict
survival [22]. Hence we aimed to evaluate HNMs for expression
p53 oncoprotein and TP53 gene amplification by PCR and
compared with controls.

In the present study, the maximum number of OSCC patients
was above 40 years [6,8,22]. Studies also found similar findings.
Literature reports that OSCC commonly occurs in higher age
group mostly above 40 years and India, the peak incidence is
between 5th to 6th decades of life as cited in the IARC database
[23-25]. In the present study, the majority of OSCC cases were
noted in males (85%) than females (15%) Similar to studies,
cancer is frequently seen in men than women. Heavy indulgence
of tobacco and other risk habits by men has been suggested as a
possible reason for this gender difference in OSCC [23,24].

In our study, tobacco and areca nut quid habit (82.5%) was
most frequently practiced among the OSCC patients than
tobacco or areca nut alone. The rampant usage of tobacco in
smokeless form; pan containing betel nut along with lime and
tobacco leaf is a very commonly practiced method of tobacco
consumption in India [25]. The quid is usually kept for a
prolonged time in the gingivo-buccal vestibule thus accountable
for the high prevalence of gingival-buccal cancer in India.

In the present study, p53 immunostaining showed a
statistically significant difference among the cases and controls;
85% of cases and 40% of controls showed positive
immunostaining. It is suggested that the wild-type p53 protein is
difficult to detect in normal tissue due to its extremely short-
lived half-life of 6 to 20 minutes. But, due to mutation/defect in
the degradation pathway, the protein may persist in tissues for a
longer period, leading to expression in the altered tissue [26]. A
similar mechanism may occur in the HNMs generating a more
stabilized mutant p53 protein subsequently leading to its
overexpression. Previous studies have shown p53
immunostaining ranging from 22% to 96%, in HNMs of OSCC
[6,8,18,22]. This variation in p53 expression among the studies
may be due to discrepancy in methods employed, criteria of
case selection, anatomical sites included. Moreover, lack of
antibody detection may be due to;

• Biallelic deletion of TP53 gene
• Mutant or wild-type p53 existing in low quantity
• N-terminal portion showing truncated p53 protein or a

nonsense mutation
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However, considering the drawback of IHC that include;
impairment of antigenic alterations, variation in tissue handling
methods, we employed analysis of TP53 gene amplification by
PCR to detect the gene alterations [27].

TP53 gene amplification by PCR showed positivity in 67.5%
and 35% in study and control groups respectively. Found
positivity in 23.9%, 52%, and 66% of HNMs as detected by PCR
respectively. By FISH assay for analysis of TP53 gene aberrations,
found positivity in 65% of cases. Overall, TP53 gene
amplification was noted in quite a sufficient number of HNMs,
thus indicating its significant application in HNMs of OSCC
[4,18,21,22].

On the whole, 38 cases were either positive for p53 protein or
TP53 gene, or both. Among these 38 cases, 23 HNMs showed
positivity for both p53 immuno-expression and TP53 gene
amplification. Including the present study, only have studied
both p53 and TP53 analysis in HNMs [18,22].

Eleven cases showed positivity only for IHC immuno-
expression without gene amplification. This indicates the
involvement of various additional biologic events like active
TP53 gene of wild-type etc. causing genomic instability or
genetic stability in such cases may be maintained by wild-type
TP 53 gene overexpression. Four cases showed only TP 53 gene
amplification (PCR) without expression for p53 immunoprotein.
The possible reason suggested is the occurrence of mutated
TP53 in a gene locus that results in a lack of p53 protein
accumulation [18].

The Lymph node involvement showed a statistically significant
association with p53 and TP53 positivity (p<0.05). However,
studies by Singh et al and Wang et al. did not such association.
This could be due to disparity in the study population,
anatomical location of the lesion, type of habit practiced, etc.
Moreover, as this study focused primarily on the predictive role
of p53 protein status in HNMs with LR and survival, we did not
attempt to obtain the histologic status of lymph nodes.

Out of 40 cases, LR was observed in 21 patients. By Logistic
regression analysis, although statistically insignificant, patients
of >50 years of age and smokers had a higher risk of local
recurrence than patients of <50 years and non-smokers
respectively. However, did not find any relation between age
and smoking. It is a well-known fact that factors like progressive
aging and smoking deteriorate the effectiveness of limbs of an
immune response, thus paving way for decrease host response
resulting in increased LR. Moreover, smoking is a major
etiological factor for OSCC. However, gender and alcohol
consumption did not show any relation with local recurrence in
the present study. This is following study by [22].

Although statistically insignificant, a higher rate of LR was
noted in p53 (90.4%), TP53 (76.19%) positive HNMs than
negative cases. Results with significance were observed who
have employed only p53 immuno-expression found that 42.8%
of cases with LR had p53 positive HNMs [8,22].

In HNMs, p53 immunostaining was found to be distributed in
basal, supra-basal, para-basal as well as in the entire thickness
of the epithelium, whereas in controls it was seen restricted to

basal layer only. However, we did not find any significant 
association between the level of p53 expression and LR in the 
present study. The study by, found that lesions that expressed 
p53 beyond basal cell layers developed LR more frequently 
[28,29].

When logistic regression analysis was employed, it was found 
that the probability of LR increased among p53, TP53, and 
p53+TP53 positive HNMs compared to negative HNMs (Odds 
ratio; 1.27, 1.46, and 1.24 respectively).

Interestingly, we found that all of the cases with LR were 
either positive for p53 or TP53 or both, indicating that combined 
p53+TP53 assessment to be more reliable for predicting LR. The 
combined p53 and TP53 assessment showed the best sensitivity 
(100%) and NPV (100%) with good accuracy figures. The positive 
predictive value (PPV) was almost similar for all the three 
parameters (p53, TP53, and p53 with TP53, i.e. 56%, 59%, and 
55% respectively). These findings are similar to the results of a 
study hence, it is advisable to initially subject the HNMs to p53 
by IHC analysis followed by TP 53 gene amplification to assist the 
surgeons to precisely recognize high-risk patients for LR.

However, even though p53 positivity was seen in a relatively 
greater number of cases, only a few developed LR. This is in 
agreement with the results of Singh et al 8 and This could be due 
to lack of adequate follow-up period and post-surgical 
radiotherapy and chemotherapy, which may kill residual cancer 
cells. Role of a variety of factors other than p53 that allow LR 
should be taken into consideration in this context. Moreover, it 
is a well-known fact that factors like depth of invasion; local site 
(i.e. tongue being more likely to exhibit LR than other sites) has a 
significant role in regulating LR [13].

Concerning the status of survival, cox regression analysis 
showed that, although statistically not significant, habit of 
smoking (1.06 OR, p=0.8900), alcohol consumption (1.85 OR, 
p=0.1450), TP 53 positivity (1.66 OR, p=0.2460) and p53+TP 53 
positivity (1.40 OR, p=0.6530) were good predictors of the status 
of survival in OSCC with HNMs. Similar results were noted, 
except that they found no association with smoking or 
alcohol consumption.

Conclusion
Although statistically insignificant, Kaplan-Meier curves of 

disease-free survival rates among OSCC patients with HNMs 
showed the difference between positive and negative groups for 
p53, TP53, and p53+TP53. Although our study results showed 
that analysis of p53 has a good predictive value for survival rate 
analysis, a study with a larger sample size and increasing the 
number of examined margins is essential to reach a consensus.

In near future, a prospective study with diverse patient 
populations and larger cohorts along with a longer follow-up 
period will be necessary to unmask the influence of p53 and 
TP53 on recurrence and overall survival. Owing to the 
asymmetrical spread of field cancerization, the number of 
examined margins could be increased which may increase the 
likelihood of detection of genetic changes.

In the present scenario, the employment of selected and 
reliable studied markers consisting of a band of biomarkers is 
needed to establish “Molecular Grading” of surgical margins of
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OSCC as an adjunct to histopathological grading. Understanding
the concept of “Molecular Surgical Margin (MSM)” thus can aid
to set up a standardized criterion to define the resected SMs.
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