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Abstract

Objective: To examine p53 and p16 protein expression in patients with squamous cell carcinoma (SCC) of the oral cavity and to determine the

influence of each protein and their association with survival.

Methods: We immunohistochemically assessed p53 and p16 expression on tumor sections from 69 patients with oral cavity SCC treated at our

university hospital, between January 2014 and January 2018.

Results: Expression of p53 was observed in 69.6% of the patients, and of p16 in 30.4%. A positive p16 expression was less commonly found
in the tongue and/or floor of the mouth (p = 0.0015). Patients with p53-positive tumors were 3.2 times more likely to die of the disease, whereas

those with p16-positive tumors were 0.7 times more likely to die.

Conclusion: According to these results at primary sites, both p53 and p16 are relevant biomarkers, where p53 serves as a risk marker and

p16 as a protective marker in oral cavity SCC.
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Introduction

Squamous cell carcinoma (SCC) of the oral cavity is a disease
with high morbidity and mortality due to late-stage diagnosis,
especially in Latin American countries such as Brazil [1, 2].
Traditional risk factors, such as smoking and alcohol consumption,
are the main culprits due to the DNA damage that they cause in oral
mucosal cells [3-5]. Specific biomarkers that have been investigated
in the pathogenesis of oral cavity SCC may play a role in disease
progression and, consequently, in treatment stratification, which
could prevent major sequelae or treatment failure [6-8].

@ @ This work is licensed under Creative Commons Attribution 4.0 License|O]OR.MS.ID.OOO648.

Tumor suppressor proteins p53 and p16 have been extensively
studied in oral and oropharyngeal carcinogenesis [9-13]. The TP53
gene, mapped within chromosome band 17p13, encodes p53, which
is involved in many cellular functions, including genomic stability,
cell cycle progression, cell differentiation, DNA damage repair, and
apoptosis [14-17]. Irreparable cellular damage due to continued
cellular aggression can lead to a variety of p53 mutations, which
result in its increased expression in cells [18-20]. One type of
mutation is the transformation of this tumor suppressor into an
oncogenic factor [21]. p53 mutations can resultin greater resistance
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to radiotherapy, more infiltrative locoregional disease, greater
recurrence, and more deaths [22, 23]. Nevertheless, favorable
results with good treatment response have been reported in the
presence of increased expression of p53 protein [24]. Increased
p53 expression in SCC is closely related to smoking and alcohol
consumption [25-27].

Cyclin-dependent kinase inhibitor 2A (CDKN2A), a tumor
suppressor gene located on 9p21 that belongs to the family of
cyclin-dependent kinase inhibitors, encodes p16, which is closely
related to HPV16 when expressed above 70% in cell nucleus and
cytoplasm [28-30]. Inhibition of the cyclin D1-CDK4/6 complex
disrupts retinoblastoma (Rb) protein phosphorylation and releases
E2F transcription factors, which inhibit the cell cycle in the G1-to-S
phase transition [31-33]. Genetic alterations in p16 can contribute
to cell growth, thus promoting tumorigenesis. Overexpression of
p1l6 protein, corresponding to HPV16, has been most evident in
oropharyngeal carcinoma and is associated with better prognosis
[32-34]. In general, itis found in younger populations with different
lifestyles, but it is not necessarily associated with smoking and/or
alcohol consumption [33].

The present study aimed to examine the expression of p53
and p16 proteins in 69 patients with a diagnosis of oral cavity SCC
treated at the hospital, between January 2014 and January 2018
and to determine the association between these proteins and
survival.

Methods

This prospective longitudinal observational study is part of a
line of research and doctoral dissertation that was approved by the
ethics committee of the Universidade Federal de Santa Maria (Santa

Maria, RS, Brazil) (CAAE 446429.156.0000.53.46). The study was
conducted in accordance with the Helsinki Declaration.

We analyzed the expression of p53 and pl6 proteins and
their prognostic relationship in 69 patients with oral cavity SCC
selected from a larger sample of 237 patients with carcinoma of the
upper respiratory and digestive tracts (among the remaining 168
patients, 79 had laryngeal carcinoma and 89 had oropharyngeal
and hypopharyngeal carcinoma). The tumors were staged
according to the American Joint Committee on Cancer (AJCC)
tumor-node-metastasis (TNM) staging system [35]. Treatment was
implemented according to tumor stage and surgical protocols from
the medical literature, associated or not with radiotherapy and/or
chemotherapy.

Written informed consent was obtained from each study
participant. This document also ensured patient confidentiality
and made it clear that the purpose of the study was to examine
p53 and p16 protein expression in oral cancer and to determine its
association with clinical presentation and survival. Follow-up was
conducted clinically or by active search for those patients who were
absent from subsequent consultations.

For all 69 participants with oral cavity SCC, we performed
immunohistochemical analysis of p53 and p16 expression on
primary site biopsy samples or surgical specimens using a
Benchmark GX automated system (Roche, Basel, Switzerland). The
nuclear staining of p53 and both nuclear and cytoplasmic staining
of p16 were titrated and scored as follows: negative or grade 0
(up to 30% positivity for p53 and/or p16); grade 1 (31% to 50%
positivity for either protein); grade 2 (51% to 70% positivity for
either protein); and grade 3 (more than 70% positivity for either
protein) (Figure 1) [36, 37].
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A) p53 protein grade 0; B) p53 protein grade 1; C) p53 protein grade 2; D) p53 protein grade 3; E) p16 protein grade 0; F) p16 protein grade 1;

G) p16 protein grade 2; H) p16 protein grade 3.

Figure 1: Expression of p53 and p16 proteins in the oral cavity by immunohistochemistry.
N J
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We performed comparative analyses using the chi-square test.
We analyzed factors associated with the occurrence of deaths by
univariate Cox regression analysis to obtain the hazard ratio with
its 95% confidence interval. We estimated survival using the
Kaplan-Meier method and compared survival curves by the log-
rank test. We analyzed the data in SPSS 19 (IBM Corp., Armonk, NY,
2010) and R (R Core Team, Vienna, Austria, 2018), and set the level
of statistical significance at 5%.

Patients were analyzed only if there were records from the
first consultation to the last update or a death record, adequate
immunohistochemistry, outpatient clinical follow-up, and written
informed consent and authorization forms. Patients who were
lost to follow-up, those with metastatic carcinoma with no known
primary site, and those with inadequate immunohistochemistry

with no possibility of repeating the test were excluded from the
study.

Results

Mean patient age was 60.7 years (median, 60 years), and
most patients were men (n = 51, 73.9%). A total of 57 patients
(82.6%) were current/previous smokers and 41 (59.4%) were
current/previous drinkers. Habitual consumption of maté (a hot
tea-like beverage brewed from the dried and minced leaves of Ilex
paraguariensis) was an added factor in 65 patients (94.2%).

Forty-eight cases (69.6%) showed a positive p53 expression;
grade 3 staining was observed in 28 (40.6%). Twenty-one cases
(30.4%) showed a positive p16 expression, whereas 48 (69.6%)
showed a negative expression (grade 0 staining) (Table 1).

Table 1: Expression of p53 and p16 proteins in patients with squamous cell carcinoma of the oral cavity (n = 69).

1 5(7.2) 12 (17.4)
2 15 (21.7) 3(4.3)
3 28 (40.6) 6 (8.7)
0 21 (30.4) 48 (69.6)

Total 69 (100.0) 69 (100.0)

When analyzing the p53 protein, we observed a more frequent
presence in the tongue and/or floor of the mouth (30 cases,
62.5%) than in other subsites (18 cases, 37.5%), although without
statistical significance (p = 0.051). We did not find any statistical

difference between positive p53 expression and tumor size (p =
0.848), lymphatic dissemination (p = 0.308), and recurrence (p =
0.797) (Table 2).

Table 2: Clinical presentation of squamous cell carcinoma of the oral cavity and association with the expression of p53 and p16 proteins.

Stage
L1 12 (57.1) 21 (43.8) 24 (50) 9 (42.9)
0.4326 0.6116
111, IV 9 (42.9) 27 (56.3) 24 (50) 12 (57.1)
Size
T1 5(23.8) 15 (31.3) 15 (31.3) 5(23.8)
T2 9 (42.9) 17 (35.4) 16 (33.3) 10 (47.6)
0.8487 0.5578
T3 4 (19.0) 11 (22.9) 12 (25.0) 3(14.3)
T4 3(14.3) 5(10.4) 5(10.4) 3(14.3)
Lymphatic dissemination
No 13 (61.9) 23 (47.9) 27 (56.3) 9 (42.9)
0.3088 0.4326
Yes 8(38.1) 25(52.1) 21 (43.8) 12 (57.1)
Site
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Tongue 7 (33.3) 24 (50.0) 23 (47.9) 8(38.1)
Floor of the mouth 1(4.8) 4(8.3) 5(10.4) 0 (0.0)
Tongue + floor of the Mouth 7 (33.3) 2(4.2) 8(16.7) 1(4.8)
Retromolar area 4(19.0) 8(16.7) 0.0513 3(6.3) 9 (42.9) 0.0015
Cheek mucosa 0 (0.0) 3(6.3) 1(2.1) 2(9.5)
Alveolar ridge 0(0.0) 3(6.3) 2(4.2) 1(4.8)
Hard palate 2(9.5) 4(8.3) 6(12.5) 0(0.0)
Recurrence
No 12 (57.1) 29 (60.4) 25 (52.1) 16 (76.2)
Yes 9 (42.9) 19 (39.6) 0.7970 23 (47.9) 5(23.8) 0.0692

In the analysis of p53 protein and survival, statistical
significance was not reached despite a higher frequency of deaths
with p53 protein for both disease-related death (log-rank test =
0.0527) and general death (log-rank test = 0.0664). In the analysis
of the expression levels of p53 protein, we obtained a statistical
difference for disease-related death (log-rank test = 0.0006) and

general death (log-rank test = 0.003), with p53-negative patients
having the best survival. The probable risk of disease-related death
with the p53 protein was 3.2 (p = 0.0664) and 2.8 (p = 0.1053)
when adjusted for sex and age, while the risk of general death was
2.6 (p=0.0774) and 2.4 (p = 0.1198) when adjusted for sex and age
(Table 3, Figure 2).

Table 3: Number of deaths according to p53 and p16 protein expression levels and probable risk of death related to p53 and p16 protein expres-

sion.

n % n % n % n % n %

No 1 20 60 21 75 18 85.7 49 71

p53 protein Yes 4 80 6 40 7 25 3 14.3 20 29
Total 5 100 15 100 28 100 21 100 69 100

No 7 583 3 100 6 100 33 68.8 49 71

p16 protein Yes 5 41.7 0 0 0 0 15 313 20 29
Total 12 100 3 100 6 100 48 100 69 100

General death n % n % n % n % n %
No 1 20 9 60 19 67.9 17 81 46 66.7

p53 protein Yes 4 80 6 40 9 321 4 19 23 333
Total 5 100 15 100 28 100 21 100 69 100
No 6 50 3 100 6 100 31 64.6 46 66.7

p16 protein Yes 6 50 0 0 0 0 17 354 23 333
Total 12 100 3 100 6 100 48 100 69 100

Probable risk of disease-related death and general death

Univariate Cox model: 95% CI

Univariate Cox model adjusted for sex and age: 95% CI

Disease-related death HR li(i)r‘:l‘]iir I{ﬁﬁi? p-value HR Lower limit Upper limit p-value
p53(+) 3.163 0.925 10.815 | 0.0664 | 2.789 0.806 9.645 0.1053
pl6(+) 0.751 0.272 2.069 | 0.5797 | 0.622 0.220 1.758 0.3702

General death HR [i(i)r‘:l‘]iir I{Eﬁ{etr p-value HR Lower limit Upper limit p-value
p53(+) 2.646 0.898 7.795 | 0.0774 | 2.376 0.799 7.069 0.1198
pl6(+) 0.792 0.312 2.012 | 0.6245 | 0.670 0.258 1.741 0.4110

Cl, confidence interval; HR, hazard ratio.

*Evaluated by the Kaplan-Meier estimator and the log-rank test.
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Figure 2: Survival related to expression levels and presence of p53 protein (diseaserelated death and general death).
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The analysis of p16 protein showed that its low frequency in
the tongue and/or floor of the mouth was statistically significant
(p = 0.0015). The most frequent subsite was the retromolar area (n
=9, 42.9%). There was no statistical significance regarding tumor
size (p = 0.557), lymphatic dissemination (p = 0.432), recurrence
(p = 0.069), and staging (p = 0.611) with the p16 protein (Table 2).

Regarding survival, the presence of pl6 protein was not
significant in disease-related death (log-rank test = 0.5784) and

general death (log-rank test=0.6237), and there was no significance
between expression levels for disease-related death (log-rank test
= 0.1487) and general death (log-rank test = 0.0858). The probable
risk of disease-related death with the p16 protein was 0.7 (p =
0.5797) and 0.6 (p = 0.3702) when adjusted for sex and age, while
the risk of general death was 0.8 (p = 0.6245) and 0.7 (p = 0.4110)
when adjusted for sex and age (Table 3, Figure 3). None of the p16-
positive patients classified as grade 2 or grade 3 died of the disease
or general death.
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Figure 3: Survival related to expression levels and presence of p16 protein (diseaserelated death and general death).
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We identified different levels of concomitant expression of
p53 and p16 in patients classified as grade 0 to 3 (Table 4). In the
concomitant analysis of the expression of p53 and p16 proteins,
we found 15 patients with positive and negative proteins for each
association. We observed 33 patients with positive p53 protein
alone and only 6 patients with positive p16 protein. We obtained

statistical significance in the tongue and/or floor of the mouth (p =
0.0431) for negative proteins, but no correspondence for staging (p
= 0.7541), lymphatic dissemination (p = 0.5533), recurrence (p =
0.2735), disease-related death (log-rank test = 0.2119), and general
death (log-rank test = 0.2849) (Table 5, Figure 4).
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Table 4: Comparison of p53 and p16 protein expression.

Grade 1 1 8.3 20.0 1 8.3 6.7 7 583 25.0 3 25.0 14.3 12 | 100.0 17.4
Grade2 | 0 0.0 0.0 0 0.0 0.0 3 100.0 10.7 0 0.0 0 3 100.0 4.3
Grade3 | 0 0.0 0.0 0 0.0 0.0 3 50.0 10.7 3 50.0 14.3 6 100.0 8.7
Grade0 | 4 8.3 80.0 14 | 292 93.3 15 313 53.6 15 313 714 48 | 100.0 69.6

Total 5 7.2 100.0 15| 217 100.0 28 40.6 100 21 304 100 69 | 100.0 100

p16 was expressed concomitantly with p53 at the following grades: grade 1 (20.0%), grade 2 (6.7%), grade 3 (46.4%), and grade 0 (negative)
(28.6%).

20% of p16 protein with p53 level 1 protein, 6.7% of p16 protein with p53 level 2 protein; 46.4% of p16 protein with p53 level 3 protein; 28.6% of p16
protein with negative p53 level.

Bold indicates the proportion of p16 that is expressed concomitantly with p53; the mortality rate seems to have been affected by these proportions.

Table 5: Association of categorical variables with p16 and p53 proteins.

Stage
L1 15 45.5 9 60 6 40 3 50 33 47.8
111, IV 18 54.5 6 40 9 60 3 50 36 52.2 0.7541
Total 33 100 15 100 15 100 6 100 69 100

Lymphatic dissemination

Positive 16 48.5 5 333 9 60 3 50 33 47.8
Negative 17 51.5 10 66.7 6 40 3 50 36 52.2 0.5533
Total 33 100 15 100 15 100 6 100 69 100

Tongue and/or floor of the mouth

No 10 30.3 2 13.3 8 53.3 4 66.7 24 34.8
Yes 23 69.7 13 86.7 7 46.7 2 333 45 65.2 0.0431
Total 33 100 15 100 15 100 6 100 69 100

Recurrence
No 17 51.5 8 53.3 12 80 4 66.7 41 59.4
Yes 16 48.5 7 46.7 3 20 2 333 28 40.6 0.2735
Total 33 100 15 100 15 100 6 100 69 100

Disease-related death*

No 20 60.6 13 86.7 11 73.3 5 83.3 49 71
Yes 13 39.4 2 13.3 4 26.7 1 16.7 20 29
Total 33 100 15 100 15 100 6 100 69 100

General death*

No 19 57.6 12 80 10 66.7 5 83.3 46 66.7
Yes 14 42.4 3 20 5 333 1 16.7 23 333
Total 33 100 15 100 15 100 6 100 69 100

*Evaluated by the Kaplan-Meier estimator and the log-rank test.
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Figure 4: Survival related to protein expression levels and the association of p53 and p16 proteins (disease-related death and general death).
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Discussion related death (log-rank test = 0.0527) and general death (log-rank

Thep53proteinhasbeenwidelystudied foritstumorsuppressive
action in response to molecular damage to DNA by promoting DNA
repair or apoptosis while inhibiting the G1-to-S phase transition,
and for its oncogenic activity through the development of
mutations in its codons [19-21, 23]. Mutated forms of p53 also have
the ability to interact with the wildtype protein to prevent tumor
suppression, a phenomenon known as “dominant negative effect,”
where a mutation in one of the TP53 alleles produces what appears
to be a dominant effect over the remaining normal allele [21-23,
27]. This occurs mainly through the action of carcinogenic agents
from smoking and alcohol consumption [20, 25]. TP53 mutations
are considered an early event in carcinogenesis of head and neck
SCC [19-21, 25-27]. TP53 mutations have been identified in 70.4%
of head and neck cancer tumors [21-23]. Therefore, the presence
of p53 alterations may represent a risk in the process of oral
carcinogenesis, with a guarded prognosis due to the loss of tumor
suppressor function [18-23]. Using immunohistochemistry, we
observed grade 3 of p53 protein in 28 (40.6%) cases, which shows
its action from the beginning of carcinogenesis to more advanced
stages, although there was no statistical significance between the
variables staging (p = 0.432), tumor size I-IV (p = 0.848), lymphatic
dissemination (p = 0.308), and recurrence (p = 0.797) [22, 27]. The
most common sites were the tongue and/or floor of the mouth (n =
30, 62.5%), probably due to greater exposure to smoking, drinking,
and/or mate [4, 11, 20, 25].

In terms of survival, we found a greater tendency for disease-
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test = 0.066) in the presence of p53, although not relevant. Of note,
among p53-positive patients, the best survival was achieved in
those classified as grade 3 (7 deaths, 25%), and the worst survival
was observed in those classified as grade 2 (6 deaths, 40%) and
grade 1 (4 deaths, 80%), when we consider disease-related death
[27]. There was a significant difference between them (p = 0.0006).
The same was observed in the analysis of general death with p53
protein referring to grade 1 (4 deaths, 80%), 2 (6 deaths, 40%),
and 3 (9 deaths, 32.1%) staining, with statistical significance (p =
0.0031) [26, 27, 38]. Survival was impressive among p53-positive
patients because of the greater number of deaths that occurred in
grade 1 staining. This impact may be due to the greater number of
deaths in the lowest p53 protein grade, in which, proportionally,
the number of patients is smaller. There is also the possibility of
oncogenic mutations that compromise the suppressive activity in
advanced disease [27, 39]. The majority of these patients were in
advanced stage (80% in IV; 20% in III) [26, 27, 39]. Depending on
the type of oncogenic mutation, there may be a greater expression
or absence of p53 protein, especially in more undifferentiated
neoplasms [21-23, 27].

The presence of the p16 protein, which belongs to the family of
cyclin-dependent kinase inhibitors, has long been associated with
a favorable prognosis due to its ability to inhibit the cell cycle in
G1-S phase [28]. It is agreed that an expression greater than 70%
is related to HPV16 [29-33]. That is, higher p16 protein intensity is
associated with a better prognosis, especially in the oropharynx [31-
33]. An overexpression of p16 protein favors the early stages, with
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less recurrence and better survival [31, 40-45]. In the present study,
most patients (n = 48, 69.6%) showed a negative p16 expression
(grade 0 staining). When detected, the staining of p16 was graded
as 1in most cases (n =12, 17.4%), followed by grade 3 (n =6, 8.7%)
and grade 2 (n = 3, 4.3%). We highlight the low frequency of HPV16-
related grade 3 staining of p16 protein, found in 6 (8.7%) of our
patients [29, 45]. Regarding primary site, a positive p16 expression
was most commonly found in the retromolar area (n = 9, 42.9%),
near the oropharynx, consistent with the results of Castellsagué, et
al. [45], who reported a substantially lower p16 expression in the
tongue and floor of the mouth (n = 1, 4.8%) (p = 0.0015) [34, 41,
42].

There was no significant association of p16 protein expression
with tumor size (p = 0.557), lymphatic dissemination (p = 0.4326),
staging (p = 0.6116), number of relapses (n =5, 23.8%; p = 0.069),
disease-related death (n = 5, 23.8%; log-rank test = 0.578), or
general death (n = 6; 28.6%; log-rank test = 0.6237) The lowest
rate of relapses and deaths was observed in the presence of the p16
protein. Most disease-related deaths occurred in patients with p16
expression graded as 0 (n = 15, 31.3%) and 1 (n = 5, 41.7%) [42-
44]. The same was observed for general death in patients with p16
expression graded as 0 (n =17, 35.4%) and 1 (n = 6, 50.0%). There
were no disease-related or general deaths in grade 2 or 3 staining.
Our results favor a protective role of p16, similar to what has been
reported by other authors [46-50].

We identified a greater association of grade 0 staining of
proteins in the tongue and/or floor of the mouth (p = 0.0431), which
may suggest less mutagenic potential in carcinogenesis, as there
was a trend towards earlier stages, less lymphatic dissemination or
relapses, and better survival (Table 5) [20, 38, 51].

Weassessed the concomitantexpressionofp53and p16 proteins
at the different levels that can characterize risk and protection,
respectively, in the analysis of patient survival (Table 4). In patients
whose tumors were p53 grade 1 by immunohistochemistry, we
observed the lowest number and grade of p16 protein (grade 1),
accounting for 20% of cases. While patients whose tumors were
grade 3 p53 protein by immunohistochemistry, there was a greater
proportion of p16 protein in their different staining grades, about
46.4% of the cases (grade 1 in 25.0%, grade 2 in 10.7%, and grade 3
in10.7%). This result seems to indicate a more aggressive oncogenic
action in the lower expression of the p53 protein (grade 1), as well
as a lower tumor suppressive action in the lower expression of the
p16 protein (grade 1)—contrary to the higher expression of p16,
especially grades 2 and 3, which favor patient survival [49, 50, 52].
In the analysis of the p53 protein, we must consider that there
are more mutant forms than wild-type forms of p53, particularly
in the absence of the p16 protein linked to HPV16 (p = 0.0015),
which corroborates the molecular changes in oral carcinogenesis
[38-44, 53]. In this study, p53 protein expression served as a risk
factor, leading to a 3.2 times higher likelihood of progression to
disease-related death. With p16 protein expression, patients were
0.7 times more likely to progress to disease-related death, which is
characteristic of a protective profile [39-44, 50, 52, 53].

Despite some limitations such as absence of genetic sequencing
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of p53 and p16 proteins, non-identification of HPV16, and small
sample size, both p53 and p16 proteins were shown to be potential
biomarkers [49-52]. The p53 protein appeared to show a decrease
in its suppressive activity, whereas the p16 protein, in grades 2 and
3, acquired a regulatory role in cell proliferation, improving the
prognosis [49, 50, 52]. Possibly, future studies with a larger number
of patients will determine their influence as prognostic markers
[54, 55].

Conclusion

In patients with oral cavity SCC, both p53 and p16 proteins
were relevant for survival. p53 was associated with risk of death
even at lower levels of expression, probably due to mutations and
loss of tumor suppressor function. For p16, higher expression
was associated with greater protection, since it acts as a tumor
suppressor. Also, p16-positive patients survived longer.
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