
Citation: Hasan, A.; Kandil, A.M.;

Al-Ghamdi, H.S.; Alghamdi, M.A.;

Nasr, M.; Naeem, S.A.; Abd-Elhay,

W.M.; Mohamed, O.K.E.; Ibrahim,

H.S.A.; Ahmed, E.M.; et al.

Sun-Exposed versus Sun-Protected

Cutaneous Basal Cell Carcinoma:

Clinico-Pathological Profile and p16

Immunostaining. Diagnostics 2023, 13,

1271. https://doi.org/10.3390/

diagnostics13071271

Academic Editor: Ovidiu

Simion Cotoi

Received: 1 March 2023

Revised: 22 March 2023

Accepted: 26 March 2023

Published: 28 March 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

diagnostics

Article

Sun-Exposed versus Sun-Protected Cutaneous Basal
Cell Carcinoma: Clinico-Pathological Profile and
p16 Immunostaining
Abdulkarim Hasan 1,* , Ahmad M. Kandil 1, Hasan S. Al-Ghamdi 2, Mohammad A. Alghamdi 2, Mohamed Nasr 3,
Suhaib Alsayed Naeem 3, Wagih M. Abd-Elhay 3, Osama Khalil E. Mohamed 4, Hany Sabry A. Ibrahim 5,
Eman Mohamed Ahmed 6, Ahmed Elsayed M. Abdrabo 7 and Shimaa Abdelraouf Elgohary 8

1 Pathology Department, Faculty of Medicine, Al-Azhar University, Cairo 11884, Egypt
2 Internal Medicine Department, Division of Dermatology, Faculty of Medicine, Albaha University,

Albaha 65799, Saudi Arabia
3 Histology Department, Faculty of Medicine, Al-Azhar University, Cairo 11884, Egypt
4 Dermatology, Venerology and Andrology Department, Faculty of Medicine, Al-Azhar University,

Cairo 11884, Egypt
5 Dermatology, Venerology and Andrology Department, International Islamic Center of Population Studies and

Research, Al-Azhar University, Cairo 11651, Egypt
6 Pathology Department, Faculty of Medicine for Girls, Al-Azhar University, Cairo 11884, Egypt
7 Community and Industrial Medicine Department, Faculty of Medicine, Al-Azhar University,

Cairo 11884, Egypt
8 Pathology Department, Faculty of Medicine, Ain Shams University, Cairo 11517, Egypt
* Correspondence: abdulkarim.hasan@azhar.edu.eg or doctorabdulkarim7@gmail.com; Tel.: +20-224012932

Abstract: Introduction: Although widespread, BCC is still relatively poorly understood in regards
to pathogenesis and prognosis, particularly the lesions formed on anatomical sites away from sun
exposure. With the aim of deepening our understanding of the pathogenesis and clinico-pathological
correlations of BCCs, we conducted this study. Methods: Tissue blocks and data of 52 Egyptian
patients diagnosed with BCC were retrieved for clinical information and inclusion criteria, then
re-examined histologically; p16 immunostaining was carried out and evaluated for analysis and
comparison between the two groups, i.e., sun-exposed and sun-protected. Results: Sex, age, clinical
suspicion, tumor size, recurrence status, and histologic variants did not show a significant difference
between the sun-protected and sun-exposed groups; however, the mean ages recorded were 67.2
vs. 62.7 for the sun-protected and sun-exposed groups, respectively. A total of 52% of BCCs were
positive for p16. The sun-protected lesions showed p16 positivity in 61% of cases, whereas 49% of the
sun-exposed lesions were positive with no significant difference. There was a significant difference
in p16 expression between the recurrent and non-recurrent lesions. Conclusions: A significant
difference was seen in the case of cancer recurrence, where all the recurrent BCCs in this study
demonstrated negative p16 immunostaining of the primary lesions; however, the positively stained
cases in total were 52% of BCCs. The mean patient age of the sun-protected group was much higher
than in previous peer studies. We assume that the biological, prognostic, and clinical aspects of p16
protein expression in BCCs are still far from being clearly understood. Further studies are highly
recommended, with more focus on its role in the pathogenesis and the prognostic factors.

Keywords: basal cell carcinoma; immunohistochemistry; non-melanomcytic; p16; skin cancer

1. Introduction

Basal cell carcinoma (BCC) is an immunogenic neoplasm for which pathogenesis
associates strongly with environmental and genetic factors in addition to several other
patient-dependent factors [1].
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Skin cancers, including BCC, in their early stages, will be mediated through a wide
range of effects. The gene-related expression changes indicate their association with ultra-
violet (UV) radiation, which is the most well-known environmental carcinogen of the
skin [2]. Therefore, sun exposure is the most known environmental cause of cutaneous
BCC of importance, and the risk of this cancer appears to depend on the nature of exposure.
A population-based, case-control study conducted in Canada revealed an increased risk of
cutaneous BCC with recreational sun exposure in the childhood and adolescent life periods,
suggesting that these periods may be relatively critical for establishing the risk of BCC [3].

Although exposure to solar ultraviolet radiation is considered the main cause of
the majority of BCCs, epidemiologic studies suggest that the quantitative increase in the
cancer risk is at best modest, with self-reported high, compared with low, sun exposure
typically associated with less than a doubling of the risk of BCCs. This is unlike squamous
cell carcinoma, which is directly associated with a cumulation of sun exposure [4]. The
association between ultraviolet rays and BCC is not straightforward, as the association
between chronic sunlight exposure and BCC is modest, and markers of cutaneous sun
damage are associated (only) moderately with an increased risk of BCC. Approximately
one-quarter of the BCCs worldwide occur on anatomic sites that are not habitually exposed
to sunlight, such as the trunk and genitalia [5]. Therefore, the risk factors for BCC may
vary according to the anatomic site location at which they arise, and other factors should
be studied in detail.

The p16 gene is supposed to be involved in the pathogenesis of cutaneous BCCs in
view of increased p16 mRNA and also the expressed protein within tumor cells [6,7]. p16,
a tumor suppressor, is a biomarker for transforming HPV infections and is validated as an
accurate surrogate marker for HPV status determination in various types of tumors [8,9].
The p16/Rb/E2F regulatory pathway participates in cell cycle arrest and is inactivated in
most human cancers, whereas p16INK4a is linked with CDK4 and CDK6 in competition
with cyclin D1, which then prevents phosphorylation of the tumor-suppressor protein
retinoblastoma (Rb), which contributes to form the pRbeE2F growth inhibitory complex
and plays an important role in tumor pathogenesis [10].

Human papilloma viruses (HPVs) are highly prevalent in human populations and are
classified as alpha (α), beta (β), gamma (γ), mu (µ), and nu (ν) genera [11]. Based on the
frequency of HPVs, they can be divided into (1) cutaneous types, commonly seen in benign
skin warts; (2) mucosal types, detected in genital condylomas and ano-genital cancers; and
(3) epideromodysplasia verruciformis types, now indicated as beta-HPVs [12,13].

Some of the cutaneous beta-HPVs have been suggested as co-factors in the develop-
ment of non-melanoma skin cancer (NMSC), including the most common form, BCC [14–16].
HPVs are increasingly recognized as important human carcinogens, but their role in the
etiopathogenesis of BCC is unclear, as the majority of studies on HPV’s role in the patho-
genesis of NMSCs have focused on squamous cell carcinoma and there is a limited number
of reports and studies regarding HPV infection in BCCs [13,17].

Bartoš in 2020 [17] questioned whether p16 protein production in tumor cells depends
on the topographic distribution of lesions and if it may be influenced by solar exposure.
Some authors [17,18] have found that p16 overexpression is associated with skin cancer
arising in the sun-exposed area, suggesting a possible induction of p16 production by
permanent UV radiation. On the other hand, some researchers [19] have not found such
associations in the studied BCCs. Furthermore, Villada et al. [20] recorded ten p16-negative
BCCs situated on the head and neck in contrast to other anatomical sites studied for p16.
With the aim of establishing a deeper understanding of the pathogenesis and prognosis of
BCC, we compared sun-exposed with sun-protected lesions in regard to p16 expression
in addition to the correlation with some demographic and clinico-pathological features of
the included patients, including age, sex, tumor size, state of recurrence, and the histologi-
cal variant.
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2. Methods
2.1. Patients

This retrospective cross-sectional study included 52 BCCs from 52 patients (21 males
and 31 females). A total of 29 tumors were from sun-exposed anatomical sites, and 24 were
from sun-protected sites, which were selected randomly from histopathologically examined
lesions after surgical excision at our university hospital in Cairo during the period from
2017 to 2020 and after providing research ethics committee approval. Inclusion criteria
included all patients of all ages who came to the dermatology or surgery departments
with lesions suspected of skin cancer and which were confirmed as BCC according to
histological/pathological examination; the tissue blocks were preserved in the laboratory.
Patients who underwent incisional biopsies or incomplete excision of the lesion, patients
lacking follow-up data, and those with the inability to provide the related clinical or
pathological data were excluded from the study.

2.2. Clinical Information

The clinical data were retrieved from the histopathology report or medical files of the
included patient record, including patient age, sex, clinical examination and suspicion, and
history of sun exposure to the anatomical area where the BCC formed. The sun-exposed
areas include the face, scalp, hands, feet, and the forearm in males; female patients with
forearm lesions were excluded from this study as we were not sure exactly if the patient
usually covered this part of the body or not. The size of the tumor and least free margin
distance, in addition to the recurrence status of the lesion for three years, were also recorded.

2.3. Histopathological Staining and Examination

Histopathology reports were carefully retrieved, and the histological variant for each
case was recorded after re-examination of the slides under a light microscope. If approved
and agreed upon by at least two histopathologists, the tissue blocks were re-cut to prepare
for immunohistochemical study.

Tissue blocks were collected according to the inclusion criteria from the medical files,
pathology reports, and related clinical data, in addition to the availability of the tissue
blocks in our institution after the ethics committee’s approval. Extra sections were cut by the
histotechnician using the microtome machine. The slides were air-dried, fixed with ethanol,
and rehydrated in descending alcoholic solutions (in dosages of 100%, 90%, 75%, and 50%).
The slides were rinsed in distilled water for five minutes. Then, they were waterlogged
for three to four minutes in filtered hematoxylin (H) stain and rinsed twice with distilled
water. After that, the slides were waterlogged for five to seven seconds in filtered eosin
(E) stain, followed by rinsing with distilled water. The following step was soaking the
slides in xylene solution, mounting them with Canada balsam material, and allowing them
to dry with the coverslips in place using a specific machine for covering. On each slide,
careful histologic examination was performed by at least two blinded histopathologists who
gave their microscopic description, diagnosis, variant detection, and marginal status with
measurement using the microscope’s vernier scale. Random representative microscopic
fields were photographed at different magnification power degrees. This was accomplished
with digital cameras (Canon, Japan) attached to the provided light microscope.

2.4. p16INK4a Immunohistochemical Study

The p16INK4a immunostaining was carried out on tissue sections of 5 µm thickness
from formalin-fixed and paraffin-embedded blocks in a two-step process involving the
binding of primary antibodies to the antigens of interest, followed by the detection of
bound antibodies by the chromogen according to the manufacturer’s instructions. Mouse
monoclonal antibodies for HPV (Anti-Papillomavirus Type 16 (known as HPV-16), clone:
Cam vir-1, ready-to-use kits, BioGenex, CA94538) and mouse monoclonal antibodies to
P16 (Anti-P16/INK4A, clone: G175-405, ready-to-use catalog No. AM540-5M, BioGenex,
CA94538) were used in the laboratory as primary antibodies. The first antibodies stain
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the nucleus in positive cells. The second antibodies stain the nucleus +/− cytoplasms in
positive cells. The positive controls for this marker were known cases of cervical carcinomas
in biopsies for P16 and known cases of SCC of the skin.

2.5. Scoring of the p16 Immunostaining

Nuclear staining, with or without cytoplasmic reactivity of p16INK4a, was considered
positive, and a percentage of the positive nuclei was calculated. Cases were then divided
into 3 categories according to the number of p16-positive cells: negative = less than 1%
positive nuclei, weak positive = 1–30% positive nuclei, moderately positive = 33–70%,
and strong = 70% or more positive nuclei. Similar scoring was previously employed for
p16INK4a expression in nonmelanoma skin cancer [21]. Staining intensity was not assessed
to avoid subjective interpretation.

2.6. Ethical Approval

This study was approved by Research Ethics Committee at Al-Azhar Faculty of
Medicine, under ID number: His_395Med.Research_00000105; the study was conducted
in accordance with the Declaration of Helsinki (2013) and the national ethical review of
biomedical research. Written informed consent was waived due to the retrospective nature
of this study design, and the data were maintained with high confidentiality to ensure the
participants’ privacy.

2.7. Statistical Analysis

Data are expressed as numbers and percentages (qualitative data) or as means and
standard deviations (quantitative data). Comparisons were carried out using, for qualitative
data, the chi-square test when its assumptions were met, or alternatively Fisher’s exact
test or the Monte-Carlo method. Quantitative data comparison was performed using an
independent samples t-test when assumptions were met; alternatively, the Mann–Whitney
U test was used. IBM® SPSS® software was used for conducting the required analyses. All
statistical tests were performed at the 0.05 level of significance.

3. Results
3.1. Demographic Data Comparison

The differences in the distribution of sex and age between the sun-protected and sun-
exposed groups were not significant. Age had a mean ± SD of 67.2 ± 10.25 vs. 62.7 ± 14.35
for the sun-protected and sun-exposed groups, respectively (p = 0.216). Males made up
43.5% of the sun-protected group compared to 37.9% of the sun-exposed group (p = 0.69).

3.2. Clinical Data Comparison

The topographic distribution of the studied cases is displayed in the bar chart (Figure 1).
The participant groups and anatomical site distribution of the participants were categorized
into two groups. The first were those who had BCC on sun-exposed areas according to
the clinical examination and patient’s medical history after the exclusion of patients with
an uncertain history of exposure, including 29 lesions in 29 patients: 10 lesions were seen
on the nose, either on the front or both sides of the nose; 7 lesions on the eye canthus
(4 inner and 3 outer canthus); 4 lesions on the face without specification of a particular site;
3 on the scalp (2 lesions on the scalp and 1 written on the request form as a back-of-head
lesion); 2 tumors on the upper eyelids; 2 lesions on the cheek areas; and 1 lesion on the
skin overlying the mandible in a 14-year-old boy, who was the youngest participant in
this study.
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The second were those who had BCC on sun-protected areas according to the clinical
examination and retrieval of the patient’s medical history, as well as clinical photos taken
when applicable, including 23 patients with 23 lesions as follows: 6 lesions on the back (4
from women and 2 from men after assurance of non-exposure to sunlight); 5 seen on the
buttocks or gluteal region; 4 lesions on the upper arm and/or shoulder in female patients;
2 tumors on the abdominal wall skin; 2 lesions on the scrotal area in two patients of 70 and
71 years old; 1 lesion on the vulva in a 70-year-old woman; 1 lesion on the right thigh skin
in a 49-year-old man; 1 lesion on the chest wall skin in an 82-year-old man; and 1 tumor on
the leg skin in a 67-year-old man.

No significant difference was seen between sun-exposed and sun-protected lesions in
regards to tumor size, recurrence, or the clinically appearing basal carcinomatous lesions;
however, 55.2% of the sun-exposed lesions were clinically suspected BCCs, whereas only
35% of the lesions on sun-protected areas were diagnosed clinically as BCCs (Table 1). P16
status showed a significant difference between recurrent and non-recurrent lesions across
all cases (Table 2).
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Figure 1. A bar chart demonstrating the anatomical distribution of the total studied cases.

Table 1. Demographic and clinic-pathological features.

Sun-Protected
(n = 23)

Sun-Exposed
(n = 29) p-Value

Demographic data

Age, mean (SD) 67.2 (10.25) 62.7 (14.35) 0.216

Sex, no. (%)
Female 13 (56.5) 18 (62)

0.69
Male 10 (43.5) 11 (37.9)

Clinical data

Clinical diagnosis,
no. (%)

BCC 8 (34.8) 16 (55.2)
0.17 f

Other than BCC 15 (65.2) 13 (44.8)
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Table 1. Cont.

Sun-Protected
(n = 23)

Sun-Exposed
(n = 29) p-Value

Tumor size in mm, mean (SD) 13.1 (8.8) 13.7 (9.6) 0.81

Recurrent state,
no. (%)

Recurrent 1 (4.3) 3 (10.3)
0.06 f

Not recurrent 22 (95.7) 26 (89.7)

Histopathological examination

Histological, variant,
no. (%)

BCC nodular 18 (78.2) 23 (79.3)

0.31 m
BCC Superficial 4 (17.4) 5 (17.3)

BCC adenoid 0 (0) 1 (3.4)

BCC keratotic 1 (4.3) 0 (0)

P16 status

P16 immunostaining,
no. (%)

Negative 9 (39.1) 15 (51.7)
0.37

Positive 14 (60.9) 14 (48.3)

P16 expression,
categories, no. (%)

Strong positive 1 (4.3) 4 (13.8)

0.27 m
Moderate 12 (52.2) 9 (31.1)

Weak 1 (4.3) 1 (3.4)

None 9 (39.2) 15 (51.7)
The above comparisons were conducted using independent samples t-test for ages, or chi-square test, Fisher’s
exact test (f), or Monte-Carlo method (m), as appropriate for qualitative variables. Significant p-value at 0.05 level.

Table 2. P16 status in correlation to other clinico-pathological data.

P16+ P16− p-Value

Age

<50 years old 3 2
0.1 f

≥50 years old 25 22

Total 28 24 52

Sex

Female 17 14
0.86

Male 11 10

Total 28 24 52

Recurrence

Yes 0 4
0.039 * f

No 28 20

Total 28 24 52

Tumor size

<20 mm 21 20
0.46 m

≥20 mm 7 4

Total 28 24 52

Histological variant

Nodular 22 13
0.061

Non-nodular 6 11

Total 28 24 52

The above comparisons were conducted using chi-square test, Fisher’s exact test (f), or Monte-Carlo method (m)
as appropriate for qualitative variables. *: significant p-value at 0.05 level.

3.3. Histological Features

The majority of the total cases (67.3%) were nodular variants, and the remaining
one-third of the total cases were other variants, as shown in Table 1. The nodular variant
represented two-thirds of the total cases, showing relatively circumscribed masses exhibit-
ing large basaloid lobules with peripheral nuclear palisades and cleft formation between
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tumor lobules and stroma. Lobules may be solid or may show central cyst formation with
excessive mucin production. Most cases showed mild pleomorphism with variable mitotic
activity and apoptosis (Figure 2).
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3.4. P16 Immunostaining

A total of 24/52 (48%) BCCs in this study were negative for p16, and 26/52 (52%)
were positive (Figures 3 and 4). The sun-protected lesions showed p16 positivity in 61% of
cases, whereas 49% of the sun-exposed lesions were positively stained, with no significant
difference (Table 1). There was no significant difference between box age groups (>50 years
old and <50), both genders (male and female), tumor size (>20 mm and <20 mm), or the
histological variant (Table 2). A significant difference in the p16 immunostaining appeared
in the case of recurrence.
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4. Discussion

Basal cell carcinoma is one of the most common skin cancers diagnosed worldwide,
affecting more than 3 million people in the United States each year, and it commonly occurs
in sun-exposed anatomical skin sites, especially the head and neck region [22]. Although
BCCs are usually indolent, non-aggressive tumors that can only invade their surrounding
tissues locally, some lesions are locally destructively aggressive and can occasionally recur
or metastasize with a metastatic rate of 0.1% to the lymph nodes [23].

Basal cell carcinoma of the skin can be considered low risk when it is located on
the trunk or the extremities and measures less than 1 cm in diameter if the patient is
immunocompetent [24]. In this study, 11 patients had a tumor with a maximum diameter
of more than 20 mm; this is quite a large size but may reflect some sort of neglect or
late diagnosis of such skin lesions in developing countries. Histological subtypes of low-
risk cancers include superficial and nodular variants of BCCs; however, the infiltrating,
micronodular, and morphoeic variants are counted as high-risk variants. Low-risk lesions
lack perineural invasion, while high-risk lesions are larger in size and mostly affect the
trunk, extremities, and middle of the face. High-risk BCC tends to be recurrent [25,26].

As the population ages worldwide, the incidence of BCC continues to increase; the
reported median age of patients diagnosed with BCC is 67 years, and the incidence increases
with age [27]. Some studies suggest that male gender at age > 60 years poses a relatively
increased risk of cutaneous BCC recurrence [28]. However, more recent studies suggest a
lack of significance for age and gender in this important prognostic sign (recurrence) [29].
Although ultraviolet (UV) radiation is the major risk factor for BCCs, their anatomical
distributions differ, as BCC occurs primarily on sites commonly exposed to sunlight,
especially the face and the upper and lower limbs, but is also seen in areas less frequently
exposed to the sunlight [30,31]. Different clinico-histologic subtypes and different anatomic
sites of BCC may display distinct pathogenesis and different characteristics. A study by
Pyne et al. found that sun exposure was associated with deeper BCC invasion [32].

However, scant information and studies exist on potential differences in the etiological
factors for BCCs according to anatomic location [33].

Many researchers have studied the correlation between skin tumor pathogenesis and
HPV infection, but so far HPV variants with a putative increased potential for malignancy
have been observed only in squamous cell carcinoma (SCC) in most cases, in a few patients
of the rare autosomal inherited disease epidermodysplasia verruciformis, and in some
cases of non-melanoma skin cancer in immunosuppressed transplant patients [19,34]. The
relationship between HPV infection and BCC is still not consistent, with the causative
role and the data on this topic still limited; however, an association between beta-HPV
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and the expression of p16INK4a and Akt has been found, as they are involved in cell cycle
deregulation [19].

About half of the BCCs in this study showed p16 positivity; all were from Egypt, with
a mean age of 62.7 and 67.2 in sun-exposed and sun-protected cases, respectively, and a
female predominance.

A peer study from France recorded a similar percentage (50%) of p16 expression in
cutaneous BCCs [18]; however, a study from Iran recorded a much higher percentage (79%)
of positive staining BCC cases [2]. A greater difference was identified in a study carried out
by Villada et al. [20], who did not report any p16-positive BCC in their study in 2018.

The slight increase in the mean age of the sun-protected group was inconsistent with
previous studies, which recorded a lower mean age at occurrence of BCC observed in non-
sun-exposed anatomical areas [35–37]. Those studies suggested that the non-melanoma
skin cancers of sun-protected sites may occur in individuals with decreased capacity for
DNA repair; however, we believe that the exact pathogenesis should be further studied.
Regarding p16, we found no significant association between its over-expression and the
anatomical site or sun exposure.

Our results are more consistent with those of Svensson et al. and Eshkoor et al., who
did not find evidence of such associations [8,19,38]. On the contrary, Conscience et al. [18]
showed a p16 over-expression in BCC located in sun-exposed areas, reflecting a significant
association. No association could be detected between the histological variant and p16
expression, which is consistent with previous studies [18,19]. The histologic type was also
not associated with sun exposure, as different variants were seen in both groups with no
significant differences.

The nodular variant was the predominant variant in our study, which is consistent
with most of the literature revealing that the nodular subtype is the most common variation,
accounting for 50 to 79% of all BCCs [36,39]. In one study, 90% of nodular BCCs were
seen on the head and neck region [36]. Clinically, the tumor may be enlarged and show
crusting over a central depression; bleeding with minor trauma is not uncommon and the
lesion may ulcerate (called a rodent ulcer), but a rolled border remains, serving as a clue
to the clinical diagnosis. Regarding the clinical diagnosis of BCCs, we recorded around
50% of the total cases as correctly clinically diagnosed as basal cell carcinoma. This study
included four patients who experienced a rare condition of BCC recurrence; all the primary
lesions revealed negative p16 immunostaining. Previous studies have shown no definite
correlation between subtype and recurrence of BCC, and the histopathological criteria for
prognosis are still limited, with no sufficient data on the role of p16 in recurrence [40,41].

The loss of nuclear p16 expression in some cases of melanomas is associated with
increased Ki-67 expression (tumor cell proliferation) and vascular invasion, which indepen-
dently predict decreased patient survival, according to Straume et al. [40]. We recommend
further studies on the prognostic role of p16 expression in BCCs.

The limitations of the current study include a lack of determination of some related
clinical history, such as sun exposure periods; a lack of detection of HPV DNA using
the related primers or in situ hybridization (ISH) due to financial issues; the absence of
genodermatosis in the included boy in this study; and, lastly, an inability to assess the
normal skin p16 status of the included cases because the nature of this study depended on
studying only the available tissue blocks in the pathology and dermatology departments.

5. Conclusions

Our data demonstrate that there is no significant difference between sun-exposed and
sun-protected groups in regards to the age and gender of patients; however, the mean age of
sun-protected group patients was 67, which is much higher than the recorded mean in peer
studies in other geographic areas. No association could be detected between p16 expression
and topographic distribution, tumor size, or the histological variant of cutaneous BCC.
However, nearly 50% of the total BCCs showed positive p16 immunostaining. The only
significant difference was seen in cases of recurrence, where all the recurrent lesions in this
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study demonstrated negative p16 immunostaining of the primary lesions. We assume that
the biological, prognostic, and clinical aspects of p16 protein expression in BCCs are still
far from being clearly understood. Further studies are highly recommended, with more
focus on the pathogenesis and the prognostic role of similar markers.
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–2518 A/G MCP-1 but not –403 G/A RANTES gene polymorphism is associated with enhanced risk of basal cell carcinoma.
Postep. Dermatol. Allergol. 2016, 33, 381–385. [CrossRef] [PubMed]

2. Eshkoor, S.A.; Ismail, P.; Rahman, S.A.; Oshkour, S.A. p16 Gene Expression in Basal Cell Carcinoma. Arch. Med. Res. 2008,
39, 668–673. [CrossRef]

3. Gallagher, R.P.; Hill, G.B.; Bajdik, C.D.; Fincham, S.; Coldman, A.J.; McLean, D.I.; Threlfall, W.J. Sunlight exposure, pigmentary
factors, and risk of nonmelanocytic skin cancer: I. Basal cell carcinoma. Arch. Dermatol. 1995, 131, 157–163. [CrossRef] [PubMed]

4. Neale, R.E.; Davis, M.; Pandeya, N.; Whiteman, D.C.; Green, A.C. Basal cell carcinoma on the trunk is associated with excessive
sun exposure. J. Am. Acad. Dermatol. 2007, 56, 380–386. [CrossRef] [PubMed]

5. Khalesi, M.; Whiteman, D.C.; Rosendahl, C.; Johns, R.; Hackett, T.; Cameron, A.; Waterhouse, M.; Lucas, R.M.; Kimlin, M.G.;
Neale, R.E. NHMRC Centre of Research Excellence in Sun and Health. Basal cell carcinomas on sun-protected vs. sun-exposed
body sites: A comparison of phenotypic and environmental risk factors. Photodermatol. Photoimmunol. Photomed. 2015, 31, 202–211.
[CrossRef] [PubMed]

6. Donati, P.; Paolino, G.; Panetta, C.; Cota, C.; Zaccarini, M.; Muscardin, L. Another point of view on p16 and Ki67 expression in
melanocytic and non-melanocytic cutaneous lesions. Acta Dermatovenerol. Croat. 2013, 21, 149–154.

7. Cretnik, M.; Poje, G.; Musani, V.; Kruslin, B.; Ozretic, P.; Tomas, D.; Situm, M.; Levanat, S. Involvement of p16 and PTCH in
pathogenesis of melanoma and basal cell carcinoma. Int. J. Oncol. 2009, 34, 1045–1050.

8. Ramezani, M.; Abdali, E.; Khazaei, S.; Vaisi-Raygani, A.; Sadeghi, M. P16INK4a Immunostaining but Lack of Human Papilloma
Virus Type 16 in Cutaneous Squamous Cell Carcinoma and Basal Cell Carcinoma: A Report from West Iran. Asian Pac. J. Cancer
Prev. 2016, 17, 1093–1096. [CrossRef]

9. Cheng, A.S.; Karnezis, A.N.; Jordan, S.; Singh, N.; McAlpine, J.N.; Gilks, C.B. p16 Immunostaining Allows for Accurate
Subclassification of Vulvar Squamous Cell Carcinoma into HPV-Associated and HPV-Independent Cases. Int. J. Gynecol. Pathol.
2016, 35, 385–393. [CrossRef]

10. Sherr, C.J. The INK4a/ARF network in tumor suppression. Nat. Rev. Mol. Cell Biol. 2001, 2, 731–737. [CrossRef]
11. Bernard, H.U.; Burk, R.D.; Chen, Z.; van Doorslaer, K.; zur Hausen, H.; de Villiers, E.M. Classification of papillomaviruses (PVs)

based on 189 PV types and proposal of taxonomic amendments. Virology 2010, 401, 70–79. [CrossRef] [PubMed]
12. Jablonska, S.; Dobrowolski, J.; Jakubowicz, K. Epidermodysplasia Verruciformis as a model in studies on the role of papillo-

maviruses in oncogenesis. Cancer Res. 1972, 32, 583–589. [PubMed]
13. Zakrzewska, K.; Regalbuto, E.; Pierucci, F.; Arvia, R.; Mazzoli, S.; Gori, A.; de Giorgi, V. Pattern of HPV infection in basal cell

carcinoma and in perilesional skin biopsies from immunocompetent patients. Virol. J. 2012, 9, 309. [CrossRef]

http://doi.org/10.5114/ada.2016.62846
http://www.ncbi.nlm.nih.gov/pubmed/27881944
http://doi.org/10.1016/j.arcmed.2008.06.003
http://doi.org/10.1001/archderm.1995.01690140041006
http://www.ncbi.nlm.nih.gov/pubmed/7857111
http://doi.org/10.1016/j.jaad.2006.08.039
http://www.ncbi.nlm.nih.gov/pubmed/17097387
http://doi.org/10.1111/phpp.12170
http://www.ncbi.nlm.nih.gov/pubmed/25787710
http://doi.org/10.7314/APJCP.2016.17.3.1093
http://doi.org/10.1097/PGP.0000000000000263
http://doi.org/10.1038/35096061
http://doi.org/10.1016/j.virol.2010.02.002
http://www.ncbi.nlm.nih.gov/pubmed/20206957
http://www.ncbi.nlm.nih.gov/pubmed/5061309
http://doi.org/10.1186/1743-422X-9-309


Diagnostics 2023, 13, 1271 11 of 12

14. Correa, R.M.; Vladimirsky, S.; Heideman, D.A.; Coringrato, M.; Abeldaño, A.; Olivares, L.; Del Aguila, R.; Alonio, L.V.; Snijders,
P.J.; Picconi, M.A. Cutaneous human papillomavirus genotypes in different kinds of skin lesions in Argentina. J. Med. Virol. 2017,
89, 352–357. [CrossRef]

15. Mesbah, A.; Rajabi, P.; Rajabi, M.A.; Chehrei, A.; Mougouei, K.; Mokhtari, M. Determination of the relationship between basal cell
carcinoma and human papilloma virus, based on immunohistochemistry staining method. Indian J. Dermatol. 2009, 54, 225–228.
[CrossRef] [PubMed]

16. Roewert-Huber, J.; Lange-Asschenfeldt, B.; Stockfleth, E.; Kerl, H. Epidemiology and etiology of basal cell carcinoma. Br. J. Derm.
2007, 157, 47–51. [CrossRef] [PubMed]

17. Bartoš, V. Expression of p16 Protein in Cutaneous Basal Cell Carcinoma: Still Far from Being Clearly Understood. Acta
Dermatovenerol. Croat. 2020, 28, 43–44.

18. Conscience, I.; Jovenin, N.; Coissard, C.; Lorenzato, M.; Durlach, A.; Grange, F.; Birembaut, P.; Clavel, C.; Bernard, P. P16 is
overexpressed in cutaneous carcinomas located on sun-exposed areas. Eur. J. Dermatol. 2006, 16, 518–522.

19. Paolini, F.; Carbone, A.; Benevolo, M.; Silipo, V.; Rollo, F.; Covello, R.; Piemonte, P.; Frascione, P.; Capizzi, R.; Catricalà, C.; et al.
Human Papillomaviruses, p16INK4a and Akt expression in basal cell carcinoma. J. Exp. Clin. Cancer Res. 2011, 30, 108. [CrossRef]

20. Villada, G.; Kryvenko, O.N.; Campuzano-Zuluaga, G.; Kovacs, C.; Chapman, J.; Gomez-Fernandez, C. A limited immunohisto-
chemical panel to distinguish basal cell carcinoma of cutaneous origin from basaloid squamous cell carcinoma of the head and
neck. Appl. Immunohistochem. Mol. Morphol. 2018, 26, 126–131. [CrossRef]

21. Nindl, I.; Meyer, T.; Schmook, T.; Ulrich, C.; Ridder, R.; Audring, H.; Sterry, W.; Stockfleth, E. Human papillomavirus and
overex-pression of P16INK4a in nonmelanoma skin cancer. Dermol. Surg 2004, 30, 409–414.

22. Hussein, M.; Ahmed, A. Expression Profile of CD10, BCL-2, p63, and EMA in the Normal Skin and Basal Cell Carcinomas: An
Immunohistochemical Reappraisal. Actas Dermo-Sifiliogr. 2022, 113, 848–855. [CrossRef] [PubMed]

23. Bertozzi, N.; Simonacci, F.; Greco, M.P.; Grignaffini, E.; Raposio, E. Single center evidence for the treatment of basal cell carcinoma
of the head and neck. Acta Bio-Med. Atenei Parm. 2019, 90, 77. [CrossRef]

24. Linos, E.; Chren, M.-M. Active Surveillance as a Management Option for Low-risk Basal Cell Carcinoma. JAMA Intern. Med. 2021,
181, 1032–1033. [CrossRef] [PubMed]

25. Hasan, A.; Rabie, A.; Elhussiny, M.; Nasr, M.; Kamel, M.I.; Hegab, A.; El-Kady, A.S.; Nagaty, M.E.; Seleem, A.; Abbas, M.; et al.
Recurrent cutaneous basal cell carcinoma after surgical excision: A retrospective clinicopathological study. Ann. Med. Surg. 2022,
78, 103877. [CrossRef]

26. Dyalram, D.; Caldroney, S.; Heath, J. Margin Analysis: Cutaneous malignancy of the head and neck. Oral Maxillofac. Surg. Clin.
2017, 29, 341–353. [CrossRef]

27. Rogers, H.W.; Weinstock, M.A.; Harris, A.R.; Hinckley, M.R.; Feldman, S.; Fleischer, A.B.; Coldiron, B.M. Incidence Estimate of
Nonmelanoma Skin Cancer in the United States, 2006. Arch. Dermatol. 2010, 146, 283–287. [CrossRef] [PubMed]

28. Silverman, M.K.; Kopf, A.W.; Bart, R.S.; Grin, C.M.; Levenstein, M.S. Recurrence rates of treated basal cell carcinomas: Part 3:
Surgical excision. J. Dermatol. Surg. Oncol. 1992, 18, 471–476. [CrossRef]

29. Armstrong, L.T.; Magnusson, M.R.; Guppy, M.P. Risk factors for recurrence of facial basal cell carcinoma after surgical excision: A
follow-up analysis. J. Plast. Reconstr. Aesthet. Surg. 2017, 70, 1738–1745. [CrossRef]

30. Armstrong, B.K.; Kricker, A. The epidemiology of UV induced skin cancer. J. Photochem. Photobiol. B 2001, 63, 8–18. [CrossRef]
31. Bernier, M.A.; Rivas-Ruiz, F.; Martín, M.D.T.; Sánchez, N.B. Comparative epidemiological study of non-melanoma skin cancer

between Spanish and north and central European residents on the Costa del Sol. J. Eur. Acad. Dermatol. Venereol. 2012, 26, 41–47.
[CrossRef] [PubMed]

32. Pyne, J.; Mint, E.; Barr, E.; Clark, S.; Hou, R. Basal cell carcinoma: Variation in invasion depth by subtype, sex, and anatomic site
in 4565 cases. Dermatol. Pract. Concept. 2018, 8, 314. [CrossRef]

33. Subramaniam, P.; Olsen, C.; Thompson, B.; Whiteman, D.; Neale, R.; QSkin Sun and Health Study Investigators. Anatomical
Distributions of Basal Cell Carcinoma and Squamous Cell Carcinoma in a Population-Based Study in Queensland, Australia.
JAMA Dermatol. 2017, 153, 175–182. [CrossRef] [PubMed]

34. Orth, G. Genetics of epidermodysplasia verruciformis: Insights into host defense against papillomaviruses. Semin. Immunol. 2006,
18, 362–374. [CrossRef] [PubMed]

35. Lear, J.T.; Smith, A.G.; Bowers, B.; Heagearty, A.H.; Jones, P.W.; Gilford, J.; Alladersea, J.; Strange, R.C.; Fryer, A.A. Truncal Tumor
Site Is Associated with High Risk of Multiple Basal Cell Carcinoma and Is Influenced by Glutathione S-Transferase, GSTT1, and
Cytochrome P450, CYP1A1 Genotypes, and Their Interaction. J. Investig. Dermatol. 1997, 108, 519–522. [CrossRef]

36. Scrivener, Y.; Grosshans, E.; Cribier, B. Variations of basal cell carcinomas according to gender, age, location and histopathological
subtype. Br. J. Dermatol. 2002, 147, 41–47. [CrossRef]

37. Pelucchi, C.; Di Landro, A.; Naldi, L.; La Vecchia, C. Risk Factors for Histological Types and Anatomic Sites of Cutaneous
Basal-Cell Carcinoma: An Italian Case–Control Study. J. Investig. Dermatol. 2007, 127, 935–944. [CrossRef]

38. Svensson, S.; Nilsson, K.; Ringberg, A.; Landberg, G. Invade or proliferate? Two contrasting events in malignant behavior
gov-erned by p16INK4a and an intact Rb pathway illustrated by a model system of basal cell carcinoma. Cancer Res. 2003,
63, 1737–1742.

39. Soyer, H.P.; Rigel, D.S.; Wurm, E.M. Dermatology, 3rd ed.; Bolognia, J.L., Jorizzo, J.L., Schaffer, J.V., Eds.; Elsevier Saunders:
Philadelphia, PA, USA, 2012; pp. 1773–1793.

http://doi.org/10.1002/jmv.24631
http://doi.org/10.4103/0019-5154.55629
http://www.ncbi.nlm.nih.gov/pubmed/20161851
http://doi.org/10.1111/j.1365-2133.2007.08273.x
http://www.ncbi.nlm.nih.gov/pubmed/18067632
http://doi.org/10.1186/1756-9966-30-108
http://doi.org/10.1097/PAI.0000000000000394
http://doi.org/10.1016/j.ad.2022.05.012
http://www.ncbi.nlm.nih.gov/pubmed/35636508
http://doi.org/10.23750/ABM.V90I1.6395
http://doi.org/10.1001/jamainternmed.2021.2643
http://www.ncbi.nlm.nih.gov/pubmed/34125141
http://doi.org/10.1016/j.amsu.2022.103877
http://doi.org/10.1016/j.coms.2017.04.001
http://doi.org/10.1001/archdermatol.2010.19
http://www.ncbi.nlm.nih.gov/pubmed/20231499
http://doi.org/10.1111/j.1524-4725.1992.tb03307.x
http://doi.org/10.1016/j.bjps.2017.04.006
http://doi.org/10.1016/S1011-1344(01)00198-1
http://doi.org/10.1111/j.1468-3083.2011.04004.x
http://www.ncbi.nlm.nih.gov/pubmed/21366710
http://doi.org/10.5826/dpc.0804a13
http://doi.org/10.1001/jamadermatol.2016.4070
http://www.ncbi.nlm.nih.gov/pubmed/27892984
http://doi.org/10.1016/j.smim.2006.07.008
http://www.ncbi.nlm.nih.gov/pubmed/17011789
http://doi.org/10.1111/1523-1747.ep12289738
http://doi.org/10.1046/j.1365-2133.2002.04804.x
http://doi.org/10.1038/sj.jid.5700598


Diagnostics 2023, 13, 1271 12 of 12

40. Straume, O.; Sviland, L.; Akslen, L. Loss of nuclear p16 protein expression correlates with increased tumor cell proliferation
(Ki-67) and poor prognosis in patients with vertical growth phase melanoma. Clin. Cancer Res. 2000, 6, 1845–1853.

41. Bartoš, V.; Pokorný, D.; Zacharová, O.; Haluska, P.; Doboszová, J.; Kullová, M.; Adamicová, K.; Péč, M.; Péč, J. Recurrent basal cell
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