
Citation: Oliva, C.; Carrillo-Beltrán,

D.; Boettiger, P.; Gallegos, I.; Aguayo,

F. Human Papillomavirus Detected in

Oropharyngeal Cancers from Chilean

Subjects. Viruses 2022, 14, 1212.

https://doi.org/10.3390/v14061212

Academic Editors: Tina Dalianis,

Christian von Buchwald,

Anders Näsman and Stina Syrjänen

Received: 26 April 2022

Accepted: 26 May 2022

Published: 2 June 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 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/).

viruses

Article

Human Papillomavirus Detected in Oropharyngeal Cancers
from Chilean Subjects
Carolina Oliva 1,2,* , Diego Carrillo-Beltrán 1,3, Paul Boettiger 2, Iván Gallegos 4 and Francisco Aguayo 1,5,*

1 Laboratorio de Oncovirología, Programa de Virología, Instituto de Ciencias Biomédicas (ICBM),
Facultad de Medicina, Universidad de Chile, Santiago 8380000, Chile; diego.carrillo@uach.cl

2 Departamento de Otorrinolaringología, Hospital Clínico Universidad de Chile, Santiago 8380000, Chile;
paulboettiger@gmail.com

3 Instituto de Bioquímica y Microbiología, Facultad de Ciencias, Universidad Austral de Chile,
Valdivia 5090000, Chile

4 Departamento Anatomía Patológica, Hospital Clínico Universidad de Chile, Santiago 8380000, Chile;
igallegosmendez@gmail.com

5 Advanced Center for Chronic Diseases (ACCDiS), Facultad de Medicina, Universidad de Chile,
Santiago 8380000, Chile

* Correspondence: carolinaolivaguerrero@gmail.com (C.O.); faguayog@uchile.cl (F.A.)

Abstract: High-risk human papillomaviruses (HR-HPV) are the causal agents of an important subset
of oropharyngeal cancers that has increased considerably in incidence in recent years. In this study,
we evaluated the presence of HPV in 49 oropharyngeal cancers from Chilean subjects. The presence
of HPV DNA was analyzed by conventional PCR, the genotypes were identified through sequencing,
and the expression of E6/E7 transcripts was evaluated by a reverse transcriptase polymerase chain
reaction (RT-PCR). Additionally, to determine p16 expression—a surrogate marker for oncogenic
HPV infection—a tissue array was constructed for immunohistochemistry (IHC). HPV was detected
in 61.2% of oropharyngeal carcinomas, the most prevalent genotype being HPV16 (80%). E6 and
E7 transcripts were detected in 91.6% and 79.1% of the HPV16-positive specimens, respectively,
demonstrating functional HPV infections. Furthermore, p16 expression was positive in 58.3% of cases.
These findings show a high prevalence of HR-HPV in oropharyngeal tumors from Chile, suggesting
the necessity of additional studies to address this growing public health concern.

Keywords: oropharyngeal cancer; human papillomavirus; head and neck; squamous cell carcinomas
(OPSCC)

1. Introduction

Human papillomavirus (HPV) is the main causal agent of the rise in oropharyngeal
squamous cell carcinomas (OPSCCs) in developed countries, particularly in Northern
Europe and the United States [1], with an approximate HPV prevalence of 25–70% [2,3]. It
characteristically affects a population group of young men with less tobacco consumption
than is typical for classic HPV (−) OPSCCs [4].

HPV is a member of the Papillomaviridae family of viruses, with icosahedral symmetry
and a genome consisting of double-stranded closed circular DNA containing two coding
regions for early (E) and late (L) products. The E region encodes for E1, E2, E4, E5, E6,
and E7 proteins. E1 and E2 play a role in regulating viral DNA replication and gene
expression; E6 and E7 are involved in increased cell proliferation and the transforming
properties of HPV, while E4 and E5 are also involved in viral replication. The L region
encodes for the major (L1) and minor (L2) viral capsid proteins [5]. Between the end of L1
and the start of the E6 gene, the long control region (LCR) is located, a non-coding genomic
segment that controls HPV gene expression and replication [6]. More than 200 HPV
genotypes have been identified and characterized, functionally classified into types of
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high, intermediate, or low risk of cancer [7]. The HPV16 genotype belongs to the high
risk (HR) subtype and can be found in over 70% of HR-HPV OPSCCs [8,9]. The virus
infects the cells of the basal epithelium through localized wounds or micro-abrasions and
its replication cycle is linked to the differentiation of the epithelial tissue of the host [10].
In the oropharynx, HPV-associated tumors occur mainly at the base of the tongue and
palatine tonsils since the virus has a tropism for epithelial reticular cells present in the
palatine crypts, which are susceptible to transformation and could be analogous to the
cervical-uterine transformation zone [11]. The presence of HPV DNA has been determined
in other head and neck carcinomas, such as the oral cavity [12,13], larynx [14,15] and
paranasal cavities [16,17]; however, an etiological role of HPV in these tumors is not clear
yet. Interestingly, HPV presence has been associated with a better survival prognosis,
especially in rhinosinusal carcinomas [16,18].

One hallmark of HPV-driven tumors is the continuous expression of the E6 and E7
oncoproteins, frequently caused by integration of the viral episome into the host genome.
Inhibition of these oncoproteins leads to cell cycle arrest and apoptosis, demonstrating
the importance of E6 and E7 in maintaining the transformed phenotype [19]. The E6
oncoprotein recruits the E6-associated protein (E6AP), a ubiquitin ligase that triggers p53
ubiquitination and degradation, deregulating the G1/S and G2/M checkpoints, typically
induced by DNA damage [5,19]. E6 also induces the expression and activity of hTERT, the
catalytic subunit of telomerase, favoring cell immortalization. Meanwhile, E7 promotes
cell transformation through degradation of the retinoblastoma protein (Rb), releasing the
transcriptional factors E2F and subsequently stimulating the S phase, which promotes the
overexpression of p16 protein, widely used as the surrogate marker for transcriptionally
active HR-HPV infection in OPSCCs [20].

To date, there are no published studies on HR-HPV in OPSCCs in Chile. Thus, this
study represents the first documentation of the presence and characterization of HPV in
patients from Chile with oropharyngeal tumors.

2. Materials and Methods
2.1. Sample Collection

A retrospective study was carried out using biopsies fixed in formalin and embedded
in paraffin (FFPE) with the diagnosis of OPSCC, stored in the Pathological Anatomy Service
of the Hospital Clínico Universidad de Chile, from 2010 to 2020. The clinical data were
obtained from the pathology reports and the patients’ clinical records. This study was
approved by the Ethics Committee Board of the Clinical Hospital of the University of Chile
(No. 47/19; 19 November 2019). Of the 51 samples initially collected, 49 were considered to
have amplifiable DNA (see Results Section 3). Additionally, 31/49 were men and 18/49
were women with a mean age of 62.6 years. Of the patients, 20 were currently or former
smokers, 12 patients were never smokers, and the smoking status was unknown for 17 pa-
tients. Regarding the pathological analysis, 33/49 samples had keratinized morphology,
24 samples were poorly differentiated, 16 samples were moderately differentiated, and
6 samples were well differentiated.

2.2. DNA Extraction, HPV Detection and Genotyping

To assess the presence of HPV DNA, FFPE tissue sections were incubated with di-
gestion buffer (10 mM Tris-HCl pH 7.4, 0.5 mg/mL proteinase K, and 0.4% Tween 20) for
8 h at 56 ◦C with stirring. Subsequently, the samples were incubated at 95 ◦C for 10 min,
centrifuged for 2 min at 14,000 rpm and stored at 4 ◦C until use. The amplification was
performed by conventional PCR. First, the presence of a fragment of the β-globin gene
was analyzed to determine the quality of the DNA with the following primers: PCO3
5′-ACACAACTGTGTTCACTAGC-3′ and PCO4 5′-CAACTTCATCCACGTTCACC-3′. The
amplification program was as follows: denaturation at 95 ◦C for 5 min; 45 cycles with a
cycling profile of 95 ◦C for 30 s, 52 ◦C for 30 s, and 72 ◦C for 30 s; and a final extension
at 72 ◦C for 5 min. To identify the presence of HPV, we used the GP5+/GP6+ degenerate
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consensus primers for amplification of L1 gene sequences [21]. We used conventional
PCR with the following primers: GP5+ 5′-TTTGTTACTGTGGTAGATATCAC-3′ and GP6+
5′-GAAAAATAAACTGTAAATCATATTC-3′. The PCR conditions were as follows: de-
naturation at 95 ◦C for 5 min; 45 cycles that included 1 min at 94 ◦C, 2 min at 50 ◦C,
and 1.5 min at 72 ◦C; and a final elongation at 72 ◦C for 5 min. PCR products were
characterized by 2.5% agarose gel electrophoresis, stained with SafeView PlusTM (abm,
Vancouver, BC, Canada) and visualized under UV transillumination. To identify the HPV
genotypes [22,23], GP5+/GP6+ PCR products were sent to Macrogen (Macrogen Co. Ltd.,
Seoul, Korea) for capillary electrophoresis sequencing (CES). Afterwards, the sequences
obtained were analyzed using the NCBI Blast platform to determine the HPV genotype.

2.3. Tissue Microarray (TMA) Construction and p16 Immunohistochemistry

The TMAs were fabricated, including 5 mm oropharyngeal samples. The tissue
microarrays were introduced into Benchmark Ultra equipment (Ventana, Medical systems
Inc., Tucson, AZ, USA), and Tris-Borate-EDTA (TBE) buffer pH 8.0 was added for 92 min
for antigen recovery. The microarrays were incubated at 37 ◦C in a humid chamber with
the Cintec p16 antibody (Ventana, Medical systems Inc., Tucson, AZ, USA). The revealing
of the antibody was carried out with the UltraView Dab Kit (Ventana, Medical systems Inc.,
Tucson, AZ, USA). The results for p16 IHC were interpreted by an experienced pathologist
and were expressed as negative and positive according to the guidelines of the College of
American Pathologists (positive with ≥70% nuclear and cytoplasmic staining) [24].

2.4. RNA Purification and Transcriptase-Reverse PCR

For the purification of RNA from FFPE, a High Pure RNA Paraffin Kit (Roche, Pleasan-
ton, CA, USA) was used following the manufacturer’s instructions. Briefly, the RNA
concentrations and purity were determined using a Nanodrop1000 spectrophotometer
(NanoDrop Technologies, Wilmington, NC, USA). The cDNA was prepared in a 20 µL
of reaction volume containing DNAse-treated RNA, 1 U of RNase inhibitor (Promega),
0.04 mg/mL of random primers (Promega, Madison, WI, USA), 2 mM of dNTP (Promega,
Madison, WI, USA), and 10 U of Moloney murine leukemia virus (MMLV) reverse tran-
scriptase (Promega, Madison, WI, USA). Levels of HPV16 E6 and E7 transcripts were
evaluated by semi-quantitative RT-PCR using the following primers previously reported
by us [25]: E6 small 16 F 5′-CTGCAAGCAACAGTTACTGCGA-3′ and E6 small 16 R
5′-TCACACACTGCATATGGATTCCC-3′, E7 small 16 F 5′-CAATATTGTAATGGGCTCTGT
CC-3′ and E7 small 16 R 5′-ATTTGCAACCAGAGACAACTGAT-3′. RT-PCR for β-actin
mRNA levels was used for the normalization of RNA expression using the following
primers: F 5′-CCACACAGGGGAGGTGACTAG-3′ and R 5′-GGGCACGAAGGCTCATT-3.
The amplification conditions were 94 ◦C for 5 min followed by 33 cycles of denaturation
at 95 ◦C for 45 s, annealing at 56 ◦C for 40 s and extension at 72 ◦C for 45 s, with a fi-
nal extension for 5 min at 72 ◦C. RT-PCR products were characterized by 2,5% agarose
gel electrophoresis, stained with SafeView PlusTM (abm, Vancouver, BC, Canada) and
visualized under UV transillumination (Vilber-Lourmat, Marne La Vallée, France). For
semi-quantitative analysis, ImageJ software version 1.52a (National Institutes of Health,
Bethesda, MD, USA) was used.

2.5. Statistical Analysis

Statistical analysis was performed using the GraphPad Prism 9 (Version 9.3.1) and
Stata 17.0 (StataCorp, Texas, TX, USA) software. Results were considered statistically
significant when p was less than or equal to 0.05.

3. Results
3.1. Clinical Pathological Characteristics

A total of 51 samples from 51 patients were collected, 2 of which were eliminated for
not presenting detection of the β -Globin fragment by PCR. Of the 49 selected samples,
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18/49 (37.7%) were female and 31/49 (63.3%) were male; the average age was 62.6 years
with a range of 39–85. Additionally, 46.87% of the patients were currently smokers at the
time of diagnosis. A total of 26 (53%) oropharyngeal specimens were obtained from the
palatine tonsils, 14 (28.6%) were from the base of the tongue, and 9 cases (18.4%) were from
the soft palate. Table 1 describes clinicopathological features according to anatomical site
of OPSCCs. It was observed that carcinomas from the palatine tonsils tended to have poor-
to-moderate differentiation compared to those from the tongue and soft palate (p = 0.0323).
There were no differences regarding gender (p = 0.85), age (p = 0.3035), or tumor keratiniza-
tion (p = 0.2115). Oropharyngeal carcinomas from the palatine tonsils presented higher p16
positivity compared to those from the tongue or soft palate (p < 0.0001). Figure 1 describes
representative images of tumor sections used in the tissue arrays with hematoxylin–eosin
staining and p16 IHC.

Table 1. Clinicopathological features of OPSCCs.

Anatomical Site

Features
Palatine
Tonsils
N (%)

Tongue Base
N (%)

Soft Palate
N (%) Total p-Value

Gender p = 0.85
Female 9 (50) 6 (33.33) 3 (16.66) 18
Male 17 (54.38) 8 (25.8) 6 (19.35) 31
Age p = 0.3035

≤65 years 18 (62.07) 7 (24.24) 4 (13.79) 29
>65 years 8 (40) 7 (35) 5 (25) 20

Keratinization p = 0.2115
Keratinized 15 (45.45) 10 (30.3) 8 (24.24) 33

Non-
Keratinized 11 (68.75) 4 (25) 1 (6.25) 16

Differentation p = 0.0323 *
Poor 17 (69.56) 5 (21.73) 2 (8.26) 23

Moderate 8 (47%) 4 (23.52) 5 (29.41) 17
Well 1 (12.5) 5 (62.5) 2 (25) 8

p16 IHC p < 0.0001 ***
Positive 22 (78.57) 5 (17.85) 1 (3.57) 28
Negative 3 (15) 9 (45) 8 (40) 20

Gender, age, keratinization, differentiation, and p16 according to anatomical site. *: p ≤ 0.05: ***: p ≤ 0.001.
p-value < 0.5 was considered statistically significant.

3.2. HPV Detection and Genotyping

It was observed that 30/49 samples were positive for HPV (61.2%) and 19/49 were
negative (38.8%). PCR products from HPV (+) oropharyngeal samples were submitted to
Macrogen for sequencing. The obtained sequences were processed using the NCBI Blast
platform to determine the HPV genotype. Through this analysis, it was determined that
24 cases were HPV16 (80%), 2 cases were HPV33 (6.7%), 1 case was HPV18 (3.3%), and
3 cases were HPV6 (10%) (Table 2). Note that this method of analysis does not allow for the
identification of co-infections with two or more HPV genotypes in the same specimen.

3.3. p16 Immunohistochemistry

It was detected that 58.3% (28/48) of the cases were p16-positive. Oropharyngeal
carcinomas from the palatine tonsils presented higher p16 positivity compared to those from
the tongue or soft palate with p < 0.0001 (Table 1). Figure 1 shows representative images of
tumor sections used in the tissue arrays with p16-positive (C, F) and p16-negative (I) IHC.
As previously mentioned, the palatine tonsils were highly positive for p16 (p < 0.0001).
Additionally, we evaluated the correlation between p16 expression and HPV presence. As
expected, there was a positive correlation between positive p16 and the presence of HPV
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DNA (p = 0.0004, Table 3). However, six p16-negative cases were HPV-positive, including
three HPV6 and three HPV16 cases. Conversely, five p16-positive cases were HPV-negative.

Figure 1. Representative images of the histological sections with hematoxylin–eosin staining and
p16 IHC, of base of the tongue, palatine tonsil, and soft palate. (A–C): Tongue base squamous cell
carcinoma. (A). Section with hematoxylin–eosin stain, tissue fragment showing infiltrating squamous
cell carcinoma, partially keratinizing. (B). Detail of the cytological atypia with pleomorphism,
hyperchromasia, and focal keratinization. (C). Intense and diffuse cytoplasmic and nuclear positivity
for p16 in the neoplastic cells. (D–F): Palatine tonsils squamous cell carcinoma. (D). Section with
hematoxylin–eosin stain, tonsillar tissue with loss of its architecture, and replacement by infiltrating
squamous cell carcinoma. (E). Tumor nest showing less differentiated population towards the
periphery, in the center with keratinization and partial necrosis accompanied by polymorphonuclear
cells, lymphoplasmacytic inflammatory infiltrate in the vicinity. (F). Intense and diffuse cytoplasmic
and nuclear positivity for p16 in the neoplastic cells. (G–I): Soft palate squamous cell carcinoma.
(G). Section with hematoxylin–eosin stain, mucosa of the palate infiltrated by nonkeratinizing
squamous cell carcinoma, with a small remnant of normal tissue towards the far right of the image.
(H). Detail of the cytology with basaloid cells, hyperchromasia, and mitosis, without evidence of
keratinization. (I). p16-negative specimen by IHC.
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Table 2. HPV presence and genotypes in OPSCCs.

Variable Number of Cases (%)

HPV Presence
HPV-Negative 19 (38.8)
HPV-Positive 30 (61.2)

Oncogenic Risk Low 3 (10)
High 27 (90)

Genotype

HPV6 3 (10)
HPV16 24 (80)
HVP18 1 (3.3)
HVP33 2 (6.7)

HPV positivity was significantly associated with poor-to-moderate differentiation compared to HPV (−) samples
(p = 0.029, Table 3). There was no statistically significant association between the presence of HPV and gender
(p = 0.24), age (p = 0.3759), smoking status (p = 0.95), or anatomical location of the tumor (p = 0.19).

Table 3. Relationship between clinicopathological features of OPSCCs and HPV presence.

Feature
HPV Presence

HPV-Negative HPV-Positive Total p-Value

Gender p = 0.24
Female 9 (50) 9 (50) 18
Male 10 (32.25) 21 (67.74) 31
Age p = 0.3759

≤65 years 9 (32.14) 19 (67.85) 28
>65 years 9 (45) 11 (55) 20

Smoking Status p = 0.95
Never 4 (33,33) 8 (66,77) 12

Former 2 (40) 3 (60) 5
Currently 5 (33,33) 10 (66,77) 15

Keratinization p = 0.11
Keratinized 16 (47.06) 18 (52.94) 34

Non-keratinized 3 (20) 12 (80) 15
Differentiation p = 0.029 *

Poor 7 (29.17) 17 (70.83) 24
Moderate 5 (31.25) 11 (68.75) 16

Well 7 (77.77) 2 (22.22) 9
Anatomical Site p = 0.19
Palatine tonsils 7 (26.92) 19 (73.07) 26

Tongue base 7 (50) 7 (50) 14
Soft palate 5 (55.55) 4 (44.44) 9
p16 IHC p = 0.0004 ***
Positive 5 (17.85) 23 (82.14) 28

Negative 14 (70) 6 (30) 20
Gender, age, smoking status, keratinization, differentiation, anatomical site, and p16 IHC according to HPV
presence. *: p ≤ 0.05: ***: p ≤ 0.001. p value < 0.5 was considered statistically significant.

3.4. E6/E7 Transcripts in OPSCCs

The presence of E6/E7 transcripts was analyzed by RT-PCR in HPV16-positive sam-
ples. The results showed that 22/24 (91.6%) expressed E6 transcripts and 19/24 (79.1%)
specimens expressed detectable levels of E7 transcripts. All cases presenting E7 tran-
scripts were also positive for E6 transcripts. Figure 2 shows representative examples of the
expression of E6/E7 transcripts in a 2.5% agarose gel.
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Figure 2. E6 and E7 transcripts in OPSCCs.

Agarose gel electrophoresis (2.5%) of products obtained after RT-PCR for HPV16 E6
and E7 gene expression. Left to right: 100 bp DNA ladder, palatine tonsil samples positive
for HPV16, MMLV control (HPV16 E6-positive sample without MMLV treatment), negative
control (nuclease-free water), and positive control (CasKi cells). Expected molecular weights
are 96 bp and 110 bp for E6 and E7 transcripts, respectively.

4. Discussion

HR-HPVs are the causal agents of an important subset of OPSCCs whose prevalence
has increased considerably in recent years, affecting a younger non-smoking population
when compared to previous decades [1]. Furthermore, HPV (+) cases are different clinical–
molecular entities when compared to HPV (−) OPSCCs. HPV presence is also the most
important positive predictor of overall survival and response to treatment in patients with
OPSCC [26,27].

The worldwide HPV prevalence in oropharyngeal carcinoma is approximately 25–30%,
with a higher frequency found in developed countries [8]. In this study, HPV was detected
in 61.2% of cases. In South America, there is a HPV prevalence of 17.9% in oropharyngeal
tumors (95% CI 7.6–31.4); however, there are few studies on OPSCCs [28]. A recent study
in Brazil reported that HPV was present in 59.1% of cases by PCR/p16 [29]. Although,
previous studies in the same country showed a wide range of HPV detection (4.1 to 55%)
with the use of different methods [30–32]. Additionally, most studies of HPV in head and
neck cancers in Latin America focused on the oral cavity. Indeed, HR-HPV was previously
detected in 11% of oral squamous cell carcinomas (OSCCs) from Chilean patients [33].
Therefore, considering these epidemiological data, our findings suggest that Chile has a
high prevalence of HPV-associated oropharyngeal carcinomas. One factor that may explain
the difference in the frequency of HPV observation between Brazil and Chile could be
socioeconomic status, which has been addressed previously [34]. Brazilian studies with
low HPV prevalence were carried out in public institutions; conversely, this study used
biopsies from a private institution. Interestingly, De Cicco et al. [29] collected specimens
from a private institution and reported an HPV frequency similar to this study. Another
factor potentially involved may be related to the time of samples storage in the reports
with low HPV prevalence, not only due to the possible degradation of the genetic material,
but also because the samples were taken prior to the epidemiological increase in HPV (+)
OPSCCs that occurred over the last two decades [35]. Another difficulty in comparing
reports is the use of different methods for HPV detection which show different sensitivities
and specificities [30,31].

Pertaining to the anatomical location of OPSCCs, HPV DNA has previously been
detected in 47% of tonsil tumors and 18.5% of base-of-tongue tumors [1]. In this study,
we identified HPV presence in 73% (19/26) of the palatine tonsil tumors, followed by
50% (7/14) in the case of base-of-tongue tumors, although there were not statistically
significant differences. Additionally, most of the HPV (+) specimens showed poor-to-
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moderate differentiation, though HPV (+) OPSCCs are characterized by an immature
appearance, with a high nucleus: cytoplasm ratio and a high number of mitoses, with a
basaloid and “immature” morphology. Thus, it has been suggested that it is not necessary
to assign a grade of tumor differentiation to HPV (+) OPSCCs, also considering their well-
known good prognoses regardless of cytological appearance [20,24]. On the other hand,
HPV (+) OPSCCs are characterized by presenting a non-keratinizing morphology similar to
the normal epithelium of the palatine tonsils [36]. In fact, although the HPV (+) specimens
analyzed in this study presented a higher percentage of non-keratinizing morphology,
this result was not statistically significant. A possible limitation in the histopathological
analysis is the small size of the soft palate biopsies, which may lose representativeness of
the sample.

As previously mentioned, OPSCCs attributable to HPV have been characterized by
affecting a younger epidemiological group than their HPV (−) counterparts [4,37,38]. In
this report, 63.3% (19/30) of HPV (+) carcinomas were present in patients under 65 years
of age, while only 50% (9/18) of HPV (−) carcinomas were from that same age group,
although this difference was not statistically significant.

HPV16 was the most frequent HR-HPV genotype in the analyzed OPSCCs, accounting
for 80% of the cases, which is consistent with the literature, which reports a prevalence
of over 70% [8,9]. In this study, HPV33, another HR-HPV genotype [39,40], was detected
in two cases (6.7%). Interestingly, in the study by Melo et al. [41], HPV33 was the most
frequent genotype in low- and high-grade cervical lesions. We can observe this trend not
only in the Chilean population, but also in a report from the Unites States, in which HPV33
was also the second most prevalent HPV genotype [9]. The difference in the prevalence of
HPV genotypes in a population may be determined by the genotypic variants, which may
differ in their oncogenic potential [42]. Among them, the HPV16 Asian American variant is
one of the most aggressive [43]. It is important to have knowledge of the genotypes of each
population to establish public health policies according to the local characteristics.

In this study, p16 positivity was 58.3% in OPSCCs from Chilean subjects. Indeed, p16
has been proposed as a surrogate biomarker which correlates with oncogenic HPV presence
in OPSCCs [44]. For this reason, the 8th edition of the staging system of the American Joint
Committee on Cancer separates p16-positive and -negative OPSCCs into two different
entities [26,45]. Additionally, there were six p16-negative cases which were HPV-positive,
including three HPV6 cases, suggesting that this HPV genotype is a bystander. Addition-
ally, three other cases were HPV16, suggesting the possibility that these cases were not
HPV-driven cancers or that p16 was silenced by mutation or promoter hypermethylation
in these patients, as previously reported in head and neck cancers [46,47]. Of note, five
HPV-negative cases were p16-positive, suggesting the possibility of a false negative by
PCR or that p16 was overexpressed by other mechanisms which are independent of E7
expression [48,49]. When analyzing E6/E7 expression in HPV16-positive OPSCCs, 19/24
(79.1%) of them expressed both transcripts. In addition, three samples expressed only the
E6 transcript. Interestingly, of the five samples in which E6 and E7 transcripts were not de-
tected, four of them were p16-negative, suggesting that even though the viral genome was
present in the tissue, it was not playing an oncogenic role in the tumor. Both the detection
of E6/E7 transcripts and the positivity for p16 by immunohistochemistry (overexpressed
due to the degradation of the retinoblastoma protein by E7) suggest active oncogenic viral
transcription and an oncogenic role in OPSCCs from Chile [50,51]. Although we used
primers for the amplification of short regions of E6 and E7 mRNA, as suggested in FFPE
tissues, it cannot be ruled out that the RNA has been partially fragmented or interrupted
by both formalin fixation and storage time [20].

In conclusion, in this study we found a high HPV prevalence in OPSCCs from Chile,
with significant correlation with p16 expression. More studies are warranted to dissect the
public health consequences of these findings and establish control and treatment strategies
for HPV-associated OPSCCs.



Viruses 2022, 14, 1212 9 of 11

Author Contributions: C.O. and F.A. contributed to the study design, data interpretation, discussion,
and manuscript writing; C.O. and D.C.-B. contributed to experiments and analysis of clinical samples;
C.O. and I.G. contributed to clinical specimens, data collection, and interpretation of samples; P.B.
contributed to data interpretation and discussion. All authors have read and agreed to the published
version of the manuscript.

Funding: This study was supported by ANID doctoral scholarship #21181116 (C.O.); Competitive
fund 2019 of the Chilean Society of Otorhinolaryngology and Head and Neck Surgery (C.O.); Fondecyt
Grants #1161219 and #1221033 (F.A.) and Conicyt-Fondap Grant #15130011 (F.A.).

Institutional Review Board Statement: The study was approved by the Ethics Committee of Hospi-
tal Clínico Universidad de Chile (Protocol code 47/19, 6 November 2019).

Informed Consent Statement: This study did not require informed consent according to the rules
of the Ethics Committee of our institution, since samples previously stored in the pathology bank
were analyzed.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Castellsagué, X.; Alemany, L.; Quer, M.; Halec, G.; Quirós, B.; Tous, S.; Clavero, O.; Alòs, L.; Biegner, T.; Szafarowski, T.; et al.

HPV Involvement in Head and Neck Cancers: Comprehensive Assessment of Biomarkers in 3680 Patients. J. Natl. Cancer Inst.
2016, 108, djv403. [CrossRef] [PubMed]

2. Mehanna, H.; Beech, T.; Nicholson, T.; El-Hariry, I.; McConkey, C.; Paleri, V.; Roberts, S. Prevalence of human papillomavirus in
oropharyngeal and nonoropharyngeal head and neck cancer—Systematic review and meta-analysis of trends by time and region.
Head Neck 2013, 35, 747–755. [CrossRef] [PubMed]

3. Stein, A.P.; Saha, S.; Yu, M.; Kimple, R.J.; Lambert, P.F. Prevalence of human papillomavirus in oropharyngeal squamous cell
carcinoma in the United States across time. Chem. Res. Toxicol. 2014, 27, 462–469. [CrossRef] [PubMed]

4. Gillison, M.L.; Chaturvedi, A.K.; Anderson, W.F.; Fakhry, C. Epidemiology of Human Papillomavirus-Positive Head and Neck
Squamous Cell Carcinoma. J. Clin. Oncol. 2015, 33, 3235–3242. [CrossRef] [PubMed]

5. Mallen-St Clair, J.; Alani, M.; Wang, M.B.; Srivatsan, E.S. Human papillomavirus in oropharyngeal cancer: The changing face of a
disease. Biochim. Biophys. Acta 2016, 1866, 141–150. [CrossRef] [PubMed]

6. Ribeiro, A.L.; Caodaglio, A.S.; Sichero, L. Regulation of HPV transcription. Clinics 2018, 73, e486s. [CrossRef]
7. Gheit, T. Mucosal and Cutaneous Human Papillomavirus Infections and Cancer Biology. Front. Oncol. 2019, 9, 355. [CrossRef]
8. De Martel, C.; Plummer, M.; Vignat, J.; Franceschi, S. Worldwide burden of cancer attributable to HPV by site, country and HPV

type. Int. J. Cancer 2017, 141, 664–670. [CrossRef]
9. Goodman, M.T.; Saraiya, M.; Thompson, T.D.; Steinau, M.; Hernandez, B.Y.; Lynch, C.F.; Lyu, C.W.; Wilkinson, E.J.; Tucker, T.;

Copeland, G.; et al. Human papillomavirus genotype and oropharynx cancer survival in the United States of America. Eur. J.
Cancer 2015, 51, 2759–2767. [CrossRef]

10. Husain, N.; Neyaz, A. Human papillomavirus associated head and neck squamous cell carcinoma: Controversies and new
concepts. J. Oral. Biol. Craniofac. Res. 2017, 7, 198–205. [CrossRef]

11. Gillison, M.L.; Castellsagué, X.; Chaturvedi, A.; Goodman, M.T.; Snijders, P.; Tommasino, M.; Arbyn, M.; Franceschi, S. Eurogin
Roadmap: Comparative epidemiology of HPV infection and associated cancers of the head and neck and cervix. Int. J. Cancer
2014, 134, 497–507. [CrossRef] [PubMed]

12. Hübbers, C.U.; Akgül, B. HPV and cancer of the oral cavity. Virulence 2015, 6, 244–248. [CrossRef] [PubMed]
13. Jiang, S.; Dong, Y. Human papillomavirus and oral squamous cell carcinoma: A review of HPV-positive oral squamous cell

carcinoma and possible strategies for future. Curr. Probl. Cancer 2017, 41, 323–327. [CrossRef]
14. Wittekindt, C.; Wuerdemann, N.; Gattenlöhner, S.; Brobeil, A.; Wierzbicka, M.; Wagner, S.; Klußmann, J.P. The role of high-risk

human papillomavirus infections in laryngeal squamous cell carcinoma. Eur. Arch. Otorhinolaryngol. 2017, 274, 3837–3842.
[CrossRef] [PubMed]

15. Fusconi, M.; Campo, F.; Gallo, A.; Zambetti, G.; Martellucci, S.; Seccia, A.; de Vincentiis, M. Laryngeal Cancer, HPV DNA vs
E6/E7 mRNA Test: A Systematic Review. J. Voice 2017, 31, e241–e248. [CrossRef] [PubMed]

16. Cohen, E.; Coviello, C.; Menaker, S.; Martinez-Duarte, E.; Gomez, C.; Lo, K.; Kerr, D.; Franzmann, E.; Leibowitz, J.; Sargi, Z. P16
and human papillomavirus in sinonasal squamous cell carcinoma. Head Neck 2020, 42, 2021–2029. [CrossRef]

17. Jiromaru, R.; Yamamoto, H.; Yasumatsu, R.; Hongo, T.; Nozaki, Y.; Hashimoto, K.; Taguchi, K.; Masuda, M.; Nakagawa, T.; Oda, Y.
HPV-related Sinonasal Carcinoma: Clinicopathologic Features, Diagnostic Utility of p16 and Rb Immunohistochemistry, and
EGFR Copy Number Alteration. Am. J. Surg. Pathol. 2020, 44, 305–315. [CrossRef]

18. Sharma, A.; Tang, A.L.; Takiar, V.; Wise-Draper, T.M.; Langevin, S.M. Human Papillomavirus and Survival of Sinonasal Squamous
Cell Carcinoma Patients: A Systematic Review and Meta-Analysis. Cancers 2021, 13, 1410. [CrossRef]

http://doi.org/10.1093/jnci/djv403
http://www.ncbi.nlm.nih.gov/pubmed/26823521
http://doi.org/10.1002/hed.22015
http://www.ncbi.nlm.nih.gov/pubmed/22267298
http://doi.org/10.1021/tx500034c
http://www.ncbi.nlm.nih.gov/pubmed/24641254
http://doi.org/10.1200/JCO.2015.61.6995
http://www.ncbi.nlm.nih.gov/pubmed/26351338
http://doi.org/10.1016/j.bbcan.2016.07.005
http://www.ncbi.nlm.nih.gov/pubmed/27487173
http://doi.org/10.6061/clinics/2018/e486s
http://doi.org/10.3389/fonc.2019.00355
http://doi.org/10.1002/ijc.30716
http://doi.org/10.1016/j.ejca.2015.09.005
http://doi.org/10.1016/j.jobcr.2017.08.003
http://doi.org/10.1002/ijc.28201
http://www.ncbi.nlm.nih.gov/pubmed/23568556
http://doi.org/10.1080/21505594.2014.999570
http://www.ncbi.nlm.nih.gov/pubmed/25654476
http://doi.org/10.1016/j.currproblcancer.2017.02.006
http://doi.org/10.1007/s00405-017-4718-1
http://www.ncbi.nlm.nih.gov/pubmed/28861601
http://doi.org/10.1016/j.jvoice.2016.08.002
http://www.ncbi.nlm.nih.gov/pubmed/27613249
http://doi.org/10.1002/hed.26134
http://doi.org/10.1097/PAS.0000000000001410
http://doi.org/10.3390/cancers13153677


Viruses 2022, 14, 1212 10 of 11

19. Mittal, S.; Banks, L. Molecular mechanisms underlying human papillomavirus E6 and E7 oncoprotein-induced cell transformation.
Mutat. Res./Rev. Mutat. Res. 2017, 772, 23–35. [CrossRef]

20. Paver, E.C.; Currie, A.M.; Gupta, R.; Dahlstrom, J.E. Human papilloma virus related squamous cell carcinomas of the head and
neck: Diagnosis, clinical implications and detection of HPV. Pathology 2020, 52, 179–191. [CrossRef]

21. De Roda Husman, A.M.; Walboomers, J.M.; van den Brule, A.J.; Meijer, C.J.; Snijders, P.J. The use of general primers GP5 and GP6
elongated at their 3’ ends with adjacent highly conserved sequences improves human papillomavirus detection by PCR. J. Gen.
Virol. 1995, 76, 1057–1062. [CrossRef] [PubMed]

22. Togawa, K.; Rustgi, A.K. A novel human papillomavirus sequence based on L1 general primers. Virus Res. 1995, 36, 293–297.
[CrossRef]

23. Gharizadeh, B.; Kalantari, M.; Garcia, C.A.; Johansson, B.; Nyrén, P. Typing of human papillomavirus by pyrosequencing. Lab.
Investig. 2001, 81, 673–679. [CrossRef]

24. Lewis, J.S.; Beadle, B.; Bishop, J.A.; Chernock, R.D.; Colasacco, C.; Lacchetti, C.; Moncur, J.T.; Rocco, J.W.; Schwartz, M.R.; Seethala,
R.R.; et al. Human Papillomavirus Testing in Head and Neck Carcinomas: Guideline From the College of American Pathologists.
Arch. Pathol. Lab. Med. 2018, 142, 559–597. [CrossRef] [PubMed]

25. Aedo-Aguilera, V.; Carrillo-Beltrán, D.; Calaf, G.M.; Muñoz, J.P.; Guerrero, N.; Osorio, J.C.; Tapia, J.C.; León, O.; Contreras, H.R.;
Aguayo, F. Curcumin decreases epithelial-mesenchymal transition by a Pirin-dependent mechanism in cervical cancer cells.
Oncol. Rep. 2019, 42, 2139–2148. [CrossRef] [PubMed]

26. Huang, S.H.; O’Sullivan, B. Overview of the 8th Edition TNM Classification for Head and Neck Cancer. Curr. Treat. Options Oncol.
2017, 18, 40. [CrossRef]

27. Ang, K.K.; Harris, J.; Wheeler, R.; Weber, R.; Rosenthal, D.I.; Nguyen-Tan, P.F.; Westra, W.H.; Chung, C.H.; Jordan, R.C.; Lu, C.;
et al. Human papillomavirus and survival of patients with oropharyngeal cancer. N. Engl. J. Med. 2010, 363, 24–35. [CrossRef]

28. Oliveira, A.C.; Cavalcanti de Lima, I.C.; Frez Marques, V.M.; Alves de Araújo, W.H.; de Campos Ferreira, C. Human papillo-
mavirus prevalence in oral and oropharyngeal squamous cell carcinoma in South America: A systematic review and meta-analysis.
Oncol. Rev. 2022, 16, 552. [CrossRef]

29. De Cicco, R.; de Melo Menezes, R.; Nicolau, U.R.; Pinto, C.A.L.; Villa, L.L.; Kowalski, L.P. Impact of human papillomavirus status
on survival and recurrence in a geographic region with a low prevalence of HPV-related cancer: A retrospective cohort study.
Head Neck 2020, 42, 93–102. [CrossRef]

30. Barros-Filho, M.C.; Reis-Rosa, L.A.; Hatakeyama, M.; Marchi, F.A.; Chulam, T.; Scapulatempo-Neto, C.; Nicolau, U.R.; Carvalho,
A.L.; Pinto, C.A.L.; Drigo, S.A.; et al. Oncogenic drivers in 11q13 associated with prognosis and response to therapy in advanced
oropharyngeal carcinomas. Oral. Oncol. 2018, 83, 81–90. [CrossRef]

31. Betiol, J.C.; Sichero, L.; Costa, H.O.O.; de Matos, L.L.; Andreoli, M.A.; Ferreira, S.; Faraj, S.F.; de Mello, E.S.; Sobrinho, J.S.;
Brandão, L.G.; et al. Prevalence of human papillomavirus types and variants and p16(INK4a) expression in head and neck
squamous cells carcinomas in São Paulo, Brazil. Infect. Agent. Cancer 2016, 11, 20. [CrossRef] [PubMed]

32. Buexm, L.A.; Soares-Lima, S.C.; Brennan, P.; Fernandes, P.V.; de Souza Almeida Lopes, M.; Nascimento de Carvalho, F.; Santos,
I.C.; Dias, L.F.; de Queiroz Chaves Lourenço, S.; Ribeiro Pinto, L.F. Hpv impact on oropharyngeal cancer patients treated at the
largest cancer center from Brazil. Cancer Lett. 2020, 477, 70–75. [CrossRef] [PubMed]

33. Reyes, M.; Rojas-Alcayaga, G.; Pennacchiotti, G.; Carrillo, D.; Muñoz, J.P.; Peña, N.; Montes, R.; Lobos, N.; Aguayo, F. Human
papillomavirus infection in oral squamous cell carcinomas from Chilean patients. Exp. Mol. Pathol. 2015, 99, 95–99. [CrossRef]
[PubMed]

34. Dahlstrom, K.R.; Bell, D.; Hanby, D.; Li, G.; Wang, L.E.; Wei, Q.; Williams, M.D.; Sturgis, E.M. Socioeconomic characteristics of
patients with oropharyngeal carcinoma according to tumor HPV status, patient smoking status, and sexual behavior. Oral. Oncol.
2015, 51, 832–838. [CrossRef] [PubMed]

35. Lechner, M.; Liu, J.; Masterson, L.; Fenton, T.R. HPV-associated oropharyngeal cancer: Epidemiology, molecular biology and
clinical management. Nat. Rev. Clin. Oncol. 2022, 19, 306–327. [CrossRef]

36. Lewis, J.S. Morphologic diversity in human papillomavirus-related oropharyngeal squamous cell carcinoma: Catch Me If You
Can! Mod. Pathol. 2017, 30, S44–S53. [CrossRef]

37. Menezes, F.D.S.; Latorre, M.D.R.D.; Conceição, G.M.S.; Curado, M.P.; Antunes, J.L.F.; Toporcov, T.N. The emerging risk of
oropharyngeal and oral cavity cancer in HPV-related subsites in young people in Brazil. PLoS ONE 2020, 15, e0232871. [CrossRef]

38. Mazul, A.L.; Colditz, G.A.; Zevallos, J.P. Factors associated with HPV testing in oropharyngeal cancer in the National Cancer
Data Base from 2013 to 2015. Oral. Oncol. 2020, 104, 104609. [CrossRef]

39. Gilles, C.; Piette, J.; Peter, W.; Fusenig, N.E.; Foidart, J.M. Differentiation ability and oncogenic potential of HPV-33- and HPV-33 +
ras-transfected keratinocytes. Int. J. Cancer 1994, 58, 847–854. [CrossRef]

40. Kovacevic, G.; Milosevic, V.; Knezevic, P.; Knezevic, A.; Knezevic, I.; Radovanov, J.; Nikolic, N.; Patic, A.; Petrovic, V.; Hrnjakovic
Cvjetkovic, I.; et al. Prevalence of oncogenic Human papillomavirus and genetic diversity in the L1 gene of HPV16 HPV 18
HPV31 and HPV33 found in women from Vojvodina Province Serbia. Biologicals 2019, 58, 57–63. [CrossRef]

41. Melo, A.; Montenegro, S.; Hooper, T.; Capurro, I.; Roa, J.C.; Roa, I. Human papilloma virus (HPV) typing in preneoplastic and
neoplastic lesions of the uterine cervix in the IX region-Chile. Rev. Med. Chile 2003, 131, 1382–1390. [PubMed]

42. Sichero, L.; Sobrinho, J.S.; Villa, L.L. Oncogenic potential diverge among human papillomavirus type 16 natural variants. Virology
2012, 432, 127–132. [CrossRef] [PubMed]

http://doi.org/10.1016/j.mrrev.2016.08.001
http://doi.org/10.1016/j.pathol.2019.10.008
http://doi.org/10.1099/0022-1317-76-4-1057
http://www.ncbi.nlm.nih.gov/pubmed/9049358
http://doi.org/10.1016/0168-1702(95)00011-E
http://doi.org/10.1038/labinvest.3780276
http://doi.org/10.5858/arpa.2017-0286-CP
http://www.ncbi.nlm.nih.gov/pubmed/29251996
http://doi.org/10.3892/or.2019.7288
http://www.ncbi.nlm.nih.gov/pubmed/31436299
http://doi.org/10.1007/s11864-017-0484-y
http://doi.org/10.1056/NEJMoa0912217
http://doi.org/10.4081/oncol.2022.552
http://doi.org/10.1002/hed.25985
http://doi.org/10.1016/j.oraloncology.2018.06.010
http://doi.org/10.1186/s13027-016-0067-8
http://www.ncbi.nlm.nih.gov/pubmed/27148398
http://doi.org/10.1016/j.canlet.2020.02.023
http://www.ncbi.nlm.nih.gov/pubmed/32087309
http://doi.org/10.1016/j.yexmp.2015.06.001
http://www.ncbi.nlm.nih.gov/pubmed/26057833
http://doi.org/10.1016/j.oraloncology.2015.06.005
http://www.ncbi.nlm.nih.gov/pubmed/26120093
http://doi.org/10.1038/s41571-022-00603-7
http://doi.org/10.1038/modpathol.2016.152
http://doi.org/10.1371/journal.pone.0232871
http://doi.org/10.1016/j.oraloncology.2020.104609
http://doi.org/10.1002/ijc.2910580617
http://doi.org/10.1016/j.biologicals.2019.02.001
http://www.ncbi.nlm.nih.gov/pubmed/15022400
http://doi.org/10.1016/j.virol.2012.06.011
http://www.ncbi.nlm.nih.gov/pubmed/22748253


Viruses 2022, 14, 1212 11 of 11

43. Hochmann, J.; Sobrinho, J.S.; Villa, L.L.; Sichero, L. The Asian-American variant of human papillomavirus type 16 exhibits higher
activation of MAPK and PI3K/AKT signaling pathways, transformation, migration and invasion of primary human keratinocytes.
Virology 2016, 492, 145–154. [CrossRef] [PubMed]

44. Abdelhakam, D.A.; Huenerberg, K.A.; Nassar, A. Utility of p16 and HPV testing in oropharyngeal squamous cell carcinoma: An
institutional review. Diagn. Cytopathol. 2021, 49, 54–59. [CrossRef]

45. You, E.L.; Henry, M.; Zeitouni, A.G. Human papillomavirus-associated oropharyngeal cancer: Review of current evidence and
management. Curr. Oncol. 2019, 26, 119–123. [CrossRef]

46. Liyanage, C.; Wathupola, A.; Muraleetharan, S.; Perera, K.; Punyadeera, C.; Udagama, P. Promoter Hypermethylation of
Tumor-Suppressor Genes. Biomolecules 2019, 9, 148. [CrossRef]

47. Wu, C.L.; Roz, L.; McKown, S.; Sloan, P.; Read, A.P.; Holland, S.; Porter, S.; Scully, C.; Paterson, I.; Tavassoli, M.; et al. DNA studies
underestimate the major role of CDKN2A inactivation in oral and oropharyngeal squamous cell carcinomas. Genes Chromosomes
Cancer 1999, 25, 16–25. [CrossRef]

48. Grønhøj Larsen, C.; Gyldenløve, M.; Jensen, D.H.; Therkildsen, M.H.; Kiss, K.; Norrild, B.; Konge, L.; von Buchwald, C.
Correlation between human papillomavirus and p16 overexpression in oropharyngeal tumours: A systematic review. Br. J. Cancer
2014, 110, 1587–1594. [CrossRef]

49. LaPak, K.M.; Burd, C.E. The molecular balancing act of p16(INK4a) in cancer and aging. Mol. Cancer Res. 2014, 12, 167–183.
[CrossRef]

50. Prigge, E.S.; Arbyn, M.; von Knebel Doeberitz, M.; Reuschenbach, M. Diagnostic accuracy of p16. Int. J. Cancer 2017, 140,
1186–1198. [CrossRef]

51. Chung, C.H.; Zhang, Q.; Kong, C.S.; Harris, J.; Fertig, E.J.; Harari, P.M.; Wang, D.; Redmond, K.P.; Shenouda, G.; Trotti, A.;
et al. p16 protein expression and human papillomavirus status as prognostic biomarkers of nonoropharyngeal head and neck
squamous cell carcinoma. J. Clin. Oncol. 2014, 32, 3930–3938. [CrossRef] [PubMed]

http://doi.org/10.1016/j.virol.2016.02.015
http://www.ncbi.nlm.nih.gov/pubmed/26945151
http://doi.org/10.1002/dc.24593
http://doi.org/10.3747/co.26.4819
http://doi.org/10.3390/biom9040148
http://doi.org/10.1002/(SICI)1098-2264(199905)25:1&lt;16::AID-GCC3&gt;3.0.CO;2-2
http://doi.org/10.1038/bjc.2014.42
http://doi.org/10.1158/1541-7786.MCR-13-0350
http://doi.org/10.1002/ijc.30516
http://doi.org/10.1200/JCO.2013.54.5228
http://www.ncbi.nlm.nih.gov/pubmed/25267748

	Introduction 
	Materials and Methods 
	Sample Collection 
	DNA Extraction, HPV Detection and Genotyping 
	Tissue Microarray (TMA) Construction and p16 Immunohistochemistry 
	RNA Purification and Transcriptase-Reverse PCR 
	Statistical Analysis 

	Results 
	Clinical Pathological Characteristics 
	HPV Detection and Genotyping 
	p16 Immunohistochemistry 
	E6/E7 Transcripts in OPSCCs 

	Discussion 
	References

