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Abstract

Human papilloma virus (HPV) is a DNA virus associated with the development of cervical,
penile, anal, vulvar, and oral cancers. In recent years, there has been an increase in oral
cancer, which could be due to changes in sexual behavior in the general population. In
Meéxico, there is scarce information on this regard, which prompted us to study HPV
infection prevalence in the oral cavity of an indigenous community from the municipality
of Siltepec, Chiapas, Mexico. Oral samples from 198 inidducls were obtained with
cytobrush for virus detection by nested PCR, using MY02 M "11 and GP5+/GP6+ primers,
and positive samples were sequenced for HPV ge:.ctve'ng. In this study, 12.1% HPV
infection prevalence was observed, which was shrwn *o depend on gender, number of
sexual partners, lack of using condoms, and oi.: sex practices. In contrast, no significant
association between HPV infection anu ‘obacco or alcohol consumption was observed.
Furthermore, sequencing analyzes were rerformed where HPV-13 (21/24), -16 (2/24), -32
(1/24), -81 (1/24), and -83 (L?”4) were observed and HPV-16 European/Asian and
Asian/American E6 variants iactified. These results evidenced an important prevalence of
HPV infection in th: cvar cavity of a Mexican indigenous community, where the

predominant genotypes were associated with benign pathologies, and demonstrated that

high-risk genotype variants derived from different lineages.
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1. Introduction

Human papillomavirus (HPV) belongs to a family of small non-enveloped virus
with an 8-kb circular double-stranded DNA genome (Berbard et al., 2010), which infects
skin basal cells and mucosa squamous epithelium and has been associated with cervical
cancer (CC), representing a major public health problem ‘worldwide. In developing
countries, CC is the most frequent female cancer, as well »s tte main cause of cancer-
related death (Bruni et al., 2015; Luna-Aguirre et al., 2C1s) 'n Mexico, CC ranked second
in incidence (16.9%) and mortality (11.9%) a.er Doreast cancer in 2012, among
malignancies occurring in the female populatior. (here are nearly 200 types of HPV, of
which approximately 50 infect the genitui rea (Alemany et al., 2015); mucosal HPV is
classified as high and low risk depcnding 0.1 its association with neoplasia development. In
addition to CC, about 30% to -!C% of HPV-positive cases have been related to oral,
oropharyngeal, penis, and wvut:a ~ancer (Mufioz et al., 2006). In this regard, prevalence of
high-risk HPV-16 and -1? in oral and oropharyngeal cancer has been reported (Pytynia et
al., 2014). Furtheri.ore, H2V-16 was shown to be more frequent (>75%) and HPV-18 less
frequent (<10%) in HPV-positive vulvar, vaginal, and anal carcinomas, as compared with

CC (De Vuyst et al., 2009).

During the past two decades, numerous studies have associated HPV infection with
other epithelial neoplasias, such as head and neck squamous cell carcinoma (HNSCC) and
oral squamous cell carcinoma (OSCC; HNSCC subtype), which constitutes 3% and 2% of
all malignant neoplasms in males and females, respectively (D'Souza and Dempsey, 2011).

Some evidence has linked them to orogenital contact with the transmission of



papillomavirus from the genital zone to the oral cavity. However, acquisition could be
through mouth-to-mouth contact, autoinoculation, or independent events (Vigneswaran and

Williams, 2014).

In recent decades, oropharynx cancer etiology has been associated with oncogenic
HPV. In the United States the percentage of HPV positive-related oropharyngeal SCC and
oropharyngeal tumors increased up to 82%; in Sweden, such an association increased up to
79% of tonsil SCC (Candotto, 2017). Recently, it was reportz | 'PV-attributable fractions
for the different HN subsites; HPV-attributable cancers arou ted to 38,000 cases, whose
relative HPV-16/-18 and HPV-6/-11/-16/-18/-31/-3%/ 15,-52/-58 contributions were 73%

and 90%, respectively (Lobene, 1986).

In Mexico, there are few reports <> ti.> role of HPV infection in the oral cavity and
it is very important to document the types and/or s HPV variants in different geographical
regions. Provided that HPV pro nruwe cervical, oral, and anal carcinogenesis, there is
evidence that all these tumors .an Le preventable either with an efficient early diagnosis by
detecting premalignant lesioi~, such as low and high grade intraepithelial lesions,
accompanied by H?V detrction or by broad HPV vaccination coverage to the population
(women and men) (Scraffman et al., 2007). Because of recent changes in sexual behavior in
the general population (for example, initiation of sexual activity at an early age, increase in
the number of sexual partners, and orogenital sexual practices), exposure to oral and genital

infection occurs at early ages (Candotto, 2017).

It is important to determine HPV prevalence in the oral cavity of healthy people,
and individuals with pre-neoplasic lesions or oropharyngeal carcinoma, to define

prophylactic strategies. In particular, HPV detection and genotyping in the oral cavity



would provide a better understanding of its prevalence and diversity in the Mexican

population, particularly from the municipality of Siltepec in Chiapas, Mexico.

2. Material and Methods

2.1 Study population

A cross-sectional study was developed in Siltene~. hiapas, Mexico, which is a
rural community located in the Sierra Madre of Chizras, southwest Mexico (15° 33° N and
92° 20 W), with a population of around 38,145 inhabitants. The region is considered as a
producer of migrants, with high levels of .~vety and marginalization. In the present study,
we included 198 individuals witho't previnus clinical diagnosis of oral pathology, who
voluntarily attended the dental frifed2 service during April 2017. Information about
sociodemographic status, sexu>l Lehavior, clinical history, and tobacco and alcohol
consumption were obtaired rough a direct interview with individuals. The presence of

oral lesions was corfirr.ad oy oral clinicians, a maxillofacial surgeon, and a pathologist.

This study was approved by the scientific and bioethical committee of Centro de
Investigacion y Desarrollo en Ciencias de la Salud (CIDICS) and Dentistry Bio-ethics
committee, Universidad Autonoma de Nuevo Ledn (UANL), with approval SPSI-010613

number: 00132. A written informed consent was obtained from each participant.

Inclusion criteria included individuals (a) volunteering to participate in the study,

(b) having signed the informed consent, (c) at least 18 years of age, and (d) attending the



dental brigade; exclusion criteria involved individuals (a) having been previously diagnosed
with some type of cancer, (b) having current history of antimicrobials, antitumorals, and
antivirals usage during the previous six months, and (c) presenting systemic diseases
(autoimmunity and immunosuppression), hypertension, hormonal disorders, metabolic

disorders, and psycho-motor disability.

2.2 Gingivitis evaluation

In this study, we used the noninvasive, no prok*qg i..dified gingival index (MGI) to
assess gingival inflammation in participants, which ~orsiders the following values: (a)
normal (no inflammation), (b) mild inflammati (light change in color, little change in
texture of any portion of the gingival it Jr wflammation of the entire gingival unit), (c)
moderate inflammation (moderate 'azing, redness, edema, and/or hypertrophy) of the
entire gingival unit, and (d) severe inammation (marked redness and edema/hypertrophy,

spontaneous bleeding, or ulce:atiu.”) of the gingival unit (Lobene, 1986).

2.3 Specimen and dat=. collection

After oral clinical evaluation, oropharyngeal samples were collected by the
exfoliative cytology scraping method, making a rotating movement with a cytobrush
(Medical Packaging Co, Camarillo, CA) in different places of the oral cavity and
pharyngeal such as the base of the tongue, inside of the cheeks, and hard and soft palate,

excluding tonsils. Next, brushes were washed in a tube containing a preservative solution



(10 mM Tris-HCI, 1 mM NaCl, and 0.5% SDS, pH = 8) and samples were kept at -20 °C,

until DNA extraction.

2.4 DNA extraction

For DNA extraction, samples were incubated with RNase (10 pg/mL) and allowed
to incubate for 30 minutes at 37 °C, followed by addition of pi reinase K (1 mg/mL) for 1
hour at 56 °C, and incubation for 10 minutes at 95 °C for .= iractivation. DNA was then
purified using phenol-chloroform isoamyl alcohol teuiwiique and precipitated by
salt/ethanol, as previously described (Sambrook et al., 1©39). Next, DNA was suspended in
50 uL TE buffer (0.01 M Tris HCL, pH 7.4, an' £.091 M EDTA) and incubated at 65 °C for

1 hour, after which, DNA was stored at - 80 C, until analysis.

Extracted DNA integrity and .dequacy were evaluated by detecting [-actin gene
on PCR, using the oligonucleotric™ +7.v 5'- GGCATCCTCACCCTGAAGTA-3" and Rv 5'-
GGGGTGTTGAAGGTCTCA+ A-3' as internal controls, electrophoresed in 8% acrylamide
gel, stained with ethid’s.> v.omide, and visualized in an Ultraviolet Light Transilluminator

Gel Doc™ XR+ Image, (Bio-Rad Lab). The expected PCR product was ~203 bp (Fig. 1).

2.5 HPV detection

HPV detection system uses MY09/MY11 and GP5+/GP6+ primers, that amplify the
viral genome L1 region, which is frequently used for HPV detection in clinical and
histological studies (Haws et al., 2004). These primers are effective for amplifying wide

spectrum of HPV genotypes in cells obtained from cervical smears and paraffin-embedded



tissues. MY09/MY11l primers flank a sequence of approximately 450 pb, whereas
GP5+/GP6+ primers flank a sequence of about 150 pb, which is internal to the sequence
flanked by MY (Snijders et al., 1990). MY pair is synthesized from several degenerate
nucleotides in each primer, it is a mixture of 25 oligonucleotides that amplify > 25 genital
HPV types. On the other hand, GP5+/GP6+ primers consist of a fixed sequence of

nucleotides, for each oligonucleotide primer.

HPV  detection was performed by nested ™Ch, using MY09 5'-
CGTCCMARRGGAWACTGATC-3' and MY1l 5-GC'VIC.AGGGWCATAAYAATGG-3'
primers, Taq DNA polymerase (5U/uL), dNTP mix, 139 .2 DNA, and nuclease-free water
for a final volume of 25 uL per reaction (MJ Mir’ Pe,~onal Thermal Cycler thermocycler;
Bio-Rad Lab, Hercules, CA). Equipment prnirai.waing was as follows: 1) Pre incubation at
95 °C for 3 min, 2) amplification at 95 = for 1 min, 55 °C for 1 min, and 72 °C for 90 s,
for 40 cycles, and 3) extension at 72 °C for 4 min. The second amplification round was
performed as the first one, but irstera of adding DNA, 1 pL of first round PCR product was
added and the primers usd “vere GP5+ 5'-TTTGTTACTGTGGTAGATACTAC-3' and
GP6+  5-GAAAAAANACTGTAAATCATATTC-3'  (Bio-Rad  Lab).  Equipment
programming was as fo'lows: 1) Pre incubation at 94 °C for 4 min, 2) amplification at 94
°C for 1 min, 40 °C for 2 min, and 72° C for 90 s, for 40 cycles, and 3) extension at 72 °C
for 4 min. Next, PCR products were electrophoresed in a 8% acrylamide gel in 1X TBE
buffer, then run at 90 Volts for 45 minutes, stained with ethidium bromide, and placed in an
Ultraviolet Light Transilluminator Gel Doc™ XR-+Imager (Bio-Rad Lab) to show ~150 bp

amplicons, corresponding to HPV (Fig. 2).



2.6 L1 gene sequence-based HPV genotyping

HPV-positive samples were selected for HPV L1 genes molecular characterization
by sequencing analysis. Nested PCR products were purified using a GeneJET NGS
Cleanup Kit purification system (Thermo Scientific, Rockford, IL) and subjected to
sequencing using the Big Dye Terminator Chemistry v3.1 Ready Reaction Kit (Applied
Biosystems, Foster City, CA) and the GP6+ primer, in an automatic DNA sequencer (3500
Genetic Analyzer; Applied Biosystems, Foster City, CA), at !~stn.to de Fisiologia Celular

at Universidad Nacional Autbnoma de Mexico (Fig. 3).

Sequencing for each sample was performec« 1. triplicate. DNA sequences were
aligned and combined using the Bionumerics v7.1 program to construct a consensus DNA
region that was compared with human rZiemavirus known DNA - sequences. Sequences

and electropherograms were analyzed by Goneious v11.0.5 and FinchTV v1.4.0 programs.

The hypervariable region or the DNA sequence downstream of the GP5+ binding
site is critical in L1 genotyp*:g ¢ HPV as the signature sequence. A nucleotide region of
up to ~50 bp was selecie? 2nd the identity analysis was carried out using the Basic Local
Alignment  Searcl, Toc!  (BLAST) server  (https//blast.ncbi.nlm.nih.gov/Blast.cgi), as

previously reported by Lee et al. (2009).

2.7 ldentification of nucleotide/amino acid changes and analysis of HPV-16 variants

HPV-16 E6 gene was amplified using the specific primers E6-F048 (5'-

GAACCGAAACCGGTTAGTAT-3") and E6-R622 (5'-CAGTTGTCTCTGGTTGCAAA-

3"), which amplify a region of ~575 bp. PCR was performed in a 50 puL reaction containing



1 uM of each oligonucleotide, 4 mM MgCl, and 1.25 U of high fidelity Platinum Tag DNA
polymerase (Thermo-Scientific). Conventional PCR thermocycler was programmed as
follows: initial denaturation at 95 °C for 10 min, followed by 40 cycles of 95 °C for 45 s,

57 °C for 30's, 72 °C for 1 min, and a final extension at 72 °C for 10 min.

PCR products were purified using the Genlet NGS Cleanup Kit (Thermo-
Scientific), following manufacturer's instructions. Products (both strands) were then
sequenced using Big Dye Terminator Chemistry v3.1 Ready F:2acuon Kit on an automatic
DNA sequencer (Applied Biosystems). Obtained sequerces were aligned with HPV16R
reference sequence (GenBank Accession NC_00152%.%- [ os Alamos National Laboratory,
Los Alamos, NM). Using the E6 sequence, HPV-.6 \~riants were classified into lineages

with their respective sub-lineages, and sub-lir:agec were stratified into classes.

2.8 Statistical analysis

Differences in HPV prevalen.e 1or each group were assessed by contingency tables,
and Chi-square and Fisher': e,act tests were carried out for nominal variables; for
numerical variables the Stulen: t test was used. Statistical analyzes were performed using

the SPSS v22 prog.ai

3. Results

In this study, we enrolled 198 individuals. Relevant information (such as age, sex,
tobacco and alcohol consumption, sexual behaviors, and family history) from each
participant was collected by a specialist, using a questionnaire; oral pathologies,

abnormalities in the oral cavity, and gingival state were also registered. Regarding sex and



age, 69.2% (137/198) were female and 30.8% (61/198) were male, whereas mean age was

41.8 £ 15.3 years old (mean + SD), as shown in Table 1.

All samples, including DNA from HeLa cells, showed the expected ~203 bp B-actin
gene amplicon (Fig. 1). In addition, in nested PCR for HPV detection, the expected ~150
bp amplicon was not observed in nuclease-free water, but in DNA from HelLa cells (Fig. 2).

HPV positive individuals presented the ~150 bp DNA fragment in nested PCR.

HPV infection prevalence of 12.1% (24/198 of the subj.cts) was observed in the
oral cavity. In addition, HPV infection percentage for ferales and males was 8.8%
(12/137) and 19.7% (12/61), respectively. The mert ay? in individuals infected with HPV
was 46.88 + 17.89 years old and that of persor. wvithout infection was 41.12 + 14.85 years
old. No statistical association was r:Z-ei.ed between HPV infection and alcohol
consumption and current tobacco smoking ~abits (Table 1). Furthermore, 62.5% (15/24) of
individuals infected with HPV repc.te. to be sexually active. A statistically significant (p =
0.001) association was fouru between oral HPV infection and the number of sexual
partners, oral sex practices, “nd condom use; 58.4% (14/24) of the infected individuals
reported equal or ceacrr than 3 sexual partners. In addition, 79.2% (19/24) performed oral
sex practices, 33.3% (5/24) reported never using condoms, 41.7% (10/24) sometimes using
condoms, and 25% (6/24) always using condoms among infected individuals; the use of
condoms was not for oral sex practices (Table 1). All individuals indicated to be

heterosexual.

The relation of oral HPV infection and background of a relative diagnosed with
head and neck squamous cell carcinomas (HNSCCs) was evaluated; 20.8% (5/24) reported

having this background. Oral cavity lesions were identified in 11 individuals, only 2



individuals were infected presented oral lesions (one case of condyloma acuminatum and
one case of MEH), as shown in Table 1. Furthemore, a statistically significant (p = 0.001)
association between gingival status and oral HPV infection was observed; 58.3% (14/24)
and 37.5% (9/24) of infected individuals presented mild and moderate inflammation,
respectively. Only one individual infected with HPV did not present gingival inflammation

(Table 1).

Electropherograms were analyzed and sequences 2%.~ent allowed identification
of types 13, 16, 32, 81, and 83. On the other hand, genc*vpe 18 was detected in HeLa cells
positive control. Electropherograms, alignments, and i ~itity analysis are shown in Figures
4 and 5. Based on genotyping results, the mvo¢ 1equent type was HPV-13 with 87.5%
(21/24), followed by HPV-16 with 8.33"0 (7/24), and HPV- 32, HPV-81, and HPV-83 with
4.17% (1/24) each; co-infection of g.notypes HPV-13 / HPV-16 and HPV-13 / HPV-81
was also observed (Table 2).

For the analysis of variani., Ev HPV-16 sequence was amplified using type-specific
oligonucleotides and suh<eywnat amplicon sequencing ~575 bp. Analysis of variants was
developed for HPV-15 genotype positive samples. HPV16R sequence was used as a
reference for the alignment of the sequences obtained from electropherograms. In one of
the samples, the following nucleotide changes were observed: G131 (from adenine to
guanine at position 131) and G350 (from thymine to guanine at position 350). These
nucleotide changes led to the following amino acid changes: R10G (from arginine to
glycine at position 10) and L83V (from leucine to valine in position 83). The sample was
phylogenetically classified as variant E-G131/G350 (European-Asian lineage/European

sub-lineage/Class E-G350).



In the other sample, the following nucleotide changes were observed: T145 (from
guanine to thymine at position 145), A286 (from thymine to adenine at position 286), G289
(from adenine to guanine at position 289), T335 (from cytosine to thymine at position 335),
G350 (from thymine to guanine at position 350), and G532 (from adenine to guanine at
position 532). Of these changes, only three produced the amino acid changes Q14H (from
glutamine to histidine at position 14), H78Y (from histidine to tyrosine at position 78), and
L83V (from leucine to valine at position 83). The sample was "vlogenetically classified as
AA-a variant (Asian American/North American lineage/A<ia.: .American sub-lineage/class

AA-a).

4. Discussion

Worldwide researchers have +eported the presence of human papillomavirus in
different areas of the human k~dy including the oral cavity, where infection has been
recently associated with the ‘evewpment of cancer. Recently, anti-HPV immunization was
introduced in some c2o'ngics, including Mexico (Luciani et al., 2018). The strategy,
proposed by Mexico, includes primary prevention for girls between 9 and 16 years old.
However, studies in different regions of Mexico have frequently detected other genotypes
that are not included in this scheme. In addition, existing vaccines were designed for
prevention of precancerous lesions and SCC in the anogenital area, thus their effectiveness

in OSCC prevention s still unknown.

In Mexico, there are few reports on the role of HPV infection in the oral cavity and

its implications in the general population, and it is very important to document the types



and/or variants of HPV in different geographical regions. The aim of the present study was
to investigate the presence of HPV in the oral mucosa of indigenous individuals from
Chiapas, Mexico. Several studies have demonstrated higher sensitivity and specificity of
nested PCR system using the two oligonucleotide pairs MY09/11 and GP5+/GP6+,
compared with other methods (Cai et al., 2013; Entiauspe et al., 2013), which allows for

proper identification of any HPV type, present in the sample.

In our study, there was no significant difference in e mean age of individuals
infected or not with HPV, and between HPV infection aid .'vinking habits (p = 0.918) or
tobacco use (Table 1). These results agreed with *..ose obtained by Ibieta-Zarco et al.
(2005), who did not observe a statistically significz.nt «~sociation between these variables,
in patients diagnosed with HNSCCs. Gonz..cz-Losa et al. (2015) conducted an
epidemiological study in women withou. ural pathology symptoms, whose results agreed
with those of the present work. On *he cther hand, Kreimer et al. (2010), in a multi-national
study including Mexico, found tha. tuvacco consumption is a factor strongly related to oral

HPV infection in asymptomctic individuals.

In addition, a ~tati-tically significant association was found between HPV infection
and different sexual =c:haviors, such as higher number of couples throughout their lives,
oral sex practices, and sex without a condom (Table 1); this observation agrees with several
studies showing such factors as potential risks to HPV infection (Smith et al., 2004). This
could be related to the main mechanism of transmission of the virus (sexual transmission
through fluids and warts), suggesting that the use of condoms during oral sex practices
could reduce the rate of oral infection. Furthermore, a statistically significant association

between the gender and HPV infection was observed (Table 1). Kreimer et al. (2010)



conducted a study in healthy individuals, finding a similar prevalence of oral HPV in men

and women (4.6% and 4.4%, respectively).

We also demonstrated the presence of viral HPV DNA in 12.1% of individuals
between 18 and 72 vyears old from Siltepec community, which indicates a significant
prevalence of the infection in this population. In this regard, Gonzalez-Losa et al. (2015,
2013), reported a prevalence of about 14% in individuals without symptoms of apparent
oral disease from Yucatan, Mexico. In addition, Kreimer et al (?029), included 591 healthy
Mexican men, observing a prevalence of 5.9%, of whirn L% corresponded to high-risk
(HR) types, mainly HPV-16. It is possible that HPV ~te~tion in oral cavity samples could
be used as a tool for the diagnosis of HPV tyres .~lated to the development of oral

pathologies.

Among individuals infected, 91.7v. single-type infection and 8.3% multiple-type
infection were observed. For HP'/-.5 (considered a high-risk genotype), one case was
identified in both single-type o« nuultiple-type infection. Overall, HPV-13 was the most
prevalent with 87.5% (n =21,, as shown in Table 2. These data agreed with those reported
by Jiménez et al. (?0C"), vvho observed 90.09% of LR genotypes (HPV-6, -13, and -32),
where 45.45% correc,onded to genotype 13, and 9% of the samples presented mixed

infection.

HPV-13 was the genotype with the highest prevalence in our population (Table 2).
This genotype is strongly associated with multifocal epithelial hyperplasia (MEH), which is
a rare pathology of the oral mucosa that has been described in some ethnic groups, mainly
in the Americas (Cuberos et al., 2006). Several studies have reported the existence of this

pathology in Mayan locations in southern Mexico (Gonzalez-Losa et al., 2013, 2011;



Lopez-Villanueva et al., 2011); it is characterized by asymptomatic lesions that can develop
in any part of the oral mucosa, but more frequently at the level of the tongue, soft palate,
and lips. The presence of this viral genotype in the oral mucosa has also been described in
individuals without apparent lesions (Gonzalez-Losa et al., 2013; Cuberos et al., 2006;
Lopez-Villanueva et al., 2011). MEH typically occurs during the first decade of life.
Asymptomatic infection in women between 16 and 40 years of age could play a role in the
transmission and maintenance of this virus in the community ond within families. These
results suggest the need for longitudinal studies to increase ~u. “nowledge of the dynamics
of infection by HPV-13, which was considered the ex“lusive genotype of the oral cavity,
however, recent studies have reported that it can also “e found in the genital tract. Illades-
Aguilar et al. (2010) and Mattos et al. (2011) repurted a prevalence of 0.1% and 4.3% of
this genotype in the cervix, respectivvy. These low percentages of HPV-13 could be
partially explained by the fact that .~veral HPV genotyping techniques cannot determine
this type or because of the 1musal geographical distribution of this genotype. In this
concern, Lopez-Villanueva e. al. (2011) reported the presence of HPV-13 in all saliva
samples in individuals withh MZH from Meérida, Yucatan, which could be explained by the
domestic transmissionn o1 HPV-13 through saliva and the shared use of contaminated
objects. Another genotype that is associated with MEH is HPV-32, however, this genotype
is frequently detected in the genital tract. In our study, HPV-13 was the most frequent
genotype, but one of the individuals (1/10) who presented MEH was infected with HPV-32
genotype. This discrepancy could suggest that MEH lesions observed in our population
could be attributed to other factors related to this type of lesions, including genetic
predisposition, nutritional deficiencies, environmental factors, and immunosuppression

(Bascones-Martinez et al., 2012). On the other hand, HPV-16 genotype in the oral cavity of



2 individuals and genotypes HPV-32, -81, and -83 in 1 patient each were observed. These
results differ from those observed by Gonzalez-Losa et al. (2011), who identified HPV-6, -

58, -16, -81, -59, and -18 genotypes.

In addition, according to the sequencing analysis, E6 gene nucleotide variants were
detected and used them to investigate HPV heterogeneity in our population. It is known that
there are multiple HPV-16 variants which are distributed worldwide, thus the risk of
developing SCC may be higher in some populations than in cthe.s. In the present study,
one of the samples was classified as variant E-G131/G35(, woich belongs to the European-
Asian lineage, European sub-lineage, and Class E-G2Z? ond the other as AA-a variant of
Asian American/North American lineage, Asian A.nerwan sub-lineage, and AA-a class.
Ortiz-Ortiz et al. (2015) reported 27 HPV /anwws in 330 women infected with HPV-16
from the state of Guerrero, Mexico; 8. 12% belonged to variants of the European sub-
lineage, 17.58% to Asian American ~'ib- ineage 1, and 0.3% to African sub-lineage 2a. The
most common one was E-G35(; '0Ovo), followed by E-prototype (13.03%), E-C188/G350

(11.82%), AA-a (10.61%), .\A ~ (6.07%), and E- A176/G350 (5.15%).

It is knowr th.t tt2 genomes of HPV-16 variants geographically differ worldwide,
because of the evoluiun related to ethnic groups and that the risk of cervical carcinoma
appears to be population dependent (Yamada et al., 1997; Zuna et al., 2009). Mexico is a
country with diverse ethnic origins because European immigrants mixed with several
indigenous  populations, consequently the current population carries the HPV variant of

several ethnic groups (Calleja-Macias et al., 2004).

Our results evidenced an important prevalence of HPV infection in the oral cavity of

a Mexican indigenous community, where the predominant genotypes were associated with



benign pathologies, and demonstrated that high-risk genotype variants derived from

different lineages.

Acknowledgements

The experimental design of this study was design by Victor Hugo Urrutia-Baca.
This study was supported by grants from Consejo Nacionar de Ciencia y Tecnologia
(CONACYT-México) through Programa de Estimulos ~ = Investigacion, Desarrollo
Tecnoldgico e Innovacion 2018 (grant numbers 252534 and 251475) to MGR and Becas
Nacionales 2016 (CVU number 745757). We also t. -« Fundacion Visiones Compartidas,
Uniendo Voluntades A.C. to support our st ’ in the medical brigades. We thank Laura
Ongay Ph.D. for their constructive stagecdons and excellent technical assistance in the
sequencing analysis. We also thai!- the Visiones Compartidas Uniendo Voluntades
Foundation, Unidad de Odontolrnia 'riegral y Especialidades of Centro de Investigacion y
Desarrollo en Ciencias de w. Sawud (UOIE-CIDICS) and Laboratorio de Inmunologia y
Virologia of Facultad ~~ Cincias Bioldgicas at Universidad Autonoma de Nuevo Ledn

(FCB-UANL) for supp.~rung the development of this study.

References

Alemany, L., Saunier, M., Alvarado-Cabrero, 1., Quirés, B., Salmeron, J., Shin, H.R.,
Pirog, E.C., Guimera, N., Hernandez-Suarez, G., Felix, A., Clavero, O.,2015. Human
papillomavirus DNA prevalence and type distribution in anal carcinomas worldwide. Int. J.

Cancer 136, 98-107. DOI: 10.1002/ijc.28963.



Bascones-Martinez, A., Cok, S., Bascones-llundain, C., Arias-Herrera, S., Gomez-Font, R.,
Bascones-llundain, J., 2012. Multifocal epithelial hyperplasia: A potentially precancerous

disease?. Oncol. Lett. 3, 255-258. DOI: 10.3892/01.2011.465

Bernard, H.U., Burk, R.D., Chen, Z., Van Doorslaer, K., Zur Hausen, H., de Villiers, E.M.,
2010. Classification of papillomaviruses (PVs) based on 189 PV types and proposal of

taxonomic amendments. Virology 401, 70-79. DOI: 10.1016/}.virol.2010.02.002.

Bruni, L., Barrionuevo-Rosas, L., Albero, G., Aldea, M., Serrno, B., Valencia, S., Brotons,
M., Mena, M., Cosano, R., Mufioz, J., Bosch, F.X., 201%. 1. information centre on HPV
and cancer (HPV Information Centre). Human papill. mavirus and related diseases in the

world. Summary Rep. 4-8.

Cai, Y.P., Yi, Y.AN.G,, Zhu, B.L,, Yuc. |.1., Xia, X.Y., Zhang, R.F., Xiang, Y., 2013.
Comparison of human papillomavirus Jetection and genotyping with four different prime
sets by PCR-sequencing. Biomer’. Ei*7on. Sci. 26, 40-47. DOI: 10.3967/0895-

3988.2013.01.005.

Calleja-Macias, L.E. Kalanari, M., Huh, J., Ortiz-Lopez, R., Rojas-Martinez, A., Gonzalez-
Guerrero, J.F., William<on, A.L., Hagmar, B., Wiley, D.J., Villarreal, L., Bernard, H.U.,

2004. Genomic diversity of human papillomavirus-16, 18, 31, and 35 isolates in a Mexican
population and relationship to European, African, and Native American variants. Virology

319, 315-323. DOI: 10.1016/}.virol.2003.11.009.

Candotto, V., Lauritano, D., Nardone, M., Baggi, L., Arcuri, C., Gatto, R., Gaudio, R.M.,

Spadari, F., Carinci, F., 2017. HPV infection in the oral cavity: epidemiology, clinical



manifestations and relationship with oral cancer. Oral implantol. 10, 209. DOI:

10.11138/0rl/2017.10.3.2009.

Cuberos, V., Perez, J., Lopez, C.J., Castro, F., Gonzalez, L.V., Correa, L.A., Sanclemente,
G., Gaviria, A., Mlller, M., Sanchez, G.l., 2006. Molecular and serological evidence of the
epidemiological association of HPV 13 with focal epithelial hyperplasia: a case-control

study. J. Clin. Virol. 37, 21-26. DOI: 10.1016/j.jcv.2006.04.003

De Vuyst, H., Clifford, G.M., Nascimento, M.C., Madeleine, M.l ., Franceschi, S., 2009.
Prevalence and type distribution of human papillomaviru, > carcinoma and intraepithelial
neoplasia of the vulva, vagina and anus: a meta-analy.is. nt. J. Cancer 124, 1626-1636.

DOI: 10.1002/ijc.24116.

D'Souza, G., Dempsey, A., 2011. The rce ri HPV in head and neck cancer and review of

the HPV vaccine. Prevent. Med. 53, SC S11. DOI: 10.1016/j.ypmed.2011.08.001.

Entiauspe, L., Nunes, E., Collars, v, da Silveira, M.F., Seixas, F.,2013. Comparison
between two methods for mo:cuiar characterization of human papillomavirus. J. Bras.

Doengas. Sex Transm. 25, .3-15.DOI: 10.5533/DST-2177-8264-201325101.

Haws, A.L.F., He, Q., Rady, P.L., Zhang, L., Grady, J., Hughes, T.K., Stisser, K., Konig,
R., Tyring, S.K., 2004. Nested PCR with the PGMY09/11 and GP5+/6+ primer sets
improves detection of HPV DNA in cervical samples. J. Virol. Methods 122, 87-93. DOI:

10.1016/j.jviromet.2004.08.007.

Gonzalez-Losa, M., Conde-Ferraez, L., 2013. Prevalence and distribution of HPV 16, 18

and 58 in southeast Mexico, in: Smith, H.B. (Ed.), Handbook of human papillomavirus



Prevalence, detection and management. New York, pp. 391-404. ISBN: 978-1-62618-672-

9.

Gonzalez-Losa, M.D.R., Barrera, E.S., Herrera-Pech, V., Conde-Ferréez, L., Puerto-Solis,
M., Ayora-Talavera, G., 2015. Epidemiology of oral HPV in the oral mucosa in women
without signs of oral disease from Yucatan, Mexico. Braz. J. Microbiol. 46, 301-306. DOI:

10.1590/S1517-838246120130976.

Gonzalez-Losa, M.R., Suarez-Alén, R.E., Canul-Canche, J., (>onc 2-Ferréez, L., Eljure-
Lopez, N., 2011. Multifocal epithelial hyperplasia in a com. ity in the Mayan area of

Mexico. Int. J. Dermatol. 50, 304-309. DOI: 10.111..1.1355-4632.2010.04718.x.

Ibieta, B.R., Lizano, M., Frias-Mendivil, M., 3a. wer4, J.L., Carrillo, A., Ruiz-Godoy, L.M.,
Mohar, A., 2005. Human papilloma viru: ir oral squamous cell carcinoma in a Mexican
population. Oral Surg. Oral Med. Orai Pathol. Oral Radiol. Endod. 99, 311-315. DOI:

10.1016/j.tripleo.2004.04.010.

lllades-Aguiar, B., del Carme ~larcén-Romero, L., Antonio-Véjar, V., Zamudio-Lopez,
N., Sales-Linares, N.,{:lore;-Alfaro, E., Fernandez-Tilapa, G., Vences-Velazquez, A.,
Mufoz-Valle, J.F., Lewr a-Véazquez, M.A., 2010. Prevalence and distribution of human
papillomavirus types in cervical cancer, squamous intraepithelial lesions, and with no
intragpithelial lesions in women from Southern Mexico. Gynecol. Oncol. 117, 291-296.

DOI: 10.1016/j.ygyn0.2010.01.036.

Jiménez, C.E.A., Correnti M., Salma, N., Cavazza, M., Perrone, M., 2001. Acta Odontol.
Venez. 39, 10-15.

https://www.actaodontologica.com/ediciones/2001/2/deteccion_papiloma_humano.asp.



Kreimer, A.R., Villa, A., Nyitray, A.G., Abrahamsen, M., Papenfuss, M., Smith, D.,
Hildesheim, A., Villa, L.L., Lazcano-Ponce, E., Giuliano, A.R., 2011. The epidemiology of
oral HPV infection among a multinational sample of healthy men. Cancer Epidemiol.

Prevent. Bomarkers 20, 172-182. DOI: 10.1158/1055-9965.EPI-10-0682.

Lee, S. H., Vigliotti, V. S., Vigliotti, J. S., Pappu, S., 2009. Validation of human
papillomavirus genotyping by signature DNA sequence analysis. BMC Clin. Pathol. 9, 3.

DOI: 10.1186/1472-6890-9-3.

Lobene, R.R., 1986. A modified gingival index for use i, ¢.nizal trials. Clin. Prevent.

Dent. 8, 3-6. PMID: 3485495.

Lopez-Villanueva, M.E., Conde-Ferraez, L., Ay.<a- falavera, G., Ceron-Espinosa, J.D.,
Gonzalez-Losa, MR, 2011. Human pap:©m.avirus 13 in a Mexican Mayan community
with multifocal epithelial hyperplasia: ~ould saliva be involved in household transmission?

Eur. J. Dermatol. 21, 396-400. 201. 1.0.1684/ejd.2011.1347.

Luciani, S., Bruni, L., Agurte, 1., Ruiz-Matus, C., 2018. HPV vaccine implementation and

monitoring in Latin Areric1. Salud Publ. Mex. 60, 683-692. DOI: 10.21149/9090.

Luna-Aguirre, C.M., Reyes-Cortés, L.M., Torres-Grimaldo, A.A., Karr-de-Leon, S.F.,
Cerda-Flores, R.M., Melo-Nava, B., Aizpuru-Akel, V.E., Barrera-Saldafia, H.A., 2018.
Prevalence of human papillomavirus types in North and Central regions of Mexico.

Epidemiol. Infect. 146, 1724-1730. DOI: 10.1017/S0950268818001747.

Mattos, A.T.D., Freitas, L.B.D., Lima, B.M.C., Miranda, A.E., Spano, L.C., 2011.

Diversity and uncommon HPV types in HIV seropositive and seronegative women



attending an STI clinic. Braz. J. Microbiol. 42, 786-793. DOI: 10.1590/S1517-

838220110002000047.

Mufioz, N., Castellsagué, X., de Gonzalez, A.B., Gissmann, L., 2006. HPV in the etiology

of human cancer. Vaccine 24, S1-S10. DOI: 10.1016/j.vaccine.2006.05.115.

Ortiz-Ortiz, J., del Carmen Alarcén-Romero, L., Jiménez-Lépez, M.A., Garzon-Barrientos,
V.H., Calleja-Macias, 1., Barrera-Saldafia, H.A., Leyva-Vazque. M.A., lllades-Aguiar, B.,
2015. Association of human papillomavirus 16 E6 variants wih cervical carcinoma and

precursor lesions in women from Southern Mexico. Viro'. ¢ 12, 29. DOI: 10.1186/s12985-

015-0242-3.

Pytynia, Kristen B., Kristina R. Dahlstrom, Ericc: M. Sturgis, 2014. Epidemiology of HPV-
associated oropharyngeal cancer. Oral C nce.. 50, 380-386. DOI:

10.1016/j.oraloncology.2013.12.019.

Sambrook, J., Fritsch, E. F., M~niau., T., 1989. Molecular cloning: a laboratory manual,
second ed. Cold Spring Har.~r _aboratory Press, New York. DOI: 10.1016/0092-

8674(90)90210-6.

Schiffman, M., 2007. Integration of human papillomavirus vaccination, cytology, and

human papillomavirus testing. Cancer Cytopathol. 111, 145-153. DOI:10.1002/cncr.22751.

Smith, E.M., Ritchie, J.M., Summersgill, K.F., Klussmann, J.P., Lee, J.H., Wang, D.,
Haugen, T.H., Turek, L.P., 2004. Age, sexual behavior and human papillomavirus infection
in oral cavity and oropharyngeal cancers. Int. J. Cancer 108, 766-772. DOI:

10.1002/ijc.11633.



Snijders, P.J., van den Brule, A.J., Schrijnemakers, H.F., Snow, G., Meijer, C.J.,
Walboomers, J.M., 1990. The use of general primers in the polymerase chain reaction
permits the detection of a broad spectrum of human papillomavirus genotypes. J. General

Virol. 71,173-181. DOI: 10.1099/0022-1317-71-1-173.

Vigneswaran, N., Williams, M.D., 2014. Epidemiologic trends in head and neck cancer and
aids in diagnosis. Oral Maxillofac. Surg. Clin. North. Am. 26, 123-141. DOI:

10.1016/j.coms.2014.01.001.

Yamada, T., Manos, M.M., Peto, J., Greer, C.E., Munoz. N., Posch, F.X., Wheeler, C.M.,
1997. Human papillomavirus type 16 sequence varia. n 1 cervical cancers: a worldwide

perspective. J. Virol. 71, 2463-2472. PMID: 90'52,84.

Zuna, R.E., Moore, W.E., Shanesmith, 7 P. Dunn, S.T., Wang, S.S., Schiffman, M.,
Blakey, G.L.,Teel, T., 2009. Associati,™ of HPV16 E6 variants with diagnostic severity in
cervical cytology samples of 357 *v¢n in a US population. Int. J. Cancer 125, 2609-

2613. DOI: 10.1002/ijc.247No.



Figure Legends

Figure 1. PCR amplifications for the B-actin gene. M, HyperLadder ™ 100bp (Bioline,
Tauton, MA); 1, negative control (nuclease-free water); 2, positive control (HeLa cell line

DNA with HPV-18); 3-9, DNA from individual samples, in 8% acrylamide gel.

Figure 2. Amplifications of nested PCR using GP5+/GP6+ oligonucleotides for the HPV
L1 gene ~150 bp region. M, HyperLadder ™ 100bp (linline); 1, negative control
(nuclease-free water); 2, positive control (HeLa cell line DN A \ith HPV-18); 3-4, DNA

from negative individuals; 5-8, DNA from positive individ.als. in 8% acrylamide gel.

Figure 3. Purified ~150 bp amplicons. M, HyperLaal=r ™ 100bp (Bioline); 1-24, positive
by nested PCR; 25, positive control (HeLa ce ( 'ne DNA with HPV-18), in 1.5% agarose

gel.

Figure 4. Electropherograms, alignme.*s, and identity analysis. a) HPV-16, b) HPV-13,

and c) HPV-8L1.

Figure 5. Electropherogram., aignments, and identity analysis. a) HPV-18 (control of the

HeLa cell line), b) HP'/-32 and ¢) HPV-83.



Table 1. Distribution of HPV infection in the oral cavity of individuals by age, gender,

habits, sexual behavior, family history, oral cavity lesions, and gingival status

HPV (nested PCR)

Total Positive Negative
(n=198) (n=24) (n=174) p value
Gender n (%) n (%) n (%)
Female 137 (69.2) 12 (50.0) 125 (71.8) 0.02982
Male 61 (30.8) 12 (50.0) - (28.2)
?n?:an +5D) 418241532  46.88+17.89  41.12+14.85  0.085°
Alcohol d
Yes 56 (28.3) 7 (29.2) 49 (28.2) 0.918°
<20 40 (20.2) 4 (16.6) 36 (20.7)
>20 16 (8.1) 3(126) 13 (7.5)
Never 142 (71.7) 7 770.8) 125 (71.8)
Tobacco ©
Yes 13 (6.6) 3 (12.5) 10 (5.7) 0.198°
<10 10 (5.1) 0 10 (5.7)
>10 3(15) 3 (12.5) 0
Never 185 (95.1) 21 (87.5) 164 (94.3)
Sexual activity
Yes 143 (73.7) 15 (62.5) 131 (75.3) 0.182%
No 52 (26.3) 9 (37.5) 43 (24.7)
Total number of cc.7ue.
partners
1 162 (81.8) 5(20.8) 157 (90.2) 0.0012
2 20 (10.1) 5(20.8) 15 (8.6)
>3 16 (8.1) 14 (58.4) 2(1.2)
Oral sex practices ever
Yes 21 (10.6) 19 (79.2) 2(1.2) 0.001°
No 177 (89.4) 5 (20.8) 172 (98.8)
Condom use
Never 23 (11.6) 8 (33.3) 15 (8.6) 0.0012
Occasionally 75 (37.9) 10 (41.7) 65 (37.4)
Always 100 (50.5) 6 (25.0) 94 (54.0)



Family member diagnosed with head and neck cancer

Yes 15 (7.6) 5 (20.8) 10 (5.7) 0.023°
No 183 (92.4) 19 (79.2) 164 (94.3)
Oral cavity lesions
Yes 11 (5.6) 2 (8.3) 9(5.2) 0.627 ¢
Condyloma 1(0.5) 1(4.15) 0
acuminatum
MEH 10 (5.1) 1 (4.15) 9(5.2)
No 187 (94.4) 22 (91.7) 155 (94.8)
Modified Gingival Indexf
Without inflammation 123 (62.1) 1(4.2) 122 (70.1) 0.001 ¢
Mild inflammation 65 (32.8) 14 (58 3) 51 (29.3)
Moderate infllmmation 10 (5.1) 91.5) 1 (0.6)

aChi-squared test, bStudent t test, Frhers exact test, dMean drinks/week, *Mean

. f . . .
cigarettes/day (current smokers), M1 = a non-invasive method that allowed to know the
inflammatory state of the gingiva v.i*10.. the use of a probe.



Table 2. HPV genotype frequencies and percentages

HPV types HPV- -asitive patients
(%)
Single type 22 (91.7)
HPv-13 19 (79.20)
HPV-16° 1 (4.16)
HPV-32 1 (4.16)
HPV-83 1 (4.16)
Multiple type 2(8.3)
HPV-13/HPV-16 1 (4.16)
HPV-13/HPV-81° 1(4.16)

“The overall prevalence for HPV-13, -16, and -81 was 87.5% (n =21), 8.32% (n =2), and
4.16% (n =1), respectively.
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a)

b)

Identity

8_GP6.ab1 - bases 187 - 215

GAGGAATATGATTTACIG_TTTTTCA

KX947269 (Human papillomavirus type 16 isolate ... GAGGAATATGATTTACAGTTTATTTTTCA
KX947270 (Human papillomavirus type 16 isolate ... GAGGAATATGATTTACAGTTTATTTTTCA
KX947271 (Human papillomavirus type 16 isolate |... GAGGAATATGATTTACAGTTTATTTTTCA

Identity

1_GP6.ab1 - bases 60 - 93

DQ344807 (Human papillomavirus type 13, com...
JN564005 (Human papillomavirus type 13 isolat...
KY690157 (Human papillomavirus type 13 isolat...

Identity

8_GP6.ab1 - bases 178 - 214

KM501528 (Human papillomavirus type 81 isolate ...
KM501529 (Human papillomavirus type 81 isolate ...
KM501530 (Human papillomavirus type 81 isolate ...

AG.G.CTICACACACAGTC-TTAGTACTGCGT
AGTGGCTGCACACACAGTCATGTTAGTACTGCGT
AGTGGCTGCACACACAGTCATGTTAGTACTGCGT
AGTGGCTGCACACACAGTCATGTTAGTACTGCGT

1 10 20 30 37

VY

CGCCACACAGAGGAATATGATTTAC.GTTTTTC
CGCCATACAGAGGAATATGATTTACAGTTTATTTTTC
CGCCATACAGAGGAATATGATTTACAGTTTATTTTTC
CGCCATACAGAGGAATATGATTTACAGTTTATTTTTC

Figure 4



a)

b)

Identity

25_GP6.ab1 - bases 37 - 86

KY457814 (Human papillomavirus type 18 strain...
KY457815 (Human papillomavirus type 18 strain...
KY457816 (Human papillomavirus type 18 strain...

Identity

20_GP6.ab1 - bases 53 - 86

KR349470 (Human papillomavirus type 32 isolat...
KT236450 (Human papillomavirus type 32 isolat...
KC815978 (Human papillomavirus type 32 isolat...

Identity

8_GP6.ab1 - bases 39 - 88

AB601043 (Human papillomavirus - 83 L1 gene ..
AF151983 (Human papillomavirus type 83, com..
Al617544 (Human papillomavirus proviral bartia...

CAG GTACA GIGIEIGEEN AGAAGCACATATT GINANGEIAGEGEGA
CAGGTACAGGAGACTGTGTAGAAGCACATATTGTTAAATTGGTACTGCGA
CAGGTACAGGAGACTGTGTAGAAGCACATATTGTTAAATTGGTACTGCGA
CAGGTACAGGAGACTGTGTAGAAGCACATATTGTTAAATTGGTACTGCGA

1 10 20 30 34

A A A
TACAGTAGCACACAAAGTCATGTTAGTACTACGG
TACAGTAGCACACAAAGTCATGTTAGTACTACGG
TACAGTAGCACACAAAGTCATGTTAGTACTACGG

CAGTAGCACACAAAGTCATGTTAGTACTAMCGG

-TC.TTAGCCTGTGTAGCAGCAGCTGAAATAGTAATATTG—
ATTCATTAGCCTGTGTAGCAGCAGCTGAAATAGTAATATTGGTACTGCGG
ATTCATTAGCCTGTGTAGCAGCAGCTGAAATAGTAATATTGGTACTGCGG
ATTCATTAGCCTGTGTAGCAGCAGCTGAAATAGTAATATTGGTACTGCGG

Figure 5



