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بونجةقطنميفةيفشرحلاايلاخلاناطرسىضرميف16-يرشبلايميلحلا
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مرولاسوريفليوونلاضمحلانعفشكللو.نيلامروفلابةتبثملانيفارابلاب
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لماكلامونيجلالسلستمادختسامت.ةروطخلايلاعيرشبلايميلحلامرولاسوريفل
.16-يرشبلايميلحلامرولاسوريفليرفطلاويروطتلاليلحتلل
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دنهلاوةدحتملاتايلاولاودنلاياتنماهنعغلبملاتامونيجلاعمهباشتهجوأاضيأ
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Abstract

Introduction/objectives: Head and neck region squamous

cell carcinoma (HNSCC) is a heterogeneous disease that

can be categorized into human papillomavirus (HPV)-

positive (20 %) and HPV-negative (80 %) subtypes.

However, the prevalence of HPV genotypes is not clear in

Pakistan. This study investigated how common the HPV-

16 genotype is in patients with HNSCC in the Southern

Punjab region of Pakistan, and the specific molecular

features of this genotype.

Methods: For this cross-sectional study, 85 tissue sam-

ples were collected from diagnosed cases of HNSCC.

Formalin-fixed paraffin-embedded tissue sections were
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used for genomic DNA extraction. The L1 region was

amplified using GP5þ and GP6þ primers to detect HPV

DNA. Real-time PCR was conducted to genotype high-

risk HPV (HR-HPV). Whole genome sequencing was

used for phylogenetic analysis of HPV-16 and to detect

mutations/single nucleotide polymorphisms (SNPs).

Results: Among the 85 samples, 7.1 % were positive for

HPV, where 4.7 % were positive for HPV-16 and 2.4 %

were positive for HPV-18. A significant association was

found between HR-HPV positivity and histological grade

(p < 0.05). The HPV-16 genome sequence obtained in this

study was closely related to those from Thailand, the

United States, India, China, and Europe, and 11 muta-

tions/SNPs were detected in the sequenced genome,

where four were novel.

Conclusion: The findings obtained in the present study

demonstrate the low prevalence of HR-HPV associated

HNSCC in Pakistan. Phylogenetic analysis showed that

HPV-16 genome isolated and sequenced in this study had

a distinct genetic structure and it also shared similarities

with genomes reported from Thailand, the United States,

India, China, and Europe.

Keywords: FFPE; HNSCC; HPV-16; OPSCC; OSCC;

Phylogenetic analysis; SNPs
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Introduction

Head and neck squamous cell carcinoma (HNSCC) is a
highly malignant tumor that arises in the squamous epithelial
linings of the oral cavity, oropharynx, hypopharynx, and

larynx, and each of these tumors is linked to various risk
factors and prognoses. The latest GLOBOCAN estimates
(2022) show that malignancies in the head and neck region,

including the lip, oral cavity, salivary glands, larynx, naso-
pharynx, oropharynx, and hypopharynx, constitute
approximately 4.7 % of all cancer cases worldwide. These

cancers collectively account for about 4.9 % of global
cancer-related deaths.1 Tobacco and alcohol use are closely
linked to the development of HNSCC, and a specific subset

of HNSCCs is associated with high-risk human papilloma-
virus (HR-HPV) infection.2 Evidence suggests that HR-HPV
plays a role in the pathogenesis of a subset of HNSCCs,
particularly in young patients. The oropharynx, tonsils, and

base of the tongue are the most common sites for the
development of HPV-associated HNSCC.3

It is well established that around 18 high risk HPV geno-

types have oncogenic potential and are linked to the develop-
ment of cancers.4 In 2007, the International Agency for
Research on Cancer recognized HPV-16 as the sole carcino-

genic type implicated in non-cervical sites, including the anus,
penis, vagina, vulva, oral cavity, and oropharynx.5 This HPV
genotype has been reported as a main causative factor for a
subset of HNSCC called oropharyngeal squamous cell
carcinoma (OPSCC). However, the prevalence of HPV
associated HNSCC is unclear in Asian populations.6

HPVs are small, epitheliotropic, double-stranded DNA
viruses with a genome comprising approximately 8000 base
pairs (bp). The genome is characterized by two late genes (L1

and L2) that encode virus capsid proteins, and seven early
genes (E1 to E7) encoding proteins primarily involved in host
genome replication and transcription regulation.7 The

proteins encoded by E6 and E7 are the main triggering
factors for HPV-16 associated carcinogenesis. These two
viral proteins disrupt host cell cycle regulation pathways by
degrading tumor suppressor proteins p53 and

retinoblastoma.8

The detection rate of HR-HPV in HNSCC varies
considerably due to differences in the frequency of anatom-

ical site of involvement, geographic locations, age of inci-
dence, and detection methods.9 HPV infection is an
increasingly common risk factor, especially for the OPSCC

subset. HPV-related HNSCC exhibits unique immune and
genetic characteristics, including sensitivity to chemo-
radiotherapy and immune checkpoint blockade treatments
compared with HPV-negative tumors. Key features include

TRAF3 mutations, PD-L1/PD-1 immune resistance
markers, tumor microenvironment differences, epigenetic
alterations, and genome instability linked to HPV integra-

tion. APOBEC gene expression and driver mutations further
highlight HPV’s role in oncogenesis.10 However, very few
studies have investigated the prevalence of HPV associated

HNSCC in Pakistan. Furthermore, no data are available
regarding HR-HPV based on whole genome sequencing
(WGS) and analysis of mutations/single nucleotide poly-

morphisms (SNPs) in HNSCC patients from Pakistan.
Therefore, the present study aimed to investigate the preva-
lence of HPV associated HNSCC and the genetic features of
HPV-16 in the Southern Punjab region of Pakistan.

Materials and Methods

Study design and participants

The present study was conducted in the Immunology
Department and Oral Pathology Department, University of
Health Sciences Lahore, Pakistan. Tissue sections were ob-

tained from 85 HNSCC patients after obtaining written
informed consent, as well as information about their age, sex,
tumor location, histological type, tumor grade, etc. Patients

who lacked clinical information or whose paraffin blocks
lacked sufficient tumor tissue were excluded from the study.
The important baseline demographic, clinical, and histolog-
ical characteristics are presented in Table 1.

Hematoxylin and Eosin (H&E) staining

To confirm the initial diagnosis, H&E staining was per-

formed for 4 mm sections after cutting from all tumors.
Anatomo-pathological variables were obtained after histo-
logical slides were reviewed by three histopathologists who

specialized in oral histopathology. The study was blinded, so
each examiner/histopathologist was unaware of the evolu-
tion of the cases analyzed. Tumor grade was reclassified

following Anneroth’s system of histological grading for

http://creativecommons.org/licenses/by-nc-nd/4.0/
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squamous cell carcinoma.11 The largest subgroup (n ¼ 44,
51.8 %) consisted of moderately differentiated squamous

cell carcinoma, followed by well-differentiated squamous
cell carcinoma (WDSCC) (n ¼ 23, 27.1 %) and poorly
differentiated squamous cell carcinoma (n ¼ 18, 21.2 %).

Genomic DNA extraction from formalin-fixed paraffin-
embedded (FFPE) tissue sections

DNA was extracted from FFPE tissue sections using a
Gene JET FFPE DNA Purification Kit (catalog number K-
0881, Thermo Fisher Scientific, Wilmington, DE, USA),
following the manufacturer’s instructions. The concentration

and quality of the extracted DNA were then measured using
a NanoDrop ND-2000c spectrophotometer (Thermo Fisher
Scientific, USA).

HPV genotyping

HR-HPV genotyping was conducted sequentially for the

precise detection and typing of HR-HPV infections. To screen
for the occurrence of HPV, conventional PCR amplification
of the universal L1 region (150 bp) was conducted using

GP5þ (50 TTT GTT ACT GTGGTAGAT ACT AC 30) and
GP6þ (50 GAAAAATAAACTGTAAAT CATATT C-30)
primers.12 The 25 mL reaction volume for conventional PCR

contained 5 mL of extracted DNA, 1 mL each of the primers
(GP5þ/GP6), 0.5 mL Taq polymerase (Thermo Fisher
Scientific, USA), 1 mL dNTP (25 mM; Thermo Fisher
Scientific, USA), 1 mL MgCl2 (25 mM), and 2.5 mL Taq

buffer, and the remaining volume was adjusted with
injection water. The tubes were closed and processed in a
Bio-Rad thermal cycler with the following parameters:

95 �C 3:00 [94 �C 0:15; 42 �C 0:30; 72 �C 0:45]35; 72
�C 10:00. The

amplified product was separated by 2 % agarose gel electro-
phoresis, where 6� loading dye (3 mL) was mixed with 5 mL of

DNA sample and loaded into the second well and a 100 bp/
1 KB DNA ladder (Thermo Fisher Scientific, USA) was
added to the first well. This step was conducted to identify a
wide range of HPV DNA in numerous samples as an initial

evaluation before genotyping. In vitro real-time amplification
for the quantitative or qualitative detection and genotyping of
HR-HPV types was performed using an HPV Genotypes 14

Real-TM Quant kit (Sacace Biotechnologies, Como, Italy).
This real-time PCR (RT-PCR)-based technique enabled the
identification of 14 HR-HPV genotypes in genomic DNA

samples, including types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58, 59, 66, and 68. Each 25 mL RT-PCR reaction mixture
contained 15 mL PCR mix (PCR-mix þ buffer-FRT) and

10 mL of DNA sample, where controls (negative control
DNA, K2 standard) and calibrators (K1 and K2) were
included. The temperature profile was generated with a Sacace
thermo-cycler (SaCycler-96 Real-Time PCR System) accord-

ing to the manufacturer’s instructions. RT-PCR cycling was
conducted at 95 �C for 15 min (initial denaturation), followed
by 40 cycles at 95 �C for 5 s, 60 �C for 20 s (fluorescence

detection), and 72 �C for 15 s. The fluorophores for detecting
HPV genotypes were FAM (16, 39, 33, 58), HEX/JOE (31, 45,
35, 52), ROX (18, 59, 68, 66), and Cy5 (56, 51, internal con-

trol). Qualitative analysis identified positives based on
fluorescence curves crossing the threshold (Ct values), whereas
negative controls produced no signals and positive controls/

calibrators generated the expected signals with calibration
correlation >0.98.

WGS using next-generation sequencing (NGS)

DNA from all positive HPV-16 samples was quantified by
using a Qubit Fluorometric Quantification System (Invi-

trogen, California, USA), where the DNA quantity and
quality were measured using a Multiskan Sky Microplate
(Figures S1eS3). One sample of HPV-16 (HNC49, Acces-
sion No. OQ 911727) with good purity (260/280 ratioz 1.8)

was used for library construction in a DNA-sequencing
Microplate. The latest Thermo Fisher Scientific Technol-
ogy “Ion Torrent” technique was used for the WGS of HPV-

16 from genomic DNA extracted from HNSCC patients. A
custom panel with ID: IAD186133-197 was utilized for
amplifying the whole genome of HPV-16 (Accession no:

K02718.1) containing 7906 bp. The process covered 99 % of
the HPV-16 genome and generated 47 overlapping ampli-
cons. Using Ion AmpliSeq Designer (https://www.ampliseq.

com/, Life Technologies), custom AmpliSeq libraries were
designed, which yielded 175e375 amplicons dispersed in two
primer pools. Following the manufacturer’s instructions, IT
AmpliSeq 2.0 kit (Life Technologies, Carlsbad, Canada) li-

braries were amplified using long reads of DNA per primer
pool. Barcoded libraries were quantified using an Ion Li-
brary Quantitation Kit (Life Technologies, Carlsbad, Can-

ada), diluted to 100 pM, and pooled together, where this
process verified that the sample fulfilled the required
sequence coverage depth (30� ). Next, 25 mL of the pool was

used for processing with an Ion Chef Template Kit (Life
Technologies). The sample was sequenced on E530 chips
with an Ion S5 XL Sequencing Kit (Life Technologies)

(Table S1).

Bioinformatics analysis of HPV-16

The quality of raw reads generated by Ion Torrent

methods was evaluated using FastQC (Version 0.12.0),
before filtering and quality trimming using the Trimmomatic
tool (Version v0.39) to obtain clean reads with consistent

lengths (Supplemental file S1).13,14 Clean reads were mapped
to the HPV-16 reference genome (AF125673) using the
BurrowseWheeler aligner (BWA Version 0.6.2). Mapped

reads were extracted using samtools (Version 1.20) and fed
into Velvet assembler (Version 1.2.10) for de novo assembly
by using the default parameters.15 SPAdes (Version 4.0.0)

assembler was also used with the default parameters for de
novo assembly.16 Both assemblies were employed to
produce scaffolds in Geneious Prime (version 2024.0),
before aligning with the reference genome using MAFFT

consensus sequence (Version 7) to construct a complete
genome.17,18 Incorrect bases were corrected manually. The
newly constructed genome was annotated in Geneious

Prime (version 2024.0). The phylogenetic tree was created
in IQ-Tree (Version 1.6.12) using the maximum likelihood
method. The phylogenetic tree in Newick format was further

improved in TreeDyn (Version 198.3).19

https://www.ampliseq.com
https://www.ampliseq.com
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Statistical analysis

The Statistical Package for Social Sciences (SPPS Inc.,

Chicago, USA) 25.0 was utilized to generate and analyze the
data. The Chi-square test, Chi-square test for linear trends,
and Fisher’s exact test were employed to compare percent-
ages. A p-value �0.05 was considered to indicate a statisti-

cally significant difference.

Results

Table 1 presents the detailed demographic, clinical,
histological, and PCR-related characteristics of HNSCC
Table 1: Baseline characteristics of patients with HNSCC and

comparison with their HR-HPV positivity status.

Variables n (%) p-value

HR-HPV positivity status

Positive cases

Negative cases

6 (7.1 %)

85 (92.9 %)

Age group

�40 years

>40 years

16 (18.8 %)

69 (81.2 %)

0.887

Sex

Males

Females

31 (36.5 %)

54 (63.5 %)

0.664

Tumor size

T1

T2

T3

T4

65 (76.5 %)

16 (18.8 %)

3 (3.5 %)

1 (1.2 %)

0.340

Biopsy type

Incision

Excision

59 (69.4 %)

25 (30.6 %)

0.881

Site involved

Oral SCC

Oro-pharyngeal SCC

Nasopharyngeal SCC

Facial skin/neck SCC

35 (41.17 %)

32 (37.64 %)

3 (3.5 %)

13 (15.3 %)

0.139

HNSCC grade

WDSCC

MDSCC

PDSCC

18 (21.2 %)

44 (51.8 %)

23 (27 %)

0.008

HNSCC histological subtypes

Conventional

Verrucous

Baso-squamous

Basaloid

79 (92.9 %)

3 (3.5 %)

2 (2.4 %)

1 (1.2 %)

0.822

HR-HPV, high-risk human papillomavirus; HNSCC, head and

neck squamous cell carcinoma; SCC, squamous cell carcinoma;

WDSCC, well-differentiated SCC; MDSCC, moderately differ-

entiated SCC; PDSCC, poorly differentiated SCC.

Figure 1: Assembled genome represented by idiograms depicting all

within the E2 gene.
patients. The overall prevalence of HR-HPV in HNSCC was
determined as 7.1 % (n ¼ 6), where 4.7 % (n ¼ 4) of cases

were positive for HPV-16 and 2.4 % (n ¼ 2) tested positive
for HPV-18. No other HR genotypes were detected in the
collected samples. Furthermore, we examined the distribu-

tions of the HR-HPV status and genotypes among different
clinical variants of HNSCC. Among the six positive HR-
HPV cases, five were observed in OPSCC and larynx can-

cer, but only one case of oral squamous cell carcinoma
(OSCC) was HR-HPV positive. A strong statistical associa-
tion (p ¼ 0.008) was found between HR-HPV positivity and
histological grading, where 5/6 HR-HPV positive HNSCC

cases were at the well differentiated grade and only one was
at the moderately differentiated grade. However, no signifi-
cant statistical associations were found between HPV posi-

tivity status and the other baseline parameters.
In this study, we successfully assembled one complete

genome of HPV-16 (designated as HNC49), which was

subsequently submitted to the NCBI genome submission
portal GenBank and assigned accession number OQ911727.
HNC49 was derived from a 48-year-old male diagnosed with
OPSCC in the oropharynx region. The tumor was classified

as T1 based on its size and extent. The sample was obtained
via excisional biopsy and histopathologically identified as
WDSCC of the conventional subtype. PCR analysis

confirmed the presence of HPV type 16 and the status of
HPVwas reported as positive. Table S3 provides an overview
of the size of the assembled HPV-16 genome and highlights

specific genes.
Figure 1 presents the annotations for the WGS HPV-16

sample (HNC49). All genes within the genome are depicted

unidirectionally. We successfully assembled a nearly full-
length genome spanning 7171 bp, encompassing all coding
regions. Non-coding regions are absent at both ends of the
circular genome of HPV-16. In the annotations in Figure 1,

coding regions are highlighted by yellow lines and gene
regions are represented by green lines. It should be noted
that the E4 gene is situated within the E2 gene.

Figure 2 shows the phylogenetic tree obtained in this
study. The Pakistani genome (HNC49) assembled in this
study clustered together with genomes from Thailand,

Germany, and several from the United States.
Interestingly, clustering did not have a country-specific
pattern and samples from the same countries were distrib-

uted across multiple branches of the tree.
We identified 11 mutations/SNPs within the HPV-16 sam-

ple sequenced fromHNSCCcases,where sevenwere previously
reported mutations/SNPs distributed across the genome and

the remaining four mutations/SNPs were novel (https://www.
ncbi.nlm.nih.gov/clinvar/?term¼Human20Papillomavirus16).
Most of the variant regions in theHPV-16 genomewere located
genes in a unidirectional manner. The E4 gene is fully contained

https://www.ncbi.nlm.nih.gov/clinvar/?term=Human20Papillomavirus16
https://www.ncbi.nlm.nih.gov/clinvar/?term=Human20Papillomavirus16
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Figure 2: Phylogenetic tree created for the whole genome of HPV-16 based on next generation sequencing (NGS) data. The tree was

generated using an HPV-16 reference genome obtained from the National Center for Biotechnology Information (NCBI) database

(AF125673). Both the reference sequence and previously reported HPV-16 whole genome sequences are identified by their country of

origin and GenBank accession numbers. Details of the abbreviations of countries presented in the figure are given in Table S2.

Table 2: Analysis of HPV-16 genome mutations/SNPs with early and late region coordinate positions, reference alleles, variant alleles,

attributes, reference and variant amino acids, and allele sources (novel/reported) in patients with HNSCC.

Coordinate Position Reference Allele Variant Allele Attribute Reference Amino

Acid

Variant Amino

Acid

Allele Source

1389 (E1) T C Non-synonymous Isoleucine Threonine Novel

1483 (E1) G A Synonymous Valine Valine Previously reported

2191 (E1) T C Synonymous Phenylalanine Phenylalanine Novel

3378 (E2) C T Non-synonymous Proline Serine Previously reported

3815 (E2) T C Synonymous Serine Serine Novel

4010 (E5) A G Non-synonymous Isoleucine Valine Previously reported

4195 T C Non-coding Previously reported

4905 (L2) G A Synonymous Glutamine Glutamine Previously reported

5193 (L2) A C Non-synonymous Leucine Phenylalanine Previously reported

6401 (L1) A G Non-synonymous Threonine Alanine Previously reported

6958 (L1) A G Synonymous Leucine Leucine Novel

HNSCC, head and neck squamous cell carcinoma; SNP, single nucleotide polymorphism; E, early; L, late; A, adenine; T, thymine; C, cytosine;

G, guanine.
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within theE1 gene, followedby theE2, L2, andL1 genes. Equal
numbers of synonymous and non-synonymous mutations/

SNPs (n ¼ 5 each) were found in the E1, E2, E5, L2, and L1
regions. Among the novel mutations/SNPs, most were identi-
fied in the E1 region (2/4), followed by the E2 region (1/4) and

L1 region (1/4). Themost prevalent mutations/SNPs were T-C
(4/11; 36.3%), followed by A-G (3/11; 27.2%) andG-A (2/11;
18.1 %) (Table 2).

Discussion

This study examined various aspects of HNSCC,

including the presence and characteristics of HR-HPV ge-
notypes, and molecular and mutational analysis of HPV-16.
Among 85 cases of HNSCC, only six (7.1 %) were positive

for HR-HPV by RT-PCR. Many studies conducted
throughout the world have confirmed that the prevalence of
HPV infections in human-related cancers is linked to

particular geographic regions. According to a study con-
ducted by Junor et al. at the Edinburgh Cancer Center, the
percentage of HNSCC cases that tested positive for HPV
was 41 % from 1999 to 2001, but 63 % from 2003 to

2005.20 The Surveillance, Epidemiology, and End Results
(SEER) program reported that from 1988 to 2004, the
incidence of cancers not caused by HPV decreased by

50 %, whereas that of OPSCC caused by HPV increased
by 225 %.21

A study of HNSCC FFPE tissue sections in the Central

African Republic found that only one OPSCC biopsy sample
was positive for HPV-16. The overall HPV prevalence in the
HNSCC biopsy series was 0.74 %.22 Another study
conducted using HNSCC FFPE tissue samples in

Bangladesh detected HPV DNA in 36/174 samples
(w21 %), where HPV-16 was identified as the most preva-
lent HR-HPV genotype, accounting for 33 % of cases.23

A limited number of local studies have determined the
prevalence of HPV in HNSCC. A study conducted by Naqvi
et al. using 58 OSCC FFPE tissue samples found that no

samples were positive for HPV DNA.24 However, another
study by Awan et al. using 47 OSCC FFPE tissue samples
determined that 32 (68.1 %) were positive for HPV

DNA.25 This difference in the prevalence of HPV infection
between previous studies and the present study may be
attributable to differences among regions because the
previous studies used samples from Karachi whereas the

samples tested in the present study were collected from the
Southern region of Punjab province. Moreover, the
previous studies used conventional PCR, whereas we

applied the gold standard real-time PCR technique.
It is important to note that the detection of HPV depends

on the type of sample, quality of genomic DNA, and iden-

tification technique utilized. According to previous studies,
the detection rate may be high in blood and saliva because
good quality DNA can be extracted from both samples but
they are not truly representative media in the case of

HNSCC. A tissue biopsy containing cancerous tissue is a true
representative of malignancy but the quality of the DNA
extracted from FFPE tissue is not good due to the formation

of dimers and degradation of the DNA double helix during
tissue processing steps. Therefore, the rate of HPV detection
may be lower in FFPE tissue samples compared with saliva
and blood.26

Interestingly, phylogenetic analysis of the HPV-16
genome sequenced in this study showed that it clustered
closely with HPV-16 genomes from Thailand and the United

States, as well as sharing similarities with genomes from
India, China, and Europe (Figure 2). The closeness of the
Indian and Pakistani genomes was due to their common

ancestral history. A study conducted in China also found
that HPV-16 samples predominantly clustered with the
Asian lineage, which is consistent with the findings obtained
in the present study.27 The similarities between the Pakistani

HPV-16 genome and those from other Asian regions could
be explained by the migration of individuals.

No previous locally based studies have conducted

phylogenetic analyses of HPV-16 from HNSCC patients. In
addition, very few studies have reported phylogenetic ana-
lyses of HPV-16 from cervical samples. Aziz et al. conducted

a study in Pakistan based on cervical samples and found that
4.74 % of the patients had HPV, where HPV-16 accounted
for 4.16 % of the cases. Similar HPV genotypes and close
clusters were observed in China, India, Mexico, Iran,

Slovenia, and Germany.28 Based on these observations, it
was concluded that the prevalence of HR-HPV types is low
and that the L1 gene sequences are highly similar. However,

another study by Abdullah et al. based on 100 cervical
samples found that HPV-16 samples (n ¼ 2) clustered closely
with those from Japan and Costa Rica.29

Many studies have classified HPV-16 sublineages by
sequencing the E6, E7, and long control region (LCR) re-
gions, and most of them included sufficient information on

the relevant SNPs required to accurately assign them to
appropriate sublineages.30 Hence, sequencing the entire viral
genome is the most appropriate approach for identifying the
sublineage classification that is most closely related.

In the present study, four novel mutations/SNPs were
detected and theywere located in the E1, E2, and L1 regions of
theHPV-16 genome. These regions are known to be the targets

of neutralizing antibodies and they play roles in viral replica-
tion. Moreover, some of these mutations/SNPs may not result
in changes in the amino acid sequences of viral proteins,

whereas others may lead to a single amino acid changing. For
example, the conversion of a T allele into a C allele at position
1389 in the E1 region may result in the substitution of one

amino acid with another in the E1 protein. These mutations/
SNPs may indicate the development of abnormal viral clones,
which could have implications for the pathogenesis and/or
transmission of the virus. Further studies are needed to deter-

mine the functional significance of the mutations/SNPs iden-
tified in the present study. Pathogenic variations in theHPV-16
genome may lead to changes in amino acid sequences, which

could affect the function of each viral subunit. For instance,
changes in L1 could impact the viral efficiency of infection or
subsequent antigenicity. However, the presence of several

variations in multiple targets is necessary to alter the overall
pathophysiologyof thedisease, and it cannotbe concluded that
changes in the biological functions or mode of action of HPV
mayoccurdue to these specificmutations/SNPs.31Studies have

investigated the impacts of different polymorphic sites on
cancer development and the results have been conflicting.
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Increased diversity was also indicated by their geographic and
sequence dissimilarity.

Data obtained from research and clinical studies highlight
the importance of continuing to investigate the underlying
mechanisms that lead to the development of HPV associated

cancer. In order to improve early detection, risk stratifica-
tion, and treatment outcomes for patients with HPV asso-
ciated HNSCC, it is essential to obtain a better

understanding of the mechanisms involved in HPV associ-
ated carcinogenesis, such as viral oncogenes, epigenetic
modifications, and immune system evasion. Given the
inconsistent data available regarding the prevalence of HPV-

related HNSCC in Pakistan, we recommend conducting
further studies with larger sample sizes using molecular
methods for DNA extraction and HPV detection in HNSCC

patients, instead of relying solely on p16 immunohisto-
chemistry, which is only a cell cycle marker. Directly
detecting HPV through RT-PCR is more sensitive and spe-

cific. In Pakistan, the results obtained in the present study
could help to raise public health awareness, and facilitate the
development of HPV screening and future vaccination pro-
grams targeting specific HR-HPV genotypes to reduce the

burden of HPV related HNSCC.
The present study had several limitations. First, the small

sample size (85 tissue samples) may limit the generalizability

of our findings, and the cross-sectional design provides only
a snapshot of HPV prevalence without long-term insights. In
addition, the present study was limited to Southern Punjab,

which may not reflect the prevalence of HPV in other re-
gions. Using FFPE tissue samples could have affected the
detection of HPV due to the possible degradation of DNA,

and focusing primarily on HPV-16 and HPV-18 excluded
other HR-HPV types. Moreover, the selection of the HPV
sample for NGS/phylogenetic analyses based only on the
DNA quality was a weakness of this study because the ge-

netic constitutions (sequence variants) of other sample could
have been dissimilar. Furthermore, the absence of clinical
outcome data limited our understanding of the prognostic

significance of HPV in HNSCC patients. Finally, the novel
mutations/SNPs in HPV-16 identified in the present study
require further investigation to assess their functional

relevance.

Conclusion

Very few cases of HR-HPV associated HNSCC were
identified in this study and HPV-16 was the most common
genotype. Phylogenetic analysis showed that the HPV-16

genome isolated and sequenced in this study had a distinct
genetic structure as well as sharing similarities with genomes
reported from Thailand, the United States, India, China, and

Europe. These findings enhance our knowledge of the
epidemiological and biological impacts of genetic variations
in HPV, which could be valuable for preventing and treating
HR-HPV-associated HNSCC.
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