
OBJECTIVE: Pakistan is geographically located in the region where prevalence of head and neck squamous cell carcinoma
(HNSCC) is high. Human papilloma virus (HPV) subtype-16 plays significant role in heterogeneity of HNSCC. The objective
of this study was to evaluate the frequency of HPV-16 in both blood and saliva in HNSCC in our population and its association
with clinicopathological features.
METHODOLOGY: A total of 200 samples comprising 100 blood and 100 saliva samples were collected. Hundred samples
(saliva; n=50, blood; n=50) were collected from histopathologically confirmed head and neck squamous cell carcinoma patients
and 100 samples (saliva; n=50 saliva, blood; n=50) were collected from healthy individuals without a history of cancer as
controls. HPV-16 was detected using conventional polymerase chain reaction and gel-electrophoresis. The frequency and
distribution of clinicopathological variables were calculated in percentages. Chi-square test was used to analyze the association
of HPV-16 positivity with clinicopathological variables.
RESULTS: Of 100 samples from HNSCC patients, 11 (11%) samples were positive for HPV-16. Of 11 HPV-16 positive
samples, 8 (16%) were detected in saliva (n=50) and 3 (6%) were detected in plasma (n=50). Of 100 samples from control
group, both blood and saliva samples were negative for HPV-16. No statistically significant association was found between
HPV-16 in saliva and blood and clinicopathological characteristics (P > 0.05).
CONCLUSION: Within the limit of current study, HPV-16 has a low-frequency in saliva and blood in HNSCC in our population.
Further studies on HNSCC with large sample and HPV-subtypes are suggested.
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INTRODUCTION

ead and neck squamous cell carcinoma (HNSCC)
is the seventh most common malignancy across
the globe.1 It accounts for 3 % of all cancers and

arises from epithelial lining of the oral and nasal cavity,
pharynx, larynx, paranasal sinuses, salivary glands, and
lymph nodes. Histopathologically, about 95 % of head and
neck cancers are squamous cell carcinoma (SCC).2 Pakistan,
a developing country with many health-related challenges
to its population, is geographically located in the region
where prevalence of HNSCC is high.3,4 Tobacco and alcohol
are the major risk-factors that contribute to the development
of HNSCC in developing countries. Emerging evidence
suggests role of human papilloma virus (HPV) infection in
the heterogeneity of HNSCC particularly in developed
countries.5,6 Moreover, the prevalence of HPV-driven
HNSCC varies geographically across the globe.7 The
HPV-driven HNSCC differs significantly from the HPV
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negative HNSCC, in terms of the molecular, therapeutic
and prognostic aspects. Therefore, it is essential to
discriminate between HPV-positive and HPV-negative
HNSCC.5 Recently, a systematic review reported a high
prevalence of HPV subtype 16 in HNSCC in Bangladesh,
India and Pakistan.8 High-risk (HR) HPV subtypes 16 and
18 have potential to transform epithelial cells which are
derived from anogenital region. The transforming potential
of HR-HPV is mainly due to the viral oncoproteins, E6 and
E7, that deactivate tumor-suppressor proteins, p53 and pRb
respectively. Expression of HR-HPV E6 and E7 causes
cellular proliferation, dysregulated cell cycle, increased
mutation and chromosomal instability.5

Minimally or non-invasive liquid biopsies including
blood, cerebrospinal fluid, saliva and urine have recently
gained much attention for diagnostic and prognostic purpose
in HNSCC.9 Despite the fact that the presence of HPV-16
in HNSCC is site-specific, studies have utilized either tumor
tissue, saliva or plasma for HPV detection.5 While local
data on HR-HPV-16 in the subsets of HNSCC including
oral/oropharyngeal squamous cell carcinoma are available,
data on HNSCC including all subsites are lacking. Moreover,
data comparing blood and saliva for the presence of
HPV-16 site-specificity in HNSCC are scarce. Therefore,
we aimed to evaluate the frequency of HPV-16 in both
blood and saliva in HNSCC in our population and also
investigated its association with clinicopathological features.

METHODOLOGY

This observational study was conducted between
September 2018 to August 2019 in Cancer Genetics and
Molecular Cancer Therapeutics Lab at Quaid-i-Azam
University Islamabad after approval from Institutional review
board (IRB-QAU-170). A total of 200 samples comprising
100 blood and 100 saliva samples were collected. Of 200
samples, 100 samples (saliva, n = 50; blood, n = 50) were
collected from 50 histopathologically confirmed head and
neck squamous cell carcinoma patients who were admitted
for surgical treatment at Pakistan Institute of Medical
Sciences (PIMS), Islamabad. The rest of the 100 samples
(saliva, n = 50, blood, n = 50) were collected from 50 healthy
individuals without a history of cancer as controls who
came for third molar extraction in same hospital. Both saliva
and blood samples were collected from each patient and
healthy individual. Patients receiving radio-chemotherapy,
history of any other cancer and recurrent cases were excluded
from the study. Medical records were retrieved for age,
gender, marital status, medical and family history, habits
and histopathological grade and written informed consent
were obtained from patients and healthy individuals.

Sample collection
A 5 ml of blood and 5 ml of saliva were collected in

vacutainer tubes containing ethylene-diamine-tetra-acetic
acid (EDTA) (BD Vacutainer/EDTA-Franklin-Lakes-NJ-
USA) and falcon tubes respectively. The blood and saliva
samples were stored at 4ºC and -20ºC respectively until
DNA extraction.

DNA extraction
DNA extraction was performed using conventional

phenol-chloroform method.10 Briefly, Eppendorf tube
(1.5 ml) (Axygen-USA) containing 750-µl of blood (600 µl
saliva) and 750 µl of RBCs lysis buffer (in blood samples
only) was processed for centrifugation at 13,000 rpm for
1 minute followed by removal of supernatant, resuspension
of pellet in 500 µl of RBCs lysis buffer and centrifugation
at 13000 rpm for 60 seconds (saliva was centrifuged without
adding RBCs lysis buffer). Consecutively, the supernatant
was discarded followed by resuspension of pellet in
WBCs lysis buffer (500 µl), sodium dodecyl sulfate solution
(15 µl) and proteinase-K (10 µl) and incubation at 37 °C
overnight (56 °C for 10 hours for saliva). Following
incubation, 500 µl solution of freshly prepared
phenol/chloroform/isoamyl alcohol in a ratio of 25 µl: 24
µl: 1 µl was added and processed for centrifugation at 13000
rpm for ten minutes. Following centrifugation, top layer was
pipetted off into new Eppendorf tube and this step was
repeated twice. Subsequently, sodium acetate (55 µl) and
cold iso-propanol (500 µl) were added to the aqueous layer
in Eppendorf tube and DNA was precipitated by inverting
the tube multiple times (in case of saliva, the tube was then
stored at -40 °C overnight) followed by centrifugation at
13,000 rpm for 10 minutes. The pellet was washed with 70%
cold ethanol (200 µl), centrifuged and air-dried at 45 °C for
5 minutes in vacuum (Eppendorf-Hamburg-Germany).
Finally, Tris-EDTA-buffer (150 µl) was used to dissolve
DNA and incubated at 37°C overnight until further processing.

Quantification of DNA was determined by Generay-
UV-photometer (Biometra-Goettingen-Germany) with 260
nanometer (nm) optical-density. The DNA integrity was
assessed using 1% agarose-TBE stained with 10 µl ethidium-
bromide via electrophoresis. DNA (5 µl) with 5 µl
bromophenol blue dye was loaded in gel-wells and
electrophoresed at 90 volts for 1.5 hours in 1X-buffer under
UV-photometer (Biometra-Goettingen-Germany).

Primers design
Following forward (F) and reverse (R) primers were

designed for HPV-16 genes E6 and E7 and human beta
globin gene (BG) as internal control using Primer 3, Integrated
DNA technologies. Human beta globin is the most commonly
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used gene to assess quantity of extracted DNA.  The sequences
of E6, E7 and human beta globin gene (internal control)
were retrieved from Ensembl and then hits and alignments
were checked with BLASTN and BLAT.

E6: forward 5’GCTGGGTTTCTCTACGTG3’ (62.1°C),
reverse 5’AGCGACCCAGAAAGTTAC3’ (62.4 °C) and
product-size of 430 base-pairs (bp)

E7: forward 5’GGAGATACACCTACATTGC3’ (60.2°C),
reverse 5’TTGTACGCACAACCGAAG3’ (63.3°C) and
product-size of 203 bp

BG: forward 5’AGATAGAGCCACTGACCCCA3’ (62.4°C),
reverse 5’ACATCCCTCAATCTGCCAGG 3’ (63.3°C) and
product-size of 268 bp.

Polymerase chain reaction (PCR) and gel electrophoresis
The 0.2 ml PCR-tube (Axygen-USA) was kept in heating

block of the thermal cycler (Biometra-Tpersonal-Gottingen-
Germany). Reaction mixture, with a 25 µl total reaction
volume comprised of buffer 2.5µl (100M TrisHcl, 500mM
KCL, 8.3 pH), 1.5 of MgCl2 (25mM), 1.5µl dNTPs (10mM,
Fermantas-UK), 1µl of forward-reverse primers (0.1M), 0.6
µl of Taq-polymerase (Fermentas-UK), 14.9-15.4 µl of PCR
water and 2-2.5 µl of DNA.

Thermocycler conditions for E6, E7 and BG were as
follows; initial denaturation (96 °C, 5 minutes) followed by
40 denaturation cycles at 96 °C for 1 minute, annealing for
1 minute (E6 = 57 °C, E7 =  59 °C and BG = 61 °C) and
initial and final extension at 72 °C for 1 and 10 minute/s
respectively followed by analysis of amplified products on
2 % agarose TBE gel. The TBE gel was stained with 10 µl
ethidium bromide followed by electrophoresis at 120-volts
for 1.5 hour. Size of amplified product was determined using
DNA-gene ladder of 100 base-pairs (MBI-Fermentas-Life-
Sciences-York-UK). From each PCR-reaction, 3 µl amplified-
sample mixed with 3 µl loading-buffer was loaded in wells.
DNA fragments were visualized under UV-photometer
(Biometra-Gottingen-Germany) and photographs were
captured using digital camera (DC-290-Kodak-USA).

DATA ANALYSIS

The data were entered analyzed using SPSS version 24.
The frequency and distribution of clinicopathological variables
including gender, age, site, grade, ethnic group and smoking
habits were calculated in percentages. Chi-square test was
used to determine the association of HPV-16 and
clinicopathological variables. A P-value of less than
0.05 was considered as statistically significant.

RESULTS

The mean age of the HNSCC patients was 57.44 ± 14.98
years with age ranged from 25 to 85 years. Majority of the
patients were in fifth and sixth decade. The mean age of
controls was 54.92 ± 17.61 years with age ranged from 17
to 82 years. The clinicopathologic parameters and HPV-16
status of the HNSCC and controls are shown in Table 1.
Next, the association of HPV-16 positivity in saliva and
blood with clinicopathological characteristics was evaluated.
No statistically significant association was found between
HPV-16 positivity in saliva and blood and clinicopathological
characteristics (P > 0.05) as shown in Table 2.

A total of 200 extracted DNA (saliva; n = 100, blood;
n = 100) were tested in polymerase chain reaction with
beta-globin to investigate the presence of DNA prior to
HPV-16 E6 and E7. Human beta-globin was successfully
detected in all samples (HNSCC and healthy individuals)
as shown in Figure 1.

Of 100 samples (saliva; n = 50, blood; n = 50) from
HNSCC patients, a total of 11 (11%) samples were positive
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Table 1: Clinicopathologic parameters and HPV-16 status



for HPV-16 E6 gene. Of 11 HPV-16 positive samples, 8
(16%) were detected in saliva (n = 50) and 3 (6%) were
detected in plasma (n = 50) as shown in Figure 2 and none
of the HNSCC samples were positive for HPV-16 E7 gene
as shown in Figure 3.

Of 100 samples (saliva, n = 50; blood, n = 50) from
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Table 2: Association of HPV-16 and head and neck
squamous cell carcinoma

Figure 1: Electrophoretogram of 2% agarose gel showing
amplified beta globin gene products of 268 bp in normal individuals

and HNSCC patients

Figure 2: Electrophoretogram of 2% agarose gel showing amplified
E6 products in HNSCC patients

L1: Lane of 100 bp ladder, Lanes NS1-NS6: Saliva samples
Lanes NB1-NB7: Blood samples, Lanes CS1-CS6: Saliva samples
Lanes CB1-CB7: Blood samples

Lanes CS4, CS8, CS9, CS11, CS13, CS14, CS37 and CS47: Saliva
samples, Lanes CB6, B22, B25: Blood samples

Figure 3: Electrophoretogram of 2% agarose gel showing no
amplified E7 gene products in HNSCC

Lanes CS1-CS12: Saliva samples, Lanes CB1-CB12: Blood samples

Figure 4: Electrophoretogram of 2% agarose gel showing no
amplified E6/E7 gene in normal individuals

Lanes NS1-NS7: Saliva samples, Lanes NB1-NB6: Blood samples



control group, none of the samples were positive for E6/E7
(Figure 4).

DISCUSSION

In our study, no HPV-16 was observed in both saliva
and blood samples in control patients. Our findings are in
contrast to Khayani et al. who reported salivary-HPV-16 in
03/35 controls and Gichki et al. who found HPV-16 in 4/200
normal oral tissue scrapings.11,12 The difference in our findings
could be due to techniques employed in detecting HPV. We
utilized conventional PCR which is less sensitive in detecting
viral-DNA compared to quantitative real-time or nested
PCR. However, in accordance with our results, literature
also reported negligible or low prevalence of HR-HPV in
saliva in healthy individuals indicating the absence of HR-
HPV-16 in non-HNSCC patients.13,14

Our study showed 11% HPV-16 positivity in HNSCC
patients. Furthermore, HPV-16 was detected more in saliva
(16%) than blood (6%) particularly in squamous cell
carcinomas arising from oropharynx (mandible, tongue,
palate, floor of the mouth and pharynx) suggesting that
detection of HPV-16 in saliva is site-specific. Our findings
are in agreement with previous studies.15,16,17,18 The existence
of HPV-16 in saliva is due to the infected cells generating
viral particles or the viruses releasing from the dead cells
into saliva.15 In contrast, Wang et al. reported 40% (n = 30)
and 86% (n = 21) prevalence rates of HPV-16 in saliva and
plasma respectively in HNSCC patients. Moreover, they
also reported that detection of HPV-16 in plasma was not
site-specific and concluded plasma as an optimal biofluid
for detecting high-risk HPV-16 in HNSCC.19

In the present study, the smoking rate (46%) in a form
of cigarette, bidi and hookah was high compared to chewed
tobacco and alcohol in HNSCC patients, however, no
significant association was found between overall use of
tobacco and HPV-16 which is in agreement with previous
study.20 Our data indicate that both tobacco and HPV-16 are
independent risk factors for tumorigenesis of HNSCC in
Punjab (the largest province of Pakistan). In contrast, previous
study reported significant association between HPV-16 and
chewed tobacco users.21 The plausible reasons for the
difference in findings could be related to sample size
(100 oral squamous cell carcinomas compared to 50 HNSCC
cases in the current study). Furthermore, we couldn't find
statistically significant association between HPV-16 and age
and gender which is in accordance with previous studies,
however, others reported significant association of male
predominance in HPV-associated HNSCC.20,22,23 Additionally,
we couldn't establish statistically significant association
between     HPV-16 and ethnicity suggesting that HPV-16

is independent of ethnic diversity in Pakistani population.
Microscopically, most of the HNSCC cases present with
moderate-poorly differentiated squamous cell carcinoma.
The moderately-differentiated are observed with HPV-
negative while poorly differentiated are associated with
HPV-positive HNSCC, however, no such association was
observed in our study.20,24,25

While our findings are consistent with many of the
reported studies in literature, it is arduous to compare various
local published studies on HPV-16 mainly due to the wide
discrepancy in findings. Plausible reasons of this discrepancy
are variations in sample size, type of sample used for instance
tissue, saliva, oral scraping or saliva-rinse, techniques
employed for HPV-16 detection and studies involving only
one subset of HNSCC mainly oral or oropharyngeal
squamous-cell-carcinoma.

LIMITATIONS

Detection of HPV-16 in both saliva and plasma (liquid
biopsy) with diversified ethnic background and HNSCC
subsites was the strength of our study. However, our study
had few limitations including small sample size, use of
conventional PCR instead of more sensitive techniques due
to limited available resources, detection of one HPV-subtype
and lack of data on sexual habits due to social and ethical
issues.

CONCLUSION

Within the limit of current study, HPV-16 has a
low-frequency in the saliva and blood of HNSCC in our
population. Moreover, HPV-16 was detected more in saliva
than blood particularly in squamous cell carcinomas arising
from oropharynx suggesting that detection of HPV-16 in
saliva is site-specific. Further studies on HNSCC with large
sample including all subsites of squamous cell carcinoma
arising in head and neck region, liquid biopsy, other
HPV-subtypes, tobacco and non-tobacco users are
recommended for future research.
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