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ABSTRACT

Background: Human papillomavirus virus (HPV) plays an important role in some human
malignancies, including head and neck squamous cell carcinoma (SCC). However, it is necessary
to evaluate the role of carcinogenic agents in local settings as well. Therefore, this study aimed
to evaluate the frequency of HPV genotypes in head and neck epithelial cancers.

Methods: In this case-control study, 202 patients with suspected carcinoma referred to Shafa
Hospital (Kerman, Iran, 2017) for pathological evaluation were enrolled. A definitive diagnosis of
carcinoma was reported for 101 patients (case group) and in the other 101 subjects, carcinoma
was not diagnosed. In order to determine the presence and type of HPV in tissue samples, the
PCR method was used. Data analysis was performed using Fisher’s exact test, independent t-
test, and logistic regression.

Results: In total, 27 head and neck SCC samples (26.7%) were positive for HPV DNA. In addition,
the virus species were HPV-11 in 15 cases (14.9%), HPV-16 and HPV-18 in 12 cases (11.9%), and
HPV-6 in 10 cases (9.9%). According to the results, the presence of HPV was significantly higher
in patients with SCC (P < 0.001). Moreover, smoking (P = 0.03) and opioid use (P < 0.001) were
also significantly associated with SCC.

Conclusion: The results of the present study demonstrated the presence of HPV in tissue
samples of head and neck SCC patients in Kerman, Iran. Further studies are needed to investigate
the preventive role of HPV vaccination in head and neck SCC.
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Introduction

guamous cell carcinoma (SCC) of the
Supper respiratory tract is the most common

type of head and neck cancer (1), which
can occur in the larynx, oral cavity, skin,
nasopharynx, and esophagus (2). Some of the
most important factors involved in the
development of these cancers are smoking (3),
alcohol consumption (4), chronic mucosal
stimulation, low-dose radiation, occupational
factors and viral factors (5), the Epstein—Barr
virus (EBV) (6), and the Human Papillomavirus
(HPV) (3, 7, 8). While the etiologic relation of
some of these factors, such as smoking in
laryngeal cancer, or EBV in nasopharyngeal
cancer, is known, some other associations are
still under study. The role of HPV (9, 10), an
epitheliotropic virus, has now been confirmed in
cervical cancer (11, 12). However, various
percentages of this virus have been detected in
samples of oral cavity cancer and other head and
neck epithelial cancers (7).

The papillomavirus family has more than 100
viral species, each of which stimulates epithelial
growth in an organ and can therefore cause
cancer. The papillomaviruses are classified into
three groups in terms of carcinogenesis, namely,
high-risk group (HPV-16, 18), medium-risk
group (HPV-30, 33), and low-risk group (HPV-
6, 11). The subtypes of 6 and 11 cause benign
lesions (e.g., warts and papillomas), and the
genotype 16 (HPV-16) is ranked first in terms of
causing cervical cancer (13, 14). According to
some studies, HPV plays a significant role in
oropharyngeal SCC. This is especially due to the
detection of HPV in pre-cancerous and
cancerous oral lesions. The HPV-containing
malignant tumors are less distinctive and occur
at an earlier age but have a longer lifespan,
compared to non-HPV variants (15, 16).

Some studies have shown that HPV is an
independent factor for the development of SCC.
The mechanism of cancer formation by HPV is
related to the destructive effects of E6 and E7
viral proteins on p53. The highest impact of this
virus is on the development of tonsillar SCC (13,
17). The carcinogenic effect of this virus in the
larynx is less than the oropharyngeal region.
However, present studies have reported the
involvement of HPV in more than 20% of
laryngeal cancers (18, 19). A recent systematic
review identified 41 publications in which
laryngeal SCC was examined for the presence of
HPV DNA and found that the weighted
prevalence of HPV DNA in 1,712 cases of
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laryngeal SCC was 23.6%. This is slightly higher
than the weighted prevalence of HPV DNA in
oral cavity SCC, which was 20.2%. However, a
significant association was found between HPV
infection and laryngeal SCC. Although multiple
subtypes of HPV were detected in laryngeal
SCC, HPV 16 was the most common subtype
identified in laryngeal SCC (20).

Empirical and epidemiological evidence in
western countries supports the role of HPV in the
epidemiology of head and neck SCC.
Nevertheless, the role of the virus in the
development of SCC in developing countries
(e.g., Iran) is still under study (8). On the other
hand, conflicting results have been reported by
studies about the role of this virus in the
development of cancer, in different parts of the
world.

Some studies have supported the role of this
virus in the development of head and neck
cancers, whereas others have questioned the role
of this virus. For instance, Nikakhlagh et al.
(2008) reported the presence of HPV in only
3.79% of the tissue samples of the patients with
head and neck carcinoma (8). In addition, Zarei
et al. (2007) conducted a research on patients
with four different oral lesions, including oral
SCC (OSCQ), leukoplakia, oral lichen planus
(OLP), and pyogenic granuloma (PG), and
concluded that the DNA of HPV was detected in
60% of the OSCC cases, 26.7% of leukoplakia
cases, 13.3% of OLP cases, and 6.7% of PG
cases (21).

Considering the high prevalence of SCC in
the elderlies and due to inadequate research on
the role of HPV in laryngeal carcinoma,
especially in our region, and given the detection
of this type of cancer in some non-smokers, the
present study aimed to evaluate the frequency of
HPV genotypes in head and neck epithelial
cancers in Kerman, Iran.

Materials and Methods

This project was approved by the Research
Committee of the School of Medicine (Project
No: 940693) and the Standing Ethics Committee
(Ethical Code: IR.KMU.AH.REC.1394.627).

The population of this case-control study
consisted of all individuals suspected of head
and neck malignancies (oral cavity, oropharynx,
nasopharynx, nasal cavity, paranasal sinuses and
larynx) who were referred to the Otolaryngology
Department of Shafa Hospital, Kerman in 2017,
and underwent a diagnostic biopsy.
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The tissue samples were taken from the
surgical samples stored in the pathology lab.
Written informed consent was previously
obtained from these patients to use their tissue
samples for research purposes. All participants
were assured about the confidentiality of their
personal information.

According to the results of pathology, the
subjects were divided into two groups. The case
group included patients with a definite diagnosis
of SCC, and the control group encompassed
participants with no signs of SCC in their
pathology samples.

The sufficient sample size to estimate the
difference of HPV presence in tissue samples
was calculated using the equation for
determining sample size for comparison of
percentages and assuming an HPV frequency of
55% in the control group, and 73% in the case
group, type one error = 0.10, and power = 80%.
The minimum sample size required was 96.
However, 101 cases were selected for each
group from paraffin blocks existing in the
Pathology Ward of Shafa Hospital.

Deparaffinization of samples

Paraffinized block samples were cut in 3-um
sections and 5 sections were collected in a micro-
centrifuge tube. Samples were dewaxed in 800
ul xylene; all micro-centrifuge tubes were placed
on a block heater at 60°C for about 10 minutes.
All microtubes were centrifuged at 10,000 rpm
for 1 minute and the supernatant was removed.
This step was repeated three times. 500 pl pure
ethanol was added to all microtubes for
removing xylene, and were centrifuged at 10,000
rpm for 1 minute. The samples were then dried
at 70°C on a block heater with open lids for 5-10
minutes to remove residual ethanol.

Tissue digestion

200-400 pl of Tissue Lysis Buffer was added
to each tube [4 M Urea, 200 mM Tris, 20 mM
NaCl, 200 mM EDTA,; PH = 7.4 (25°C)]. 20-40
pl of proteinase K was added to all tubes.
Samples were gently vortexed and placed for
about 10 minutes on a block heater at 60°C, and
all samples were subsequently incubated at 37°C
overnight.

DNA Extraction

The next day, 200 ul of Binding Buffer [6 M
Guanidine- Hcel, 10 mM Urea, 10 mM Tris-Hcl,
20% Tritonx-100 (v/v); PH = 4.4 (25°C)] was
added to each tube with gentle vortex. DNA was
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isolated using a QlAamp DNA Mini kit (Qiagen,
Germany), according to the manufacturer’s
instructions. The extracted DNA pellets were
suspended in 70 ul of pre-warmed elution buffer
and stored at -70°C until use.

Qualitative Real-Time PCR

After DNA extraction, for detection and
screening samples positive for HPV, a
qualitative real-time PCR based on SYBR Green
was done. The primers used in this study were
general primers from MY09 and MYO0L11 pairs
(MY09: 5-CGT CCM AAR GGA WAC TGA
TC-3' and MY011: 5-GCM CAG GGW CAT
AAY AAT GG-3'). The test was done by Rotor
Gene 6000 (Corbett Research, Australia).

INNO-LiPA HPV detection and genotyping
After performing a PCR test and identifying
positive samples, the INNO-LiPA test was
performed to identify the types of HPV. The
INNO-LIiPA® HPV Genotyping Extra Il kit
(Fujirebio Diagnostics, Sweden) was used for
this experiment, the steps of which have been
described below in two steps A and B (22).

A) PCR amplification of HPV DNA
Broad-spectrum HPV DNA amplification
was performed using a short PCR fragment assay
(INNO-LIPA HPV detection/genotyping assay,
the Netherlands). This assay amplifies a 65-bp
fragment of the L1 open reading frame and
allows detection of at least 43 different HPV
types. The SPF10 PCR was performed with a
final reaction volume of 50 pl containing 10 pl
of the isolated DNA sample, 10 mmol/liter Tris-
HCI (pH 9.0), 50 mmol/ liter KCI, 2.0 mmol/liter
MgCl;, 0.1% Triton X-100, 0.01% gelatin, 200
pmol/liter of each deoxynucleoside triphosphate,
15 pmol of each of the forward and reverse
primers tagged with biotin at the 5’end, and 1.5
U of AmpliTaq Gold (Perkin-Elmer). The
mixture was incubated for 9 min at 94°C, 40
cycles of 45 s at 45°C, and 40 cycles of 45 s at
72°C, with a final extension of 5 min at 72°C.
Each experiment was performed with separate
positive and negative PCR controls. The
presence of HPV DNA was determined by
hybridization of SPF10 amplimers to a mixture
of general HPV probes recognizing a broad
range of HPV genotypes, in a microtiter plate
format, as described previously (23, 24).
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B) HPV genotyping by reverse hybridization
using the INNO-LiPA HPV genotyping
system

A poly (dT) tail was enzymatically added to
the 3’ end of each of 25 oligonucleotides specific
for 25 different types (6, 11, 16, 18, 31, 33, 34,
35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 56, 58,
59, 66, 68/73, 70, and 74). The tailed probes
were applied as horizontal lines to the membrane
strips (manufactured by Labo Biomedical
Products B.V., Rijswijk, the Netherlands). The
HPV genotyping assay was performed as
described previously. Briefly, equal volumes (10
pl each) of the biotinylated PCR products and
denaturation solution (400 mmol/liter NaOH, 10
mmol/liter EDTA) were mixed in test troughs
and incubated at room temperature for 5 min.
Afterwards, 1 ml of pre-warmed (37°C)
hybridization solution was added, followed by
the addition of one strip per trough.
Hybridization was performed for 1 h at 50 %
0.5°C in a closed water bath with back-and-forth
shaking. The strips were then washed twice with
1 ml of wash solution at room temperature for 20
seconds and once at 50°C for 30 minutes.
Following this stringent washing, the strips were
rinsed twice with 1 ml of a standard rinse
solution. The strips were then incubated on a
rotating platform with an alkaline phosphatase-
labeled streptavidin conjugate diluted in a
standard conjugate solution, at 20 to 25°C for 30
min. Afterwards, the strips were washed twice
with 1 ml of rinse solution and once with
standard substrate buffer; color development
was initiated by the addition of 5-bromo-4-
chloro-3-indolylphosphate  and  Nitroblue
tetrazolium to 1 ml of substrate buffer. After 30
min of incubation at room temperature, the color
reaction was stopped by the aspiration of the
substrate buffer and addition of distilled water.
After drying, the strips were visually interpreted
using a grid (25, 26).
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Statistical analysis

Data were analyzed using Chi-square test and
t-test to compare percentages and means, by
IBM SPSS Statistics software, version 20.
Values less than or equal to 0.05 were considered
statistically significant.

Results

From 202 patients, 152 subjects were male.
Gender was significantly different between the
two groups (P < 0.001).

In the SCC and control groups, 72 (71.3%)
and 19 (18.8%) subjects were smokers,
respectively, and the difference was significant
(P < 0.001). Moreover, 72 subjects in the SCC
group (71.3%) and 18 subjects in the control
group (17.8%) were opioid users, and the
difference was significant (P < 0.001) as well.
But, no significant relation was observed
between alcohol consumption and the incidence
of SCC (P = 1). The mean age of patients in the
SCC and control groups was significantly
different (P < 0.001) (Table 1).

In total, 202 subjects were assessed in terms
of the presence of HPV. From 101 patients with
SCC, 27 (26.7%) had HPV, whereas, from the
101 individuals without cancer, only 3 subjects
(3.0%) had HPV. The prevalence of HPV was
significantly higher in patients with SCC (P <
0.001) (Table 1).

The prevalence of site-specific HPV in the
SCC and control groups is presented in Tables 2
and 3. In the SCC group, the most common
HPV-positive location was the larynx; whereas,
in the control group, it was the nasopharynx. The
frequency of HPV subtypes HPV11, 16, 18, and
6 was 15 (14.9%), 12 (11.9%), 12 (11.9%), and
10 (9.9%), respectively. Some samples
contained more than one type of virus.

Logistic regression showed that the risk of
SCC incidence was 9.19 and 2.66 times higher
in drug users and smokers compared to others. In
HPV-positive patients, the risk of SCC incidence
was 11.8 times higher, compared to those with
negative HPV tests (Table 4).
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Table 1. Age, gender, cigarette smoking, opium use, and alcohol consumption in the

case (SCC) and control groups

Fisher’s Exact Test

Group Control No (%) SCC No (%) P_value
Male 64 (63.4) 88 (87.1) 0.001
Female 37(36.6) 13 (12.9) '
Smokers 19 (18.8) 72 (71.3) 0.001
Non-smokers 82 (81.2) 29 (28.7) '
Opium-dependent 18 (17.8) 79 (78.2) 0.001
Non-opium-dependent 82 (18.2) 22 (21.8) '
Alcohol users 6 (5.9) 6 (5.9) 1.0
Non-users 95 (94.1) 95(94.1) '
HPV* 3(3.0) 27 (26.7)
HPV- 98 (97.0) 74(73.3) <0.001
Mean + SD Mean + SD Independent t-test
P-value
Age (year) 37.66 + 16.81 59.83 + 13.61 0.001

Table 2. The distribution of HPV subtypes in the head and neck sub-sites in patients

with SCC
SCC HPV Positive

No (%0) Type No (%0)
Oral cavity 14 (13.8) 6,11 3(11.11)
Oropharynx 7(6.9) - -
Nasal cavity and PNS 7(6.9) - -
Nasopharynx 2 (1.9 11,16 1(3.0)
Larynx 71 (70.0) 6,11, 16, 18, 31, 33, 56 23 (85.19)
Total 101 (100.0) - 27 (100.0)

Table 3. The distribution of HPV subtypes in the head and neck

sub-sites in the controls

Control HPV Positive

No (%) Type No (%)
Oral cavity 16 (15.8) - -
Oropharynx 16 (15.8)
Nasal cavity and PNS 38(37.6) - -
Nasopharynx 14 (13.8) 6,11 3(100.0)
Larynx 17 (16.8) - -
Total 101 (100.0) 3 (100.0)

Table 4. The results of adjusted logistic regression for the
association of risk factors with SCC

Characteristics OR
HPV test

Positive 11.8
Negative 1
Smoking

Yes 2.66
No 1
Opioid abuse

Yes 9.19
No 1

Cl195% P-value
2.99-47.05 <0.001
1.06-6.67 0.03
3.66-23.06 <0.001

Discussion

In the present study, different types of HPV
were detected in 26.7% of the patients with head
and neck SCC. In this respect, conflicting results
have been obtained by various studies conducted
in different parts of the world. For instance,
Nikakhlagh et al. (2008) performed a research in
Ahvaz, Iran, and concluded that 3.97% of the
cases with SCC were positive for HPV DNA (8).
Nonetheless, the mentioned rate was zero and
46% in the study done by Li et al. (2003) on
Chinese and Australian patients with SCC of the
tonsil, respectively (9).
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Moreover, Bishop et al. (2013) performed a
research on sinonasal tract SCC samples
archived at the Johns Hopkins Hospital, and
reported that from 161 patients diagnosed with
this disease, 21% had positive HPV (7). This rate
was 14% in the study by Furuta et al. (1992) on
the patients with SCC of the nasal cavity and
paranasal sinus treated at Hokkaido University
hospital in Japan (27). In another study by
Correnti et al. (2004) conducted in Venezuela to
determine HPV in patients with SCC of the oral
cavity, 50% of the subjects had positive HPV
(28). In a study by Zarei et al. (2007) in Kerman,
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Iran, 60% of the patients with oral cavity SCC
had positive HPV (21). In a review study,
Torrente et al. (2011) reported that HPV
infections was present in 25% of the patients
with laryngeal SCC, and the most common
subtypes were 16 and 18 (18). In the study of
Hernandez et al. (2014) in the U.S., HPV DNA
was detected in 21% of the laryngeal cancer
cases and HPV 16 and 33 were the most
commonly detected genotypes (19). A meta-
analysis by Li et al. (2013) based on 12 case-
control studies also suggested a strong
association between HPV infection and
laryngeal SCC, with a significant pooled odds
ratio of 5.39. This association was even stronger
for HPV-16, and the pooled odds ratio was
significant (6.07) (29). Researchers reported that
HPV infection causes laryngeal cancer via
genomic  integration,  activating  proto-
oncogenes, and inhibiting anti-oncogenes (30).

Meanwhile, researchers from Turkey used
nonisotopic in situ hybridization (NISH)
technique, and showed signals of HPV 6/11,
16/18, and 31/33 infection in 80%, 40%, 30% of
the laryngeal carcinomas, respectively (10). In a
review study by Ragin et al. (2007), the mean
prevalence of HPV in the samples for all
oropharyngeal tumors was 28% (31).

In the present research, HPV-11, 16, 18, and
6 were about 15%, 12%, 12%, and 10%,
respectively. The majority of the virus types
detected in the samples tested by Nikakhlagh et
al. were 16 and 18 (8) as well. In a study by
Bishop et al. (2013), the most and least common
types were 16 (82%) and 18 (6%), respectively
(7). Also, these two types were the most
common types found in the study by Furuta et al.
(1992) (27). In the study of Reimers et al. (2007)
(32), the most common types were 5, 16, and 33
(32). But in the studies by Na et al. (2006) in
patients with head and neck SCC in Korea (33),
Sugiyama et al. (2007) in patients with oral SCC
in Japan (34), Licitra et al. (2006) in patients
with surgically treated oropharyngeal SCC in
Milan, Italy (35), Weinberger et al. (2006) in
patients with oropharyngeal SCC in New Haven,
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