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Abstract
High-risk human papillomaviruses (hr-HPVs) are the key risk factors implicated in the development of a significant
proportion of head and neck squamous cell carcinomas (HNSCCs). We aimed to investigate the distribution of hr-HPV
types and HPV16 lineages in a sample of patients with HNSCC and the possible association between HPV status and the
expression of P16INK4A and NF-κB in Iranian HNSCC patients. We examined 108 formalin-fixed, paraffin-embedded
(FFPE) histologically confirmed primary SCC tissue specimens of different head and neck anatomical sites. HPV types
and HPV16 lineages were determined by nested PCR and overlapping nested PCR assays, respectively, followed by
gene sequencing and phylogenetic analysis. The expression of p16INK4a and NF-κB was evaluated by immunohisto-
chemistry. Twenty-five (23.1%) HNSCC tissue specimens were tested positive for HPV infection. The most prevalent
HPV type was HPV-16, followed by HPV18 and HPV11. HPV16 variants belonged to the lineage A and lineage D
which were further sorted into sublineages A1, A2, and D2. A significant association between HPV status and
p16INK4a immunoreactivity was observed in more than 76% of the HPV-related HNSCCs (P < 0.0001). The overex-
pression of p16INK4a and cytoplasmic NF-κB was more common in low-grade HNSCC tumors. Our data highlights that
HPV16, in particular the A2 sublineage, followed by A1 and D2 sublineages are the major agents associated with
HNSCCs in Iran. Based on HPV16 predominance and its lineage distribution pattern, it seems that the prophylactic
vaccines developed for cervical cancer prevention could also be applicable for the prevention of HPV-related HNSCCs
in our population.
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Introduction

As the seventh most common cause of cancer worldwide [1],
squamous cell carcinoma (SCC) of the head and neck
(HNSCC) approximately accounts for 90% of head and neck
cancers [2]. It is an epithelial malignancy involving mucosal
anatomic sites of the larynx (glottis, subglottis, supraglottis),
hypopharynx (post-cricoid region, posterior wall), oropharynx
(palatine tonsil, the base of tongue), oral cavity (buccal muco-
sa, tongue), and nasal cavity [3]. Although tobacco smoking
and alcohol consumption are the risk factors for cancers of the
head and neck [1], a recent review of the literature concludes
that human papillomaviruses (HPV) are the most important
established risk factors for a subset of HNSCC, such as oro-
pharyngeal SCC, where up to 60% of tumors are related to
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HPV infection [4]. The most common HPV type found in
HNSCC is 16; but types 6 and 11 are also detectable in some
head and neck cancers [5].

Based upon phylogenetic analysis of E6 and long control
region (LCR) gene regions, HPV16 variants have been clas-
sified into four major lineages: lineage A, including the
sublineages A1–A3 (European, E) and A4 (Asian, As); line-
age B, including the sublineages B1 and B2 (African-1; Afr1a
and African-1; Afr1b, respectively); lineage C, including the
sublineage C1 (African-2, Afr2); and lineage D, including the
sublineages D1–D3 (North American (NA)1, Asian-
American (AA)2, and Asian-American (AA)1, respectively)
[6]. It is suggested that when compared to HPV16 European
lineage, non-European (NE) lineages have elevated risks for
high-grade cervical intraepithelial neoplasia (CIN3) and cer-
vical cancer [7].

Protein p16INK4A, the product of cyclin-dependent
kinase inhibitor 2A (CDKN2A) as a tumor suppressor
gene, is an important regulator in cell cycle control and
cancer [8]. The overexpression of p16INK4A via the
dysfunction of the retinoblastoma (Rb) protein is fre-
quently observed in tumors as the result of HPV infec-
tion [9]. The expression of p16INK4A in HNSCCs is
associated with HPV status and better prognosis.
Immunostaining of p16INK4A combined with HPV-
DNA PCR assay is suggested to generate sufficient sen-
sitivity and specificity as a valuable alternative to HPV
E6/E7 mRNA RT-PCR detection for evaluation of the
HPV status in formalin-fixed, paraffin-embedded
(FFPE) tumors. It specifies transient or inactive HPV
infection and determines the elevated p16INK4A expres-
sion by non-HPV-related alterations [10].

Nuclear factor kappa B (NF-κB) is known to be modulated
by several HPV oncoproteins and plays many important roles
in different cellular pathways such as cell proliferation and
apoptosis which are associated with the development of can-
cer [11]. The activation of NF-κB leads to an increased risk of
metastasis resulting in a poor prognosis in a wide variety of
cancers such as oral SCC [12]. Although studies revealed that
NF-κB is persistently expressed in HNSCC [12, 13], little data
are available about the association of NF-κB gene expression
with HPV-related and unrelated HNSCC.

Human papillomaviruses diverge geographically, affecting
vaccination programs, and importantly, are of critical prog-
nostic value altering therapeutic management strategies for
patients with HNSCC tumors [14]. In this study, we aimed
to investigate the prevalence of high-risk HPV infection in a
subset of head and neck SCC patients and the possible asso-
ciation between HPV status and the expression of P16INK4A
and NF-κB cellular biomarkers by examining associated clin-
ical findings. To the extent of our knowledge, this study pro-
vides the first data on the lineages and sublineages of HPV 16
isolated from HNSCC patients in Iran.

Materials and methods

Study subjects

This retrospective study included 126 formalin-fixed, paraffin-
embedded (FFPE) tissue specimens histologically confirmed pri-
mary HNSCC cancers. All samples were collected from the
Department of Oral and Maxillofacial Pathology, School of
Dentistry, Shiraz University of Medical Sciences between
January 2016 and December 2018. There were no restrictions
on ethnicity, gender, and age or cancer stage at recruitment. By
reviewing the hematoxylin-eosin (H&E)-stained slides, two pa-
thologists independently graded the tumors as moderate, poor, or
undifferentiated. Histological grades of HNSCC specimens were
further converted into “low-grade” which means well to moder-
ately differentiated and “high-grade”which means poorly differ-
entiated or undifferentiated cancer cells.

DNA extraction and integrity analysis

DNA was extracted from 8 μm serial sections of FFPE tissue
specimens usingQIAampTissueKit (Qiagen, Hilden, Germany)
according to the manufacturers’ instructions. Total genomic
DNA was eluted with 50 μl of the buffer and stored at − 70 °C
until analyzed. To test the adequacy of the samples and to dem-
onstrate the absence of PCR inhibitors in the extracted DNA,
500 ng of extracted DNA was analyzed by ß-globin gene PCR
amplification, resulting in a 110 bp PCO3/ PCO4 PCR product
[15]. The quantity and quality of isolated DNA were measured
using a UV-Vis spectrophotometer (WPA Lightwave II).
Extracted DNA from the human erythroleukemia cell line
(K562) available from the previous study [16] and sterile water
were included as positive and negative controls, respectively.

HPV prevalence and genotyping

To screen the presence of 23 mucosotropic HPV types in
HNSCC, a nested PCR assay using MY09/MY11
degenerated primer set followed by GP5+/GP6+ consensus
primers was performed as previously described [17, 18]. To
ensure consistency and reliability of the results, the specimens
tested positive for the presence of HPV were analyzed in du-
plicate. In each round of amplification, 500 ng of DNA ex-
tracted fromHeLa cells available from the previous study (16)
and sterile water were included as positive and negative con-
trols, respectively. Amplified PCR products were directly
Sanger sequenced (Sequetech Corp., Mountain View, CA,
USA) in the presence of GP5+ and GP6+ as both direction
sequencing primers after purification using GF-1 PCR Clean-
Up Kit (Vivantis, Malaysia). The obtained sequences were
confirmed and genotyped by a BLAST similarity search using
the NCBI BLAST software program (http://www.blast.ncbi.
nlm.nih.gov/blast/html).
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Detection of HPV16

To prevent missing this important type due to the presence of
overlapping signals in sequencing chromatograms occurring
in samples with multiple HPV infections, a type-specific
nested PCR assay was performed on all samples for HPV16
detection. Targeting the HPV16 E6 gene region, the primer
sets used for the first round of assay were 16E6F1/16E6R1
followed by 16E6F2/16E6R1 primers as the inner primers for
the secondary PCR. Sequences of the primers used here were
described elsewhere [16]. As a negative control in all nested
PCR assays, the product of the negative control in the first step
of the reaction was used as a template in the second round of
PCR amplification. A plasmid containing HPV-16 DNA
cloned in pBluescript (Manassas, VA) which was available
from the previous study [16] was used as a positive control,
and to determine the sensitivity of the assay.

Determination of HP16 lineages and phylogenetic
analysis

To increase the sensitivity of HPV16 lineage identification,
and to overcome DNA fragmentation caused by formalin fix-
ation process, semi-nested PCR assays were performed to
amplify fragments of less than 350 base-pairs. Using DNA
from samples tested positive for HPV16 in the previous ex-
periments, the primer sets used for amplification of the full-
length HPV16 E6 gene were 16E6-1F/16E6-2R and 16E6-2F/
16E6-3R as outer primers for the primary round of semi-
nested PCR assays followed by 16E6-1F/16E6-1R, 16E6-
2F/16E6-2R, and 16E6-3F/16E6-3R primers as inner primers
for the secondary PCR assays, as described in Table 1. For the
amplification of the long control region (LCR) of HPV16, the
outer primer sets were 16LCR-1F/16LCR-2R and 16LCR-3F/
16LCR-4R followed by 16LCR-1F/16LCR-1R, 16LCR-2F/
16LCR-2R, 16LCR-3F/16LCR-3R, and 16LCR-4F/16LCR-
4R used as inner primers for the secondary semi-nested PCR
assays (Table 1). All the PCR protocols used here for DNA
amplification were carried out according to the methods pre-
viously described [19, 20]. After visualization of generated
amplicons on 1.5% agarose gel, sterile excised bands were
purified using GF-1 PCR Clean-Up Kit (Vivantis, Malaysia)
and were subjected to sequencing (Sequetech Corp.,
Mountain View, CA, USA) in both directions. A plasmid
containing full-length HPV-16 DNA was used as a positive
control in each reaction as mentioned in the previous section.

The obtained sequences are available at http://www.ncbi.
nlm.nih.gov/ with GenBank accession numbers MT771959
through MT771984. All sequences obtained in this study
were analyzed using the BLAST software program (http://
www.blast.ncbi.nlm.nih.gov/blast/html) and classified in
comparison to the prototype reference sequences given in
the Papillomavirus Episteme database (http://pave.niaid.nih.

gov) into lineages and sublineages according to Burk et al.
[6]. Phylogenetic trees were constructed using the
maximum-likelihood method Mega software version 6 [21].
The reference HPV-16 E6 and LCR sequences that were used
to construct the phylogenetic branches were collected from the
GenBank sequence database and included K02718 (A1),
AF536179 (A2), HQ644236 (A3), AF534061 (A4),
AF536180 (B1), HQ644298 (B2), AF472509 (C1),
HQ644257 (D1), AY686579 (D2), and AF402678 (D3).
The robustness of the phylogenetic trees was assessed using
1000 bootstrap repetitions.

p16INK4a and NF-κB immunohistochemistry

The immunohistochemical staining was performed on 5-μm-
thick FFPE tissue sections. Xylene was used to deparaffinize
the slides twice for 30 min and rehydration was achieved
through the gradual addition of ethanol solution to Tris-
buffered saline (TBS). Epitope retrieval was carried out by
heat-induced microwave treatment in the 10 mM citrate buffer
(pH 6.0). Endogenous peroxidase activity was quenched by
10% H2O2. Protein block agent (Dako, Glostrup, Denmark)
was used to block non-specific binding sites. Slides were in-
cubated with monoclonal antibodies anti-human p16INK4a
(1:50; BD Pharmingen™; BD Biosciences, Franklin Lakes,
NJ, USA) and anti-human NF-κB (p65) (1:400; Santa Cruz
Biotechnology, Santa Cruz, CA, USA) in a humidified cham-
ber for 1 h at room temperature, followed by incubation with
EnVision+ Dual Link System-HRP solution (Dako, Glostrup,
Denmark) for 30 min. In the presence of hydrogen peroxide,
3, 30-diaminobenzidine (DAB) was used as the chromogen.
Nuclei were counterstained using Meyer’s hematoxylin. The
sections without primary antibody served as the negative con-
trol in each run. Formalin-fixed HeLa cell block sections
known positive for p16INK4a and NF-κB immunostaining
were used as the positive control of the assays.

Interpretation of p16INK4a and NF-κB immunostain-
ing findings

A 4-tier scale from 0 to 3+ was recorded to semiquantitatively
score the intensity of p16INK4a staining according to Duncan
et al. [22]. Evaluation of each staining pattern was recorded as
follows: 0, no staining in any tumor cells; 1+, staining less
than 10% of cells without nuclear staining; 2+, mild cytoplas-
mic staining with or without nuclear staining in 10 to 50% of
cells; 3+, strong diffuse cytoplasmic and nuclear staining in
more than 50% of cells. For statistical analysis of p16INK4a
immunohistochemistry (IHC) findings, the 4-level variable
was converted into bipartite variables, with 0 and 1+ scores
being considered as negative and 2+ and 3+ being denoted as
positive results.
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For NF-κB protein expression, the calculation of results
based on the percentage of positive cells was considered as
follows: 0, 0 to 5% of tumor cells counted as positive; 1, 5 to
25% of cells counted as positive; 2, 26 to 50% of cells counted
as positive; 3, 51 to 75% of cells counted as positive; 4, more
than 76% of cells counted as positive. In respect of staining
intensity, 0, no staining in any tumor cells; 1, straw yellow; 2,
brown; 3, tan, according to Zhou et al. [23]. For statistical
analysis of NF-κB immunostaining results, the scoring index
was calculated based on the sum of the items above, and the
cutoff value was selected as three so that < 3 was considered
as low expression, whereas ≥ 3 was defined as high expres-
sion. To study the NF-κB/relA signaling pathway in cancer-
ous cells which can be interpreted through p65 translocation
from cytoplasm to the nucleus [24], the nuclear expression of
NF-κB p65 was evaluated separately. Cells were counted and
examined per field of microscope at × 200 magnification.

Statistical analysis

Data were analyzed using SPSS version 21.0 (SPSS Institute,
Chicago, IL, USA). Chi-square test or two-sided Fisher’s ex-
act test were used to analyze the association between HPV
PCR results, frequencies of HPV16 lineages among different
anatomical sites, IHC staining index, age, gender, and other

categorical factors, where appropriate. Statistical significance
was assumed at a P < 0.05 level.

Results

Clinicopathological characteristics, HPV prevalence,
and type distribution

Eleven of the 126 tissue specimens were excluded from the
study because of an inadequate amount of tissue material. Of
the remaining 115 cases, seven were excluded due to failure to
amplify the b-globin gene region. The study included 38
tongue, 34 oral cavity, 13 larynx, 9 hypopharynx, 8 nasophar-
ynx, and 6 tonsil SCC tissue specimens. The mean age of
patients was 56 years (range 20–88 years, SD 14.63 years)
and 58.3% of the patients were males. The clinicopathological
data collected from medical records are described in Table 2.
There were no data available regarding alcohol consumption
and tobacco use by the patients. Thirteen (12%) HNSCC tu-
mor specimens were tested positive for HPV-DNAwhenMY/
GP+ primer sets were used in a nested PCR assay. BLASTing
the obtained DNA sequences with available sequences in
GenBank revealed that HPV-16 was the most commonly de-
tected HPV type found in SCC tumors of the oral cavity (4
cases), tongue (3 cases), and tonsil (1 case). HPV-18 was also

Table 1 The sequence of primers
used for amplification of HPV16
E6 gene and LCR [20]

Primer name Sequences (5′ to 3′) Nucleotide positions* Product size (bp)

16E6-1F-outer TTGAACCGAAACCGGTTAGT 46–65 393
16E6-2R-outer GGACACAGTGGCTTTTGACA 419–438

16E6-1F-inner TTGAACCGAAACCGGTTAGT 46–65 211
16E6-1R-inner GCATAAATCCCGAAAAGCAA 237–256

16E6-2F-inner GCAACAGTTACTGCGACGTG 205–244 234
16E6-2R-inner GGACACAGTGGCTTTTGACA 419–438

16E6-2F-outer GCAACAGTTACTGCGACGTG 205–224 386
16E6-3R-outer TCATGCAATGTAGGTGTATCTCC 568–590

16E6-3F-inner CAGCAATACAACAAACCGTTG 371–391 220
16E6-3R-inner TCATGCAATGTAGGTGTATCTCC 568–590

16LCR-1F-outer GAAAACGAAAAGCTACACCCA 7084–7104 497
16LCR-2R-outer GTGCAGGTCAGGAAAACAG 7562–7580

16LCR-1F-inner GAAAACGAAAAGCTACACCCA 7084–7104 285
16LCR-1R-inner CAATGAATAACCACAACACAATTA 7345–7368

16LCR-2F-inner GCTTGTGTAACTATTGTGTCATG 7289–7311 292
16LCR-2R- inner GTGCAGGTCAGGAAAACAG 7562–7580

16LCR-3F-outer ACTTGTACGTTTCCTGCTTG 7525–7544 483
16LCR-4R-outer TGCAGTTCTCTTTTGGTGC 85–103

16LCR-3F-inner ACTTGTACGTTTCCTGCTTG 7525–7544 350
16LCR-3R-inner GTGTAACCCAAAATCGGTTTGC 7853–7874

16LCR-4F-inner GTCACCCTAGTTCATACATGA 7777–7797 231
16LCR-4R-inner TGCAGTTCTCTTTTGGTGC 85–103

*The numbers refer to the position of the nucleotides according to the reference sequence (GenBank accession
number K02718)
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detected in the tumor tissue specimens of the larynx (2 cases),
and tonsil (2 cases). Moreover, HPV-11 was detected in two
patients with SCC of the hard palate and base of the tongue.
All samples were further analyzed using a type-specific nested
PCR assay for the detection of HPV16 and results revealed
that 17 tissue specimens (15.7%) harbored HPV16 DNA.
Type-specific primers could not detect HPV16 in 3 samples
which previously tested positive for the presence of this type
using MY/GP+ consensus primers. Multiple-type infection
was only detected in a moderately differentiated SCC tissue
specimen of tonsil from a female patient infected with HPV
types 16 and 18. The sensitivities of the DNA amplification
assays were determined, and the results showed a limit of
detection of 256 and approximately 2 copies per reaction of
HPV16 DNA target using MY/GP+ and HPV16 type-specific
nested assays, respectively. Combining the results obtained
from MY/GP+ and HPV16 type-specific nested PCR assays,
total 25 (23.1%) HNSCC tissue specimens were tested posi-
tive for HPV infection. HPV16 was the most prevalent type
identified in 18.5% of all HNSCC examined tissue specimens.
Based on different anatomical sites, HPV-DNA was found in
3 tonsil (50%), 4 larynx (30.8%), 2 nasopharynx (25%), 2
hypopharynx (22%), 8 oral cavity (23.5%), and 6 tongue
(15.8%) SCC tumors. The prevalence of HPV infection was

significantly higher among younger age groups of HNSCC
patients (< 56 years) than in the older age group (31% vs
14%, P = 0.036). In addition, HPV-DNA was found signifi-
cantly more often in HNSCC tissue specimens from men than
those from women (30.2% vs 13.3%, P = 0.041). Further
sorting of the histological grade into low-grade and high-
grade showed that 87.4% of HPV-positive specimens
belonged to the patients with low-grade tumors. However,
we found no evidence that HPV status was associated with
the grade of malignancy (P = 0.700).

HPV 16 lineage identification

Among the 17 HNSCC tissue specimens tested positive for
HPV16 using HPV16 overlapping PCR assays, 13 isolates
were sequenced successfully across the E6 and/or LCR re-
gions. In total, sixty-one E6 and forty-six LCR partial DNA
fragments were compared with the HPV16 prototype of each
HPV16 lineage, and sublineage and genome information re-
vealed nucleotide signatures that allow lineage identification
according to Burk’s classification [6]. The sequencing results
of 4 samples were not conclusive and were not included in the
analysis. HPV16 variants belonged to the lineage A (84.6%)
and lineage D (15.4%), while other lineages were not detected

Table 2 Associations between demographic, tumor characteristics, and HPV status among patients with head and neck squamous cell carcinoma

Characteristics All Patients (%) (N = 108) HPV positive (%) (N = 25) HPV negative (%) (N = 83) P value

Age (years) < 56 58 (53.7) 18 (72.0) 40 (48.2) 0.036
≥ 56 50 (46.3) 7 (28.0) 43 (51.8)

Gender Male 63 (58.3) 19 (76.0) 44 (53.0) 0.041
Female 45 (41.7) 6 (24.0) 39 (47.0)

Anatomic site Tongue 38 (35.2) 6 (24.0) 32 (38.6) 0.590
Oral cavity 34 (31.5) 8 (32.0) 26 (31.3)

Larynx 13 (12.0) 4 (16.0) 9 (10.8)

Hypopharynx 9 (8.3) 2 (8.0) 7 (8.4)

Nasopharynx 8 (7.4) 2 (8.0) 6 (7.2)

Tonsil 6 (5.6) 3 (12.0) 3 (3.6)

Grade (differentiation) Well 61 (56.5) 17 (68.0) 44 (53.0) 0.383
Moderate 33 (30.6) 5 (20.0) 28 (33.7)

Poor 10 (9.3) 3 (12.0) 7 (8.4)

Undifferentiated 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

Not recorded 4 (3.7) 0.0 (0.0) 4 (4.8)

p16INK4a expression Positive 32 (29.6) 19 (76.0) 13 (15.6) 0.0001
Negative 65 (60.2) 6 (24.0) 59 (71.1)

Not done 11 (10.2) 0.0 (0.0) 11(13.3)

Cytoplasmic NF-κB expression Low 28 (25.9) 6 (24.0) 22 (26.5) 0.807
High 73 (67.6) 18 (72.0) 55 (66.3)

Not done 7 (6.5) 1 (4.0) 6 (7.2)

Nuclear NF-κB expression Low 77 (71.3) 19 (76.0) 58 (69.9) 0.797
High 24 (22.2) 5 (20.0) 19 (22.9)

Not done 7 (6.5) 1 (4.0) 6 (7.2)
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in this study. Isolates of lineage A were further sorted into
sublineages A1 (30.7%, 4/13) and A2 (53.8%, 7/13) based
on four single nucleotide polymorphisms (SNPs) in E6 and
LCR regions (T178A, T350G, A7507C, and C24G). The
T350G SNP which results in the amino acid change L83V
was found in combination with other SNPs across the E6
and LCR. The maximum similarity difference of the E6 and/
or LCR sequences between any two lineages when compared
to reference sequences was not more than 0.5%. Since using
A532G could not distinguish (AA)1, (AA)2, and (NA)1
sublineage in the E6 gene region, A7507G and T7743G were
considered as diagnostic SNPs for differentiation of the (AA)2
and (AA)1 sublineages, respectively. The specific detection of
D2 (AA2) sublineage (15.4%, 2/13) was achieved by obser-
vation of four diagnostic SNPs (T350G, A532G, A7507G,
and A7894C). All the three HPV16 lineages isolated from
poorly differentiated hypopharyngeal and base of the tongue
carcinoma tissues belonged to the A2 sublineage. HPV-16
sublineages isolated from different anatomical sites of
HNSCC patients are presented in Fig. 1 and Table 3.

p16INK4a and NF-κB expression status in HNSCC
patients

Of 108 patients with HNSCC, 11 samples revealed unsatis-
factory results for p16INK4a immunostaining and were ex-
cluded from further analysis. Thirty-two (33%) specimens

tested positive for p16INK4a immunoreactivity, whereas only
19 samples tested positive for both p16INK4a and HPV-DNA
detection assays. Of 97 tumor tissue specimens, 19.6% were
discordant for HPV status and p16INK4a expression which 6
samples (6.2%) were HPV-DNA-positive and p16INK4a-
negative, and 13 (13.4%) were HPV-DNA negative and
p16INK4a-positive. However, we found a significant associ-
ation between the presence of HPV-DNA and p16INK4a im-
munoreactivity in more than 76% of the HPV-related
HNSCCs (P < 0.0001). Based on anatomical sites of HPV-
positive HNSCC tumors, a consistency was observed between
p16INK4a immunostaining and HPV-DNA detection across
all nasopharyngeal tumor specimens (Table 4). Notably,
strong p16INK4a immunoreactivity was observed in poorly
differentiated tumor tissues infected with HPV16 sublineage
A2 (Table 3). In addition, no association was seen between the
expression of p16INK4 and the grade of tumors (P = 0.489).

The NF-κB (p65) immunostaining was not applicable for 7
specimens which were consequently excluded from the anal-
ysis. Cytoplasmic expression of NF-κB was observed in 96
cases but the strong cytoplasmic expression was only revealed
in 72.3% of samples. Of 101 tumor tissue specimens which
were successfully examined for cytoplasmic NF-κB expres-
sion, only the pathologic grades of 99 samples were available.
A significantly higher expression of cytoplasmic NF-κB was
observed in low-grade HNSCC tumors as compared to high-
grade cancer cells (75.3% vs 40.0%, P = 0.019). Nuclear

Table 3 Status of HPV-16 sublineages isolated from different anatomical sites of HNSCC patients and immunoreactivity of p16INK4a and NF-κB
biomarkers

No. HPV16*
lineage

HPV16
sublineage

Anatomic site Primary tumor grade p16INK4a
expression**

Cytoplasmic
NF-κB
expression***

Nuclear
NF-κB
expressionC

1 A A1 Oral cavity Well differentiated 2+ High Low

2 A A1 Larynx Moderately
differentiated

3+ High Low

3 A A1 Larynx Moderately
differentiated

3+ High High

4 A A1 Oral cavity Well differentiated 2+ High Low

5 A A2 Oral cavity Well differentiated 3+ High Low

6 A A2 Larynx Well differentiated 2+ High High

7 A A2 Hypopharynx Well differentiated 3+ Low Low

8 A A2 Tonsil Well differentiated 3+ High Low

9 A A2 Base of the
tongue

Poorly differentiated 3+ High High

10 A A2 Base of the
tongue

Poorly differentiated 3+ High High

11 A A2 Hypopharynx Poorly differentiated 3+ High Low

12 D D2 Oral cavity Well differentiated 2+ High Low

13 D D2 Base of the
tongue

Well differentiated 3+ High Low

*HPV, human papillomavirus. ** 4-Tier scale from 0 to 3+ for p16INK4a immunostaining according to Duncan et al. [22]. ***Low expression < 3 and
high expression ≥ 3 for NF-κB immunostaining according to Zhou et al. [23]
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localization of p65 was detected in 23.8% of cancerous tis-
sues. High expression levels of cytoplasmic NF-κB (p65) pro-
tein were observed in the oral cavity (78.1%), larynx (75%),
hypopharynx (75%), tongue (70.3%), tonsil (60%), and naso-
pharynx (57.1%) tumor tissue specimens (Table 4). Nuclear
expression of NF-κB was uncommon when compared to its
cytoplasmic localization and did not show an increase parallel
with the increase in tumor grade. We found no evidence that
HPV status was consistent with cytoplasmic or nuclear local-
ization of p65. Tables 2 and 4 provide details regarding the
association between the presence of HPV-DNA, HPV16 lin-
eages status, p16INK4a expression, and NF-κB immunoreac-
tivity in different anatomical sites of HNSCC tumors. Figure 2
shows representative expression patterns of p16INK4a and
NF-κB in HNSCC tissues.

Discussion

The association of HPV with a subset of nasopharyngeal car-
cinomas and other HNSCC cancers including oral cavity can-
cers is now well established [25–29]. The goal of this study
was to investigate the prevalence of high-risk HPV infection
in a number of HNSCC patients to evaluate the incidence of
HPV infection in the tumors and to determine the possible
correlation between specific HPV16 lineages and expression
of P16INK4A and NF-κB cellular biomarkers by examining
associated clinical findings. This study recorded a prevalence
of 23.1% for HPV infection in 108 HNSCC cases. Based on
different reports, rates of HPV infection in HNSCC cancers
vary considerably from 0 to 70% worldwide [4, 30–32]. A
systematic assessment of the HPV burden in different cancers
in Iran estimated a prevalence of 32.4% HPV infection in
HNSCC Iranian patients [33]. This variation is certainly due
to differences in laboratory methods, tumor site selection, the
geographical distribution of HPV types, circulating variants,
heterogeneity in patient populations, certain sexual behaviors,
and poor oral hygiene [34]. For example, in this study, MY/
GP+ consensus primers and HPV16 type-specific primers
were employed in nested PCR assays to detect HPV infec-
tions. Results demonstrated suboptimal sensitivity of MY/
GP+ primers in detecting HPV16 DNA when compared to
type-specific primers. But, on the other hand, type-specific
primers could not detect HPV16 DNA in 3 tissue specimens
which were tested positive for the same type using MY/GP+
primers. Since in comparison with the HPV-negative HNSCC
cancers, a favorable prognosis and better patients’ overall sur-
vival is associated with HPV-positive HNSCC cancers [35],
recruitment of highly sensitive HPV detection methods such
as a combination of various consensus and type-specific
nested PCR assays is necessary to provide more accurate in-
formation about HPV status for clinical decision-making and
management of HNSCC cancer patients.

a

b

Fig. 1 Phylogenetic analysis of HPV16 E6 (a) and LCR (b) gene regions
was conducted using the maximum-likelihood method based on the
Kimura 2-parameter model with bootstrap resampling (1000 replicates)
by the MEGA 6 package [21]. Numbers above the branches indicate the
bootstrap values. Thirteen different nucleotide patterns of studied se-
quences were indicated by black triangles (GenBank accession numbers
MT771959 through MT771984). The accession number of reference se-
quences of each sublineage used for phylogenetic analysis in this study
was indicated by white triangles
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HPV16was the most common type detected in this study, a
finding that is consistent with many other studies [25, 31, 34,
36]. Although some studies demonstrated a strong association
between HPV16 infection and tonsillar and base of tongue
SCCs [36], however, our findings on the prevalence of
HPV16 showed no large differences in various anatomical
locations of the HNSCC cancers. Such a disagreement can
be explained by the large number of tongue and oral cavity
SCC cases in our study which can generally lead to observed
differences in frequencies of viral infection. The second most
prevalent type was HPV18 detected in 3.7% of samples.
Among different anatomic sites, HPV18 DNA was only de-
tected in 33.3% of the oropharynx (palatine tonsils) and
15.4% of larynx (glottis) SCC cancers.Michaud et al. reported
a significant association between HPV18 infection and oro-
pharyngeal cancers and Mineta et al. found HPV18 in 15% of
oropharyngeal and 0% of oral cavity SCC samples [37, 38].
Although some studies suggest HPV18 infection is more com-
mon in oral SCCs than in oropharyngeal cancers [14], it ap-
pears that the predominance of HPV18 infection in oropha-
ryngeal cancers is a more common finding compared to other
anatomical subsites of HNSCC. Furthermore, we also detect-
ed HPV11 DNA in a minority of cases (1.85%). The low
HPV11 prevalence reported in this study was comparable to
other findings published in the literature [14, 35]. The pres-
ence of low-risk HPV11 infection in SCC tumors of hard
palate and base of tongue indicated that it might not be an
entirely benign type while infecting oropharyngeal and oral
cavity sites, as previously suggested by other studies [14, 39].
In addition, patients’ characteristic data showed that the inci-
dence of HPV-related HNSCC cancers is higher among men
than women. This finding is consistent with previous studies
suggesting that men are at higher risk of developing HPV-
related HNSCC cancers than women [40–42]. Due to the pre-
dominance of HPV-related HNSCC male patients even when
compared to their female counterparts for acquiring HPV in-
fection, this finding highlights the importance of
implementing preventive HPV vaccination in men.

Although carcinogenic properties and sequence variability
of HPV16 in cervical specimens have been studied for de-
cades [43], very limited data are available regarding HPV16
lineage distribution in HNSCC worldwide. To our knowl-
edge, this is the first study reporting HPV16 variability in
HNSCC tumors in Iran. Among the 13 HNSCC tissue speci-
mens tested positive for HPV16 using overlapping PCR as-
says, the predominance of lineage A (84.6%) followed by
lineage D (15.4%) was observed. This finding is consistent
with the study conducted by Gillison et al. which reported the
presence of European and Asian lineages in 75% and 17% of
HPV16-infected HNSCC tumors, respectively [25]. It is also
comparable to a previously published report on HPV16 line-
age analysis describing HPV16 lineages A and D are more
prevalent in cervical samples of Iranian women [44]. VaeziTa
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et al. confirmed that the majority of cervical samples were
infected with lineage D (70.7%) and only 29.3% belonged
to lineage A [44]. Our findings revealed that lineage E was
more prevalent in HNSCC tumors. Although Gillison et al.
found a notable similarity in the distribution of the various
HPV16 lineages in cervical cancers and HNSCC in the USA
[25], it appears that the distribution of HPV16 lineages in
HNSCC tumor specimens of Iranian patients is not consistent
with the circulating lineages previously reported for the cervi-
cal samples [44]. Most studies on HPV16 lineages in cervical
samples were compared for lineage A (European-Asian,
sublineages A1–A4) versus lineages B/C/D (non-European,
sublineages B1, B2, C1, D1–D3) and concluded that non-
European HPV16 lineages were associated with higher viral
persistence and progression to cancer [45, 46]. Later studies
on invasive cervical cancers revealed that even in lineage A, a
higher risk-associated with sublineage A4 could be observed
when compared to A1–A3 sublineages [47]. Mirabello et al.
clearly showed huge differences in the carcinogenic properties
of different HPV16 sublineages associated with an increased
risk of cervical cancer [48]. Their findings indicated that A4,
D3, and particularly D2 sublineages intensely influenced the
risk of histological types of cervical lesions. In the present
study, we further sorted the isolates of lineage A into
sublineages A1 (30.7%) and A2 (53.8%) and linage D to
sublineage D2 (15.4%).We evaluated the association between
HPV16 lineages and sublineages and HNSCC primary tumor
grade, anatomic site, and expression of two cellular bio-
markers. However, such a relationship was not observed in
our study, which may be due to the various challenges in
research on HNSCC cancers in association with HPV line-
ages. The inadequate sample size for each anatomical site

and the lack of comprehensive data for each patient in order
to evaluate the risk of viral persistence and lesion progression
to cancer associated with certain HPV lineages might be some
of the existing challenges.

In the present research, the expression of p16INK4a was
determined in 90% of all studied tumors, and we observed a
significant correlation between HPV-DNA status and
p16INK4a expression among Iranian HNSCC patients.
Based on such a correlation, p16INK4a immunoreactivity is
associated with younger age (P = 0.036) but not with gender
or histological grades of HNSCC tumors. In 6.2% of HPV-
DNA-positive cases, p16INK4a immunoreactivity was not
observed and 13.4% of p16INK4a overexpressed cases were
found to be negative for the presence of HPV-DNA. The
expression of p16INK4a is considered as a surrogate marker
for HPV infection [10, 22, 49]. However, some studies have
shown that p16INK4a is not a reliable biomarker for the de-
tection of transcriptionally active HPV infection in HNSCC
tumors [50, 51]. This discrepancy, independent of HPV status,
might be explained by pointing to geographical differences
and populations’ exposure to additional non-viral carcino-
gens, which may alter p16INK4a expression. Since many
studies have associated HPV-induced overexpression of
p16INK4a with better survival in HNSCC patients compared
to HPV-unrelated cases [4, 52], the use of p16INK4a as a
surrogate biomarker of active HPV infection to prove its path-
ogenic role in tumor causation needs to be considered in pa-
tients from the studied geographical region.

We examined the expression of p65, as the major and the
most abundant member of the NF-κB protein family in
HNSCC specimens by immunohistochemistry assay. As sev-
eral studies have suggested the impact of p65 translocation

d
c

a b
Fig. 2 Immunohistochemical
analysis of HNSCC cancerous
tissues from HPV-positive cases
with hematoxylin counterstain;
magnification, × 200.
Cytoplasmic NF-κB (p65) im-
munostaining in moderately (a)
and poorly (b) differentiated
HNSCC. c Cytoplasmic
p16INK4a immunohistochemical
staining in moderately differenti-
ated HNSCC. d Nuclear
p16INK4a immunostaining in
poorly differentiated HNSCC
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from the cytoplasm to the nucleus on activation of the NF-κB/
relA signaling network [53], all the specimens were evaluated
for cytoplasmic and nuclear localization of p65 protein. Our
results demonstrated a high expression of cytoplasmic NF-κB
in approximately 57–78% of all HNSCC cancers from differ-
ent anatomical sites. In addition, we found nuclear localization
of p65 in 23.8% of HNSCC cases. This finding is supported
by various studies demonstrating an overexpression of cyto-
plasmic and nuclear localization of p65 in almost 75% and
23–52% of oral squamous cell carcinomas, respectively
[53–55]. The expression of cytoplasmic NF-κB depicted a
statistically significant gradual increase in low-grade
HNSCC cancers when compared to high-grade tumors. This
result proposes that the activation of the NF-κB/relA signaling
network is an early event in HNSCC cancer development.
Many studies have demonstrated increased expression of
NF-κB in HPV-related cervical, laryngeal, tongue, and penile
cancers, suggesting a role for NF-κB in the life cycle of HPV
and its carcinogenesis [54, 56–60]. In the present study, we
analyzed the effect of high-risk HPV infection on the cyto-
plasmic and nuclear expression of NF-κB by comparing the
expression levels of p65 in HPV-positive and HPV-negative
HNSCC cancers. Although the upregulation of cytoplasmic
NF-κBwas observed in 75% of HPV-related HNSCC tumors,
it was not significant when compared to cases without HPV
infection. Some studies reported that deletion or mutation in
cylindromatosis (CYLD) and TNF receptor-associated factor
3 (TRAF3) proteins, which leads to activation of NF-κB and
disruption of the innate immune signaling network, was found
in approximately 30% of HPV-related oropharyngeal cancers
[61, 62]. There is also evidence that defects in other NF-κB
regulators such as mitogen-activated protein kinase kinase
kinase 14 (MAP3K14), baculoviral IAP repeat-containing 3
(BIRC3), TNF receptor-associated factor (TRAF2), and mye-
loid differentiation primary response 88 (MYD88) can induce
NF-κB activity. It seems that disruption of these genes and
upregulation of NF-κB along with inhibition of innate im-
mune responses play a critical role in the survival of HPV-
infected cells, delaying apoptosis and triggering tumor devel-
opment in HPV-related HNSCC cancers.

Conclusions

We have shown that HPV-related HNSCC tumors account for
considerable proportions of total HNSCCs in western Iran and
HPV infection and p16INK4a overexpression are common in
low-grade tumors and among younger HNSCC patients. Our
data suggest that for optimal assessment of active HPV infec-
tion in FFPE tissue specimens, a combination of HPV nested
PCR assay and p16INK4a staining is required. Our data high-
lights that HPV16, in particular the A2 sublineage, followed
by A1 and D2 sublineages are the major causative agents

associated with HNSCCs in Iran. HPV16 is the most predom-
inant type and its lineage distribution is not similar to that of
the data previously reported for cervical samples in the coun-
try. It seems that the prophylactic vaccines developed for cer-
vical cancer prevention and control could also be applicable
for the prevention of HPV-related HNSCCs in our population.
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