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Abstract: Clear differences have been established between head and neck squamous cell carcinomas
(HNSCC) depending on human papillomavirus (HPV) infection status. This study specifically
investigated the status of the CTTN, CCND1 and ANO1 genes mapping at the 11q13 amplicon
in relation to the HPV status in HNSCC patients. CTTN, CCND1 and ANO1 protein expression
and gene amplification were respectively analyzed by immunohistochemistry and real-time PCR
in a homogeneous cohort of 392 surgically treated HNSCC patients. The results were further
confirmed using an independent cohort of 279 HNSCC patients from The Cancer Genome Atlas
(TCGA). The impact on patient survival was also evaluated. CTTN, CCND1 and ANO1 gene
amplification and protein expression were frequent in HPV-negative tumors, while absent or
rare in HPV-positive tumors. Using an independent validation cohort of 279 HNSCC patients,
we consistently found that these three genes were frequently co-amplified (28%) and overexpressed
(39–46%) in HPV-negative tumors, whereas almost absent in HPV-positive tumors. Remarkably,
these alterations (in particular CTTN and ANO1 overexpression) were associated with poor
prognosis. Taken together, the distinctive expression and amplification of these genes could
cooperatively contribute to the differences in prognosis and clinical outcome between HPV-positive
and HPV-negative tumors. These findings could serve as the basis to design more personalized
therapeutic strategies for HNSCC patients.
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1. Introduction

Head and neck cancer represents a heterogeneous group of tumors that accounts for about 5%
of the total annual worldwide cases of cancer, usually associated with poor prognosis [1,2]; however,
its incidence and other main features can significantly vary from one region to another. The most
prevalent histological type in head and neck cancers is the squamous cell carcinoma (HNSCC), and it
is widely accepted that the most important risk factors are tobacco and alcohol consumption [1,3,4].
Interestingly, the incidence of HNSCCs is currently declining in some specific regions, due to a
decrease of tobacco and alcohol consumption [4,5]. Nevertheless, there is an increasing incidence
of oropharyngeal tumors that are associated with human papillomavirus (HPV) infection in certain
developed countries [4,5].

The proportion of HPV-related oropharyngeal tumors can vary considerably among regions;
the observed prevalence in Europe varies from an estimated 17% in southern countries to as high
as 93% in northern countries like Sweden [5]. More than 90% of HPV-related HNSCC tumors are
caused by one specific virus type, the HPV-16, which also leads to HPV-related anogenital tumors [4,5].
On this basis, epidemiological studies have correlated HPV-positive tumors with sexual behaviors,
suggesting that the risk increases with the number of sexual partners and is particularly more frequent
in men [4,5].

Recent studies have consistently showed that HPV-related (HPV+) and unrelated (HPV−)
tumors represent two different entities in terms of clinical, biological, and molecular characteristics.
Thus, HPV-positive tumors generally arise in the oropharynx, have a more favorable prognosis,
a better response to chemotherapy and radiotherapy, and less genetic alterations when compared to
HPV-negative tumors [2,4–6].

One of the most frequent genetic alterations found in HNSCCs is the amplification of the
chromosomal region 11q13, which has been associated with tumor aggressive behavior, increased
lymph node metastases, and poor outcome [7]. Moreover, the comprehensive molecular analysis of
the 11q13 region led to the identification of genes evidenced to be directly related to an improved
ability for tumor growth, migration and invasion. Some of the genes mapping to the 11q13 region,
are CTTN (Cortactin), CCND1 (Cyclin D1), and the more recently discovered ANO1 (Anoctamin-1).
CTTN and CCND1 are well-established oncogenes, associated with advanced disease stage and poor
prognosis [8,9]. On the other hand, the newly characterized ANO1 encodes a calcium-activated
transmembrane chloride channel whose overexpression and amplification have been correlated with
increased cell migration and propensity to develop metastases [10,11]. However, data revealing the
role and importance of ANO1 in HNSCC have only recently emerged and, hence, are still limited.

Recent studies have evidenced important differences in the molecular alterations and the impact
of the 11q13 chromosomal region in HNSCC, depending on the anatomic site of the tumor and the HPV
infection status. These studies suggest that the amplification of 11q13 in HNSCCs is more frequent
in HPV-negative than in HPV-positive tumors [12], and this presumably contributes to the better
prognosis of the latter. On the basis of the increasing incidence of HPV-related tumors, the current
information regarding the clinical differences between HPV-related and unrelated tumors, and the
discovery of promising molecular prognosis factors like ANO1, we believe it is crucial to study in
depth the molecular alterations involved in HNSCC and their relationship with HPV infection, in order
to have a better understanding of the pathogenesis of the disease with the ultimate goal of establishing
the path for the development of new and more effective treatment strategies. This consideration
prompted us to study the status of various genes (CTTN, CCND1 and ANO1) mapping at the 11q13
amplicon in relation to HPV infection in two large independent cohorts of HNSCC patients.
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2. Materials and Methods

2.1. Patients and Tissue Specimens

Surgical tissue specimens from 392 patients with HNSCC who underwent resection of their
tumors at the Hospital Universitario Central de Asturias and Hospital Sant Pau between 1990 and
2010 were retrospectively collected, in accordance to approved institutional review board guidelines.
All experimental protocols were conducted in accordance to the Declaration of Helsinki and approved
by the Institutional Ethics Committees of the Hospital Universitario Central de Asturias and Hospital
Sant Pau and by the Regional CEIC from Principado de Asturias (approval number: 81/2013 for the
project PI13/00259). Informed consent was obtained from all patients. Representative tissue sections
were obtained from archival, paraffin-embedded blocks, and the histological diagnoses were confirmed
by an experienced pathologist (Aurora Astudillo).

Clinical, sociodemographic, follow-up, and risk factors information was collected from the
medical records. The stage of the tumors was determined according to the TNM system of the
International Union Against Cancer (7th Edition).

2.2. Tissue Microarray (TMA) Construction and DNA Extraction

The original archived hematoxylin- and eosin-stained slides were reviewed by an experienced
pathologist (Aurora Astudillo) to confirm the histological diagnoses. Five morphologically
representative areas were selected from each individual tumor paraffin block: two for DNA isolation
and three for the construction of a TMA. To avoid cross-contamination, two punches of 2 mm diameter
were taken first, using a new, sterile punch (Kai Europe GmbH, Solingen, Germany) for every tissue
block, and stored in eppendorf tubes (Sigma Aldrich, Saint Louis, MO, USA) at room temperature.
Subsequently, three representative tissue cores (1 mm diameter punches) were selected from each
tumor block and transferred to a recipient ‘Master’ block in a grid-like manner using a manual tissue
microarray instrument to construct TMA blocks, as described previously [13,14]. In addition, each TMA
included three cores of normal epithelium (tonsil) as an internal negative control and three cores of a
HPV-positive cervix carcinoma as a positive control. A section from each microarray was stained with
hematoxylin and eosin and examined by light microscopy (Leica Microsystems, Wetzlar, Germany) to
check the adequacy of tissue sampling.

The protocol for DNA extraction from paraffin-embedded tissue sections has been described
elsewhere [13]. Briefly, Formalin-fixed paraffin-embedded (FFPE) tissue samples were subjected to
thorough deparaffinization with xylene (Sigma Aldrich, Saint Louis, MO, USA), methanol (Merck,
Darmstadt, Germany) washings to remove all traces of the xylene, and a 24 h incubation in 1 mol/L
sodium thiocyanate (Sigma Aldrich Inc.) to reduce cross-links. Subsequently, the tissue pellet was
digested for 2–3 days in lysis buffer with high doses of proteinase K (final concentration, 2 µg/µL,
freshly added twice daily). Finally, DNA extraction was done using the QIAamp DNA Mini Kit
(Qiagen GmbH, Hilden, Germany).

2.3. HPV Detection

The algorithm used to detect the presence of HPV in these patients has been previously described
in detail [13,15]. Briefly, the presence of HPV was assessed by p16-immunohistochemistry in all
cases, and those cases showing p16-positive immunostaining (any nuclear and or cytoplasmic
staining) were subjected to high-risk HPV DNA detection and genotyping by GP5+/6+-PCR with an
enzyme-immuno-assay (EIA) read-out for detection of 14 high-risk HPV types. Subsequent genotyping
of EIA-positive cases was performed by bead-based array on the Luminex platform. In addition, in situ
hybridization (ISH) with biotinylated HPV DNA probes considered to react with HPV types 16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, 59, and 68 (Y1443, DakoCytomation, Glostrup, Denmark) was performed on
all carcinomas, using 3 µm tissue sections of the TMAs, according to the manufacturer’s instructions.
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2.4. Gene Amplification Analysis

Gene amplification was evaluated by real-time PCR (Q-PCR) in an ABI PRISM 7500 Sequence
detector (Applied Biosystems, Foster City, CA) using Power SYBR Green PCR Master Mix
and oligonucleotides designed according to Primer Express software v2.0 (Applied Biosystems,
Lincoln Centre Drive Foster City, CA, USA) with the following sequences: for CCND1 gene, Fw,
5′-GGAAGATCGTCGCCACCTG-3′ and Rv, 5′- GAAACGTGGGTCTGGGCAAC-3′; for ANO1 gene,
Fw, 5′-CAAAGGCAGGTGCTTTGCA-3′ and Rv, 5′-TCTACGGGCCTCTGCTCACT-3′; for CTTN gene,
Fw, 5′-GATCTCATTTGACCCTGATGACATC-3′ and Rv, 5′-CGTACCGGCCCTTGCA-3′; and for the
reference gene TH (Tyrosine Hydroxylase, located at 11p15), Fw, 5′-TGAGATTCGGGCCTTCGA-3′ and
Rv, 5′-GACACGAAGTAGACTGACTGGTACGT-3′. Dissociation curve analysis of all PCR products
showed a single sharp peak, and the correct size of each amplified product was confirmed by agarose
gel electrophoresis. The relative gene copy number was calculated using the 2-∆∆CT method, as we
previously described [16,17]. The ∆∆CT represents the difference between the paired tissue samples
(∆CT of tumor − ∆CT of normal mucosa), with ∆CT being the average CT for each target gene minus
the average CT for the reference gene (TH). Relative copy numbers ≥2-fold were considered gene gain,
and relative copy numbers ≥4-fold were considered positive for gene amplification.

2.5. Immunohistochemistry

The formalin-fixed, paraffin-embedded tissues were cut into 3-µm sections and dried on Flex IHC
microscope slides (Dako, Glostrup, Denmark). The sections were deparaffinized with standard xylene
and hydrated through graded alcohols into water. Antigen retrieval was performed using Envision
Flex Target Retrieval solution, high pH (Dako, Glostrup, Denmark). Staining was done at room
temperature on an automatic staining workstation (Dako Autostainer Plus) with mouse anti-Cyclin
D1 monoclonal antibody DCS-6 (Santa Cruz Biotechnology, Inc. sc-20044) at 1:100 dilution, rabbit
polyclonal Anti-TMEM16A antibody (Abcam # ab53212) at 1:500 dilution, or mouse anti-cortactin
monoclonal antibody Clone 30 (BD Biosciences Pharmingen, San Jose, CA, USA) at 1:200 dilution,
using the Dako EnVision Flex + Visualization System (Dako Autostainer). Counterstaining with
hematoxylin was the final step.

The slides were viewed randomly without clinical data by two of the authors, according to the
scoring systems previously described [17,18] with a high level of inter-observer concordance (>95%).
CCND1 staining was evaluated as the percentage of cells with nuclear staining, scored as 0–2 according
to the semiquantitative scale (0–10, 10–50, or >50% positive tumor cells). CCND1 staining scores were
classified as negative or positive staining on the basis of values below or above the median value of
10%. Since CTTN and ANO1 staining showed a homogeneous distribution, a semiquantitative scoring
system based on staining intensity was applied. Thus, CTTN immunostaining was scored as negative
(0), weak (1), moderate (2), and strong protein expression (3). The staining data were dichotomized
as negative (scores 0 and 1) versus positive (scores 2 and 3). ANO1 immunostaining was scored as
negative (0), weak to moderate (1), and strong protein expression (2). Scores ≥1 were considered
positive ANO1 expression.

2.6. Statistical Analysis

Fisher’s exact test was used for comparison between categorical variables, and t Student test
for parametric continuous variables. Correlations between protein expression, gene amplification,
and HPV status were estimated by Kendall‘s tau correlation test. All tests were two-sided;
p values ≤0.05 were considered to be statistically significant.
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3. Results

3.1. Patient Characteristics

A large cohort of 392 homogeneous surgically treated HNSCC patients was selected for study.
A flow diagram of the experimental setup is shown in Supplementary Figure S1. All patients had
a single primary tumor, microscopically clear surgical margins, and received no treatment prior
to surgery. Only 19 patients were women, and the mean age was 60 years (range 30 to 89 years).
All but 22 patients were habitual tobacco smokers—202 moderate (1–50 pack-year) and 159 heavy
(>50 pack-year)—and 353 were alcohol drinkers. Nineteen tumors were stage I, 25 stage II, 69 stage
III, and 279 stage IV. The series included 152 tonsillar, 116 base of tongue, 62 hypopharyngeal,
and 62 laryngeal carcinomas. A total of 147 tumors were classified as well-differentiated, 151 as
moderately differentiated, and 94 as poorly differentiated. In total, 232 (59%) patients received
postoperative radiotherapy.

3.2. Distinctive Associations of CCND1, ANO1, and CTTN Protein Expression with HPV Status in
HNSCC Patients

We found that 67 cases (17%) showed nuclear and cytoplasmic p16 expression, a surrogate marker
for HPV infection (2) (Table 1). HPV DNA was assessed by GP5+/6+-PCR and by in situ hybridization
in the 67 p16-positive cases, which resulted in a total of 30 HPV-positive cases (28 oropharyngeal,
1 laryngeal, and 1 hypopharyngeal carcinoma) in our series (all were HPV type 16). Representative
images of HPV-positive and HPV-negative cases and also examples of p16 immunostaining are
shown in Figure 1. We found a total of 267 (68%) positive cases for CCND1 protein expression,
78 (21%) positive cases for ANO1 expression, and 190 (49%) positive cases for CTTN expression
(Table 1). Representative examples of protein staining are shown in Figure 2, and raw data in
Supplementary Information. We next investigated the relationship between CCND1, ANO1, and CTTN
expression and HPV infection status. The expression of these three proteins was strongly and inversely
correlated with HPV infection. Notably, all the HPV-positive cases showed negative ANO1 expression,
and 28 HPV-positive cases had also negative CTTN expression (Table 1).

Table 1. Analysis of CCND1 (Cyclin D1), ANO1 (Anoctamin-1), and CTTN (Cortactin) protein
expression in relation to human papillomavirus (HPV) status and p16 expression in 392 head and neck
squamous cell carcinomas (HNSCC) patients.

Molecular Feature Number HPV-Positive p #

CCND1 protein expression
Negative 123 21 (−0.239)

Positive (scores 1-2) 267 9 <0.001

ANO1 protein expression
Negative 299 29 (−0.147)

Positive (scores 1-2) 78 0 <0.001

CTTN protein expression
Negative 199 28 (−0.239)

Positive (scores 2-3) 190 2 <0.001

p16 protein expression
Negative 325 0 (0.634)
Positive 67 30 <0.001

# Kendall’s tau correlation coefficient with the associated p value.

3.3. Analysis of CCND1, ANO1, and CTTN Gene Amplification in Relation to HPV Status in
HNSCC Patients

CCND1, ANO1, and CTTN gene gain and amplification was assessed by real-time PCR in 88
cases selected from the same HNSCC tissue blocks, including 26 HPV-positive cases. We found gene
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gains and amplifications of CCND1 in 32 (36%) tumors, ANO1 in 42 (48%) tumors, and CTTN in 26
(30%) tumors (Table 2), with relative gene copy numbers ranging from 2- to 24-fold. Co-amplifications
of these three genes were also frequently observed (26 cases, 30%). We also found that tumors
harboring gene amplification significantly correlated with higher expression levels of each protein
(Figure 3). When analyzing the correlations with HPV infection status, we consistently found that
CCND1, ANO1, and CTTN gene amplification inversely correlated with HPV status (Table 2). Thus,
amplifications of CTTN, CCND1, and ANO1 were frequent in HPV-negative tumors (ranging from 42
to 61%), while absent in HPV-positive tumors.

Table 2. Analysis of CCND1, ANO1, and CTTN gene gain and amplification in relation to HPV status
in 88 HNSCC patients.

Copy Number Alteration No. HPV-Positive p #

CCND1 gene
Negative 55 24 (−0.430)

Gain (≥2 copies) 6 2 <0.001
Amplification (≥4 copies) 27 0

ANO1 gene
Negative 45 22 (−0.472)

Gain (≥2 copies) 16 4 <0.001
Amplification (≥4 copies) 27 0

CTTN gene
Negative 61 26 (−0.422)

Gain (≥2 copies) 3 0 <0.001
Amplification (≥4 copies) 24 0

Total Cases 88 26
# Kendall’s tau correlation coefficient with the associated p value.
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Figure 1. Representative images of p16-positive (A) and negative (C) immunostaining in the HNSCC
tissue microarrays (TMAs) and HPV-positive (B) and HPV-negative (D) cases detected by in situ
hybridization. Original magnification ×10.
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Figure 2. Representative examples of negative and strong positive staining for CCND1 (A,B), ANO1
(C,D), and CTTN (E,F). Original magnification ×20.

3.4. Analysis of CCND1, ANO1, and CTTN mRNA Expression in Relation to HPV Status in 279 HNSCC
Patients from the TGCA

In order to confirm our results, we performed an analysis of the publicly available TCGA data
from 279 HNSCC patients [19] using the platform cBioPortal for Cancer Genomics (http://cbioportal.
org/) [20]. The clinicopathologic characteristics of this cohort are summarized in Supplementary
Table S1 and Figure S2. A total of 36 (13%) patients were positive for HPV infection, most prevalent
in the oropharynx (22 cases, 61%), and associated to lower tobacco consumption, lower mutations,
improved survival, and a younger age in both men and women. The results also evidenced differential
changes in mRNA expression levels of CTTN, CCND1 and ANO1 depending on HPV infection status.
Thus, increased mRNA expression levels of these genes were frequently and significantly observed
in HPV-negative tumors (Figure 4A–D), while very rare in HPV-positive patients (Table 3). Similarly,
the analysis of copy number alterations of CTTN, CCND1, and ANO1 genes also revealed that both
amplifications and gains of these three genes were also highly frequent in HPV-negative tumors,

http://cbioportal.org/
http://cbioportal.org/
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whereas almost absent in HPV-positive tumors (Figure 4A,E). Furthermore, the results consistently
showed that these three genes were frequently co-amplified (28%) and overexpressed at a higher
frequency (39–46%), and, more importantly, these molecular alterations (in particular CTTN and ANO1
overexpression) were associated with a worse clinical outcome in the TCGA cohort of 279 HNSCC
patients and also in an extended TCGA cohort which added 251 new HNSCC patients (n = 530)
(Figure 5).
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Figure 4. Analysis of mRNA expression and copy number alterations of CTTN, CCND1 and ANO1 in
relation to HPV status related to the available HNSCC TCGA data (n = 279) obtained from cBioPortal.
(A) Schematic representation and heat map showing the percentage of cases with CTTN, CCND1, and
ANO1 gene amplification and mRNA expression in relation to the HPV status. (B) CTTN, (C) CCND1,
and (D) ANO1 mRNA expression distributed according to the HPV status. mRNA expression (RNA
seq V2 RSEM) values were Log2 transformed (y-axis). Whiskers plot (min. to max.) with median
values; p < 0.001, two-tailed Student t-test. (E) Copy number alterations of CTTN, CCND1 and ANO1
according to the HPV status using the GISTIC method.
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of cases with amplification or mRNA upregulation of each gene. Kaplan–Meier survival curves
categorized by CTTN, CCND1 and ANO1 gene amplification dichotomized as positive versus negative;
CTTN, CCND1 and ANO1 mRNA expression (RNA seq V2 RSEM, z-score threshold ±2) dichotomized
as normal versus upregulation (UP); p values estimated using the Log-rank test.

Table 3. Analysis of CCND1, ANO1, and CTTN mRNA expression in relation to HPV status in 279
HNSCC TGCA patients.

Molecular Feature No. HPV-Positive p #

CCND1 expression
Normal 206 35 <0.001

UP 73 1

ANO1 expression
Normal 207 34 0.002

UP 72 2

CTTN expression
Normal 177 34 <0.001

UP 102 2

Total Cases 279 36
# Fisher’s exact test.
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4. Discussion

The incidence of HPV-related HNSCC is currently increasing and gaining importance,
while tumors associated to tobacco and alcohol consumption are declining [4,5]. Recent studies
have established important differences between HNSCC depending on HPV infection status, including
clinical, biological, and molecular features, emphasizing the presence of less genetic alterations,
a better response to chemotherapy and radiotherapy, and a more favorable prognosis for HPV-related
HNSCC [2,4,5]. These differences could change the way we diagnose, treat, and manage HNSCC.
One of the most frequent genetic alterations found in HNSCC is the amplification of the 11q13 locus,
which has been associated with increased tumor growth, proliferation, and dissemination [8,9].

Given the importance of the 11q13 locus in HNSCC and to contribute to the molecular
characterization of these tumors, we conducted a study on a large unbiased cohort of 392 homogeneous
surgically treated HNSCC patients to investigate the role of 11q13 amplification in relation to HPV
status. This was accomplished by assessing the specific relationship of the protein expression and
amplification of the CTTN, CCND1, and ANO1 genes mapping within this locus. Immunohistochemical
analysis of CCND1, CTTN, and ANO1 revealed that the expression of these three proteins was strongly
and inversely correlated with HPV infection. Noteworthy, all the HPV-positive cases showed negative
ANO1 expression, and 28 out of 30 HPV-positive cases had also negative CTTN expression. Likewise,
the analysis of gene copy amplification by real-time PCR consistently showed that amplifications of
CTTN, CCND1 and ANO1 were frequently detected in HPV-negative tumors (ranging from 42 to 61%),
while absent or rare in HPV-positive tumors (0–15%). Mechanistically, we found that the contribution of
gene amplification to protein expression varied widely depending on each gene. Even though tumors
harboring amplification also concomitantly expressed high protein levels, positive CCND1 and CTTN
expression occurred at a higher frequency than gene amplification, while ANO1 protein expression was
less frequent than ANO1 gene amplification. Additional regulatory mechanisms (transcriptional and
post-translational) should contribute to protein expression, as previously reported [18]. A limitation
of our study is the use of tissue microarrays to evaluate protein expression, which may constitute a
drawback to assess the possible influence of tumor heterogeneity. To minimize this, three different
representative tumor areas were selected from each tissue block and analyzed in the TMAs. Of note,
the results showed that these proteins presented homogeneous and highly concordant expression
patterns in the three tissue punches from each tumor.

These results were further and significantly validated using an independent cohort of 279 TCGA
HNSCC patients, thus confirming that the mRNA expression levels of CCND1, CTTN, and ANO1
were significantly increased in a high proportion of HPV-negative tumors, whereas most HPV-positive
patients exhibited normal mRNA levels of all these genes. Similar observations were obtained by
analyzing the frequencies of copy number alterations. These findings are also consistent with some
studies that reported that 11q13 amplifications and gains were less frequent in HPV-related tumors [2,4].
This is also in agreement with the assumption made by Kostareli et al. [6] that, in HPV-positive tumors,
a lower amount of genetic alterations is required to achieve the malignant phenotype, because of the
inactivation of p53 and pRb proteins by the viral E6 and E7 oncoproteins. To our knowledge, this is
the first study to assess specifically the protein expression and copy number alterations of various
genes mapping at the 11q13 amplicon in relation to HPV infection status using two large independent
cohorts of HNSCC patients. Our study unveils important differences regarding the expression and
amplification of the CCND1, CTTN and ANO1 genes between HPV-related and unrelated tumors.
It is worth mentioning that the two HNSCC cohorts selected for study are representative, sharing
multiple of the unique characteristics reported for HPV-positive tumors [13], such as a clear prevalence
in the oropharynx, low tobacco and alcohol consumption by the patients, lower tumor stage, basaloid
histological pattern, a younger patients’ age at diagnosis, lower mutations and CNA, and above all,
a better prognosis. A recent study by Dixit et al. [21] provided the first evidence of a link between
ANO1 expression and gene amplification and HPV status using a series of 64 pharyngeal tumors and
tissue microarrays for IHC evaluation. Therefore, our results further and significantly strength and
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validate these preliminary findings on ANO1 protein expression using a large independent cohort of
392 HNSCC patients, as well as on ANO1 mRNA levels in the TCGA cohort of 530 HNSCC patients.

Together, these findings suggest that the CCND1, CTTN and ANO1 genes within the 11q13
amplicon could play a significant role in HPV-negative tumors but not in HPV-positive tumors.
Given that 11q13 amplification has been associated with poor prognosis in HNSCC patients,
and, in particular, these three genes have been involved in tumor progression and resistance to
radio-, chemotherapy [11,22–26], and EGFR-targeted therapies [27], the herein found distinctive
molecular alterations presumably could contribute to the clinical and biological differences between
these two different HNSCC subtypes and explain the better prognosis and response to radiotherapy and
chemotherapy associated to HPV-positive tumors. In fact, we proved the impact of these molecular
alterations on patient survival. In particular, CTTN and ANO1 overexpression, rather than gene
amplification, was more frequent and found to associate with a worse clinical outcome in two TCGA
cohorts of 279 and 530 HNSCC patients. Nevertheless, given the size of the 11q13 amplicon, it cannot
be ruled out that the overexpression of these genes may be secondary and that other genes within the
11q13 amplicon could act as true drivers of HNSCC progression. A recent study has also identified
four genes (ORAOV1, CPT1A, SHANK2 and PPFIA1) as important drivers of 11q13 amplification
that showed an impact on prognosis [28]. Therefore, various genes within the 11q13 amplicon could
cooperatively contribute to the differences in prognosis and clinical outcome between HPV-positive
and HPV-negative tumors. In summary, various studies including ours have provided strong evidence
demonstrating that HPV-related and unrelated tumors are two different entities; hence, we consider
that the management of HNSCC patients should move toward a more personalized approach.

5. Conclusions

CTTN, CCND1 and ANO1 amplification and overexpression were frequent in HPV-negative
tumors and correlated with reduced patient survival, while absent or very rare in HPV-positive
tumors. Therefore, these molecular alterations could contribute to the distinct clinical outcomes of
these two HNSCC entities and serve as the basis to design more personalized therapeutic strategies for
HNSCC patients.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/7/12/501/s1,
Figure S1. Schematic representation of the experimental setup designed to analyze CCND1, ANO1 and CTTN
protein expression and gene amplification in relation to HPV status in a cohort of 392 HNSCC patients, Figure S2.
Clinical and molecular features of the TGCA cohort of 279 HNSCC patients, according to the HPV status. Schematic
representation showing the HPV incidence by HNSCC subsites, mutation frequencies, and Kaplan–Meier survival
curves (p = 0.024, Log-rank test). Raw data of CTTN, CCND1 and ANO1 protein scores in relation to the HPV
status for the total cohort of 392 HNSCC patients, Table S1: Clinicopathologic features of the validation cohort of
279 HNSCC patients from the TCGA.

Author Contributions: Conceptualization, J.P.R. and J.M.G.-P.; Funding acquisition, X.L., J.P.R. and J.M.G-P;
Investigation, F.H.-P., S.T.M., P.A.-A., R.G.-D, M.Á.V., L.A., N.d-R.-I., R.R., J.P.R. and J.M.G-P; Methodology, F.H.-P.,
S.T.M., E.A., L.A.-D. and A.A.; Resources, X.L., L.A., M.M., A.A. and J.P.R.; Supervision, J.M.G.-P.; Validation,
F.H.-P., S.T.M. and S.Á.-T.; Visualization, F.H.-P., P.A.-A. and J.M.G.-P.; Writing—original draft, P.A.-A. and
J.M.G.-P.; Writing—review & editing, F.H.-P., S.T.M., X.L., L.A., M.M, R.R. and J.P.R.

Funding: This study was supported by grants from the Plan Nacional de I+D+I 2013-2016 ISCIII (PI13/00259),
RD12/0036/0015 of Red Temática de Investigación Cooperativa en Cáncer (RTICC), PI16/00280, and CIBERONC
(CB16/12/00390 and CB16/12/00401), CIBER-BBN (CB06/01/1031) Spain, Fundación Merck Salud (17-CC-008),
the Instituto de Investigación Sanitaria del Principado de Asturias (ISPA), PCTI-Asturias (GRUPIN14-003),
Fundación Bancaria Caja de Ahorros de Asturias-IUOPA, and the FEDER Funding Program from the European
Union. STM (Sara Borrell Program-CD16/00103) and RR (Miguel Servet II Program-CPII16/00049) were recipients
of fellowships from ISCIII.

Acknowledgments: We thank the samples and technical assistance kindly provided by the Principado de Asturias
BioBank (PT13/0010/0046), financed jointly by Servicio de Salud del Principado de Asturias, Instituto de Salud
Carlos III and Fundación Bancaria Cajastur and integrated in the Spanish National Biobanks Network, and IIB Sant
Pau. We also thank Aitana Vallina for excellent technical assistance, Pablo Martínez-Camblor for his assistance
with statistical analyses.

http://www.mdpi.com/2077-0383/7/12/501/s1


J. Clin. Med. 2018, 7, 501 13 of 14

Conflicts of Interest: The authors declare no conflict of interest. Institutional support to L.A. and M.M.: HPV
epidemiological studies sponsored by GlaxoSmithKline, Merck and Seegene.

References

1. Argiris, A.; Karamouzis, M.V.; Raben, D.; Ferris, R.L. Head and neck cancer. Lancet 2008, 371, 1695–1709.
[CrossRef]

2. Klussmann, J.P.; Mooren, J.J.; Lehnen, M.; Claessen, S.M.; Stenner, M.; Huebbers, C.U.; Weissenborn, S.J;
Wedemeyer, I.; Preuss, S.F.; Straetmans, J.M.; et al. Genetic signatures of HPV-related and unrelated
oropharyngeal carcinoma and their prognostic implications. Clin. Cancer Res. 2009, 15, 1779–1786. [CrossRef]

3. Haddad, R.I.; Shin, D.M. Recent advances in head and neck cancer. N. Engl. J. Med. 2008, 359, 1143–1154.
[CrossRef]

4. Leemans, C.R.; Snijders, P.J.F.; Brakenhoff, R.H. The molecular landscape of head and neck cancer.
Nat. Rev. Cancer 2018, 18, 269–282. [CrossRef]

5. Marur, S.; Souza, G.D.; Westra, W.H.; Forastiere, A.A. HPV-associated head and neck cancer: A virus-related
cancer epidemic. Lancet Oncol. 2010, 11, 781–789. [CrossRef]

6. Kostareli, E.; Holzinger, D.; Hess, J. New concepts for translational head and neck oncology: Lessons from
HPV-related oropharyngeal squamous cell carcinoma. Font Oncol. 2012, 2, 36. [CrossRef]

7. Wilkerson, P.M.; Reis-Filho, J.S. The 11q13-q14 amplicon: Clinicopathological correlations and potential
drivers. Genes Chromosom. Cancer 2013, 52, 333–355. [CrossRef]

8. Lin, R.J.; Lubpairee, T.; Liu, K.Y.; Anderson, D.W.; Durham, S.; Poh, C.F. Cyclin D1 overexpression is
associated with poor prognosis in oropharyngeal cancer. J. Otolayngol. Head Neck Surg. 2013, 42, 23.
[CrossRef]

9. Rodrigo, J.P.; García, L.A.; Ramos, S.; Lazo, P.S.; Suárez, C. EMS1 gene amplification correlates with poor
prognosis in squamous cell carcinomas of the head and neck. Clin. Cancer Res. 2000, 6, 3177–3182.

10. Ayoub, C.; Wasylyk, C.; Li, Y.; Thomas, E.; Marisa, L.; Robé, A.; Roux, M.; Abecassis, J.; de Reyniès, A.;
Wasylyk, B. ANO1 amplification and expression in HNSCC with a high propensity for future distant
metastasis and its functions in HNSCC cell lines. Br. J. Cancer 2010, 103, 715–726. [CrossRef]

11. Ruiz, C.; Martins, J.R.; Rudin, F.; Schneider, S.; Dietsche, T.; Fischer, C.A.; Tornillo, L.; Terracciano, L.M.;
Schreiber, R.; Bubendorf, L.; et al. Enhanced expression of ANO1 in head and neck squamous cell carcinoma
causes cell migration and correlates with poor prognosis. PLoS ONE 2012, 7, e43265. [CrossRef]

12. Van Kempen, P.M.; Noorlag, R.; Braunius, W.W.; Moelans, C.B.; Rifi, W.; Savola, S.; Koole, R.; Grolman, W.;
van Es, R.J.; Willems, S.M. Clinical relevance of copy number profiling in oral and oropharyngeal squamous
cell carcinoma. Cancer Med. 2015, 4, 1525–1535. [CrossRef]

13. Rodrigo, J.P.; Heideman, D.A.; García-Pedrero, J.M.; Fresno, M.F.; Brakenhoff, R.H.; Díaz Molina, J.P.;
Snijders, P.J.; Hermsen, M.A. Time trends in the prevalence of HPV in oropharyngeal squamous cell
carcinomas in northern Spain (1990-2009). Int. J. Cancer 2014, 134, 487–492. [CrossRef]

14. Menéndez, S.T.; Rodrigo, J.P.; Alvarez-Teijeiro, S.; Villaronga, M.Á.; Allonca, E.; Vallina, A.; Astudillo, A.;
Barros, F.; Suárez, C.; García-Pedrero, J.M. Role of HERG1 potassium channel in both malignant
transformation and disease progression in head and neck carcinomas. Mod. Pathol. 2012, 25, 1069–1078.
[CrossRef]

15. Rodrigo, J.P.; Hermsen, M.A.; Fresno, M.F.; Brakenhoff, R.H.; García-Velasco, F.; Snijders, P.J.; Heideman, D.A.;
García-Pedrero, J.M. Prevalence of human papillomavirus in laryngeal and hypopharyngeal squamous cell
carcinomas in northern Spain. Cancer Epidemiol. 2015, 39, 37–41. [CrossRef]

16. Rodrigo, J.P.; Álvarez-Alija, G.; Menéndez, S.T.; Mancebo, G.; Allonca, E.; García-Carracedo, D.; Fresno, M.F.;
Suárez, C.; García-Pedrero, J.M. Cortactin and focal adhesion kinase as predictors of cancer risk in patients
with laryngeal premalignancy. Cancer Prev. Res. 2011, 4, 1333–1341. [CrossRef]

17. Rodrigo, J.P.; Menéndez, S.T.; Hermida-Prado, F.; Álvarez-Teijeiro, S.; Villaronga, M.Á.; Alonso-Durán, L.;
Vallina, A.; Martínez-Camblor, P.; Astudillo, A.; Suárez, C.; et al. Clinical significance of Anoctamin-1 gene
at 11q13 in the development and progression of head and neck squamous cell carcinomas. Sci. Rep. 2015,
5, 15698. [CrossRef]

http://dx.doi.org/10.1016/S0140-6736(08)60728-X
http://dx.doi.org/10.1158/1078-0432.CCR-08-1463
http://dx.doi.org/10.1056/NEJMra0707975
http://dx.doi.org/10.1038/nrc.2018.11
http://dx.doi.org/10.1016/S1470-2045(10)70017-6
http://dx.doi.org/10.3389/fonc.2012.00036
http://dx.doi.org/10.1002/gcc.22037
http://dx.doi.org/10.1186/1916-0216-42-23
http://dx.doi.org/10.1038/sj.bjc.6605823
http://dx.doi.org/10.1371/journal.pone.0043265
http://dx.doi.org/10.1002/cam4.499
http://dx.doi.org/10.1002/ijc.28355
http://dx.doi.org/10.1038/modpathol.2012.63
http://dx.doi.org/10.1016/j.canep.2014.11.003
http://dx.doi.org/10.1158/1940-6207.CAPR-10-0338
http://dx.doi.org/10.1038/srep15698


J. Clin. Med. 2018, 7, 501 14 of 14

18. Rodrigo, J.P.; García-Carracedo, D.; García, L.A.; Menéndez, S.; Allonca, E.; González, M.V.; Fresno, M.F.;
Suárez, C.; García-Pedrero, J.M. Distinctive clinicopathological associations of amplification of the cortactin
gene at 11q13 in head and neck squamous cell carcinomas. J. Pathol. 2009, 217, 516–523. [CrossRef]

19. Cancer Genome Atlas Network. Comprehensive genomic characterization of head and neck squamous cell
carcinomas. Nature 2015, 517, 576–582. [CrossRef]

20. Cerami, E.; Gao, J.; Dogrusoz, U.; Gross, B.E.; Sumer, S.O.; Aksoy, B.A.; Jacobsen, A.; Byrne, C.J.; Heuer, M.L.;
Larsson, E.; et al. The cBio cancer genomics portal: An open platform for exploring multidimensional cancer
genomics data. Cancer Discov. 2012, 2, 401–404. [CrossRef]

21. Dixit, R.; Kemp, C.; Kulich, S.; Seethala, R.; Chiosea, S.; Ling, S.; Ha, P.K.; Duvvuri, U. TMEM16A/ANO1
is differentially expressed in HPV-negative versus HPV-positive head and neck squamous cell carcinoma
through promoter methylation. Sci Rep. 2015, 5, 16657. [CrossRef]

22. Rasamny, J.J.; Allak, A.; Krook, K.A.; Jo, V.Y.; Policarpio-Nicolas, M.L.; Sumner, H.M.; Moskaluk, C.A.;
Frierson, H.F., Jr.; Jameson, M.J. Cyclin D1 and FADD as biomarkers in head and neck squamous cell
carcinoma. Otolaryngol. Head Neck Surg. 2012, 146, 923–931. [CrossRef]

23. Feng, Z.; Guo, W.; Zhang, C.; Xu, Q.; Zhang, P.; Sun, J.; Zhu, H.; Wang, Z.; Li, J.; Wang, L.; et al. CCND1
as a predictive biomarker of neoadjuvant chemotherapy in patients with locally advanced head and neck
squamous cell carcinoma. PLoS ONE 2011, 6, e26399. [CrossRef]

24. Kothari, V.; Mulherkar, R. Inhibition of cyclin D1 by shRNA is associated with enhanced sensitivity to
conventional therapies for head and neck squamous cell carcinoma. Anticancer Res. 2012, 32, 121–128.

25. Eke, I.; Deuse, Y.; Hehlgans, S.; Gurtner, K.; Krause, M.; Baumann, M.; Shevchenko, A.; Sandfort, V.;
Cordes, N. β1 Integrin/FAK/cortactin signaling is essential for human head and neck cancer resistance to
radiotherapy. J. Clin. Investig. 2012, 122, 1529–1540. [CrossRef]

26. Godse, N.R.; Khan, N.; Yochum, Z.A.; Gomez-Casal, R.; Kemp, C.; Shiwarski, D.J.; Seethala, R.S.; Kulich, S.;
Seshadri, M.; Burns, T.F.; et al. TMEM16A/ANO1 Inhibits Apoptosis Via Downregulation of Bim Expression.
Clin. Cancer Res. 2017, 23, 7324–7332. [CrossRef]

27. Bill, A.; Gutierrez, A.; Kulkarni, S.; Kemp, C.; Bonenfant, D.; Voshol, H.; Duvvuri, U.; Gaither, L.A.
ANO1/TMEM16A interacts with EGFR and correlates with sensitivity to EGFR-targeting therapy in head
and neck cancer. Oncotarget 2015, 6, 9173–9188. [CrossRef]

28. Barros-Filho, M.C.; Reis-Rosa, L.A.; Hatakeyama, M.; Marchi, F.A.; Chulam, T.; Scapulatempo-Neto, C.;
Nicolau, U.R.; Carvalho, A.L.; Pinto, C.A.L.; Drigo, S.A.; et al. Oncogenic drivers in 11q13 associated with
prognosis and response to therapy in advanced oropharyngeal carcinomas. Oral Oncol. 2018, 83, 81–90.
[CrossRef]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1002/path.2462
http://dx.doi.org/10.1038/nature14129
http://dx.doi.org/10.1158/2159-8290.CD-12-0095
http://dx.doi.org/10.1038/srep16657
http://dx.doi.org/10.1177/0194599811435052
http://dx.doi.org/10.1371/journal.pone.0026399
http://dx.doi.org/10.1172/JCI61350
http://dx.doi.org/10.1158/1078-0432.CCR-17-1561
http://dx.doi.org/10.18632/oncotarget.3277
http://dx.doi.org/10.1016/j.oraloncology.2018.06.010
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Patients and Tissue Specimens 
	Tissue Microarray (TMA) Construction and DNA Extraction 
	HPV Detection 
	Gene Amplification Analysis 
	Immunohistochemistry 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Distinctive Associations of CCND1, ANO1, and CTTN Protein Expression with HPV Status in HNSCC Patients 
	Analysis of CCND1, ANO1, and CTTN Gene Amplification in Relation to HPV Status in HNSCC Patients 
	Analysis of CCND1, ANO1, and CTTN mRNA Expression in Relation to HPV Status in 279 HNSCC Patients from the TGCA 

	Discussion 
	Conclusions 
	References

