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Summary
The aim of this study was to analyze protein and gene expression of HER2 in 224 head and neck precancerous and
malignant lesions by immunohistochemistry and FISH analysis. In parallel, expression of pStat3, Sox2, IFI16 and
p16, Ki67 was evaluated.
Immunohistochemical analysis was assessed on formalin-fixed paraffin-embedded (FFPE) tissue specimens. A
combined method for HPV detection consisting of p16 immunostaining and two PCR probes was applied. HER2
gene status was evaluated by FISH analysis.
HPV DNA was detected in 24% of cases with predominant HPV16 genotype. HPV-positive lesions had higher
HER2, pStat3 and within carcinoma group, and higher IFI16 expression compared to the HPV-negative group (Fig.
1A-B-C). A strong positive correlation between Sox2 and proliferative activity was observed, whereas IFI16 expression displayed a negative relationship with Sox2 and Ki67 activity. The most striking result was higher pStat3
expression in HPV-positive lesions and its strong positive correlation with IFI16 expression. The presence of HPV
may induce upregulation of HER2/neu, pStat3 and IFI16. High levels and a strong positive correlation between
pStat3 and IFI16 suggest their synergistic pro-apoptotic effects in HPV-positive lesions.
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INTRODUCTION
Head and neck squamous cell carcinoma (HNSCC) is the sixth leading cancer by incidence
worldwide with more than 600,000 patients
diagnosed with cancer each year (Goon et al.,
2009). Despite recent advances in early detection, surgical techniques, radiation and chemotherapeutic regimens (Temam et al., 2007; Sheu
et al., 2009), the survival rate and quality of life
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for patients with HNSCC has only marginally
improved over the past few decades (Masuda
et al., 2011).
HNSCC has a strong epidemiologic background
including environmental and lifestyle factors
(Furniss et al., 2009). The major risk factors for
HNSCC are tobacco and alcohol abuse. However, a subgroup of oropharyngeal squamous cell
carcinoma (OPSCC) has causally been linked to
infection with high-risk types of human papillomavirus (HPV) that is detected in 45-70% of
cases (Hoffmann et al., 2008). The oncogenic
potential of HPV involves the expression of the
viral E6 and E7 oncoproteins, which disrupt
the tumor suppressive p53 and pRB signaling
pathways, respectively, with subsequent upregulation of p16, thereby modulating cell cycle
progression and survival of infected keratino-

130

J. Mazibrada et al.

cytes (Zur Hausen, 2002). HPV-related tumors
were shown to represent a new tumor entity in
itself, with distinct clinical and histopathological features, improved performance status and
a better prognosis compared to HPV-negative
patients (Curado and Hashibe 2009). The finding that the total amount of chromosomal alterations, as well as amplifications was markedly
lower in the HPV-related than in the HPV-unrelated tumors is consistent with the assumption
that due to the inactivation of the tumor suppressor proteins p53 and pRb by the viral E6
and E7 oncoproteins, respectively, the number
of required genetic alterations for a malignant
phenotype is lower in HPV-related carcinogenesis (Kostareli et al., 2012, a). The identification of key molecular pathways that distinguish
HPV-positive from HPV-negative HNSCC could
shed additional light on the pathogenesis and
possible paths to targeted therapies for these
tumors (Kostareli et al., 2012, b).
Epidermal growth factor receptor (EGFR)
signaling has been strongly implicated in carcinogenesis, tumor progression, and response
to therapy in HNSCC (Thariat et al., 2007).
The ErbB/Her receptor family consists of four
transmembrane tyrosine kinases: epidermal
growth factor receptor (EGFR, Her1 or Erbb1),
ErbB2 (Her-2/Neu), ErbB3 (Her3), and ErbB4
(Her4). The ErbB2 gene plays a central role
among the ErbB family and is one of the most
studied genes within this family (Al Moustafa
et al., 2008, a; Morgan and Grandis, 2009, a).
Once activated, the receptor has the potential
to trigger a number of different intracellular downstream molecular pathways that can
eventually arrest apoptosis, promote cellular
proliferation, stimulate tumor-induced neovascularization, and activate carcinoma invasion
and metastasis (Citri and Yarden, 2006). In fact,
overexpression of HER-2/neu has been associated with advanced disease, metastasis, and a
decrease in disease-free survival (Morgan and
Grandis, 2009, b). The major pathways activated by ErbB receptors include Ras/Raf/MAPK;
PI3K/AKT; PLCγ and STATs, all of which lead to
the transcription of target genes that may contribute to tumor progression.
The Janus-kinase/signal transducers and activators of transcription (JAK/STAT) have a role
in regulating cell growth, differentiation, an-

giogenesis and immune responses (Levy and
Darnell, 2002) and are reported to be activated
in HNSCC (Lai and Johnson, 2010). Constitutive activation of Stat3 is involved in deregulation of the cell cycle, increased proliferation,
and inhibition of apoptosis, and depends on
transforming growth factor-induced activation
of EGFR (Zhong et al., 1994). Stat3 has been
detected in areas of oral mucosa “field change”,
alongside upregulated EGFR, implying an early
role for Stat3 in HNSCC (Rogers et al., 2005). .
Early studies of molecular carcinogenesis of
squamous cell carcinomas (SCCs) have shown
that chromosome 3 aberrations are very common and are responsible for tumor development and progression. The sex-determining
region Y-box 2 (Sox2) gene at 3q26.33 has been
identified as a lineage-survival oncogene in
squamous cell carcinoma (Brcic et al., 2012, a).
Sox2 is a 317-amino acid transcription factor
containing an HMG domain that acts as a critical regulator of normal stem cell function in
embryonic and neural stem cells. Sox2 protein
expression and/or gene amplifications have also
been documented in squamous cell carcinomas
of various anatomic sites, generally associated
with basaloid and dedifferentiated tumor features (Maier et al., 2011; Brcic et al., 2012, b).
Recent studies done on non small cell lung carcinoma (NSCLC) identified Sox2 as a novel target of EGFR-Src-Akt signaling that modulates
self-renewal and expansion of stem-like cells in
NSCLC (Singh et al., 2012).
The Interferon-inducible protein 16 (IFI16), a
member of the p200 family of proteins, now
designated PYHIN family, contains an N-terminal PYRIN domain (PYD) and two partially
conserved 200 amino acid long C-terminal domains (HIN domains) (Goubau et al., 2010).
IFI16 displays a multifaceted activity due to its
ability to bind to various target proteins (e.g.,
transcription factors, signaling proteins, and
tumor suppressor proteins) and to modulate
different cell functions. It has been implicated
in the control of cell growth, apoptosis, angiogenesis and immunomodulation (Mondini et
al., 2010). In addition, IFI16 has been shown
to bind to and function as a pattern recognition
receptor (PRR) of virus-derived intracellular
DNA (Unterholzner et al., 2010).
To give further insight into molecular events
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in HPV-negative and HPV-positive head and
neck lesions, we assessed the immunoprofile
of HER2, pStat3, Sox2, IFI16, all being constitutively expressed in normal squamous epithelium.
MATERIALS AND METHODS
Patients and sample collection
Ninety-nine cases of head and neck squamous
premalignant and malignant lesions diagnosed
at the San Luigi Hospital (83) and San Giovanni Battista Hospital (16) in Turin between 2004
and 2012 were included in the study. Forty-six
patients had a long history of head and neck lesions and had multiple biopsies during followup. Therefore, a total number of 224 biopsy
specimens from 99 patients was examined. The
characteristics of the study group and the histopathologic parameters are summarised in Table 1. The primary lesion sites were oral cavity
(157 specimens from 71 patients, 29 of which
had two or more sequential biopsies) and oropharynx (67 specimens from 28 patients, 17
of which with multiple biopsy specimens). Information on patient tobacco and alcohol consumption was obtained from patient medical
files. Patients were classified as light (<10 cigs/
day), medium (10-20 cigs/day), heavy (>20 cigs/
day) smokers, or non-smokers. Following the
American Dietary Guidelines on alcohol consumption, patients were classified as moderate,
heavy, or non-drinkers (Dietary guidelines for
Americans. 6th ed. Washington, DC).
The clinical and pathological staging and identification of anatomical sites of the lesions
were based on the TNM classification (2009).
The histological diagnosis was revised (also on
new hematoxylin & eosin-stained slides) and
used as the gold standard for the study. A majority consensus diagnosis was established for
each case by three (JM, MV, MP) pathologists
with experience in the field of head and neck
pathology. There were 55 precancerous lesions
in the oral cavity, including 11 characterized
by low grade dysplasia/squamous intraepithelial neoplasia (SIN) grade 1, 25 defined as SIN
grade 2 and 19 as SIN grade 3, and 57 invasive
squamous carcinomas, including 24 well differentiated, 28 moderately differentiated and
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5 poorly differentiated squamous neoplasms.
Oropharyngeal specimens included 22 precancerous lesions (5 SIN1, 5 SIN2 and 12 SIN3)
and 30 squamous cancers (6 well, 13 moderately and 11 poorly differentiated). Normal oral
(45) and oropharyngeal (15) mucosa served as
control tissues.
The 87 squamous carcinomas occurred in 75
patients. In fact, five patients had field cancerization with multiple primary lesions in different sites (two had three and three had two carcinomas), which were included in the study as
single tumors (total #87 cases). Nine cases of
recurrent tumors were separately analysed for
possible discrepancies in marker expression.
Histologically, seventeen tumors were classified
into variants of squamous cell carcinoma based
upon the presence of specific histopathological features, as described for acantolytic (n=1),
basaloid (n=3), verrucous (n=8 patients, one
of whom affected by three primary verrucous
carcinomas in different sites and two with two
verrucous carcinoma in different sites, for a total of 12 tumors, and spindle cell (n=1) (Lingen,
Xiao et al., 2013). The remaining seventy cases
were conventional squamous cell carcinomas.
The median age of all patients was 69 years
(range 42-90), of those with oral cavity lesions
it was 71 (47-90), whereas patients with oropharyngeal lesions were considerably younger,
with a median age of 63 (42-82, p<0.0001).
Immunohistochemical studies
The following primary antisera were used:
1) HER2/neu (rabbit polyclonal, DAKO Cytomation, Denmark; dilution 1:400);
2) phospho-Stat3 (clone D3A7; Cell Signaling
Technology, Beverly, USA; dilution 1:200);
3) Sox2 (polyclonal goat anti-human antibody,
AF2018; R&D Systems; Minneapolis, USA;
dilution 1:400);
4) IFI16 (C-terminal rabbit polyclonal; dilution
1:3000; kindly provided by drs Gariglio and
Azzimonti);
5) Ki67 (clone Mib-1, DAKO Cytomation, Denmark, dilution 1:300);
6) human p16INK4a protein (clone E6H4, CINtec
Histology Kit, mtm laboratories AG, Heidelberg, Germany; kit dilution).
Four-μm thick serial sections were cut from
each selected block, dewaxed and rehydrated.
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TABLE 1 - Clinical and histopathological parameters and sample collection;
N=number of patients, %= percentage of patients.
HPV status and clinical and histopathological parametars
HPV status
Patients
N (%)
Median age

HPV negative HPV positive
N (%)
N (%)

p value

68

66

.7062

Gender

Female
Male

50 (50.5)
49 (49.5)

42 (84)
33(67.3)

8 (16)
16 (32.7)

.0532

38 (38.4)
14 (14.1)
26 (26.3)
21 (21.2)

27 (36)
8 (10.7)
21 (28)
19 (25.3)

12 (50)
6 (25)
6 (25)
0 (0)

.0214

Smoking

No smoking
<10 cigs/day
10-20 cigs/day
>20 cigs/day

Alcohol

No
Moderate
Heavy

44 (44.45)
44 (44.45)
11 (11.1)

35 (46.7)
31 (41.3)
9 (12)

9 (37.5)
14 (58.3)
1 (4.2)

.272

Lesion site

Oral cavity
Oropharynx

71 (71.7)
28 (28.3)

60 (80)
15 (20)

11 (45.8)
13 (54.2)

.0012

40 (53.4)
22 (29.3)
7 (9.3)
6 (8)

31 (57.4)
15 (27.8)
3 (5.6)
5 (9.2)

9 (42.9)
7 (33.3)
4 (19.1)
1 (4.7)

.2519

TNM classification
(invasive lesios n=75)

T stage
pT1
pT2
pT3
pT4
N stage
N0
N1
N2
M stage
M0
M1

50 (66.7)
9 (12)
16 (21.3)

41 (75.9)
4 (7.4)
9 (16.7)

9 (42.9)
5 (23.0)
7 (33.3)

.0199

75 (100)
0

54 (100)
0

21 (100)
0

Sample collection
Total number of patients
(n=99)

Oral cavity
Oropharynx

71 (71.7)
28 (28.3)

60 (80)
15 (20)

11 (45.8)
13 (54.2)

.0012

Patients with multiple
biopsies (2-5)

Oral cavity
Oropharynx

29 (40.8)
17 (60.7)

24 (82.8)
7 (41.2)

5 (17.2)
10 (58.8)

.0037

Total number of specimens
(n=224)

Oral cavity
Oropharynx

157 (70.1)
67 (29.9)

126 (79.7)
32 (20.3)

31 (46.9)
35 (53.1)

<0.0001

Grading

Intraepithelial (77)
SIN1
SIN2
SIN3
Invasive (87)
G1
G2
G3

16 (20.8)
30 (38.9)
31 (40.3)

12 (22.7)
20 (37.7)
21 (39.6)

4 (16.6)
10 (41.7)
10 (41.7)

.8326

30 (34.5)
41 (47.1)
16 (18.4)

22 (33.8)
31 (47.7)
12 (18.5)

8 (36.3)
10 (45.5)
4 (18.2)

.9761

70 (80.5)
1 (1.1)
3 (3.5)
1 (1.1)
12 (13.8)

52 (80)
1 (1.5)
2 (3.1)
1 (1.5)
9 (13.9)

18 (81.9)
0 (0)
1 (4.5)
0 (0)
3 (13.6)

.9402

Histologic variant

SCC, conventional
Acantholytic SCC
Basaloid SCC
Spindle cell SC
Verrucous SCC
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Heat-induced epitope retrieval was performed
in a conventional pressure cooker (except for
HER2/neu which required treatment in a microwave oven). During retrieval, the slides were
placed for 20 minutes in 10mM Tris 10mmol/L,
EDTA 1 mmol/L at pH 9.0 (or 10mM citrate
buffer at pH 6.0 for Sox2). To abolish endogenous-peroxidase activity, sections were immersed for 15 minutes in 3% hydrogen peroxide solution, buffered at PBS1X at pH 7.4 and
then incubated sequentially with Protein Blocking Agent (Dako EnVision + System HRP-DAB)
to reduce non–specific binding. Afterwards, the
slides were incubated for 100 minutes at room
temperature in a humid chamber (or overnight incubation at 4°C for IFI16, only). Then
the biotinylated secondary antibody (Dako
EnVision+System HRP for HER2/neu, pStat3,
IFI16, and Ki67; Goat HRP-Polymer Kit, Biocare Medical, Concord, USA for Sox 2) was
applied followed by incubation with streptavidin-horseradish peroxidise complex (Dako
EnVision+System HRP). As negative controls,
appropriate slides were incubated with PBS in
place of the primary antibodies. Appropriate
positive controls were included for all markers.
The immune reactions were developed at room
temperature with 3,3’-diamino-benzidine chromogen solution (Dako EnVision+ System HRP),
counterstained with Mayer’s haematoxylin, dehydrated and mounted with Eukitt Mounting
Medium (Bio-Optica, Milan, Italy).
Interpretation of results
A combined review of H&E-stained slides and
of consecutive slides stained with immunohistochemical markers was performed by three
independent observers (JM, LL and SC). To
confirm the reproducibility, 25% of the slides
were randomly chosen and scored twice. All duplicates were similarly evaluated.
The immunohistochemical expression of all
markers (except for p16) was evaluated by H
score, obtained multiplying intensity of staining (0, 1, 2, 3+) by extent of tumor staining (0100%). IFI16, Ki67, pStat3 and Sox2 expression
was evaluated by determining the percentage of
squamous epithelial cells showing nuclear immunoreactivity, whereas Her-2/Neu expression
was membranous and occasionally cytoplasmic. p16 nuclear and/or cytoplasmic staining
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was considered positive if there was at least one
p16 immunoreactive cell having morphological
abnormalities (Denton et al., 2010).
Fluorescence in situ hybridization (FISH)
for Her-2/Neu
Standard 4 μm sections of formalin fixed and
paraffin-embedded tissue were used. Sections
were incubated at 56°C for 2 hours in a dry-oven, deparaffinized by three 15-minute washings
in Bioclear solution (natural terpenes based
clearing agent, Bio-Optica, Milano, Italy), dehydrated in two 5 minute steps in absolute ethanol
and air-dried at room temperature. Then the
Spot Light Tissue Pretreatment Kit (Invitrogen
Corporation, USA) was applied including incubation with the reactivation buffer at 98°C for
15 minutes. Sections were then digested with
protease ready-to-use at room temperature for
15 minutes, rinsed in 2XSSC (pH 7.0) at room
temperature for 5 minutes, and dehydrated
using a series of increasing concentrations of
ethanol (70%, 85%, 100%) for 2 minutes each.
The Vysis (Abbott Molecular Inc, Des Plaines,
IL, USA) probes were applied following the
manufacturer’s instructions onto the selected area based on the presence of tumor foci
on each slide, and the hybridisation area was
covered with a coverslip and sealed with rubber cement. The slides were incubated at 73°C
for 4 minutes for co-denaturation of chromosomal and probe DNA and then at 37 °C for
20-24 hours to allow hybridisation to occur.
Post-hybridisation washes were performed in
NP40 0.3%/ SSC 2X (pH 7.0-7.5) at 74°C for 90
seconds. The samples were then dehydrated in
ethanol as above, then 4’,6’-diamidino-2-phenylindole (DAPI) suspended in Antifade diluents (Abbott Molecular Inc. Amsterdam, The
Netherlands) was applied for chromatin counterstaining. FISH analysis was performed using
an Olympus BX61 Epifluorescence Microscope
(Olympus, Melville, New York, USA), and for
each case at least 200 tumor nuclei were counted, and the copy numbers of HER2/CEP17, respectively, were recorded within each nucleus.
Analysis was performed in accordance with the
University of Colorado Cancer Centre criteria,
where disomy (≤2 copies in >90% of cells), low
trisomy (≤2 copies in ≥40% of cells, 3 copies in
10-40% of cells; ≥4 copies in 10% of cells), high
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trisomy (≤2 copies in ≥40% of cells, 3 copies in
40% of cells; ≥4 copies in ≤10% of cells) and low
polisomy (≥4 copies in 10-40% of cells) were
considered negative, whereas high polisomy
(≥4 copies in ≥40% of cells) and amplification
(cluster ≥15 copies/nucleus ≥10% of cells, ratio HER2/CEP17 >2) were regarded as positive
(Cappuzzo et al., 2005; Hirsch et al., 2005).
HPV detection
To test the HPV presence, an algorithm of p16
immunostaining (as a surrogate marker for
HPV infection) combined with two different
PCR-based methods (nested PCR and INNO
LiPA Genotyping Assay) was applied, as it was
proven to give reliable results on archival paraffin-embedded (FFPE) specimens and it is now
widely advocated (Smeets et al., 2007; Robinson et al., 2010; Leemans et al., 2011).
The presence and typing of HPV DNA was assessed by two different PCR based assays:
1) INNO LiPA HPV Genotyping Extra Assay,
following the manufacturer’s protocol and
by
2) nested polymerase chain reaction (PCR) and
sequencing.
DNA was extracted from 10-μm paraffin-embedded tissue sections, using a commercial extraction kit (QIAamp DNA Mini Kit, QIAGEN),
according to the manufacturer’s specified protocol for FFPE tissues. DNA integrity was confirmed by amplification of the β-globin gene. To
increase the sensitivity of HPV detection, nested
PCR assays were performed using MY09/MY11
as the outer and GP5+/GP6+ as the inner primers. A 50 μL reaction mixture consisted of 1μM
of each primer, 300 ng of the extracted sample,
1X Taq Buffer (10 mM Tris-HCl, pH 8.3, 50 mM
KCl, 1 mM MgCl2 and 0.1% gelatin), 200 μM of
each of the four dNTPs and 1 unit of Taq DNA
Polymerase (Sigma, St. Louis, MO, USA). Positive PCR products were purified using a purification kit (NucleoSpin Extract II, Macherey
Nagel) and verified by direct sequencing with
the GP5+ primer on a DNA sequencer (PRIMM,
Milan, Italy). HPV genotypes were determined
on the basis of >95% homology with sequences
deposited in GenBank using the BLAST network service at NCBI (http://blast.ncbi.nlm.
nih.gov). In negative controls water was used
as template in the reaction mixture instead of

DNA. The positive control was DNA from cervical cancer cells positive for high-risk HPV Ca
Ski. Standard precautions concerning spatial
separation of pre- and post-PCR steps, use of
reagent aliquots and single use of scalpels for
processing tissue specimens were strictly followed. The specimens were considered positive
for HPV if at least two of three tests for HPV detection (INNO-LiPA Genotyping Assay, nested
PCR and p16 immunostaining) were positive.
Statistical analysis
Differences between HPV-positive and HPVnegative cases in demographic and clinical
characteristics were analyzed using contingency table chi square tests or Fisher’s exact test;
t-test was used for determining the statistical
significance of differences between the disease
groups for HER2/neu, pStat3, Sox2, IFI16 and
Ki67 expression, while contingency tables were
employed for p16 expression. Correlations were
obtained using the Pearson test, when it was assumed that data were sampled from Gaussian
populations, and the Spearman test for nonparametric correlations. A one-way ANOVA for
repeated measures was applied to assess immunohistochemical expression of markers in patients with multiple biopsies. A Kaplan Meier
method was used for calculations of time intervals required for progression of intraepithelial
lesions into carcinoma, as well as for calculations of time intervals between primary and
recurrent tumors. Curve comparison was performed using the Long-rank test. All tests were
two-tailed and a probability value p<0.05 was
considered statistically significant.
RESULTS
HPV detection by PCR probes and p16
immunostaining reveals predominant
HPV16 infection
A total of 66 specimens from 24 patients were
positive for at least two of three applied probes
for HPV detection. Of these, 16 patients with
corresponding specimens were positive with
both PCR probes and among them, nine were
diffusely expressing p16. Specimens from the
remaining eight of 24 patients were positive for
INNO LiPA and p16 staining and negative for
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Nested PCR. A possible explanation for these
discrepancies in PCR results could be the very
small amplicon size (65bp) of INNO-LiPA assay (Seme et al., 2009). In summary, among all
specimens considered positive for HPV, nine
specimens (7 patients) resulted negative for
p16 immunostaining. On the other hand, there
were 15 p16 positive/HPV negative specimens
(from 12 patients). HPV16 was the dominant
subtype and was found in 87.5% (21 cases) of
HPV-positive lesions. Other genotypes detected

A

B
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were HPV18 (2 cases, 8.3%) and double HPV 16
and HPV 33 (1 case, 4.2%).
In these series, the statistical analysis documented important differences in marker expression between the HPV-positive and HPV-negative subgroups, irrespective of tumor location.
The series included: 16 SIN1 (12 HPV-negative,
4 HPV-positive), 30 SIN2 (20 HPV-negative and
10 HPV-positive), 31 SIN3 (21 HPV-negative
and 10 HPV-positive), 30 well differentiated
carcinomas (22 HPV-negative and 8 HPV-pos-

C

FIGURE 1 - Immunoexpression of HER2/neu, pStat3, Sox2, IFI16 and Ki67 during head and neck carcinogenesis; white columns-HPV negative lesions, black columns-HPV positive lesions, N-, d-, k- and N+, d+, k+ are
normal, dysplastic and carcinomatous specimens from HPV-negative and HPV-positive patients, respectively
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itive), 41 moderately differentiated carcinomas
(31 HPV-negative and 10 HPV-positive) and 16
poorly differentiated carcinomas (12 HPV-negative and 4 HPV-positive).
The TNM stage of 75 HNSCC-affected patients
included: 40 T1 (31 HPV-negative and 9 HPVpositive), 22 T2 (15 HPV-negative and 7 HPVpositive), 7 T3 (3 HPV-negative and 4 HPVpositive), and 6 T4 tumors (5 HPV-negative and
1 HPV-positive); 50 cases were N0 (41 HPVnegative, 9 HPV-positive), 9 were N1 (4 HPVnegative, 5 HPV-positive), 16 were N2 (9 HPVnegative and 7 HPV-positive).
The median age of HPV-positive cases was
similar to that of HPV-negative cases (66 versus
68 years, p=0.7062). The male to female ratio

was approximately 1 (49/50). A trend for HPVpositive cases more likely occurring in men was
observed (16 of 49 versus 8 of 50 in females,
p=0.0532). HPV-positive cases were significantly associated with oropharynx location (11 positive of 71 in oral cavity versus 13 positive of 28
in the oropharynx, p=0.0012), and, within the
cancer group, with the presence of lymph node
metastases at the time of diagnosis (13 of 54 for
HPV negative carcinomas versus 12 of 21 HPV
positive carcinomas, p=0.0199) (Tab. 1).
Early activation of cellular pathways at
precancerous stage
As shown in Figures 1 and 2, all markers were
constitutively expressed in normal squamous
FIGURE 2 - Immunoexpression of HER2/
neu,
pStat3,
Sox2,
IFI16, Ki67, p53 and
p16 in normal, SIN1,
SIN3,
HPV-negative
moderately differentiated HNSCC and HPVpositive poorly differentiated HNSCC; H&E:
hematoxylin and eosin,
original magnification
200x.
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epithelium where their expression was limited
to basal and parabasal epithelial layers. With
progression of intraepithelial dysplasia, an
important upregulation of HER2/Neu, pStat3,
Sox2, Ki67 and IFI16 was observed. However,
some markers, such as HER2/Neu, pStat3 and
IFI16 had the tendency to form “bell-shaped”
curves, as their expression increased in dysplasia and eventually decreased in the carcinoma
group with a progressive decline related to the
carcinoma de-differentiation. On the other
hand, markers of reprogramming and proliferation, such as Sox2 and Ki67, progressively
increased during progression of carcinogenesis
with a peak in poorly differentiated lesions and
with marked differences along the sequence
dysplasia-carcinoma (Fig. 1-B, graph 3,5).
Finally, FISH analysis performed on carcinoma
specimens revealed only one low polysomic
case with 35% of cells exhibiting ≥4 copies (Fig.
5). All other tumors were disomic, suggesting
possible post/transcriptional modifications involved in Her2/neu activation.
Differential expression of HER2/neu,
pSTAT3 and IFI16 in HPV-negative and
HPV-positive lesions
Great differences were observed in the HPVnegative and HPV-positive groups of squamous
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lesions (Fig. 3). HER2/neu expression appears
to be higher in the HPV-positive group with a
peak in SINs (p=0.0345), followed by a stable
decline, and ultimately a re-induction in the
group of HPV-positive moderately-poorly differentiated carcinomas.
The expression of pStat3 was considerably
higher in all lesions in the HPV-positive group
in comparison to the HPV-negative lesions
(p=0.0083). Although pStat3 was upregulated
in HPV-negative lesions, its expression was
markedly lower when compared to the HPV
positive group (Fig. 1-B, 1-C, graphs 2). Sox2
expression was lower in HPV-positive SINs and
slightly higher in HPV-positive moderately and
poorly differentiated carcinomas, but these
differences were not statistically significant,
suggesting that Sox2 activation could be independent of HPV. Ki67 expression followed the
pattern of Sox2 activity, possibly suggesting
interactions between these two markers (Fig.
1-B, 1-C graphs 5). IFI16 expression exhibited an early activation during carcinogenesis,
reaching a peak in SINs, followed by progressive downregulation. IFI16 levels were remarkably higher in HPV-positive well differentiated
(p=0.001) and moderately differentiated carcinomas (p=0.0305), compared to the HPV-negative malignant lesions.

FIGURE 3 - Time intervals of malignant transformation from dysplastic lesions and tumor recurrences in HPVnegative and HPV-positive group.
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Activation of cellular pathways in different
phases during transition from dysplasia to
carcinoma
As shown in Table 2, HER2/neu expression had
a positive relationship with pStat3, Sox2, IFI16
and Ki67. However, this correlation varied in
relation to the presence of HPV and grade of
differentiation. In HPV-positive SINs, HER2/
neu activity showed a positive correlation with
Sox2 (p=0.0027, r=0.4981) and Ki67 expression (p=0.0003, r=0.5786), whereas within the
carcinoma group HER2/neu expression did not
correlate with other cellular pathways studied.
HER2/Neu and pStat3 were significantly correlated in the HPV-negative group (p<0.0001,
r=0,3272), while in the HPV-positive lesions,
pStat3 expression was characterized by earlier

and more marked activation in comparison to
HER2/neu and therefore the relationship to
HER2/neu expression was weaker (p=0.0010,
r=0.3346). Further subdivision into dysplastic
and carcinoma lesions showed no substantial
relationship between HER2/neu and pStat3
expression, suggesting alternative, HER2/neu
independent, activation of pStat3. We then
addressed Sox2 expression. In the HPV-positive group, Sox2 was strongly correlated with
HER2/neu and Ki67. This pattern of expression
was observed only in SINs, whereas in carcinomatous lesions Sox2 maintained its strong
relationship with cellular proliferation alone
(p<0.0001, r=0.4527). In this series, Sox2 was
not positively correlated with pStat3, and rather
had an inverse relationship, though not statisti-

TABLE 2 - Correlations between HER2/neu, pStat3, Sox2, IFI16 and Ki67 in total head and neck lesions;
total: in all specimens, HPV- : in HPV-negative population, HPV+ : in HPV-positive cases; dysplasia: in all,
HPV- and HPV+ dysplastic lesions, carcinoma: in all, HPV- and HPV+ carcinomas; statistically significant
positive correlations are marked in red, inversely proportional statistically significant relationships are marked
in blue and bolded, others non statistically significant negative correlations are highlighted in blue, all other
non significant relationships are in black.
Total
Her2Neu
pStat3
Sox2
Ifi16
Ki67
HPVHer2Neu
pStat3
Sox2
Ifi16
Ki67
HPV+
Her2Neu
pStat3
Sox2
Ifi16
Ki67

Her2Neu

pStat3
Sox2
Ifi16
p<0,0001 p=0,0012 p<0,0001
r=0,3431 r=0,2149 r=0,2754
p=0,2437 p=0,0003
r=0,0782 r=0,2406
p=0,0498
r=0,1312

p<0,0001 p=0,2038 p=0,0383
r=0,3272 r=0,1118 r=0,2299
p=0,4274 p=0,0345
r=0,0699 r=0,1849
p=0,1529
r=0,1256

p=0,0010 p=0,0005 p=0,0014
r=0,3346 r=0,3559 r=0,3267
p=0,3997 p=0,0033
r=0,0884 r=0,3013
p=0,1681
r=0,1441

Ki67 Displasia Her2Neu pStat3
Sox2
Ifi16
Ki67 Carcinoma Her2Neu pStat3
Sox2
Ifi16
Ki67
p=0,1017 p=0,1945 p=0,1814 p=0,5882
p=0,0156 p=0,0041 p=0,2036 p<0,0001 Her2Neu
p<0,0001 Her2Neu
r=0,1766 r=0,1436 r=0,1448 r=0,05917
r=0,2748 r=0,3232 r=0,1465 r=0,4383
r=0,2836
p=0,8899 p<0,0001 p=0,5497
p=0,7926 p=0,2634 p=0,0410 pStat3
p=0,0003 pStat3
r=0,0151 r=0,4236 r=0,0650
r=0,0305 r=0,1290 r=0,2335
r=0,2381
p=0,1599 p<0,0001
p=0,0988 p=0,0029 Sox2
p<0,0001 Sox2
r=0,1520 r=0,4527
r=0,1895 r=0,3353
r=0,4850
p=0,8066 Ifi16
p=0,0132 Ifi16
p=0,2476
r=0,0284
r=0,1653
r=0,1253
Ki67
Ki67
HPVHPVp=0,0766 p=0,9988 p=0,8446 p=0,7025
p=0,3329 p=0,1392 p=0,4210 p=0,1352 Her2Neu
p=0,0234 Her2Neu
r=0,2562 r=0,0002 r=0,0281 r=0,0548
r=0,1513 r=0,2292 r=0,1259 r=0,2315
r=0,1980
p=0,6713 p=0,0042 p=0,1095
p=0,2514 p=0,2048 p=0,3485 pStat3
p=0,0631 pStat3
r=0,0609 r=0,3946 r=0,2268
r=0,1788 r=0,1973 r=0,1465
r=0,1628
p=0,5992 p=0,0065
p=0,1459 p=0,1007 Sox2
p<0,0001 Sox2
r=0,0754 r=0,3765
r=0,2255 r=0,2537
r=0,4619
p=0,3476
p=0,5966 Ifi16
p=0,0064 Ifi16
r=0,1343
r=0,0830
r=0,2370
Ki67
Ki67
HPV+
HPV+
p=0,6744 p=0,1103 p=0,3099 p=0,3339
p=0,1268 p=0,0027 p=0,2414 p=0,0003 Her2Neu
p=0,0001 Her2Neu
r=0,0724 r=0,2707 r=0,1741 r=0,1658
r=0,2671 r=0,4981 r=0,2065 r=0,5786
r=0,3838
p=0,8140 p=0,0259 p=0,6090
p=0,2883 p=0,7251 p=0,1277 pStat3
p=0,0081 pStat3
r=0,0406 r=0,3711 r=0,0882
r=0,1875 r=0,0626 r=0,2665
r=0,2729
p=0,0892 p=0,0045
p=0,3862 p=0,0055 Sox2
p<0,0001 Sox2
r=0,2874 r=0,4628
r=0,1535 r=0,4656
r=0,5406
p=0,7279
p=0,7232 Ifi16
p=0,3818 Ifi16
r=0,0601
r=0,0630
r=0,0917
Ki67
Ki67
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cally significant (p=0.8140, r=0.0406) (Tab. 2).
IFI16 expression exhibited a strongly positive
correlation with pStat3, especially in the carcinoma group (p<0.0001, r=0.4236), and displayed a significant negative relationship with
both Sox2 expression (p=0.0498, r=-0.1312)
and proliferative activity, as detected by Ki67
(p=0.0132, r=-0.1653).
Time intervals of carcinogenesis
progression and recurrences
Forty-six patients had multiple biopsies. The
follow-up period ranged from 1 to 180 months.
In this group of patients, we were able to calculate the time intervals required for the malignant transformation of dysplastic lesions.
In addition, among the patients with tumor
recurrences, we calculated the time intervals
between primary neoplastic lesions and recur-
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rence (Fig. 4). The median time interval of progression from SIN to carcinoma in the HPVpositive group was 36 as opposed to 9 months
in the HPV-negative group (p=0.0370). Recurrences took more time to develop in the HPVpositive group with a median time interval of
75 months, in comparison to the HPV-negative group (mean time interval of 28 months,
p=0.0270). All patients with HPV-positive lesions are alive, whereas in the HPV-negative
group two patients died, one for non-oncologic
reasons and the other from carcinoma-related
complications. Time intervals of recurrences
among patients submitted to radiotherapy and
those with no radiation treatment did not differ
considerably (data not shown).
Cellular pathways in recurrences
We assessed the expression profile of Her2/neu,

Figure 4 - Time intervals of malignant transformation from dysplastic lesion and tumor recurrences in HPV
negative and HPV positive group.

Figure 5 - (a) FISH analysis for HER2 showing oral squamous carcinoma cells with low polisomy. (b) FISH
analysis for HER2 showing cells of oral squamous carcinoma with disomy.
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pStat3, Sox2, IFI16 and Ki67 in recurrent tumors. Although there were no important differences in marker expression, recurrences had a
lower expression of pStat3 and IFI16, as well
as somewhat higher levels of Sox2 expression,
while Her2/neu and Ki67 activity remained unchanged (data not shown). However, this finding is of limited significance due to the low
number of representative specimens available
for immunohistochemical analysis.
DISCUSSION
The combination of epidemiology, histology,
immunohistochemistry and molecular genetics
has led to a new and meaningful subdivision
of conventional HNSCC into two prognostic
and therapeutic tumor types. The first group
includes keratinizing HNSCCs, mainly occurring in older, heavy smoker and drinker males,
characterized by a p53-positive and HPV-negative profile, and associated with an aggressive
course, poor or no response to radiotherapy
and field cancerization. The second group includes non-keratinizing HNSCCs, occurring in
younger men, non smokers and non drinkers,
characterized by an HPV-positive and p53-negative profile, responsive to therapy and associated with a better prognosis (Cardesa and Nadal, 2011). There is a desperate need to identify
molecular pathways underlying tumorigenesis
that would prevent or facilitate earlier detection of head and neck lesions, considering that
the time intervals required for malignant progression and tumor recurrence are rather long,
as demonstrated in this study.
Our study showed that HER2/neu, pStat3
and IFI16 are upregulated early during head
and neck carcinogenesis, suggesting that protransformational events start to occur much
earlier than lesions acquire a malignant character. The immunohistochemical expression
of these markers is somewhat “bell-shaped” as
it reached a peak in dysplastic steps with stable and continuous decline along malignant
progression. Surprisingly, higher amounts of
HER2/neu were found in the HPV-positive
group in comparison to HPV-unrelated tumors.
This may at least in part be due to the ability
of high risk (HR)-HPV infection of cooperating

with HER2/neu overexpression to induce cell
transformation and invasion of human normal
epithelial cells. Persistent infection by HR-HPV
converts normal epithelial cells to precancerous
cells (dysplasia). If combined with the effect of
another oncogene, such as HER2/neu, this interplay could lead to full transformation of human epithelial cells (Al Moustafa et al., 2008b).
Several transforming and non-transforming viruses constitutively elevate ErbB signaling by
expressing an active component or by interfering with signaling shut-off. HPV oncoprotein
E5 inhibits HER1 degradation through inhibition of an endosomal proton-ATPase, increasing the rate of receptor recycling back to the
cell surface (Straight et al., 1995; Yarden and
Sliwkowski, 2001).
Although HER2/neu and pStat3 expression
had a similar trend, they were not closely correlated. A steep rise in pStat3 was observed
earlier than Her2/neu upregulation and was
substantially higher in the HPV-positive group
(Fig. 1-C), maintaining higher levels throughout different stages of head and neck carcinogenesis. In SIN3, HER2/neu expression
reached its top, whereas a trend of pStat3 expression showed a slight dip. In carcinomas,
downregulation of Her2/neu was faster than
the pStat3 decline (Fig. 1-C). All together,
these data suggest that additional modalities
of pStat3 activation were possibly involved, independent of EGF signaling. This is consistent
with reports suggesting that epidermal growth
factor receptor-independent constitutive activation of Stat3 in HNSCC is mediated by the
autocrine/paracrine stimulation of the interleukin 6/gp130 cytokine system (Sriuranpong
et al., 2003). Constitutive activation of Stat3
in an EGFR-independent fashion is mediated through interleukin-6 and other cytokines
that act through the gp130 receptor family,
via JAK1 and JAK2, or independent of JAKs
through its interaction with the SRC family of
kinases (Lai and Johnson, 2010).
Furthermore, pStat3 exhibited a strongly positive correlation with IFI16 expression. At first,
such findings were unexpected, since activated
Stat3 is reported to be a negative risk factor in
different types of cancer such as cervical, prostate, laryngeal, gastric, or breast cancer (Monnien et al., 2010, a). However, recent reports
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provide a growing body of evidence that high
nuclear Stat3 expression may have a protective
role and is associated with a better prognosis in
HNSCC (Pectasides et al., 2010). These results
are in accordance with previous reports on rectal (Monnien et al., 2010, b), thyroid (Couto et
al., 2012) and breast cancer (Dolled-Filhart et
al., 2003). The reason for these contradictory
observations is unclear. However, our findings
confirm the conclusions of Ettl and coworkers
(Ettl et al., 2012a) that pStat3 seems to function
as a tumor suppressor in conditions with low
HER2 expression levels (Ettl et al., 2012b).
Several studies identify IFI16 as a pStat3 target
(Aglipay et al., 2003; Clarkson et al., 2006; Baxter et al., 2007; Ni and Bremner, 2007). In addition Kim and coworkers defined IFI16 as an essential growth specific effector of the LIF/JAK/
STAT-mediated cell extrinsic pathway of Ras/
Raf. It was demonstrated that pStat3 collaboration with IFI16 induced growth inhibition in
medullary thyroid carcinoma cells, without affecting cellular ability to differentiate (Kim et
al., 2005). A strong correlation with IFI16 implies synergistic effects on cellular growth and
apoptosis. Indeed, a considerably higher IIFI16
expression level was observed in HPV-related
lesions, with an inversely proportional relationship to Sox2 expression and proliferation rate
observed in these tumors. This may be linked
to the antiproliferative activity of HIN200 proteins and is consistent with data reported by
Azzimonti and coworkers (Azzimonti et al.,
2004) that most HPV-positive HNSCC express
high IFI16 levels and that sustained IFI16 expression correlates with a lower proliferation
rate and a higher differentiation grade of tumors and eventually a better prognosis.
Finally, the strong correlation between Ki67 and
Sox2 is consistent with findings that a high replicative potential of somatic cells is critical for
successful reprogramming (Utikal et al., 2009).
Whether this mechanism could be responsible
for a more de-differentiated morphology and
basaloid appearance of HPV-positive carcinomas needs to be further elucidated.
In conclusion, these data suggest that remarkably higher overexpression of pStat3 and IFI16
and their strong correlation in HPV-positive
lesions may have beneficial pro-apoptotic
and growth inhibitory effects, independent of
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HER2/neu expression (Goubau et al., 2010).
Thus analysis of pStat3 and IFI16 expression
should be included in the molecular profiling of
head and neck lesions, as they could represent
the key molecules responsible for a less aggressive course of HPV positive lesions.
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