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Purpose: Cortactin is amultidomain protein engaged in several cellularmechanisms involving actin assembly and
cytoskeletal arrangement. Cortactin overexpression in several malignancies has been associated with increased
cell migration, invasion, andmetastatic potential. Cortactin needs to be activated by tyrosine or serine/threonine
phosphorylation. The role of cortactin and phosphorylated cortactin (residue tyr466) was investigated in tempo-
ral bone squamous cell carcinoma (TBSCC).
Materials and methods: Immunohistochemical expression of cortactin and phosphorylated cortactin (residue
tyr466) was assessed in 27 consecutively-operated TBSCCs.
Results: Several clinicopathological variables correlatedwith recurrence (pT stage, dura mater involvement), and
disease-free survival (DFS) (cT stage, pT stage, pN status, dura mater involvement). Twenty-three of 24
immunohistochemically evaluable TBSCCs were cortactin-positive. Median cortactin expression was 75.0%.
Cortactin reaction in the cytoplasm was more intense in carcinoma cells than in normal adjacent tissue. Recur-
rence and DFS rates did not correlate with cortactin and phosphorylated cortactin (residue tyr466) expression
in TBSCC specimens.
Conclusions: Cortactin upregulation in TBSCC supports the conviction that inhibiting cortactin functions could
have selective effects on this malignancy. Multi-institutional studies should further investigate the role of
cortactin and phosphorylated cortactin in TBSCC, and their potential clinical application in integrated treatment
modalities.

© 2017 Elsevier Inc. All rights reserved.
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1. Introduction

Given the poor prognosis for patients with advanced temporal bone
squamous cell carcinoma (TBSCC) [1], there is an undeniable need for
novel, more effective diagnostic/therapeutic strategies to improve the
outcomes of treatment. TBSCC primary therapies definitely need to be
patient-tailored more rationally [1], also because managing TBSCC re-
currences is particularly difficult, and any treatment carries a significant
morbidity and mortality [2]. Extending surgery to ensure safe tissue
margins is the premise for the adequate treatment of TBSCC.

Molecular changes occurring before any morphological changes be-
come apparent are responsible for the disease's biological behavior,
prognosis, and response to primary therapy [3]. In clinical practice, the
ideal molecular marker should have: (i) prognostic value; (ii) a signifi-
cant capacity to predict the efficacy of specific treatments; and (iii) the

features needed for it to become the target of integrated therapeutic ap-
proaches [4].

Cortactin is amultidomain protein engaged in several cellularmech-
anisms based on actin assembly and cytoskeletal arrangement, such as
endocytosis, cell migration, neuronal morphogenesis and tumor inva-
sion. Cortactin is an actin-binding protein that promotes the weak acti-
vation of the actin-related protein (ARP) 2/3 complex in actin
nucleation, and it stabilizes the formation of newly-branching network
of F-actin [5]. Cortactin occurs in the cytoplasm and in actin-rich periph-
eral structures such as lamellipodia and podosomes. The cortactin locus
CTTN is located in the 11q13 region, the amplification of which is one of
the alterationsmost often seen in head and neck squamous cell carcino-
ma (HNSCC). Studies have shown that 11q13 amplification correlates
with a poor prognosis in HNSCC patients, and cortactin has been ac-
cused of being the gene responsible for tumor progression because of
its role in cellmotility and carcinoma invasion. Cortactin overexpression
promotes tumor aggressiveness, even without the 11q13 amplicon,
suggesting a post-translational activation rather than a gene amplifica-
tion in HNSCC [6,7]. Cortactin needs to be activated by tyrosine or ser-
ine/threonine phosphorylation. Tyrosine phosphorylation stems from
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activation of the epidermal growth factor receptor (EGFR) and other re-
ceptor tyrosine kinases, and it occurs at residues tyr421, tyr466 and tyr482,
in the proline-rich domain of the carboxy terminus. Phospho-cortactin
interacts with the adaptor protein NCK1, which binds the neuronal
Wiskott Aldrich Syndrome protein, resulting in ARP 2/3 activation. The
role of phosphorylation in cortactin function is still not entirely clear,
but it correlates positively with the ability to induce cell migration
through matrix metalloproteinase recruitment and secretion in
invadopodia [8,9].

Cancer has the characteristic ability to invade surrounding tissues
and metastasize to regional and distant sites. The events attendant on
local invasion and metastasis by epithelial tumors such as TBSCC in-
clude: (i) loss of adhesion to surrounding tumor cells and basement
membrane; (ii) production of enzymes and mediators that facilitate
the incursion of malignant cells into the subjacent connective tissue;
(iii) attachment to extracellular membrane molecules; (iv) neovascu-
larization; (v) passage into and out of the circulation via attachment
to endothelial cell ligands; and (vi) a repeat of this cascade at ametasta-
tic site [10]. The details of these mechanisms are not fully known in the
case of TBSCC. The present study is the first to have investigated the im-
munohistochemical expression of cortactin and phosphorylated
cortactin (residue tyr466) in patients with primary TBSCC. The aim of
the study was to conduct a preliminary assessment of the role of
cortactin in this malignancy.

2. Methods

2.1. Patients (see Table 1)

The present investigation was approved by our Otolaryngology
Section's in-house ethical committee. The study was carried out in ac-
cordance with the principles of the Helsinki Declaration.

The study was conducted on specimens from 27 patients with pri-
mary TBSCC operated by the same surgeon (A.Mz.) at a tertiary referral
center. The patients included 15women and 12menwith amean age of
54.0±12.7 years, whowere part of a larger series investigated for other
purposes in a previous study [11]. Preoperatively, all patients
underwent micro-otoscopy with biopsy, temporal bone computerized

tomography and/or contrast-enhanced magnetic resonance imaging,
and neck ultrasonography (with or without fine-needle aspiration cy-
tology). Positron emission tomography was performed in advanced
cases to rule out distant metastasis.

Based on the revised Pittsburgh staging system [12,13], the primary
TBSCCs were classified as cT1 in 5 cases, cT2 in 6, cT3 in 9, and cT4 in 7.
En-bloc lateral temporal bone resectionwas performed in 19 cases (two
of them partial), and en-bloc subtotal temporal bone resection in 8. The
surgical techniques involved have been described in detail elsewhere
[14]. The facial nerve was sacrificed in 9 of the 27 patients, i.e. in all
the cases of subtotal temporal bone resection to enable en-bloc radical
excision of the carcinoma, and in one case intraoperatively showing
clinical signs of nerve involvement by themalignancy.Duramater spec-
imens were sent for frozen section during the surgical procedure to
check for histological clearance: the carcinoma involved the dura
mater in 4 of the 27 cases. Twenty-four patients underwent cervical
lymph node dissection, and 25 had ipsilateral parotidectomy. On patho-
logical T staging, 5 cases were pT1, 5 were pT2, 6 were pT3, and 11were
pT4. The pathological grade of the primary TBSCCwas G1 in 17 of the 27
cases andG2 in 10. The surgicalmarginswere negative on definitive his-
topathological examination in all cases. Regional lymph node statuswas
classified as N0 in 20 cases (3 cN0 and 17 pN0), and as N+ in 7 (3 pN1, 3
pN2a, and 1 pN2b). Postoperative radiotherapy (RT) was performed in
15 cases (conventional external once-daily fractions of 2 Gy for a total
dose ranging from 50 to 70 Gy, median 60 Gy). No distant metastases
(M) were detected at diagnosis. The mean follow-up for the cohort
was 82.9 ± 67.1months (median 76months). Survivors were followed
up for at least 5 years.

2.2. Immunohistochemistry

Sections were obtained from each of the 27 tissue blocks for immu-
nohistochemical examination, performed on 4 μm-thick formalin-fixed
and paraffin-embedded sections from each tissue sample. Staining was
done automatically (BondmaX, Menarini, Florence, Italy), as described
elsewhere, using the Bond Polymer Refine Detection kit (Leica
Microsystem, Wetzlar, Germany), with rabbit anti-cortactin antibody
(monoclonal EP1922Y; Abcam, Cambridge, UK; working dilution

Table 1
Main clinical, pathological, and immunohistochemical characteristics (cortactin and phosphorylated cortactin [residue tyr466]) of the patients with TBSCC.

Patient no. Sex cT pT G N-status (0 vs +) Dura mater involvement
(0 vs 1)

Cortactin immunoreactivity
(0 vs 1)

Cortactin % Phosphorylated cortactin Y466

immunoreactivity (0 vs 1)
TBSCC recurrence
(0 vs 1)

1 F 2 2 1 0 0 1 80% 1 0
2 M 2 2 2 0 0 1 90% 0 0
3 F 1 1 1 0 0 1 50% 0 0
4 F 4 4 2 0 0 1 60% 1 0
5 F 1 1 1 0 0 1 70% 1 0
6 M 2 2 1 0 0 1 90% 1 0
7 M 3 3 1 0 0 1 70% 1 0
8 F 4 4 1 0 0 1 90% 0 0
9 M 3 4 2 0 0 1 70% 0 0
10 M 1 1 2 0 0 1 95% 1 0
11 F 3 3 2 0 0 1 10% 0 0
12 F 3 3 1 + 0 1 80% 0 0
13 M 1 1 1 0 0 1 90% 0 0
14 F 2 2 1 + 0 Not evaluable Not evaluable Not evaluable 0
15 M 3 4 1 0 0 1 60% Not evaluable 0
16 F 4 4 1 + 0 1 8% 0 0
17 M 2 2 1 0 0 0 0% 0 0
18 F 3 3 2 0 0 Not evaluable Not evaluable 1 0
19 F 3 3 1 0 0 Not evaluable Not evaluable Not evaluable 0
20 M 4 4 1 0 1 1 30% 0 1
21 M 2 4 2 0 1 1 80% 1 1
22 M 4 4 1 0 0 1 80% 0 1
23 M 4 4 1 + 1 1 100% 0 1
24 F 1 1 1 0 0 1 10% 0 1
25 F 3 3 2 + 0 1 40% 0 1
26 F 4 4 2 + 1 1 80% 1 1
27 F 3 4 2 + 0 1 80% 0 1
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