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Abstract

expression or its co-expression with EGFR did not.

development of HNSCC therapeutics.

Background: Despite recent advances in cancer therapeutics in general, the survival of patients with head and
neck squamous cell carcinomas (HNSCCs) has not improved substantially over the past few decades. HNSCC cells
often exhibit invasive and metastatic phenotypes, and expression of epidermal growth factor receptor (EGFR) and
cortactin has been highly implicated in the development of malignancy in HNSCCs. We have shown previously that
an Arfé pathway, in which Arf6é is activated by GEP100 and employs AMAP1 (also called DDEF1 or ASAP1) as its
downstream effector, is pivotal for the invasion and metastasis of different breast cancer cells. This pathway is
activated by receptor tyrosine kinases, including EGFR; and moreover, AMAP1 physically associates with cortactin, in
which inhibition of this binding effectively blocks invasion and metastasis. We here investigated whether the
expression of Arf6 pathway components correlates with the poor prognosis of HNSCC patients. We have shown
previously that AMAPT protein levels are not correlated with its mRNA levels, and hence we here employed
immunohistochemical staining of HNSCC clinical specimens to investigate AMAP1 protein levels.

Results: We found that high levels of AMAP1 protein expression on its own, as well as its co-overexpression with
EGFR statistically correlates with poor disease-free survival and poor overall survival, while high levels of cortactin

Conclusion: Our identification of predictive biomarkers, together with our previous findings on the coherent
signaling pathway that these biomarkers ultimately generate should be powerful information for the further
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Background

Head and neck squamous cell carcinoma (HNSCC) is
the sixth most common cancer in the world [1]. There
are about 500,000 new HNSCC cases reported annually
worldwide [1]. Molecular studies have shown that ag-
gressive HNSCCs frequently have mutations in the TP53
gene, and show high levels of expression of cyclin D1
and epidermal growth factor receptor (EGFR) [2-6].
EGER and its signaling, as well as high expression levels
of cortactin, have been highly implicated in the
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aggressiveness of HNSCCs and the poor prognosis of pa-
tients [7-10]. Accordingly, Cetuximab, a monoclonal
antibody against EGFR, has been commonly used to
treat recurrent HNSCCs, by itself or in combination
with platinum-based cytotoxic agents [11,12]. However,
the therapeutic effects of Cetuximab are not uniform,
and moreover, most recurrent HNSCCs eventually ac-
quire resistance to such treatments using antibodies and
chemicals. Other types of cancers like lung cancer often
bear mutations within the EGFR gene [13-15], and colon
cancer often exhibits mutations in the k-ras gene, which
acts downstream of EGFR. These mutations may evoke
resistance to the EGFR-based agents [16]. However, mu-
tations in the EGFR and k-ras genes have been shown to
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be rare in HNSCCs [17]. Recent large-scale of the exome-
analyses using next-generation sequencers have also re-
vealed rare alterations in these genes in HNSCCs [18].
Moreover, with regard to EGFR and its signaling, previous
studies by other research groups have primarily focused
on the classical components, such as Ras, Raf, Erks, phos-
phatidylinositol 3-kinase, Akt and STAT-3 [19].

We have identified previously another signaling path-
way under EGFR, which mediates invasive and motile
phenotypes of cancer cells. We have shown that an Arf6
pathway, in which Arf6 is activated by GEP100, a guan-
ine nucleotide exchanging factor (GEF) for Arf-GTPases,
and employs AMAPI (also called DDEF1 or ASAP1) as
its downstream effector, is pivotal for the invasion and
metastasis of different breast cancer cells [20-25]. In this
Arf6 pathway, GEP100, via its PH domain, physically as-
sociates with tyrosine phosphorylated EGFR to activate
Arf6 at the plasma membrane [23]. Both the Arf6 and
AMAP1 proteins are abnormally overexpressed in
highly-invasive breast cancer cell lines, while their ex-
pression is minimal in weakly- and non-invasive breast
cancer cell lines and also in a primary culture of normal
mammary epithelial cells [20,21]. Therefore, this Arf6
pathway appears to be specific to some cancer cells, and
may not normally be used in normal cells. Studies on
clinical specimens of breast cancer revealed that high ex-
pression levels of the AMAP1 protein as well as the co-
overexpression of GEP100 with EGFR correlate well with
their malignant and invasive phenotypes [21,23]. We
have moreover shown previously that expression levels
of the Arf6 and AMAPI proteins do not correlate with
their mRNA levels [20,21], suggesting that the over-
expression of these proteins are not simply a result of
the over-expression of their mRNAs. This may be the
major reason why these proteins and their genes have
not been identified to correlate with the invasive and
malignant phenotypes of breast cancers by previous gene
expression profiling analyses.

As for the molecular mechanisms of the Arf6 pathway
in invasion, we have shown previously that activation of
Arf6 by GEP100, but not by other GEFs, perturbs E-
cadherin-based cell-cell adhesion of breast cancer cells
and may hence induce their motile phenotypes [23]. On
the other hand, AMAP1 has multiple protein-interacting
modules and can directly interact with different proteins,
including protein kinase D2 (PRKD2) and cortactin.
AMAPI, via its binding to PRKD2, makes a complex
with B1 integrins, in order to mediate the recycling of f1
integrins, leading to cell invasion [24]. Interaction of
AMAP1 with cortactin is also crucial for invasion and
metastasis, in which we have shown that blockage of this
binding by a cell-permeable peptide, namely P4-TAT, ef-
fectively blocks breast cancer invasion in vitro and me-
tastasis in vivo [22].
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We here investigated whether protein expression of
Arf6 pathway components, as well as EGFR and cortac-
tin, exhibits clinical relevance to the malignant pheno-
types of HNSCCs, with the aim to investigate whether
components of the Arf6 pathway could be predictive
biomarkers and therapeutic targets.

Results

High expression levels of AMAP1 correlate with poor
prognosis

To investigate whether the increased expression of cer-
tain proteins is associated with disease-free survival as
well as overall survival of HNSCC patients after curative
resection of the primary sites, we classified patients
(Table 1) into two groups based on the results of immu-
nohistochemical stainings.

The median H scores for HNSCCs were found to be
0.65 (EGFR), 0.6 (GEP100), 0.3 (AMAP1) and 0.3 (cor-
tactin) (Figure 1A-D, also see Materials and methods).

Tumors with scores above the median H value were
classified into the high expression group, and those
below the median H value were classified into the low
expression group. We found that the 60-month disease-
free survival for patients in the high AMAP1 expression
group is 0%, while it is 42% for those in the low AMAP1
expression group (p = 0.025, Figure 2E). On the other
hand, there were no significant differences in expression
of EGFR, GEP100 or cortactin with regard to the 60-
month disease-free survival (Figure 2A, C and G).

We next analyzed the overall survival of patients. The
60-month overall survival of patients in the high AMAP1
expression group was 0%, while it was 67% for patients in
the low AMAP1 expression group (p < 0.001, Figure 2F).
The 60-month overall survival of the patients in the high
EGEFR expression group was 20%, while it was 78% for pa-
tients in the low EGFR expression group (p = 0.028,
Figure 2B). There were no significant differences in sur-
vival rates between groups with different expression levels
of GEP100 as well as groups with different expression
levels of cortactin (Figure 2D and H).

Co-expression of EGFR and AMAP1 both at high levels
correlates with poor prognosis

We then analyzed whether high-level expression of a
combination of these proteins exhibits greater differ-
ences in disease-free survival and overall survival com-
pared with the high expression of each single protein.
Due to the relatively small number of clinical samples in
our hospital, we could only analyze combinations of two
different proteins with statistical significance, but not
the combinations of more than three proteins. We found
that the EGFR/AMAP1 'Homo' group, in which expres-
sions of EGFR and AMAP1 both belong to the high-
expression groups, shows a shorter time to events after
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Table 1 Clinicopathologic and characteristics of patients

Characteristic No. of patients (%)

Sex
Male 15/20 (75)
Female 5/20 (25)
Age
30—39 3/20 (15)
40—49 2/20 (10)
50—59 4/20 (20)
60—69 6/20 (30)
70- 4/20 (20)
Location
Oral cavity 20/20 (100)
T classification
T1 0(0)
T2 13/20 (65)
T3 7/20 (35)
T4 0(0)
N classification
NO 10/20 (50)
N1 7/20 (35)
N2 3/20 (15)
Differentiation
Well differentiated 2/20 (60)
Moderately differentiated 7/20 (35)
Poorly differentiated 1/20 (5)
Radiation therapy
Yes 9/20 (45)
No 11/20 (55)
Chemotherapy
Yes 3/20 (15)
No 17/20 (85)

Clinical specimens were selected from patients undergoing surgical resection
for head and neck squamous cell carcinoma. The tumor site was the oral
cavity (tongue) in all patients.

HNSCC resection than the 'Others’, in which either one
of the AMAP1 expression or the EGFR expression, or
both belong to the low-expression groups (p = 0.012 for
the disease-free survival and p < 0.001 for the overall
survival, Figure 3C and D). This difference in the
disease-free survival was greater than that for EGFR
alone and AMAP1 alone, and the difference in the over-
all survival was greater than that for EGFR alone. The
GEP100/AMAP1 Homo' group, in which expressions of
GEP100 and AMAP1 both belong to the high-
expression groups, also shows a statistically shorter time
to events after HNSCC resection than the 'Others’, in
which either one of the GEP100 expression or the
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AMAP1 expression, or both belong to the low-
expression groups (p = 0.03615 for the disease-free sur-
vival and p < 0.001 for the overall survival, Figure 3G
and H). This difference was, however, not greater than
that for AMAP1 alone. We also examined other combi-
nations, and found that none of them exhibit a statistical
difference with regard to disease-free survival and overall
survival (Figure 3A, B, E, F, I-L).

Discussion

Despite the recent advances in cancer therapeutics, the
overall survival of HNSCC patients after the curative re-
section of tumors has not improved significantly over
the past few decades [26,27]. Among the many different
factors that contribute to poor survival and poor prog-
nosis, the major cause is believed to be the invasive and
metastatic properties of some HNSCCs, which are still
far from under clinical control. Interestingly, HNSCCs
show the highest frequency of high EGFR expression
levels among all different types of cancers, and hence
EGFR-targeted therapies are expected to exhibit benefi-
cial effects [6-8]. Indeed, combination of Cetuximab with
platinum-based chemotherapies, as well as with conven-
tional radiotherapy have been shown to improve the
disease-free survival rates of HNSCC patients, while
these therapies still do not significantly improve their
overall survival [9,12,28]. Inhibition of the downstream
signaling components of EGFR, such as Erks and Akt,
was also thought to be a candidate to block tumor
growth, but this greatly affects the survival and functions
of most normal cells and hence often evokes severe side
effects [19].

The EGFR-GEP100-Arf6-AMAP1 pathway appears to
be cancer-specific, as earlier mentioned. To date, how-
ever, despite a number of studies on EGFR and its down-
stream signaling pathways, the Arf6 pathway has not
been analyzed in HNSCCs. This may be because previ-
ous gene expression profiling analyses on clinical sam-
ples of HNSCCs and other cancers have not nominated
this pathway to be correlated with poor prognosis and/
or poor survival, as also earlier mentioned. Protein levels
of Arf6 and AMAP1 do not correlate with their mRNA
levels in breast cancer cells. Such a lack of correlation
might not be specific to breast cancer cells, since we
found that mRNAs of both Arf6 and AMAP1 have long
5'-untranslated regions with relatively large free-energy
changes and hence are classified as typically 'weak-
mRNAs', that are neither immediately nor efficiently
translated into proteins on their own [29]. These proper-
ties of the AMAPI and Arf6 mRNAs might have hin-
dered them from their previous identification, also in
studied on HNSCCs.

In this study, we successfully showed that expression
of the AMAPI1 protein at high levels, as well as its co-
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Figure 1 Immunohistochemical staining of EGFR (A), GEP100 (B), AMAP1 (C), and cortactin (D) in primary HNSCCs. Tissue sections were
immunostained with antibodies against each target protein, as indicated. Positive staining of the proteins is shown in a reddish-brown color. The
staining intensity of each protein in tumor cells was graded on a scale of 0-2, as described under Materials and methods. A representative figure

for each staining is shown. Bars, 100 pm.
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overexpression with EGEFR, statistically correlates with
poor disease-free survival and poor overall survival of
HNSCC patients, while larger numbers of patients need
to be analyzed to further generalize this notion. We
propose that protein levels of AMAPI, together with
protein levels of EGFR, provide a simple and excellent
biomarker predictive for the recurrence and survival

of HNSCC patients under the current therapeutics.
The Arf6 pathway mediates the motile and invasive phe-
notypes of cancers. These phenotypes are thought to be
critical for their resistance to radiotherapy, in which the
tumor cells that survive radiation may escape from the
sites of radiation, that are hypoxemic and inflammatory
due to the radiation. Thus, combinations of AMAP1-
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Figure 2 (See legend on next page.)
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Figure 2 Kaplan-Meier curves for the 5-year disease-free survival and overall survival of patients with HNSCCs expressing each single
protein. Patients were subclassified into the high-expression group and the low-expression group based on results of the immunostainings, as
described under Materials and methods. Kaplan-Meier curves were drawn with regard to the disease-free survival and the overall survival (A, C, E,
and G) of patients (B, D, F and H), by comparing the high-expression group and the low-expression group of each target protein, as indicated.

targeting treatments and radiotherapy are expected to
improve the therapeutic effects against HNSCCs.

Conclusions

We propose that immunohistochemical staining of the
AMAP1 protein on its own, or together with staining of
the EGFR protein, provides a simple and reliable diagno-
sis that predicts the recurrence and survival of HNSCC
patients under the current therapeutics. Our identifica-
tion of these predictive biomarkers, together with our
previous findings on the coherent signaling pathway that
these biomarkers ultimately generate, namely the EGFR-
GEP100-Arf6-AMAPI1-cortactin  pathway, should be
powerful information for the further development of
HNSCC therapeutics.

Materials and methods

Antibodies

Antibodies against the following proteins were purchased
from commercial sources: cortactin (CST, Lake Placid,
NY) and EGFR (TDL and 31G7 mAb, Nichirei, Tokyo).
Rabbit polyclonal antibodies against AMAP1 and GEP100
were as described previously [21,23]. These rabbit poly-
clonal antibodies were affinity-purified by use of each
corresponding peptide used for the immunization, and
their specificity on western blotting and the validity on
immunohistochemistry were carefully verified before
use [21-24,30].

Patients and samples

All clinical specimens were selected from patients with
primary tongue squamous cell carcinoma, who underwent
tongue resection at Hokkaido University Hospital between
March 1996 and March 2012, and were analyzed retro-
spectively. This study was approved by the Institutional
Review Board of Hokkaido University Hospital, Japan
(study number 012-0166). The requirement for written
consent was waived by this board in accordance with the
Ethical Guidelines for Clinical Studies of the Japanese
Ministry of Health, Labor and Welfare. Clinical stages
of the cancers were evaluated according to the 2002
International Union Against Cancer staging system.

Patient characteristics

The characteristics of and the treatment regimens for the
patients (n = 20; 15 men and 5 women) who underwent
primary surgical resection for HNSCC in the Departments
of Otolaryngology, and Head and Neck Surgery, Hokkaido

University Graduate School of Medicine (Sapporo, Japan)
are summarized in Table 1. The median age of the patients
was 60.7 years (range 31-84 years). The tumor site was
the oral cavity (tongue) in all patients. The clinical tumor
stage was T2 for 13 patients and T3 for 7 patients. Ten pa-
tients were node-positive and 10 were node-negative.
Pathological findings revealed that 61.4% (n = 12) of the
cancers were classified as well differentiated, 30.7% (n = 7)
as moderately differentiated and 7.9% (n = 1) as poorly
differentiated. Nine patients (45%) received radiation ther-
apy and three patients (15%) received chemotherapy prior
to surgery. The median follow—up for the 12 surviving pa-
tients was 65.5 months (range, 5-175 months).

Immunohistochemistry

The methods of immunohistochemical staining were as
described previously [21,23,30]. Briefly, immunohisto-
chemical staining was performed using 3 pm-thick
formalin-fixed paraffin-embedded sequential sections as
follows. Samples were first deparaffinized in xylene and
dehydrated in graded alcohols. After rinsing in TBS buffer
(25 mM Tris—HCl (pH 7.4), 137 mM NaCl, and 2.7 mM
KClI), the sections were processed for antigen retrieval in a
pepsin solution (Nichirei) at 37°C for 10 min (for EGFR)
in a 1 mM ethylenedyamine tetra-acetic acid (EDTA) re-
trieval solution (pH 9.0) (45211 Nichirei), at 95°C for 40
min (for AMAP1 and GEP100). Endogenous peroxidase
was then blocked by incubation in 0.3% H,O,-methanol
at room temperature for 10 min. After rinsing with TBS,
sections were then incubated with primary antibodies
against EGFR (1:50), AMAP1 (1:500) or GEP100 (1:100)
for 30 min, then with EnVisionTM (Dako, Tokyo) for 30
min, and finally with peroxidase-conjugated streptavidin
(Vector Labs, Burlingame, CA) for 50 min. After rinsing
in TBS, the coloring reaction was performed with DAB
(Dojin, Kumamoto) for 5 min. Each section was counter-
stained with hematoxylin. These processes were all per-
formed at room temperature.

Scoring

Immunohistochemical samples were scored by two in-
vestigators, which include one pathologist (K.C.H.). They
evaluated the staining of various proteins (EGER,
GEP100, AMAPI1, and cortactin) under a light micro-
scope at a magnification of x 200. The staining intensity
of each protein in tumor cells was graded on a scale of
0-2, in which no staining was scored as 0, weak staining
was scored as 1, and strong staining was scored as 2.
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Figure 3 Kaplan-Meier curves for the 5-year disease-free survival and overall survival of patients with HNSCCs expressing a
combination of each of the two different proteins. Patients were subclassified into the 'Homo' group and the 'Others’. The Homo group
consists of those expressing both target proteins at high levels (ie, both belong to the high-expression groups), while Others consist of the rest
of them. Kaplan-Meier curves were drawn with regard to the disease-free survival (A, C, E, G and I) and the overall survival of patients (B, D, F,

H, J and L), by comparing the Homo group vs. the Others.

Percentages of the stained area were calculated for each
specimen, and a proportional score was assigned (0 if
0%, 0.1-0.9 if 10-90%, and 1 if 100%). Proportional
scores were multiplied by the staining intensity to obtain
a final semi-quantitative H score. Median values of the
H score were chosen as the cut off point for distinguish-
ing between the low and high expression levels of each
protein [26].

Statistical analyses

Overall survival was calculated from the date of the sur-
gical treatment to the date of death or the most recent
follow-up. Disease-free survival was defined as the time
from the date of the surgical treatment to the date of the
first observation of disease progression, or relapse, or
death due to any cause. Overall survival and disease-free
survival were analyzed using the Kaplan-Meier method.
The calculated p-value was considered to be significant
when less than 0.05. These analyses were performed
using Statcel® software (OMS Ltd., Tokyo).
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HNSCCs: Head and neck squamous cell carcinomas; EGFR: Epidermal growth
factor receptor; GEF: Guanine nucleotide exchanging factor; PRKD2: Protein
kinase D2; TBS: Tries-buffered saline; DFS: Disease-free survival.

Competing interests

The authors have consigned the antibody against AMAP1 to Gene Science
Inc. for its distribution to academic, public usage. This does not alter the
authors’ adherence to all the Cell Communication and Signaling policies on
sharing data and materials. The authors declare that they have no other
competing interests.

Authors’ contributions

HS, YM, SF, H Sabe, contributed to the design of the study. HS, KCH, YH,
H Sabe performed the experiments and analysed the data. HS, YH, HH,
AH, H Sabe, compiled the data and prepared a first manuscript. HS, HH,
AH, H Sabe, contributed to the writing of manuscript. All authors read
and approved the final version of this manuscript.

Acknowledgments

We are grateful to Etsuko Hayasi and Yukiko Yoshida for their secretarial
works. This work was supported in part by Grants-in-aid from the Ministry of
Education, Science, Sports and Culture of Japan (MESSC) to HH, SF, H Sabe;
and grants from the Takeda Science Foundation and the Mitsubishi
Foundation to H Sabe.

Author details

'Department of Otolaryngology, Head and Neck Surgery, Hokkaido University
Graduate School of Medicine, W15N7 Kitaku, Sapporo 060-838, Japan.
’Department of Surgical Pathology, Hokkaido University Hospital, W15N7
Kitaku, Sapporo 060-838, Japan. *Department of Molecular Biology, Hokkaido
University Graduate School of Medicine, W15N7 Kitaku, Sapporo 060-838,
Japan.

Received: 18 February 2014 Accepted: 20 February 2014
Published: 12 March 2014

References

1. Parkin DM, Bray F, Ferlay J, Pisani P: Global cancer statistics 2002 CA.
Cancer J Clin 2005, 55:74-108.

2. Poeta ML, Manola J, Goldwasser MA, Forastiere A, Benoit N, Califano JA,
Ridge JA, Goodwin J, Kenady D, Saunders J, Westra W, Sidransky D: TP53
mutations and survival in squamous cell carcinoma of the head and
neck. N Engl J Med 2007, 357:2552-2561.

3. Brennan JA, Boyle JO, Koch WM, Goodman SN, Hruban RH, Eby YJ, Couch
MJ, Forastiere AA, Sidransky D: Association between cigarette smoking
and mutation of the p53 gene in squamous-cell carcinoma of the head
and neck. N Engl J Med 1995, 332:712-717.

4. Callender T, el-Naggar AK, Lee MS, Frankenthaler R, Luna MA, Batsakis JG:
PRAD-1 (CCND)/cyclin D1 oncogene amplification in primary head and
neck squamous cell carcinoma. Cancer 1994, 74:152-158.

5. Okami K, Reed AL, Cairns P, Koch WM, Westra WH, Wehage S, Jen J,
Sidransky D: Cyclin D1 amplification is independent of p16 inactivation in
head and neck squamous cell carcinoma. Oncogene 1999, 18:3541-3545.

6. Benzen SM, Atasoy BM, Daley FM, Dische S, Richman PI, Saunders M|, Trott
KR, Wilson GD: Epidermal growth factor receptor expression in
pretreatment biopsies from head and neck squamous cell carcinoma as
a predictive factor for a benefit from accelerated radiation therapy in a
randomized controlled trial. J Clin Oncol 2005, 23:5560-5567.

7. KalyanKrishna S, Grandis JR: Epidermal growth factor receptor biology in
head and neck cancer. J Clin Oncol 2006, 24:2666-2672.

8. Grandis JR, Tweardy DJ: Elevated levels of transforming growth factor
alpha and epidermal growth factor receptor messenger RNA are early
markers of carcinogenesis in head and neck cancer. Cancer Res 1993,
53:3579-3584.

9. Hofman P, Butori C, Havet K, Hofman V, Selva E, Guevara N, Santini J, Van
Obberghen-Schilling E: Prognostic significance of cortactin levels in head
and neck squamous cell carcinoma: comparison with epidermal growth
factor receptor status. Br J Cancer 2008, 98:956-964.

10. Eke |, Deuse Y, Hehlgans S, Gurtner K, Krause M, Baumann M, Shevchenko A,
Sandfort V, Cordes N: B, Integrin/FAK/cortactin signaling is essential for
human head and neck cancer resistance to radiotherapy. J Clin Invest
2012, 122:1529-1540.

11. Bonner JA, Harari PM, Giralt J, Azarnia N, Shin DM, Cohen RB, Jones CU, Sur
R, Raben D, Jassem J, Ove R, Kies MS, Baselga J, Youssoufian H, Amellal N,
Rowinsky EK, Ang KK: Radiotherapy plus Cetuximab for squamous-cell
carcinoma of the head and neck. N £ngl J Med 2006, 354:567-578.

12. Vermorken JB, Mesia R, Rivera F, Remenar E, Kawecki A, Rottey S, Erfan J,
Zabolotnyy D, Kienzer HR, Cupissol D, Peyrade F, Benasso M, Vynnychenko |,
Raucourt DD, Bokemeyer C, Schueler A, Amellal N, Hitt R: Platinum-based
chemotherapy plus Cetuximab in head and neck cancer. N Engl J Med
2008, 359:1116-1127.

13. Keedy VL, Temin S, Somerfield MR, Beasley MB, Johnson DH, McShane LM,
Milton DT, Strawn JR, Wakelee HA, Giaccone G: EGFR mutation testing for
patients with advanced non-small-cell lung cancer considering first-line
EGFR tyrosine kinase inhibitor therapy. J Clin Oncol 2011, 29:2121-2127.

14.  Stella GM, Scabini R, Inghilleri S, Cemmi F, Corso S, Pozzi E, Morbini P,
Valentini A, Dore R, Ferrari S, Luisetti M, Zorzetto M: EGFR and KRAS
mutational profiling in fresh non-small cell lung cancer (NSCLC) cells.

J Cancer Res Clin Oncol 2013, 139:1327-1335.

15. Roberts PJ, Stinchcombe TE, Der CJ, Socinski MA: Personalized medicine in
non-small-cell lung cancer: is KRAS a useful maker in selecting patients
for epidermal growth factor receptor-targeted therapy? J Clin Oncol 2010,
28:4769-4777.

16. Bardeli A, Siena S: Molecular mechanisms of resistance to Cetuximab and
Panitumumab in colorectal cancer. J Clin Oncol 2010, 28:1254-1261.



Sato et al. Cell Communication and Signaling 2014, 12:17
http://www.biosignaling.com/content/12/1/17

17. Cassell A, Grandis JR: Investigationnal EGFR-targeted therapies in HNSCC.
Expert Opin Investig Drugs 2010, 19:709-722.

18. Agrawal N, Frederick MJ, Pickering CR, Bettegowda C, Chang K, Li RJ, Fakhry
C, Xie TX, Zhang J, Wang J, Zhang N, El-Naggar AK, Jasser SA, Weinstein JN,
Trevino L, Drummond JA, Muzny DM, Wu' Y, Wood LD, Hruban RH, Westra
WH, Koch WM, Califano JA, Papadopoulos RA, Wheeler DA, Kinzler KW,
Myers JN: Exome sequencing of head and neck squamous cell carcinoma
reveals inactivating mutation in NOTCH1. Science 2011, 333:1154-1157.

19. Matta A, Ralhan R: Overview of current and future biologically based
targeted therapies in head and neck squamous cell carcinoma. Head
Neck Oncol 2009, 2:1-6.

20. Hashimoto S, Onodera Y, Hashimoto A, Tanaka M, Hamaguchi M, Yamada A,
Sabe H: Requirement for Arf6 in breast cancer invasive activities. Proc
Natl Acad Sci U S A 2004, 101:6647-6652.

21, Onodera Y, Hashimoto S, Hashimoto A, Morishige M, Mazaki Y, Yamada A,
Ogawa E, Adachi M, Sakurai T, Manabe T, Wada H, Matsuura N, Sabe H:
Expression of AMAP1, an ArfGAP, provides novel targets to inhibit breast
cancer invasive activities. EMBO J 2005, 24:963-973.

22. Hashimoto S, Hirose M, Hashimoto A, Morishige M, Yamada A, Hosaka H,
Akagi K, Ogawa E, Oneyama C, Agatsuma T, Okada M, Kobayashi H, Wada H,
Nakano H, lkagami T, Nakagawa A, Sabe H: Targeting AMAP1 and cortactin
binding bearing an atypical src homology 3/proline interface for
prevention of breast cancer invasion and metastasis. Proc Nat/ Acad Sci
USA 2006, 103:7036-7041.

23.  Morishige M, Hashimoto S, Ogawa E, Toda Y, Kotani H, Hirose M, Wei S,
Hashimoto A, Yamada A, Yano H, Mazaki Y, Kodama H, Nio Y, Manabe T,
Wada H, Kobayashi H, Sabe H: GEP100 links epidermal growth factor
receptor signaling to Arf6 activation to induce breast cancer invasion.
Nat Cell Biol 2008, 10:85-92.

24.  Onodera Y, Nam JM, Hashimoto A, Norman JC, Shirato H, Hashimoto S,
Sabe H: Rab5c promotes AMAP1-PRKD2 complex formation to enhance
B1 integrin recycling in EGF-induced cancer invasion. J Cell Biol 2012,
197:983-996.

25. Kinoshita R, Nam JM, Ito YM, Hatanaka KC, Hashimoto A, Handa H, Otsuka Y,
Hashimoto S, Onodera Y, Hosoda M, Onodera S, Shimizu S, Tanaka S,
Shirato H, Tanino M, Sabe H: Co-overexpression of GEP100 and AMAP1
proteins correlates with rapid local recurrence after breast conservative
therapy. PLoS ONE 2013, 8:€76791.

26.  Chiu TJ, Chen CH, Chien CY, Li SH, Tsai HT, Chen YJ: High ERCC1
expression predicts cisplatin-based chemotherapy resistance and poor
outcome in unresectable squamous cell carcinoma of head and neck in
a betel-chewing area. J Trans/ Med 2011, 23:9-31.

27. Psyrri A, Kwong M, DiStasio S, Lekakis L, Kassar M, Sasaki C, Wilson LD, Haffty
BG, Son YH, Ross DA, Weinberger PM, Chung GG, Zelterman D, Burtness BA,
Cooper DL: Cisplatin, Fluorouracil, and Leucovorin induction
chemotherapy followed by concurrent Cisplatin chemoradiation for
organ preservation and cure in patients with advanced head and neck
cancer: long-term follow-up. J Clin Oncol 2004, 22:3061-3069.

28.  Carvalho AL, Nishimoto IN, Califano JA, Kowalski LP: Trends in incidence
and prognosis for head and neck cancer the United States: a
site-specific analysis of the SEER database. Int J Cancer 2005, 114:806-816.

29. Sabe H, Hashimoto S, Morishige M, Ogawa E, Hashimoto A, Nam JM, Miura
K, Yano H, Onodera Y: The EGFR-GEP100-AMAP1 signaling pathway
specific to breast cancer invasion and metastasis. Traffic 2009,
10:982-993.

30.  Scanlon CS, van Tubergen EA, Inglehart RC, D'Silva NJ: Biomarkers of

Page 9 of 9

epithelial mesenchymal transition in squamous cell carcinoma. J Dent Res (
2013, 92:114-121.

doi:10.1186/1478-811X-12-17

Cite this article as: Sato et al.: High level expression of AMAP1 protein
correlates with poor prognosis and survival after surgery of head and neck
squamous cell carcinoma patients. Cell Communication and Signaling

2014 12:17.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central




	Abstract
	Background
	Results
	Conclusion

	Background
	Results
	High expression levels of AMAP1 correlate with poor prognosis
	Co-expression of EGFR and AMAP1 both at high levels correlates with poor prognosis

	Discussion
	Conclusions
	Materials and methods
	Antibodies
	Patients and samples
	Patient characteristics
	Immunohistochemistry
	Scoring
	Statistical analyses
	Abbreviations

	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References

