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Abstract. Background: Lymph node metastasis is the mayor cause of mortality in patients with head and neck squamous cell
carcinomas (45%). The genetic changes underlying metastasis are still largely unknown and genetic markers to predict lymph
node positivity still need to be found. The aim of this study was to search such markers by using Multiplex Ligation-dependent
Probe Amplification (MLPA), a semi-quantitative PCR technique to detect gene copy number alterations. Methods: Thirty-seven
genes were analysed by MLPA in 34 larynx and 22 pharynx carcinomas. Results: Losses of CDKN2A (9p21) and MLH1 (3p22)
and gains of CCND1, EMS1 (both at 11q13), RECQL4 and PTP4A3 (both at 8q24) were the most frequent aberrations in both
larynx and pharynx carcinomas. Amplifications were detected at EMS1, CCND1 and ERBB2 (17q21). A correlation between loss
of N33 (8p22) and poor survival was found (p = 0.02). Gain of EMS1 had the same relation with survival but not significant
(p = 0.08). Lymph node positive tumors presented a specific pattern of genetic alterations, with losses of N33, STK11 (19p13)
and TP53 (17p13), the latter especially in larynx tumors. Conclusion: We propose that these 3 genes might play a role in the
development of metastasis in larynx and pharynx squamous cell carcinomas.
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1. Introduction

Head and neck squamous cell carcinoma (HNSCC)
is the sixth most frequent male cancer in the west-
ern world. In the last decades, important advances in
diagnosis tools and treatment have been made [15].
However, tumors are still diagnosed in late stages and
survival rates have hardly improved. Although tumors
with the same TNM classification can have a variable
evolution, lymph node status is the most important fac-
tor associated to survival [23].

HNSCC are known to develop and accumulate a
very complex chromosomal alterations. Many genetic
studies have been applied using different cytogenetic
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techniques, such as loss of heterozygosity (LOH), flu-
orescent in situ hybridization (FISH), comparative ge-
nomic hybridization (CGH), array-CGH and spectral
karyotyping (SKY) [8–10,32,34]. A number of chro-
mosomal regions are consistently altered in these tu-
mors, including losses of 3p and 9p and gains of 3q, 5p,
8q and 11q13. In addition a number of recurring am-
plifications have been found at 3q24-qter, 11q13, 18p,
18q11.2, 8q23-24 and 11q14-22 [4,9,33]. Many im-
portant genes related with proliferation and cell cycle
regulation have been identified in these chromosomal
regions: CDKN2D at 9p21 encodes the cell cycle in-
hibitor p16; CCND1 and EMS1 at 11q13 are associated
with cell cycle regulation; c-MYC, PTP4A3, RECQL4
at 8q23-24 are related to transcription regulation and
apoptotic functions; hTERT at 5p15 with telomerase
activity; and MLH1 at 3p22 with DNA repair function.

A tumorigenesis model based on LOH studies has
been postulated in HNSCC and proposed loss of 9p21
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as an early event, followed by losses of 3p21 and 17p13
and continued by losses of 11q13, 13q21, 14q31, 6p,
8p, 4q26 [5]. But there is no information on the role of
frequent gains and amplifications which should be im-
portant as well in the development of HNSCC. More-
over, this model does not include the steps towards
lymph node metastases. Other reports have addressed
this topic and studied chromosomal aberrations [4,35,
38], allelic losses [34] and mRNA and protein expres-
sion patterns [6,26] in relation to metastasis devel-
opment. However, the majority of the data generated
were not in agreement. Loss of 8p and 9p and gain
of 3q have been frequently described but only ampli-
fications of chromosome band 11q13 and overexpres-
sion of genes in this region have repeatedly been impli-
cated in metastasis. Even so, 11q13 is a region densely
packed with genes and it is still not clear whether
CCND1, EMS1 or perhaps another gene in the ampli-
con is the true responsible gene involved in metastasis.

In this paper, we studied gene copy number changes
by Multiplex Ligation-dependent Probe Amplification
(MLPA), a rapid, semiquantitative and high resolution
PCR technique, capable of analysing gene copy num-
ber alterations of up to 40 genes in a single experiment,
with the use of just one pair of PCR primers [28]. The
targets sequences were chosen in genes or chromoso-
mal regions that have been described in the literature
to be often altered in different types of solid tumors.

We studied a series of 56 primary larynx and phar-
ynx squamous cell carcinomas by MLPA aiming to
find genetic alterations in relation with lymph node in-
volvement.

2. Material and method

We studied 56 primary tumors (34 larynx and 22
pharynx squamous cell carcinomas) from male pa-
tients with larynx and pharynx squamous cell carci-
nomas diagnosed between 1993 and 1999. The mean
age was 63 years (range 44–80) and all had a cus-
tom consumption of tobacco and alcohol. Patients un-
derwent surgery (i.e. laryngectomy or pharyngectomy
with neck dissection). Resection margins were free of
tumor in all cases. Informed consent was obtained from
all patients and the study was approved by the Hospital
Valle del Nalón, Asturias, Spain. Twenty-one patients
(37%) received radiotherapy after surgery. Thirty pa-
tients were lymph node negative (54%) and 26 lymph
node positive (46%). Clinico-pathological and cyto-
metric characteristics were collected and follow-up in-

formation was available of at least 5 years or until the
death of the patient (range 0–100 months). A summary
of all data is showed in Table 1.

Tissue samples of the primary tumors were obtained
from surgical resection specimens of non-necrotic tu-
mor areas and stored in liquid nitrogen.

Tumor DNA was extracted using phenol-chloroform
extraction following a standard DNA isolation proto-
col. Normal reference DNA was obtained from blood
of healthy donors using the Qiagen DNA isolation kit,
according to the manufacturer’s recommendations (Qi-
agen GmbH, Hilden, Germany).

The MLPA technique has been performed as de-
scribed in detail previously [28]. A MLPA “SALSA
P084 HNSCC1” kit was obtained from MRC-Holland,
Amsterdam, the Netherlands. This probe mixture con-
tained 42 probes for specific genes located in chromo-
somal regions that have been described in the litera-
ture to be often altered in HNSCC (www.mlpa.com).
Each probe is composed of two parts that hybridize to
adjacent target sequences in the DNA. After a ligation
step and a PCR amplification, each probe gives rise to
a product with a unique size between 130 and 480 bp.
Briefly, 100 ng DNA was denatured at 98◦C for 5 min
and hybridized with the MLPA probe mixture at 60◦C
for 16 hours. Ligation of the two parts of each probe
was preformed by a thermostable ligase. All probe lig-
ation products have the same end sequences and were
amplified by PCR using the same primer pair for 60◦C
1 min, 33 cycles of 95◦C 30 s, 60◦C 30 s and 72◦C
1 min, followed by 20 min at 72◦C and kept cold at
4◦C. The products were subsequently analysed on an
ABI Prism 3100 sequencer and by GeneScan v3.7 soft-
ware (Applied Biosystems, Warrington, UK).

From the 42 MLPA probes used in this study,
5 probes did not work correctly in our hands and were
discarded of the analysis. Fourteen control experiments
using normal DNA from 7 different donors were used
to calculate median reference values and the standard
deviations for every probe. Each tumor sample was
analysed at least twice. For every gene, the relative
copy number was calculated by dividing the average
relative peak area of the tumor by the median rela-
tive peak area of the normal reference samples. We
observed that a MLPA experiment analysing a new
normal DNA resulted in relative copy numbers varying
between 0.85 and 1.15, including the standard devia-
tion, for each probe. Therefore we decided that relative
copy number values, including the standard deviation,
lower than 0.8 were interpreted as losses, higher than
1.2 as gains and 2.5 or higher as amplifications.
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Table 1

Summary of the clinico-pathological and cytometric characteristics

Clinico-pathological characteristics

Larynx (n = 34) Pharynx (n = 22) Total (%) (n = 56)

Supraglottis Glottis* Total (%) Oropharynx Hypopharynx Total (%)

Age (years) 65 61 63 58 62 60 62

(range) (48–77) (43–80) (43–80) (44–72) (50–74) (44–74) (43–80)

Localization 19 15 34 11 11 22 56

Stage

I 5 3 8 (24) 1 0 1 (5) 9 (16)

II 7 4 11 (32) 1 1 2 (9) 13 (23)

III 1 3 4 (12) 3 2 5 (23) 9 (16)

IV 6 5 11 (32) 6 8 14 (64) 25 (45)

Histological grade

Poor 3 2 5 (15) 4 2 6 (27) 11 (20)

Moderate 11 7 18 (53) 5 5 10 (46) 28 (50)

Good 5 6 11 (32) 2 4 6 (27) 17 (30)

Lymph node

Negative (N0) 12 10 22 (65) 4 4 8 (36) 30 (54)

Positive (N+) 7 5 12 (35) 7 7 14 (64) 26 (46)

Postoperative-radiotherapy

No 14 8 22 (65) 6 7 13 (59) 35 (63)

Yes 5 7 12 (35) 5 4 9 (41) 21 (38)

Status disease

Without tumor 13 7 20 (59) 3 2 5 (23) 25 (45)

Recurrence 3 4 7 (21) 4 7 11 (50) 18 (32)

Distant metastasis 2 1 3 (9) 1 2 3 (14) 6 (11)

Second primary tumor 1 3 4 (12) 3 0 3 (14) 7 (13)**

Status patient

Alive 8 6 14 (41) 1 2 3 (14) 17 (30)

Recurrence 3 4 7 (21) 4 7 11 (50) 18 (32)

Distant metastasis 2 1 3 (9) 1 2 3 (14) 6 (11)

Second primary tumor 1 3 4 (12) 3 0 3 (14) 7 (13)

Other diseases 3 1 4 (12) 0 0 0 (0) 4 (7)

Postoperative 2 0 2 (6) 2 0 2 (9) 4 (7)

Cytometric characteristics

Larynx (n = 28) Pharynx (n = 20) Total (%) (n = 48)

Supraglottis Glottis* Total (%) Oropharynx Hypopharynx Total (%)

DNA ploidy

Diploid 6 7 13 (46) 3 2 5 (25) 18 (37)

Aneuploid 10 5 15 (54) 6 9 15 (75) 30 (63)

S-PhaseΣ

Low 9 6 15 (54) 8 7 15 (75) 30 (63)

High 7 6 13 (46) 1 4 5 (25) 18 (37)

*Include glottis, transglottis and subglottis. **Second primary tumor: 3 lung, 1 trachea, 1 hypopharynx, 1 oropharynx and 1 colon.

: died by.
ΣLow S-phase = %S-phase <10% in diploid and <20% in aneuploid. High S-phase = %S-phase >10% in diploid and >20% in aneuploid [9].
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The statistic analysis was carried out using Student’s
test, Pearson and Fisher Chi-square test. Survival esti-
mation was analysed by Kaplan–Meier statistics with
the log rank test. p-values < 0.05 were considered sig-
nificant. Losses, gains and amplifications were tested
for correlation with the clinico-pathological and cyto-
metric characteristics (age, localization, stage, histo-
logical grade, lymph node status, postoperative radio-
therapy, disease-free survival, ploidy and S-phase).

3. Results

Thirty-seven out of the 42 probes in the MLPA kit
worked reproducibly in our hands. Gene copy number
alterations were found in all 56 cases. All gains and
losses detected by MLPA are shown in Fig. 1. Losses
of CDKN2A at 9p21 (42 cases, 75%) and MLH1 at
3p21 (36 cases, 64.3%) and gains of CCND1 (31 cases,
55.4%) and EMS1 (30 cases, 53.6%) at 11q13 were
the most recurrent alterations in both groups. Other

recurrent changes involved losses of CASP6 at 4q25
(29 cases, 51.8%) and IGSF4 (28 cases, 50%) and IL18
(26 cases, 46.4%) both at 11q23, and gains of RECQL4
(27 cases, 48.2%) and PTP4A3 (24 cases, 42.9%), both
at 8q24.3.

Fifty-four amplifications were detected. Genes am-
plified in more than two cases were CCND1 at 11q13
(21 cases, 37.5%), EMS1 at 11q13 (19 cases, 33.9%),
PTP4A3 at 8q24.3 and ERBB2 at 17q21 (3 cases,
5.4%). In Table 2 the distribution of all amplifications
is presented in relation with the lymph node status of
the tumor.

N+ tumors (primary tumors from patients with pos-
itive lymph nodes) showed significantly more losses
of TP53, N33 and STK11 than N0 tumors (primary
tumors from patients without positive lymph nodes)
(Fig. 2). Gains of EMS1, CCND1 and PTP4A3 were
also found more frequently in N+ tumors but none of
these differences were statistically significant (Fig. 2).
Loss of TP53 was also related to laryngeal N+ tumors
(0/22 N0 tumors versus 6/12 N+ tumors; Fisher exact,

Fig. 1. Genetic alterations in 56 larynx and pharynx primary carcinomas detected by MLPA. Squares to the right of each chromosome represent
gains and squares to the left represent losses. White squares represent lymph node negative tumors and black squares represent lymph node
positive tumors.
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Table 2

Amplifications detected by MLPA in 34 larynx and 22 pharynx tumors

Amplification Larynx (n = 34) Pharynx (n = 22)

22 N0 tumors 12 N+ tumors 8 N0 tumors 14 N+ tumors

CCND1 6 cases, 27% 5 cases, 42% 5 cases, 63% 5 cases, 36%

EMS1 3 cases, 14% 5 cases, 42% 5 cases, 63% 6 cases, 43%

PTP4A3 1 case, 5% 1 case, 8% 0 case, 0% 1 case, 7%

ERBB2 0 cases, 0% 2 cases, 17% 0 case, 0% 1 case, 7%

LMNA 1 case, 5% 0 cases, 0% 0 case, 0% 1 case, 7%

MFHAS1 1 case, 5% 0 cases, 0% 0 case, 0% 1 case, 7%

RECQL4 1 case, 5% 0 cases, 0% 0 case, 0% 1 case, 7%

CTSB 0 cases, 0% 1 case, 8% 0 case, 0% 0 cases, 0%

TP53 0 cases, 0% 0 cases, 0% 0 case, 0% 1 case, 7%

N0 tumors = primary tumors from patients without positive lymph nodes; N+ tumors = primary tumors from patients with positive lymph
nodes.

Fig. 2. Genetic alterations associated to lymph node positive larynx
and pharynx tumors detected by MLPA.

p = 0.001) but not to pharyngeal N+ tumors (1/8 N0

tumors versus 2/14 N+ tumors; Fisher exact, p = 0.7).
All amplifications at ERBB2 (3 cases; Table 2) were

found in N+ tumors that were stage IV and DNA ane-
uploid. Amplification of EMS1 was found in 42% of
the N+ tumors (11 cases out of 26) and in 26% of the
N0 tumors (8 cases out of 30).

Losses of N33, TP53 and STK11 and gains of
CCND1 and EMS1 correlated with advanced stages
(III and IV stage) (Fig. 3). Amplification of EMS1
showed correlation to stage IV tumors (Fisher exact,
p = 0.04; Fig. 3).

Survival was significantly worse in cases with loss
of N33 (Kaplan–Meier, p = 0.02; Fig. 4). Gain of
EMS1 had the same tendency but was not significant
(Kaplan–Meier, p = 0.08).

Fig. 3. Genetic alterations associated to advanced stage (III and IV
stage) from larynx and pharynx tumors detected by MLPA. (Amp:
amplification).

4. Discussion

In a previous study, we analysed the present series
of tumors by conventional CGH in an attempt to find
chromosomal losses, gains and/or amplifications re-
lated to clinical outcome [11]. A very high number of
aberrations were found both in N0 as in N+ tumors
and only amplification of 11q13 (6 out of 56 cases)
correlated with advanced tumor stage and lymph node
positivity. However, we were unable to find significant
correlations with survival. Therefore we undertook this
new study using MLPA, a technique that provides copy
number information of gene level.

In this study, the MLPA kit P084 was chosen for en-
abling the analysis of genes located in chromosomal
regions that according to literature may play a role in
HNSCC. We are aware of the possibility that the se-
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Fig. 4. Kaplan–Meier survival curve of loss of gene N33 detected
by MLPA in 56 larynx and pharynx squamous cell carcinomas
(p = 0.02). The black line represents cases without loss of N33 and
the gray line cases with loss of N33.

lected genes in the kit may not be the ones that have
triggered the occurrence of a certain gain or loss of
the chromosomal region and that a neighbouring gene
may well be more important. Thus frequent losses were
found for genes located in chromosome arms 3p, 8p,
11qter and 18q, and gains at 8qter and 11q13 which
is in agreement with previous chromosomal studies [4,
11,35,38]. Probably due to its higher sensitivity, MLPA
detected higher frequencies of losses of genes located
at 9p21 and gains/amplifications at 11q13. Unfortu-
nately, MLPA kit P084 contained no probes for genes
at 3q, 5p or 18p, regions that we know from literature
and our own CGH study to frequently present copy
number gains in HNSCC [11,19,21,31].

In the 56 larynx and pharynx carcinomas, the most
frequent losses were of CDKN2A (9p21) and MLH1
(3p22) (Fig. 1). This is not surprising, when consider-
ing that deletions in both chromosomal regions have
been described as an early event in the HNSCC de-
velopment [4,5,34]. In our series, neither of these two
genes correlated to clinico-pathological data, and stage
I and II tumors showed about the same frequencies as
stage III and IV tumors.

The most frequent copy number gains were found
of CCND1 and EMS1 (both in 11q13), as well as
RECQL4 and PTP4A3 (both in 8q24). Both chromoso-

mal regions are involved in gains and amplifications in
many different tumors such as breast, lung, bladder and
esophageal cancer, and several candidate genes have
been suggested. In 8q24, PTP4A3 (PRL3) was pro-
posed in colorectal adenocarcinomas as an important
gene involved in metastasis and also FAK as a regulator
of cell invasion and promotor of motility in HNSCC
[12,27]. In this study, neither PTP4A3 nor RECQL4 in
8q24 (FAK was not represented in the MLPA kit) corre-
lated to clinical data. In 11q13, both CCND1 and EMS1
are claimed to play a role in tumor progression and
metastasis, although other genes, e.g. FADD, EMSY or
TAOS1 may be equally important [13,14,25,29]. We
found that gains of EMS1 and CCND1 related to lymph
node positivity and significantly correlated to advanced
tumor stage (Figs 2 and 3). Interestingly, EMS1 gain
but not CCND1 related to poor survival but not signif-
icantly (Kaplan–Meier, p = 0.08). Moreover, amplifi-
cation of EMS1 but not of CCND1 was correlated to
advanced stage of the tumor (Fisher exact, p = 0.04;
Fig. 4). This confirms that amplification of EMS1 oc-
curs independently from CCND1 amplification as has
been found in others studies in HNSCC [17,25]. Be-
sides, overexpression of cortactin, the cytoskeletal pro-
tein encoded by EMS1 (also named CTTN) has been
described to enhance cellular motility and might play
a important role in tumoral invasion [16].

The most interesting findings of our study concerned
copy number losses of 3 genes which, although less
frequently observed, were found related to clinico-
pathological data: N33, TP53 and STK11. All three
losses associated to N+ tumors and advanced stage
(Figs 2 and 3) and N33 also correlated to survival
(Fig. 4). Larynx tumors present less frequently positive
lymph nodes than pharynx tumors; in our series 12 out
of 34 cases (36%) in larynx versus 14 out of 22 (64%)
in pharynx were lymph node positive (Table 1). In a
separate analysis of the 34 larynx and the 22 pharynx
tumors we found that only loss of TP53 were corre-
lated with N+ larynx tumors but not with N+ pharynx
tumors.

P53 protein is a key regulator of the cell cycle and
apoptosis functions. Loss of p53 function has been
detected in HNSCC and also in a many other types
of tumor [1]. Braakhuis et al. proposed P53 muta-
tion as one of the earliest events giving rise to a ge-
netic altered area (field cancerization) with malignant
potential in tumorigenesis [2]. Furthermore, p53 gene
function alterations, together with CCND1 overexpres-
sion in early phases of the tumoral progression, has
been described to increase genetic instability and, con-
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sequently, an accumulative number of new genetic
and chromosomal alterations [1,36]. In our study, loss
of TP53 related to lymph node positivity and late
phase progression step. Therefore, it may be specu-
lated that its function in apoptosis control, rather than
of guardian of genomic stability, is involved.

Inherited mutation of the STK11/LKB1 tumor sup-
pressor gene has been described to be responsible
for the cancer-prone Peutz–Jeghers syndrome. Somatic
mutation, chromosomal deletion or hypermetylation of
STK11 have been detected in gastric cancer and the
combination of inactivating alterations of TP53 and
STK11 has been demonstrated to work together in
the acceleration of tumorigenesis in an animal mouse
model [30,37]. Recently, mutation of STK11/LKB1 has
been described to induce loss of cell growth inhibi-
tion in squamous cell carcinoma cell lines [22]. Our
data showed an association between loss of STK11 and
advanced stages and lymph node positivity in larynx
and pharynx carcinomas. At the moment, the function
of this serine/threonine kinase has been related to the
AMP-activated protein kinase (AMPK). In response to
energy stress, STK11 would stimulate the AMPK sig-
naling cascade to protect cells from apoptosis [7].

The N33 gene is located at 8p22 and encodes a pro-
tein that is expressed in most non-lymphoid cells in-
cluding tissues such as prostate, lung, liver and colon
[18]. Loss of heterozygosity of chromosomal region
8p22 is known to occur frequently in epithelial tumors
and loss of expression of two tumor suppressor genes
located in these chromosomal region (N33 and EFA6R)
have been related to poor survival in ovarian carcino-
mas [24]. In non-small cell lung cancer, microsatellite
instability of 8p was associated to lymph node positiv-
ity, squamous differentiation and LOH at TP53 [39].
In addition, loss of 8p has been related to metastatic
prostate cancer [20] and correlated with poor survival
in HNSCC [3]. Our data confirm the relationship be-
tween loss of N33 and advanced stage and positive
lymph node and, in conclusion, a worse impact on
larynx–pharynx carcinoma survival.

In summary, we propose that N33 and to a lesser ex-
tent STK11 and TP53, could have a role in the devel-
opment of lymph node metastasis, which determines a
poor survival in larynx and pharynx squamous cell car-
cinomas. Further studies are necessary to confirm their
possible prognostic value and therapeutic applications.

Acknowledgements

We wish to thank Jose Luis Martínez Fernández,
Eva Allonca Campa and Ana Salas Bustamante, Se-

quence Service, University of Oviedo, Oviedo, Spain,
for their work on the MLPA fragment analysis. This
work was supported by projects PI020831 and
CP30083, Fondo de Investigación Sanitaria (FIS),
Spain.

Marta Alonso Guervós is financially supported by
the Instituto Universitario de Oncología del Principado
de Asturias (IUOPA)-Obra Social Caja Astur.

References

[1] G. Almandori, F. Bussu, G. Cadoni et al., Multistep laryngeal
carcinogenesis helps our understanding of the field cancerisa-
tion phenomenon: a review, Eur. J. Cancer 40 (2004), 2383–
2388.

[2] B.J.M. Braakhuis, M.P. Tabor, J.A. Kummer, C.R. Leemars and
R.H. Brakenhoff, A genetic explanation of Slaughter’s concept
of field cancerization: evidence and clinical implications, Can-
cer Res. 63 (2003), 1727–1730.

[3] U. Bockmühl, C.S. Ishwad, R.E. Ferrell and S.M. Gollin, As-
sociation of 8p23 deletions with poor survival in head and neck
cancer, Otolaryngol. Head Neck Surg. 124 (2001), 451–455.

[4] U. Bockmuhl, K. Schluns, S. Schmidt, S. Matthias and I. Pe-
tersen, Chromosomal alterations during metastasis formation
of head and neck squamous cell carcinomas, Genes Chromo-
somes Cancer 33 (2002), 29–35.

[5] J. Califano, P. van der Riet, W. Westra, H. Nawroz, G. Clay-
man, S. Piantadosi, R. Corio, D. Lee, B. Greenberg, W. Koch
and D. Sidransky, Genetic progression model for head and neck
cancer: Implications for field cancerization, Cancer Res. 56
(1996), 2488–2492.

[6] A. Cromer, A. Carles, R. Millon et al., Identification of genes
associated with tumorigenesis and metastatic potential of hy-
popharyngeal cancer by microarray analysis, Oncogene 23
(2004), 2484–2498.

[7] C. Forcet, S. Etienne-Manneville, H. Gaude et al., Functional
analysis of Peutz–Jeghers mutations reveals that the LKB1
C-terminal region exerts a crucial role in regulating both the
AMPK pathway and the cell polarity, Hum. Mol. Genet. 14
(2005), 1283–1292.

[8] D. Hardisson, C. Álvarez-Marcos, A. Salas Bustamante,
M. Alonso-Guervós, N. Sastre and A. Sampedro, Numerical
aberrations of chromosomes 8, 9, 11, and 17 in squamous cell
carcinoma of the pharynx and larynx: a fluorescence in situ hy-
bridization and DNA flow cytometric analysis of 50 cases, Oral
Oncol. 40 (2004), 409–417.

[9] M. Hermsen, M.A. Guervós, G. Meijer et al., New chromo-
somal regions with high-level amplifications in squamous cell
carcinomas of the larynx and pharynx, identified by compara-
tive genomic hybridization, J. Pathol. 194 (2001), 177–182.

[10] M. Hermsen, A. Snijders, M. Alonso Guervós et al., Cen-
tromeric chromosomal translocations show tissue-specific dif-
ferences between squamous cell carcinomas and adenocarcino-
mas, Oncogene 24 (2005), 1571–1579.



334 M.A. Guervós et al. / N33, STK11 and TP53 in the development of lymph node metastasis in larynx and pharynx carcinomas

[11] M. Hermsen, M. Alonso Guervós, G. Meijer et al., Chromoso-
mal changes in relation to clinical outcome in larynx and phar-
ynx squamous cell carcinoma, Cell. Oncol. 27 (2005), 191–
198.

[12] D.A. Hsia, S.K. Mitra, C.R. Hauck et al., Differential regula-
tion of the cell motility and invasion by FAK, J. Cell. Biol. 160
(2003), 753–767.

[13] X. Huang, S.M. Gollin, S. Raja and T.E. Godfrey, High-
resolution mapping of the 11q13 amplicon and identification of
a gene, TAOS1, that is amplified and overexpressed in oral can-
cer cells, Proc. Natl. Acad. Sci. USA 99 (2002), 11369–11374.

[14] L. Hughes-Davies, D. Huntsman, M. Ruas et al., EMSY links
the BRCA2 pathway to sporadic breast and ovarian cancer, Cell
115 (2003), 523–535.

[15] K.D. Hunter, E.K. Parkinson and P.R. Harrison, Prolifering
early head and neck cancer, Nat. Rev. Cancer 5 (2005), 127–
135.

[16] J.R. Kowalski, C. Egile, S. Gil, S.B. Snapper, R. Li and S.M.
Thomas, Cortactin regulates cell migration through activation
of N-WASP, J. Cell. Sci. 118 (2005), 79–87.

[17] M. Lin, L.T. Smith, D.J. Smiraglia et al., DNA copy number
gains in head and neck squamous cell carcinoma, Oncogene 25
(2006), 1424–1433.

[18] D. MacGrogan, A. Levy, G.S. Bova, W.B. Isaacs and R. Book-
stein, Structure and methylation-associated silencing of a gene
within a homozygously deleted region of human chromosome
band 8p22, Genomics 35 (1996), 55–65.

[19] K. Nakakuki, I. Imoto, A. Pimkhaokham et al., Novel targets
for 18p11.3 amplification frequently observed in esophageal
squamous cell carcinomas, Carcinogenesis 23 (2002), 19–24.

[20] K. Oba, H. Matsuyama, S. Yoshihiro et al., Two putative tumor
suppressor genes on chromosome arm 8p may play different
roles in prostate cancer, Cancer Genet. Cytogenet. 124 (2001),
20–26.

[21] A. Oga, G. Kong, K. Tae, Y. Lee and K. Sasaki, Compara-
tive genomic hybridization analysis reveals 3q gain resulting in
genetic alteration in 3q in advanced oral squamous cell carci-
noma, Cancer Genet. Cytogenet. 127 (2001), 24–29.

[22] W. Qiu, F. Schonleben, H.M. Thaker, M. Goggins and G.H. Su,
A novel mutation of STK11/LKB1 gene leads to the loss of cell
growth inhibition in head and neck squamous cell carcinoma,
Oncogene 25 (2006), 2937–2942.

[23] K. Pantel and R.H. Brakenhoff, Dissecting the metastatic cas-
cade, Nat. Rev. Cancer 4 (2004), 448–456.

[24] D. Pils, P. Horak, A. Gleiss et al., Five genes from chromo-
somal band 8p22 are significantly down-regulated in ovarian
carcinoma: N33 and EFA6R have a potential impact on overall
survival, Cancer 104 (2005), 2417–2429.

[25] J.P. Rodrigo, L.A. Garcia, S. Ramos, P.S. Lazo and C. Suarez,
EMS1 gene amplification correlates with poor prognosis in
squamous cell carcinomas of the head and neck, Clin. Cancer
Res. 6 (2000), 3177–3182.

[26] P. Roepman, L.F. Wessels, N. Kettelarij et al., An expres-
sion profile for diagnosis of lymph node metastases from pri-
mary head and neck squamous cell carcinomas, Nat. Genet. 37
(2005), 182–186. E-pub 2005 Jan 9.

[27] S. Saha, A. Bardelli, P. Buckhaults et al., A phosphatase asso-
ciated with metastasis of colerectal cancer, Science 294 (2001),
1343–1346.

[28] J.P. Schouten, C.J. McElgunn, R. Waaijer, D. Zwijnenburg,
F. Diepvens and G. Pals, Relative quantification of 40 nucleic
acid sequences by multiplex ligation-dependent probe amplifi-
cation, Nucleid Acids Res. 30 (2002), e57.

[29] K. Shimada, S. Matsuyoshi, M. Nakamura, E. Ishida and
N. Konishi, Phosphorylation status of Fas-associated death
domain-containing protein (FADD) is associated with prostate
cancer progression, J. Pathol. 206 (2005), 423–432.

[30] K. Shinmura, M. Goto, H. Tao, Shimizu et al., A novel STK11
germline mutation in two siblings with Peutz–Jeghers syn-
drome complicated by primary gastric cancer, Clin. Genet. 67
(2005), 81–86.

[31] B. Singh, A. Stoffel, S.K. Gogineni et al., Amplification of the
3q26.3 locus is associated with progression to invasive cancer
and is a negative prognostic factor in head and neck squamous
cell carcinoma, Am. J. Pathol. 161 (2002), 365–371.

[32] A.M. Snijders, B.L. Schmidt, J. Fridlyand et al., Rare am-
plicons implicate frequent deregulation of cell fate specifica-
tion pathways in oral squamous cell carcinoma, Oncogene 24
(2005), 4232–4242.

[33] M.R. Speicher, C. Howe, P. Crotty, S. Du Manoir, J. Costa and
D.C. Ward, Comparative genomic hybridization detects novel
deletions and amplifications in head and neck squamous cell
carcinomas, Cancer Res. 55 (1995), 1010–1013.

[34] M.P. Tabor, V.M. van Houten, J.A. Kummer et al., Discordance
of genetic alterations between primary head and neck tumors
and corresponding metastases associated with mutational sta-
tus of the TP53 gene, Genes Chromosomes Cancer 33 (2002),
168–177.

[35] S.C. Tremmel, K. Gotte, S. Popp et al., Intratumoral genomic
heterogeneity in advanced head and neck cancer detected by
comparative genomic hybridization, Cancer Genet. Cytogenet.
144 (2003), 165–174.

[36] R. Vielba, J. Bilbao, A. Ispizua et al., p53 and cyclin D1 as
prognostic factors in squamous cell carcinoma of the larynx,
Laryngoscope 113 (2003), 167–172.

[37] C. Wei, C.I. Amos, L.C. Stephens et al., Mutation of Lkb1 and
p53 genes exert a cooperative effect on tumorigenesis, Cancer
Res. 65 (2005), 11297–11303.

[38] H.J. Welkoborsky, H.S. Bernauer, H.S. Riazimand, R. Jacob,
W.J. Mann and M.L. Hinni, Patterns of chromosomal aberra-
tions in metastasizing and nonmetastasizing squamous cell car-
cinomas of the oropharynx and hypopharynx, Ann. Otol. Rhi-
nol. Laryngol. 109 (2000), 401–410.

[39] M. Woenckhaus, R. Stoehr, W. Dietmaier et al., Microsatellite
instability at chromosome 8p in non-small cell lung cancer is
associated with lymph node metastasis and squamous differen-
tiation, Int. J. Oncol. 23 (2003), 1357–1363.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


