
Abstract. Background/Aim: In metastatic head and neck
squamous cell carcinoma (HNSCC) the metastatic tumor
does not always keep the same gene expression profile as
the parental tumor, which may influence the course of the
disease. The aim of this study was to compare the
expression of genes implicated in HNSCC carcinogenesis
between the primary tumor and the corresponding lymph
node metastasis. Materials and Methods: Eighteen HNSCC,
their corresponding node metastases and non-neoplastic
tissues were studied by RT-qPCR for the expression of
EGFR, VEGF, claudin7, maspin, survivin and SCCA. The
levels of expression were correlated with histological
characteristics and patients’ prognosis. Results: All genes
except for survivin displayed different expression in node
metastasis compared to the primary tumor. The expression
of EGFR, survivin, maspin, and claudin7 in node
metastasis and SSCA in the primary tumor affected the
prognosis. SCCA expression is associated with the
expression of claudin7 and maspin. P16-positive tumors
expressed low levels of VEGF and SCCA, while
keratinizing tumors over-expressed VEGF. Conclusion:
Differential gene expression levels in node metastases
compared to the primary tumor is linked to the prognosis
of HNSCC patients. The histological/immunohisto-chemical
characteristics of the tumor are associated with these genes
expression changes.

Head and neck squamous cell carcinoma (HNSCC) harbors
several genetic alterations, mostly affecting the p53 pathway,
which is compromised in 80% of HNSCCs. Human Papilloma
Virus (HPV)-related tumors do not show p53 abnormalities,
but the viral proteins E6 and E7 functionally inactivate p53
and retinoblastoma protein (1). Beyond genetic alterations,
HNSCCs have also been classified depending on their gene-
expression profile into: i) SCCs characterized by hypoxia and
over-expression of epithelial markers, ii) SCCs expressing
immune response genes and showing epithelial-mesenchymal
transition and iii) SCCs exhibiting a higher proliferation ratio
and an activated detoxification pathway (2). 

Furthermore, comparison of gene expression profiles
between primary tumors with no metastatic potential and
isolated lymph node metastases in vitro has shown important
differences related to the tumor-stromal cell interactions rather
than to the sole function of well-known oncogenes, tumor-
suppressor genes, or genes encoding transcription factors/cell
cycle regulators (3). This reflects the importance of differential
gene expression profiling in the metastatic potential of tumors. 

Interestingly, in carcinomas that have already
metastasized, it is not known whether the metastatic tumor
has kept the same pool of genes under active expression as
the parental tumor or how an altered gene expression profile
may influence the course of the disease. Thus, the aim of this
study was to compare the expression of genes implicated in
different aspects of HNSCC carcinogenesis between the
primary tumor and the corresponding lymph node
metastases. These include the epidermal growth factor
receptor (EGFR), a well-known receptor tyrosine kinase (4),
the vascular endothelial growth factor (VEGF) implicated in
lymphangiogenesis and angiogenesis (5), claudin7 (6) and
maspin, (7) two major tumor cell-environment interaction
factors, survivin (8), an anti-apoptotic regulator, and
squamous cell carcinoma antigen (SCCA) (9), a serological
marker of squamous cell carcinomas.
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Materials and Methods

Eligibility criteria. The eligibility criteria included: i) primary head
and neck cancer, ii) pathological diagnosis of SCC before surgery,
iii) presence of lymph node metastasis, iv) no distant metastasis, v)
previously untreated tumors, vi) treatment with curative intent and
complete remission following primary treatment, vii) a minimal
follow-up of 24 months or until death.

Study design. Thirty patients were included in this prospective
study; all samples were acquired with patients’ consent. The local
ethics committee of the University Hospital of St-Etienne approved
the study. Samples of the primary tumor (T), of the neighboring
non-neoplastic tissue (NNT), and of the corresponding lymph node
metastasis (N) were obtained during and at the site of operation, in
order to optimize the RNA content. The samples were separated
into two parts: i) one for RT-qPCR, which was snap-frozen in
liquid nitrogen and was stored at –80˚C until RNA extraction and
ii) one submitted for frozen sectioning at the Department of
Pathology, to assure the quality of the tissue. Cases were eliminated
from further investigation when: i) the primary or metastatic tumor
samples did not contain adequate cancerous tissue, ii) the tissue
included large areas of necrosis or inflammatory cells
compromising the tumor cell content, which should be >80%, and
iii) the non-neoplastic tissue was inadequately sampled or showed
areas of dysplasia. Based on these parameters, eighteen samples
were eligible to proceed to RT-qPCR. 

Histopathological evaluation. Tumor characteristics were
examined in all available histological sections of the formalin-
fixed paraffin-embedded tissue. Squamous cell carcinomas were
categorized into keratinizing (K) and non-keratinizing (NK) (10-
12). This categorization is of clinical importance as the second
type is the one usually associated with HPV infection (13). The
Brandwein-Gensler histological risk assessment model was used
to semi-quantify the aggressiveness of the tumor, and
particularly, the lymphocytic host response (LHR) and the
pattern of invasion (POI) (10-12). Last, an abundant tumoral
stroma reaction, defined as tumors having equal or more than
50% of fibrous stroma (14) and the presence of large areas of
necrosis were also recorded.

Quantitative analysis (qPCR). Total RNA was extracted using
RNeasy mini kit (Qiagen, Courtaboeuf, France) according to the
manufacturer’s instructions. The quality and quantity of the
extracted RNA were evaluated using spectrophotometic analysis
with Nanodrop (ThermoFisher Scientific, Waltham MA). Then,
Agarose gel electrophoresis (2%) was performed in order to identify
ribosomal RNA that indicates a successful preparation.

Complementary DNA (cDNA) was synthesized from total RNA.
The RNA was further treated with DNASE I (Invitrogen,
ThermoFisher Scientific, Carlsbad, CA) to ensure that all genomic
DNA was removed. First-strand cDNA synthesis was carried out
with 1 μg of RNA, 1 μl of oligo(dT) primers (0.5 μg/μl), 1 μL of a
solution with all four deoxyribonucleoside triphosphates (each at 10
mM), and 10× Superscript III reverse transcriptase (Invitrogen).

Quantitative real-time PCR was performed using the SYBR
Green chemistry in a 7500 Real-Time PCR System (Applied
Biosystems, Foster City, CA, USA) with 100 ng of cDNA. The
primers used to perform the real time PCR are shown in Table I.

Calculations were made with the use of the comparative CT
(2−ΔΔCT) method. RPLPO was used as an internal control gene to
normalize the PCRs for the amount of RNA added to the reverse
transcription reactions. Reactions were performed in duplicates for
each sample and primer set. Two studies were done. The
comparison was first performed between non-neoplastic tissue and
primary tumor (T/NNT) or node metastasis (N/NNT) and second
between lymph node metastasis and primary tumor (N/T).

For the first study, non-neoplastic tissue was used as a calibrator
for making PCRs from distinct comparable runs. ΔΔCT represents
the difference between the mean ΔCT value of a primary tumor or
the node metastasis and the mean ΔCT of the calibrator, both
calculated after the same PCR run. ΔCT is the difference between
the threshold cycle (CT) of the target gene (EGFR, VEGF, Claudin7,
Maspin, Survivin or SSCA) and the CT of the endogenous reference
gene RPLPO of the same sample. For the second study primary
tumor (T) became the calibrator and was compared to lymph node
metastasis (N).

For the analyses we considered Ct values<35 as acceptable for
further interpretation. Then, values of 2−ΔΔCt between 0.5 and 2
were considered as of no alteration, 2−ΔΔCt<0.5 as under-expressed
and 2−ΔΔCt>2 as over-expressed.

Immunohistochemical study. Four-μm thick full sections were used
for immunohistochemistry performed using an automated staining
system (Leica Biosystems, Newcastle Upon Tyne, UK). Positive
immunoreactions were visualized using 3,3’-diaminobenzidine
(Dako REAL™ DAB+ Chromogen, Glostrup, Denmark) as the
chromogenic substrate. Mouse monoclonal antibody against p53
(1:50, Dako, Clone DO-7, Glostrup, Denmark) and mouse
monoclonal antibody against p16INK4a (1:50, LabVision, Clone
16P07, Fremond CA, USA) were used as primary antibodies. 

Regarding p16, a surrogate marker for HPV infection (10-12, 15)
cases were classified in a binary manner as either positive (nuclear/
cytoplasmic diffuse staining of >75% of cells, regarding intensity)
or negative (absence of expression or partial staining <75% of cells)
(11, 12).

P53 staining was nuclear. The percentage of positive cells was
recorded. Three patterns of p53 expression were recognized: i) over-
expression (strong nuclear staining by at least 50% of the cells), ii)
negative when there was a complete absence of staining in the
tumor, with normal expression in neighboring normal tissue serving
as internal positive control, and iii) normal p53 expression when a
weak expression of few tumor cells (weak expression by no more
than 49%) was found (11, 12). 

Values comparison. Each gene’s status of expression (no change,
under-expression or over-expression) of the primary tumor (T/NNT)
and that of metastasis (N/NNT and N/T) was compared to all
histopathological and immunohistochemical values, the overall
survival (OS) and the progression-free survival (PFS), as well as the
status of the rest of the genes. 

Statistical analysis. Data were analyzed using the StatView software
(Abacus Concepts, Berckley Ca, USA). A relationship between two
groups was investigated using Fisher’s exact test for categorical
data. Survival probability was estimated using Kaplan–Meier
analysis. For all analyses, statistical significance was indicated at a
p-value of ≤0.05.
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Results

Characteristics of the study group. Patients’ characteristics
are shown in Table II. Most patients were male with a
median age of 53 years (range 40-74). Median follow up was
31 months. Twelve SCCs were keratinizing, 11 were
negative for p16 (all of them were keratinizing) and 13 (of
which the 12 were keratinizing) showed abnormal (either
over-expression or completely negative) p53 expression. Ten
SCCs had abundant stroma reaction and 11 showed an
aggressive pattern of invasion.

Gene expression profiles. Results regarding gene expression
levels are shown in Table III. Except for Survivin, all other
genes showed differential expression at the site of metastasis
when compared to the parental tumor.

Correlation of gene expression with patient prognosis.
Median overall survival (OS) and progression-free survival
(PFS) were 31 and 27 months, respectively (Figure 1A and
B). The association of gene expression profiles with overall
and progression-free survival is presented in Tables IV and
V, respectively.

Correlation of gene expression profiles with histopathological/
immunohistochemical features. All three types of evaluation
(T/NNT, N/NNT, and N/T) were analyzed in comparison with
the available histological and immunohistochemical
characteristics. P16 positivity was inversely correlated with
VEGF expression in the primary tumor (p=0.02), while at the
same time, p16-positive tumors showed under-expression of
SCCA (p=0.05). Most keratinizing tumors over-expressed
VEGF (p=0.06) and EGFR (p=0.02). Primary tumors with a
more aggressive pattern of invasion showed a trend in over-
expressing Maspin in the primary tumor (p=0.09), but also in
metastasis (p=0.05). Tumors with an abundant stroma reaction

tended to under-express claudin7 (p=0.06). Laryngeal tumors
over-expressed EGFR (p=0.006) and tended to over-express
Survivin (p=0.06) in comparison to hypopharyngeal and
oropharyngeal tumors. All other parameters studied did not
reveal any significant correlations.

Comparison between various genes’ expression. In all three
types of evaluation (T/NNT, N/NNT, and N/T), all gene
expression levels were correlated with the expression of the
rest of the genes. Primary tumors under-expressing SCCA
(tumor versus normal tissue) had an unchanged claudin7
(p=0.03). Furthermore, in primary tumors, maspin and
EGFR both tended to be overexpressed (p=0.08), while
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Table I. Primers used in the study.

Gene                                   Sequence 5’->3’

Claudin7 (Forward)           CTA-TGC-GGG-TGA-CAA-CAT-CA
Claudin7 (Reverse)            CAC-CAG-GGA-GAC-CAC-CAT-TA
Masp (Forward)                CTA-CCC-AAG-GAT-GTG-GAG-GA
Masp (Reverse)                  CAA-GCC-TTG-GGA-TCA-ATC-AT
SSCA (Forward)                 AAG-TCA-CAG-AGA-ACA-CCA-CAG-G
SSCA (Reverse)                 TTT-TCT-CCG-AAG-AGC-TTG-TTG
EGFR (Forward)               ATA-CGC-GGC-AAG-ACC-AAG
EGFR (Reverse)                GGA-GCG-TAA-TCC-CAA-GGA-TG
VEGF-C (Forward)           AGT-CGC-GAC-AAA-CAC-CTT-CT
VEGF-C (Reverse)            GCC-TTG-AGA-GAG-AGG-CAC-TG
Survivin (Forward)            AAG-GAC-CAC-CGC-ATC-TCT-AC
Survivin (Reverse)            CAG-CTC-CTT-GAA-GCA-GAA-GAA

Table II. Patients’ demographics. 

Age
  Range                                                                             40-74
  Median                                                                             53
Gender
  Female                                                                         1 (5.6%)
  Male                                                                          17 (94.4%)
Stage
  III                                                                                3 (16.6%)
  IV                                                                              15 (83.4%)
Treatment                                                       Adjuvant radiochemotherapy
Follow up (range, median)                                     1-84, 31 months
Overall survival (range, median)                           1-84, 31 months
Progression-free survival (range, median)               1-72, 27 months
Status
  Alive                                                                            9 (50%)
  Dead                                                                             9 (50%)
Localization
  Oropharynx                                                                5 (27.8%)
  Hypopharynx                                                             5 (27.8%)
  Larynx                                                                        8 (44.4%)
Histological subtype
  Keratinizing                                                              12 (66.6%)
  Non-keratinizing                                                        6 (33.4%)
P16
  Positive                                                                       7 (38.2%)
  Negative                                                                    11 (61.1%)
P53
  Normal                                                                       5 (27.8%)
  Negative                                                                     5 (27.8%)
  Positive                                                                       8 (44.4%)
Stroma reaction
  Yes                                                                             10 (55.5%)
  No                                                                               8 (44.5%)
Necrosis
  Yes                                                                             4 (22.2%)
  No                                                                              14 (77.8%)
POI
  0                                                                                  6 (33.3%)
  1                                                                                 12 (66.7%)

POI (pattern of invasion): 0=pushing border, finger-like growth, or large
separate islands; 1=small islands with 15 cells or less. 



when Maspin was over-expressed, claudin7 tended to be
unchanged (p=0.08).

In lymph node metastasis claudin7 and SCCA both
appeared under-expressed (p=0.03), Maspin is positively
correlated with SCCA (p=0.005) and while Survivin was
unchanged, claudin7 was under-expressed (p=0.01).
Furthermore, claudin7 tended to be inversely correlated with
VEGF (p=0.06), while Survivin tended (p=0.06) to show a
positive correlation with EGFR. 

Discussion

Claudins are a family of proteins that regulate tight junctions
in epithelial cells (6). They are differentially expressed in
different tissues and are down-regulated in several cancers,
leading to loss of tight junction function (6). Claudin-7
expression is lost in esophageal SCC leading to reduced 
E-cadherin expression and increased invasiveness (6). In the
present study, claudin7 is under-expressed in 29.4% of the
primary tumors, mostly in those with an abundant stroma

reaction; however, it is under-expressed in most of the
corresponding node metastases. These data show that the
primary tumor is heterogeneous in its content, at least in cells
with a metastatic potential. It may be that it is the clone under-
expressing claudin7 that finally reaches the distant focus. This
is based on the fact that despite the lack of correlations with
the level of claudin7 expression in the primary tumor,
metastases under-expressing Claudin7 showed a significantly
worse survival compared to the parental tumor. This suggests
that the loss of Claudin7 continues to offer an advantage to
the tumor even when metastatic. This is further supported by
the fact that metastases with high levels of claudin7 had lower
levels of VEGF and survivin, implying that these tumors may
need fewer pro-tumoral factors.

Similar are the findings for maspin, as almost half of the
primary tumors over-expressed it, while it was under-
expressed in most of the node metastases, suggesting that its
suppression is important for metastasis. Maspin is a protein
implicated in the regulation of actin cytoskeleton leading to
a less invasive phenotype and a lower metastatic spread. In
esophageal SCC, lower immunoreactivity for maspin has
been associated with worse prognosis (7). However, the
effect on prognosis differs depending on its localization, with
the nuclear Maspin acting as a suppressor of metastasis (16),
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Figure 1. Overall survival (A) and progression-free survival (PFS) (B)
curves.

Table III. Comparison of gene expression between metastasis (N) and
the corresponding primary tumor (T). 

                                   Primary tumor  Node metastasis Node metastasis 
                                      vs. normal          vs. normal          vs. primary 
                                          tissue                   tissue                   tumor
                                         T/NNT                N/NNT                   N/T

EGFR
   No change                          6                           5                          6
   Under-expression               3                           3                          5
   Over-expression                9                         10                          7
VEGF
   No change                          4                           0                          6
   Under-expression               4                           6                          4
   Over-expression              10                         12                          8
Survivin
   No change                          6                           6                        12
   Under-expression               1                           1                          3
   Over-expression              11                          11                          3
Maspin
   No change                          6                           0                          5
   Under-expression               5                          11                          9
   Over-expression                7                           7                          4
SCCA
   No change                          4                           2                          3
   Under-expression             10                         13                        12
   Over-expression                4                           3                          3
Claudin7
   No change                        10                           2                          4
   Under-expression               5                          11                        14
   Over-expression                3                           5                          2

EGFR: Epidermal growth factor receptor; N: lymph node metastasis;
NNT: non neoplastic tissue; SCCA: squamous cell carcinoma antigen;
T: primary tumor; VEGF: vascular endothelial growth factor.



while cytoplasmic expression is associated with more
aggressive tumors (17). This is in accordance with our
results, as we found that metastases with under-expressing
maspin had better overall survival. This is also compatible
with the more aggressive pattern of invasion observed in
tumors over-expressing Maspin (17).

Survivin is an inhibitor of apoptosis, leads to DNA repair
through PARP (Poly-ADP-ribose polymerase) through
binding and inhibition of caspase 9 (8). Normally, it is
expressed only during fetal life and it is no longer present in
adult mature tissues, with few exceptions, such as
melanocytes or colonic mucosa (8). Survivin is over-
expressed in various types of cancer and is associated with
worse prognosis (8). Here we found that survivin is over-
expressed in the majority of primary HNSCC and their
corresponding metastases, suggesting that it continues to
offer a survival potential even in advanced tumors. 

Squamous cell carcinoma antigen (SCCA) is a serine
protease inhibitor, a serpin, found to be over-expressed in
SCCHN as well as in cervical cancer, where it was initially
described (9). SCCA levels are increased in the blood of
these patients and decrease after therapy, however, the exact
role of this molecule in SCC is unclear. It has been mostly
investigated in cell lines; in tissue samples from oral SCCs,

where it has been shown to be over-expressed, without
having an impact on prognosis as a unit, but a high
SCCA2/SCCA1 ratio (the two isoforms of SCCA) have been
associated with disease recurrence (9). In the current study,
SCCA is under-expressed in most of the metastases,
suggesting that it is probably no longer used by the tumor
for metastasis. This is further supported by the fact that its
levels in the metastatic tumor do not affect prognosis.
However, its over-expression in the primary tumor is
associated with a better overall survival. This implies an
important role of SCCA in the primary tumor that should be
further investigated. We also show here, for the first time, a
strong association between SCCA with claudin-7 and
Maspin, implying a role of cell adhesiveness on SCCA
expression. Furthermore, we find that it is under-expressed
in p16-positive tumors, thus, its function should be
investigated mostly in non HPV-related tumors.

EGFR, a member of the well-known human epidermal
growth factor receptor (HER) family of receptor tyrosine
kinases, has an essential role in proliferation, differentiation,
anti-apoptosis, angiogenesis and metastasis of various
malignancies (4). EGFR over-expression in HNSCC is
associated with worse prognosis, but at the same time its
overexpression is associated with a better response to irradiation
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Table IV. Association of gene expression with survival in months (log-rank test).

                                       Primary tumor (T/NNT)          p-Value        Node Metastasis N/NNT          p-Value           Node Metastasis N/T         p-Value

EGFR
  No change                                     11                                                                    11                                                            Not reached
  Under-expression                          11                                0.4                               4                                0.008                             5                           0.06
  Over-expression                           48                                                            Not reached                                                    Not reached
VEGF
  No change                                     23                                                                     -                                                                     24
  Under-expression                         48                                0.3                               9                                0.8                        Not reached                  0.6
  Over-expression                            4                                                                    35                                                                    35
Survivin
  No change                                     11                                                                     4                                                                     24
  Under-expression                           4                                0.09                             4                                0.1                                 5                           0.009
  Over-expression                   Not reached                                                           36                                                            Not reached
Maspin
  No change                             Not reached                                                            -                                                                      5
  Under-expression                          11                                0.4                       Not reached                       0.4                        Not reached                  0.004
  Over-expression                   Not reached                                                            5                                                                      3                             
SSCA
  No change                             Not reached                                                            -                                                                     35
  Under-expression                          11                                0.03                            35                               0.1                        Not reached                  0.9
  Over-expression                   Not reached                                                   Not reached                                                             4                             
Claudin7
  No change                             Not reached                                                           24                                                            Not reached
  Under-expression                          11                                0.1                              35                               0.5                                12                          0.03
  Over-expression                   Not reached                                                   Not reached                                                    Not reached                    

EGFR: Epidermal growth factor receptor; N: lymph node metastasis; NNT: non-neoplastic tissue; SCCA: squamous cell carcinoma antigen; T:
primary tumor; VEGF: vascular endothelial growth factor.



treatment (4). The estimated EGFR status, either concerning
gene’s alterations or expression levels, differs greatly between
studies and methods used (18). Furthermore, these alterations
do not correlate with patients’ response to EGFR-targeted
therapy (18). Here we found that EGFR was over-expressed in
almost half of the primary cases and their metastases, with the
latter cases showing a better prognosis, probably reflecting this
treatment responsiveness. We also found an association between
EGFR and the keratinizing tumors, implying it may have a role
in non HPV-related tumors. This is in accordance with two
recent studies that showed EGFR alterations more commonly
present in HPV-negative tumors (19) and the anti-EGFR
antibody panitumumab possibly more effective in HPV-negative
patients (20).

VEGF binds to vascular endothelial growth factor receptor
2 (VEGFR-2) and VRGFR-3, and is the molecule primarily
responsible for lymphangiogenesis and angiogenesis (5). In
the current study, VEGF is over-expressed in 52.9% of the
primary tumors, but even more in the associated lymph node
metastasized tumors. This suggests that VEGF is
continuously active in the tumor even when metastasized.
Here we show that VEGF is over-expressed in p16-negative
and keratinizing tumors, and to our knowledge this is the
first time that an association between VEGF with the non-
HPV related tumors is reported in the tissue. This is in

accordance with the recent finding of augmented plasma
VEGF levels in p16-negative tumors (5). Despite all these
associations, there was no statistically significant difference
with respect to the VEGF status regarding prognosis.

To conclude, we showed for the first time that lymph node
metastasis has a different expression profile compared to the
parental tumor, and that this has a significant prognostic
influence. 
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Table V. Association of gene expression with PFS in months (log-rank test).

                                       Primary tumor (T/NNT)          p-Value        Node Metastasis N/NNT          p-Value           Node Metastasis N/T         p-Value

EGFR
  No change                                       5                                                                    11                                                            Not reached
  Under-expression                          11                                0.3                               3                                0.002                             5                           0.04
  Over-expression                           35                                                            Not reached                                                            11                            
VEGF
  No change                                     11                                                                     -                                                                     12
  Under-expression                           3                                0.2                               4                                0.78                      Not reached                  0.5
  Over-expression                   Not reached                                                          35                                                                    35                            
Survivin
  No change                                     11                                                                     3                                                                     12
  Under-expression                           3                                 0.1                               3                                0.1                                 5                           0.01
  Over-expression                   Not reached                                                           35                                                            Not reached
Maspin
  No change                             Not reached                                                            -                                                                      6
  Under-expression                          11                                0.4                       Not reached                       0.3                        Not reached                  0.005
  Over-expression                   Not reached                                                            5                                                                      3                             
SSCA
  No change                             Not reached                                                            -                                                                     35
  Under-expression                          11                                0.03                            35                               0.3                        Not reached                  0.9
  Over-expression                   Not reached                                                   Not reached                                                             3                             
Claudin7
  No change                             Not reached                                                           11                                                            Not reached
  Under-expression                          11                                0.1                              35                               0.4                                11                          0.2
  Over-expression                   Not reached                                                   Not reached                                                    Not reached

EGFR: Epidermal growth factor receptor; N: lymph node metastasis; NNT: non neoplastic tissue; PFS: progression-free survival; SCCA: squamous
cell carcinoma antigen; T: primary tumor; VEGF: vascular endothelial growth factor.
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