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Differential expression and distribution of epithelial adhesion
molecules in non-small cell lung cancer and normal bronchus

M C Boelens, A van den Berg, | Vogelzang, J Wesseling, D S Postma, W Timens, H J M Groen

See end of article for
authors’ offiliations

Correspondence to:

M C Boelens, Department of
Pathology and Laboratory
Medicine, University
Medical Center Groningen,
Hanzeplein 1, 9713 GZ
Groningen, The
Netherlands;
m.c.boelens@path.umcg.nl

Accepted for publication
28 September 2005
Publisﬁed Online First
17 February 2006

J Clin Pathol 2007;60:608-614. doi: 10.1136/jcp.2005.031443

Background: Changes in epithelial cell interactions have been implicated in carcinogenesis, tumour invasion
and metastasis.

Aim: To screen for dltered expression of epithelial adhesion genes in lung cancer development.

Methods: Gene expression profiles were assessed with cDNA expression arrays in eight non-small cell lung
cancer (NSCLC) and eight normal bronchi obtained from the same patient. Inmunohistochemistry (IHC) and
RNA in situ hybridisation (ISH) were used to confirm the most prominently expressed adhesion molecules and
to investigate their distribution at protein and mRNA levels.

Results: 43 differentially expressed cancer-related genes were identified in adenocarcinoma, squamous cell
carcinoma (SCC) and normal bronchus. Five of these genes are related to epithelial adhesion—that is,
integrin o3 (ITGA3), integrin B4 (ITGB4), desmoplakin I and Il (DSP), plakoglobin, and desmocollin 3 (DSC3).
ITGA3 and ITGB4, showing predominantly cell-matrix staining, were up regulated in adenocarcinoma and
SCC, respectively. ITGB4 dlso showed strong staining in SCC with IHC and ISH. Components of the
desmosome adhesion complex DSP, plakoglobin and DSC3 were strongly up regulated in SCC and showed
distinct cell-cell staining pattern. DSP and plakoglobin were predominantly present at central, more
differentiated tumour cells, whereas DSC3 showed a stronger staining in the peripheral basal cells of SCC
tumour areas.

Conclusions: Lack of cellular adhesion may have an important role in the metastatic potency of a primary
tumour. A possible association of strong presence and normal-distributed desmosomal molecules in SCC with

80% of all lung cancers, encompasses several distinct

subtypes, including the most common types of adeno-
carcinoma and squamous cell carcinoma (SCC). Gene expres-
sion profiles may help to better understand which pathogenetic
mechanisms are associated with the development of lung
cancer. Gene expression profiling has been applied to identify
genes that are related to specific histological subtypes of lung
cancer.' * In addition, several studies have focused on the
relationship of gene expression profiles with clinical character-
istics such as prediction of survival,' > chemosensitivity® ” and
metastatic behaviour,*®® or to cellular processes such as
apoptosis'® and cell cycle."

Our aim was to compare gene expression profiles in patients
with adenocarcinoma and SCC in comparison with normal
bronchus obtained from the same patient. We have focused on
expression of epithelial cell-cell and cell-matrix adhesion
molecules, as they are known to correlate with tumour
progression. We validated the expression levels and investi-
gated the distribution of protein and mRNA from most
prominently expressed epithelium-related adhesion genes by
immunohistochemistry (IHC) and RNA in situ hybridisation
(ISH).

N on-small cell lung cancer (NSCLC), which constitutes

METHODS

Tissue specimens

Tumour and normal bronchus tissue were obtained from well-
defined patients without chemotherapy and a smoking history
of at least 45 packyears (table 1'*). Tissues were obtained from
four patients with adenocarcinoma and four patients with SCC
during surgery. The tissue was partially snap frozen for cDNA
array and THC, and partially fixed and embedded in paraffin
wax for ISH. The tissues were stained with haematoxylin and
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the less frequent and late pattern of metastasis in SCC as compared with adenocarcinoma is suggested.

eosin for histological confirmation of the diagnosis. Patients
were only included when the bronchus showed normal
bronchus epithelium without metaplasia or dysplasia. The
study was approved by the local medical ethics committee of
the University Medical Center Groningen (Groningen, The
Netherlands) and written informed consent was obtained from
all patients.

cDNA expression array

Total RNA was isolated from frozen tissue sections using
Strataprep total RNA miniprep kit (Stratagene, La Jolla,
California, USA), according to the manufacturer’s instructions,
including DNase treatment.

Atlas Human Cancer 1.2 Arrays (Clontech, Palo Alto,
California, USA) were hybridised according to the manufac-
turer’s instructions. Briefly, 2-5 pg of RNA was converted into
cDNA and labelled with [0->P]dATP (Amersham Biosciences,
3000 Ci/mmol, 10 mCi/ml, Piscataway, New Jersey, USA),
purified and hybridised overnight at 68°C. Filters were washed
and exposed to a phosphorimaging screen for 1-4 days and
scanned with Storm (Amersham Biosciences).

Data analysis

Images were analysed using Atlas Image software V.2.0
(Clontech). Natural logarithm (In) was taken to improve a
normal distribution of data. Data of the hybridisations were
standardised to mean =0 and standard deviation (SD)=1.
Subsequently, the principal components were calculated and

Abbreviations: DSC3, desmocollin 3; DSP, desmoplakin | and II; IHC,
immunohistochemistry; ISH, in situ hybridisation; ITGA3, integrin o3;
ITGB4, integrin B4; NSCLC, non-small cell lung cancer; PCR, polymerase
chain reaction; SCC, squamous cell carcinoma
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Table 1 Description of clinical features of patients with adenocarcinoma (AC) and squamous
cell carcinoma (SCC), without prior treatment

Description

Patient no (age, sex) Location Diagnosis Packyears

1 70 years, M LUL AC, TINTMO 55
Moderately differentiated

2 68 years, F RLL AC, T2NTMO 53
Moderately differentiated

3 71 years, M RUL AC, T2N2MO 51
Poorly differentiated

4 74 years, F RUL AC, T2NOMO 56
Poorly differentiated

5 75 years, M LUL SCC, TINOMO 62
Moderately differentiated

6 72 years, M LL SCC, T2NTMO 52
Poorly differentiated

7 66 years, M LUL SCC, T3NOMO 50
Well differentiated

8 73 years, M LUL SCC, T2N1MO 49
Poorly differentiated

F, female; LL, left lung; LUL, left upper lobe; M, male; RLL, right lower lobe; RUL, right upper lobe.

Tumour—-node-metastasis staging according to Mountain et al.'?

the first principal component was deducted. Two independent
selection criteria were applied to identify differentially
expressed genes (fig 1).

Immunohistochemistry (IHC)

Mouse monoclonal antibodies directed against ITGA3 (1:1000,
Telios, San Diego, California, USA), ITGB4 (1: 500 Telios), DSP
(1:200, Chemicon, Temecula, California, USA), plakoglobin (y-
catenin, 1:1000, BD-Biosciences, San Jose, California, USA) and
DSC3 (undiluted, Research Diagnostics, Flanders, New Jersey,
USA) were used to stain the tissue sections according to
standard laboratory procedures. Frozen sections were fixed in
acetone for 10 min and incubated with the primary monoclonal
antibodies for 1 h. Endogenous peroxidase activity was blocked
with 0.075% hydrogen peroxide for 1 h. Positive staining was
visualised after the second and third steps using peroxidase
rabbit-a-mouse and goat-o-rabbit antibodies (Dako, Glostrup,
Denmark) using 3-amino-9-ethyl-carbazole (AEC).

RNA in situ hybridisation
Total RNA of SCC was primed with oligo (dT) for ¢cDNA
synthesis according to the manufacturer’s instructions
(Invitrogen, Carlsbad, California, USA). Primers were selected
from sequence files of the corresponding genes to obtain
polymerase chain reaction (PCR) products of about 500 bp
(table 2). After amplification, the PCR products were subcloned
in the pCRII-TOPO vector (Invitrogen) according to the
manufacturer’s instructions. SP6 and T7 RNA polymerases
were used to synthesise anti-sense and sense dioxigenin (DIG)-
labelled RNA probes using the DIG RNA labelling kit (Sp6/T7;
Roche, Basel, Switzerland). The sense probe was used as a
negative control in the in situ hybridisation (ISH) experiments.
ISH was carried out on paraffin wax sections using standard
laboratory protocols. Deparaffinised tissue sections were treated
with 5, 10, 15 and 20 pg/ml proteinase K (Roche) at 37°C for
1h and washed with Tris-buffered saline. Slides were
incubated with 1 ng/ul DIG-labelled probe in a hybridisation
solution consisting of 5x Denhardt’s solution, 2x SSC, 10%
dextran, 30% formamide, 1 mg/ml t-RNA and 2 mg/ml fish
sperm DNA overnight at 55°C. Slides were washed and treated
for 30 min with 10 mg/ml RNase at 37°C. Anti-DIG-labelled
alkaline phosphatase (Roche) in 0.1 M maleic acid buffer
containing 0.15 M sodium chloride, 2% blocking buffer and
0.1% Triton X-100, was incubated on the slides for 1 h at room

temperature. Positive cells were visualised by overnight staining
with nitroblue tetrazolium and BCIP (Roche) in TBS (pH 9.0)
containing 50 mM magnesium chloride.

RESULTS

Gene expression in normal bronchus, adenocarcinoma
and SCC

Comparison of tumour tissue with normal bronchus (c-1) and
of adenocarcinoma with SCC (c-2) showed 43 differentially
expressed genes, including 5 epithelium-related adhesion genes
(fig 1). Two were integrins, ITGA3 being up regulated in
adenocarcinoma in comparison with normal bronchus and
SCC, and ITGB4 being up regulated in SCC compared with
adenocarcinoma. The other three genes, all components of the
desmosome adhesion complex, DSP, plakoglobin and DSC3,
were up regulated in SCC in comparison with normal bronchus.
Plakoglobin and DSC3 were also up regulated when compared
with adenocarcinoma.

Distribution of integrins

Immunohistochemistry

Strong cell-matrix and weak cell-cell staining of ITGA3-protein
was observed in normal bronchial epithelium, and additionally
in bronchial glands, muscular layer and small blood vessels
(fig 2). In adenocarcinoma and SCC, strong cell-matrix and
weak cell-cell staining of ITGA3 was observed at the borders of
tumour areas. ITGB4 showed a staining pattern comparable
with ITGA3 staining, except in the bronchial muscular layer,
where no ITGB4 was detected. Additionally ITGB4 was more
restricted to basal cell-matrix borders in the normal bronchus
and in adenocarcinomas. In SCC tumour cells, ITGB4 staining
was stronger compared with bronchial epithelium, whereas in
adenocarcinoma tumour cells, staining was less prominent
than in bronchial epithelium.

RNA-in situ hybridisation

ISH showed a positive staining for ITGA3 and ITGB4 in the
basal cells of the normal bronchial epithelium (fig 3).
Adenocarcinoma tumour cells and predominantly basal cells
of SCC tumour areas showed a positive staining for ITGA3 and
ITGB4. Overall, ISH showed a staining pattern comparable to
IHC for ITGA3 and ITGB4.
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AC SCC
1 2 3 4 5 ) 7 8 C1 C2  Gene
A +AC +AC Fibronectin precursor (FN)
+AC +AC  Cytochrome B-245 heavy chain
+AC +AC Cathepsin D precursor
+AC +AC Integrin o3
B ¥AC, SCC - Hemoglobin o subunit
VAC Neutrophil gelatinase-associated lipocalin precursor
YAC CHos proto-oncogene
YAC Desmin (DES)
VAC STAT-induced STAT inhibitor 3
¥AC, SCC - Transforming protein rhoB
VAC Keratinocyte growth factor (KGF), FGF-7
C +SCC  4SCC  High mobility group protein (HMG-1)
4+sCC 4+SCC  Cytokeratin 2E (K2E)
4SCC +SCC  Cytokeratin 14 (K14)
+SCC +SCC  14-3-3 protein sigma, stratifin
¥SCC 4SCC  Cylokeratin 10 (K10}
+sCC 4SCC  Desmocollin 3A/3B precursor (DSC3)
4SCC Desmoplakin | & Il (DPI and DPII)
+SCC 4+SCC  CD9 antigen
4+ SCC 4+SCC  Plakoglobin (PG), y-catenin, desmoplakin Il
+SCC +SCC  Interleukin-1 receptor antagonist protein precursor
+SCC Proliferating cyclic nuclear antigen (PCNA)
D ¥SCC +AC Tissue inhibitor of metalloproteinases 3 (TIMP-3)
¥SCC 4SCC  Early growth response protein 1 (REGR1)
+SCC C-jun proto-oncogene
E +AC Cytokeratin 7 (K7)
+AC Lymphocyte antigen
+AC Platelet derived growth factor B subunit precursor
+AC Vimentin (VIM)
+AC  Macrophage inhibitory cytokine 1 (MIC1)
+AC Secreted protein acidic rich cystein precursor (SPARC)
+AC Decorin (DCN)
+AC DNAX activation protein 12
F 4+SCC  Integrin p4
4SCC  Insulinlike growth factor binging protein 2
4+SCC  Brainderived neurotrophic factor (BDNF)
4+SCC  Integrin 7B
4SCC  B-cell receptor-associated protein (hBAP)
+SCC  Jagged 1
+SCC  Epodermal growth factor receptor (EGFR)
4SCC  Fosrelated antigen (FRAT)
+SCC  Jagged 2
4SCC  Cyclin-dependent kinase 4 inhibitor
3.0 1:1 -3.0
Figure 1

Overview of differentially expressed genes in normal bronchus, adenocarcinoma (AC) and squamous cell carcinoma (SCC). Forty three gene
names are listed at the right. The most differentially expressed genes are ranked per group from top roloﬂom. Selection criterion 1 (c-1) was based on
identifying differentially expressed genes in tumour versus normal bronchus in each patient. Ratios were determined by subtracting the standardised In
values of normal bronchus tissue from those of the tumour tissue from the same patient (T:B ratio). A consistent T:B ratio of >absolute 1 (which means a 2.3-
fold up regulation or down regulation) for each of the four individual samples per tumour type, was considered relevant. Selection criterion 2 (c-2) was
basecfon identifying differentially expressed genes between AC and SCC by using the sum of four standardised In values of all AC (AC-sum) or SCC (SCC-
sum) samples. Differences were considered relevant when the AC-sum or SCC-sum is >absolute 3 and the difference between the sums is at least 4. The
brightness of colour correlates with the degree of “normalised expression difference” as shown at the bottom of image, where green represents low and red
represents high level of expression. Groups A-D represent the T:B ratios used for c-1, and groups E and F the tumour values used for c-2. (A) Genes up
regulated in AC in comparison with normal bronchus (c-1) and SCC (c-2). (B) Genes down regulated in AC in comparison with normal bronchus (c-1). Two
of the genes were also down regulated in SCC. (C) Genes up regulated in SCC in comparison with normal bronchus (c-1) and AC (c-2) except for two genes.
(D) Genes down regulated in SCC in comparison with normal bronchus and in one case also in comparison with AC, whereas another case is down
regulated in comparison with AC. (E) Genes with higher expression in AC in comparison with SCC. (F) Genes with higher expression in SCC in comparison
with AC. c-1, selection criterion 1; c-2, selection criterion 2 (see Material and methods). In, natural logarithm; 1, up regulation; | down regulation.

Distribution of desmosomal adhesion molecules
Immunohistochemistry

strongest staining was shown in SCC, especially between
tumour cells in the centre of SCC tumour areas.

In the normal bronchus, DSP showed weak staining in
bronchial epithelial cells, at the basolateral borders of supra-
basal cells and at the apical side of ciliated cells. Strong positive
staining was observed in epithelial cells of bronchial glands
(fig 2). In adenocarcinoma and SCC, positive cell-cell staining
was clearly visible at the borders between tumour cells. The
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Plakoglobin showed strong staining in the normal bronchus
at apical and lateral borders of the basal bronchial epithelial
cells and at cells of the bronchial glands. Adenocarcinoma and
SCC showed strong tumour cell—cell staining. In SCC, cell—cell
staining of tumour cells located in the centre of tumour areas
was stronger than the surrounding basal tumour cells. Often,
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plakoglobin and desmocollin 3

Table 2  Primer sequences and Genbank accession number used for amplification of integrin o3, integrin B4, desmoplakin I and II,

PCR product

Gene Forward primer 5'-3' Reverse primer 5'-3' Genbank reference (bp)
Integrin a3 TCCTGCCTAAGGTTGTCTACG TTIGGAACTAGCCTCAGCTTCTC NM_002204 546
Integrin p4 CTGTGAGATGGCCCAAGGAG GGGTGCAAGGATGGAGTAGC NM_000213 528
Desmoplakin | and Il CCTGCACAGGTGGCATCATC CCGGAGCCGAAGACATGTTG NM_004415 507
Plakoglobin CAGGTGCGGTTCCTCATCTG AAGCACCCTGGAGAGAGAAGC NM_002230 531
Desmocollin 3 ACTGTGGAGCCTCACCAAAG CCGGCAGGATTCCAAGGTCT NM_024423 517

PCR, polymerase chain reaction.

plakoglobin also showed cytoplasmic staining in bronchial
epithelial and tumour cells.

DSC3 showed weak staining in some normal bronchi, and if
so, only at apical borders of basal bronchial epithelial cells.
DSC3 was not detected in adenocarcinoma. By contrast, SCC
showed strong cell-cell staining of tumour cells. The strongest
staining was observed in the basal cells of SCC.

RNA-in situ hybridisation

ISH for DSP showed a strong staining in SCC especially in the
central SCC tumour areas (fig 3). Plakoglobin showed a similar
pattern in SCC. Plakoglobin staining in the normal bronchus
and adenocarcinoma was less apparent compared with SCC.
DSC3 staining was only visible in bronchial glands and not in
bronchial epithelial cells of normal bronchus. Clear DSC3
staining was shown in SCC, with the strongest intensity in
basal tumour cells, whereas no staining was observed in
adenocarcinoma. Overall, ISH showed a pattern comparable to
IHC for DSP, plakoglobin and DSC3.

DISCUSSION

Epithelial adhesion is a fundamental pathway in tissue
architecture and epithelial differentiation. Changes in epithelial
cell—cell and cell-matrix interactions have been implicated in
carcinogenesis, tumour invasion and metastasis. Thus, there is
a putative role of these adhesion genes in cancer susceptibility
and metastasis. This study explored differential expression of
cancer-related, inclusive adhesion-related, genes in NSCLC and
normal bronchi from patients with a long smoking history. We
identified 43 differentially expressed genes representing in part
key regulators of biological functions including five epithelium-
related adhesion genes, two subunits of integrin receptors,
ITGA3 and ITGB4, and three genes involved in the desmosome
complex, DSP, plakoglobin and DSC3. These genes were further
investigated with THC and RNA ISH and showed consistent
results for all three techniques for three of the five genes
(table 3).

The advantage of this study is that representative normal
bronchus tissue were selected, containing the putative lung
cancer precursor cells. We analysed both normal bronchus and
NSCLC tissue from the same patient; moreover here, it is
assumed that the greatest source of variation in gene
expression profiles originates from interindividual biological
variation.” Another advantage of this approach is that genetic
variance due to smoke exposure, which indeed can induce
changes in the resulting gene expression profiles, will be
excluded."

Integrins are a family of heterodimeric transmembrane
glycoproteins, consisting of o and P subunits, which serve
primarily as cell-matrix adhesion molecules but which can also
be involved in cell-cell adhesion. Integrins have an important
role in the regulation of cellular morphology, differentiation
and proliferation. Of the seven existing integrins expressed on
airway epithelial cells of healthy people, integrins o381 and
a6P4 recognise components of the basement membrane

(laminins 5, 10 and 11) and function therefore as true cell-
matrix adhesion molecules.'* Remarkably, integrin subunits o3
and P4 were up regulated in our adenocarcinoma and SCC
samples, respectively. On the basis of lower levels of integrin 1
and a6, we could not access differential expression pattern for
these two subunits. Differential expression for IGTA3 and
ITGB4 were confirmed by IHC and ISH. This confirmation was
most pronounced for ITGB4, which showed the strongest
expression of both protein and mRNA in SCC, in contrast with
the weakest expression in adenocarcinoma. ITGA3 and ITGB4
showed prominently cell-matrix staining in normal bronchus,
adenocarcinoma and SCC. Previous immunohistochemical
studies have shown comparable frequency, intensity and
distribution of those integrins in normal bronchial epithelium
and NSCLC.'**!

Increasing evidence suggests modulation of desmosomes is
an important step in the initiation and invasiveness of human
malignancies. Desmosomes are adhesive intercellular junctions,
made up of heterodimers of different isoforms of the
transmembrane desmosomal cadherins, desmogleins and des-
mocollins, which are linked to cytokeratin intermediate
filaments in epithelial cells through interactions with desmo-
plakins, plakoglobin and plakophilins (for a review, see
Wheelock and Johnson *?). Little is known about the
colocalisation of the desmosome components and their
distribution in normal bronchial epithelium and NSCLC. So
far, a tissue-dependent and differentiation-specific distribution
of individual desmosomal components has only been described
in squamous-like epithelial tissues, such as epidermis, hair
follicles, mammary glands and oral mucosa,”**” suggesting that
desmosomal cadherins have a role in directing differentiation
in epithelial tissues.” ** This is the first study illustrating the
distribution of differentially expressed desmosomal molecules
in SCC.

We observed strong enhancement of RNA and protein
expression in SCC for three desmosomal components: DSP,
plakoglobin and DSC3. Normal bronchus and adenocarcinoma
showed a relatively low or no expression of desmosome
molecules. However, plakoglobin protein expression was
observed in normal bronchus and adenocarcinoma at levels
similar to SCC, which might be related to its role in adherens
junction, attaching to actin filaments.’' Strongest expression of
DSP and plakoglobin was observed in more differentiated cells
centrally located in tumour areas, whereas DSC3 showed
stronger expression in basal cells. Remarkably, this differentia-
tion-specific distribution of the desmosomal molecules in SCC
is very similar to the pattern in normal squamous epithelium of
the skin. This strongly suggests a normal expression regulation
of these molecules in malignant transformed SCC and may
have implications for the biological behaviour of tumour cells.
Lack of cellular adhesion has an important role in the
metastatic potency of a primary tumour. Although additional
studies are required to elucidate the exact relationship of
desmosomal molecules with metastatic behaviour in lung
cancer, the strong presence of these molecules in SCC and its
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Bronchus

ITGA3

ITGB4

DSP |

DSC3

Figure 2 Immunohisiochemistrr on normal bronchus, adenocarcinoma (AC) and squamous cell carcinoma (SCC). Integrin o3 (ITGA3) and integrin 4
(ITGB4) show predominantly cell-matrix staining. The desmosomal proteins desmoplakin | and 1l (DSP) and plakoglobin (PG) show cell—cell staining, with
strongest staining between more central localised cells in SCC. Desmocollin 3 (DSC3) shows strong basal staining in SCC.
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Bronchus

Figure 3 RNA in situ hybridisation staining of normal bronchus, adenocarcinoma (AC) and squamous cell carcinoma (SCC). Integrin o3 (ITGA3) and
integrin P4 (ITGB4) show a predominant staining in basal cells. The desmosomal genes desmoplakin | and Il (DSP) and plakoglobin (PG) show evident
stﬁiningdof SCC tumour cells, most pronounced in central localised cells of the tumour areas in SCC. For desmocollin 3 (DSC3) strong basal staining was
observed in SCC.
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Table 3 Overview of the results of cDNA expression array (Array), immunohistochemistry (IHC) and RNA in situ hybridisation
(ISH)

Gene Tissue Array IHC ISH
Integrin 23 Bronchus w s s
AC s s s
SCC m s s
Integrin 4" Bronchus m m m
AC w w w
SCC s s s
Desmoplakin | and r Bronchus w % w
AC m m w
SCC s s s
Plakoglobin Bronchus w s m
AC w s w
SCC s s s
Desmocollin 3° Bronchus w w w
AC % w %
SCC s s m
AC, adenocarcinoma; IHC, immunohistochemistry; ISH, in situ hybridisation; m, moderate expression or staining; s, strong expression or staining; SCC, squamous cell
carcinoma; w, weak, or no expression or staining.
“Genes with consistent expression levels using the three different techniques.

apparently normal distribution may be associated with the less
frequent and late metastasis pattern of SCC as compared with
adenocarcinoma.

In summary, we reported a detailed description of distribu-
tion of differentially expressed adhesion molecules on protein
and mRNA levels in NSCLC and normal bronchi. A remarkably
high expression of desmosomal molecules was observed in SCC,
with a specific central or peripheral localisation. This may
signify a role of these molecules in tumour metastasis.
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