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Gene expression profiling of archival tongue squamous
cell carcinomas provides sub-classification
based on DNA repair genes
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Abstract. A subgroup of patients with squamous cell
carcinoma of the head and neck (SCCHN) comprise young
persons under the age of 40, who have not been heavily
exposed to the classical risk factors, smoking and alcohol.
The number of SCCHN in young adults, particularly tongue
tumours, is increasing in several parts of the world. Here we
employed a novel gene expression array methodology
specifically developed for analysis of degraded RNA and
investigated the expression of 502 cancer-related genes in
archival paraffin-embedded SCCHN of the tongue from
young (<40) and elderly patients (=50). Genes detected as
de-regulated in tumours compared to non-malignant controls
were in concordance with results from earlier studies of fresh
frozen material. No genes were detected as significantly
differentially expressed between young and old patients
suggesting that the overall pathobiology of SCCHN is similar
in young and old. Unsupervised clustering divided tumours
into three groups, irrespective of age, where several differen-
tially expressed DNA repair genes were a prominent
separation factor. High levels of DNA repair genes associated
with impaired therapeutic response to radiation, suggesting
that DNA repair genes play a role in clinical outcome after
radiotherapy.

Introduction

Squamous cell carcinoma of the head and neck (SCCHN) is
historically a disease of middle-aged to elderly men and
attributed to long-term use of tobacco and/or alcohol abuse
(1,2). The most common sites for oral squamous cell
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carcinoma (SCC) are tongue, floor of the mouth and lip.
High biological and prognostic diversity has been seen
between SCCHN tumours originating from different sites
(3-5). Tumours of the tongue are reported to have a unique
gene expression pattern making it possible to separate them
from other tumours in the oral cavity (6), emphasizing the
need for site-specific studies. An increase in SCCHN in
young adults, particularly tumours affecting the tongue, has
been reported from many parts of the world including
Scandinavia (7-10). Young patients with SCCHN are less
commonly associated with smoking and alcohol abuse,
suggesting that there are other important factors governing
the development of tongue tumours in young adults. Other
aspects of the disease also differ between young and old
patients, for example the male to female ratio is lower in the
younger group (11). SCCHN has been described in some
reports as being more aggressive in younger patients (12,13),
whereas other reports have not found any difference, or even
seen better survival in young patients (14-16).

Primary treatment for SCC affecting the tongue consists
of either surgery or combined surgery and radiotherapy. Due
to the rather low five-year survival for this disease there is a
need for markers that can guide the choice of therapy and/or
predict outcome. Many candidate genes have been identified,
including p53, cyclin D1 and epidermal growth factor receptor
(EGFR) (17-19), but no factor has shown sufficient importance
on its own and a multi-gene profile could thus be a better tool
for identifying or predicting the course of SCCHN tumours.
c¢DNA microarray techniques, which offer the opportunity to
simultaneously study expression levels of a large number of
genes, have proven useful for identifying tumour-specific
gene expression profiles as well as for classifying subgroups
of tumours (20-23).

The standard method for preserving tissue samples for
clinical histopathological examination is fixation in formalin
followed by embedding in paraffin (FFPE). A significant
problem with FFPE samples for molecular studies is the low
quality of RNA, which during fixation and storage is chemi-
cally modified and heavily degraded, making it resistant to
reverse transcriptase reactions (24,25). In recent years, methods
for extracting and amplifying RNA from FFPE samples have
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been developed and expression studies using these samples
are emerging (26,27). Here we utilized a recently developed
microarray technique for analysis of degraded RNA called
cDNA-mediated annealing, selection, extension and ligation
(DASL) (28,29). Squamous cell carcinoma of the tongue
from young (<40 years) and old (=50 years) patients were
studied for expression of 502 selected cancer-related genes.
The aims were to investigate the applicability of this techni-
que for providing reproducible data from archival SCCHN
samples collected at various times, to identify potential
differences in the pathobiology of tongue tumours in young
adults, and to identify genes that sub-classify these tumours
and may act as potential prognostic biomarkers.

Materials and methods

Tissue. FFPE blocks from 27 patients with SCCHN of the
tongue and from nine patients with non-malignant conditions
from the same site were available for analysis. For one
patient, two separate tumour biopsies were available (24A
and 24B). Fourteen patients were considered young, 24-40
years of age, and 10 were considered old, 52-79 years of age.
The mean age in the two groups was 33.9 and 67.4 years,
respectively. Three patients (age 41, 42 and 46) did not fall
into either of these groups but were included in the analysis
of tumours irrespective of patient age. Descriptive data of all
patients including smoking status, TNM and pCR (patho-
logical complete remission) is summarized in Table I. Punch
biopsies from the buccal mucosa of four healthy volunteers
were used for comparison of RNA quality between fresh
frozen tissue and FFPE samples. The tissue had been snap
frozen in liquid nitrogen and stored at -80°C. The study was
approved by the local Ethics Committee at Umea University
(dnr 01-057, dnr 08-003M and dnr 01-210).

RNA isolation and quality assessment. FFPE sample were cut
into 5 um sections. Depending on the size of the sample, 3-20
sections were collected giving an approximate total area of
1 cm? RNA was isolated using the High Pure RNA Paraffin
Kit (Roche Diagnostics GmbH, Mannheim, Germany). In
brief, sections were deparaffinised in xylene and lysed over-
night in proteinase K. Solubilised nucleic acids were bound
and washed three times in a filter tube before DNAse I
treatment and a second round of washing. Purified RNA was
eluted in nuclease-free water and stored at -80°C. The same
protocol was used for the fresh frozen (FF) samples. However,
instead of incubation in xylene these samples were cut into
small pieces and homogenized by drilling (Black & Decker).
RNA concentration was measured using a nanodrop (ND-
1000 spectrophotometer) and RNA integrity assessed both by
visualizing the size of the RNA on an Agilent 2100 bioanalyzer
together with Agilent RNA 600 Nano kit (Agilent Technologies,
Santa Clara, CA, USA) and by determining the amplification
ability in a q-PCR reaction according to Illumina recommen-
dations. q-PCR reactions were carried out using a Lightcycler™
with Lightcycler Fast Start DNA master SYBR-Green I kit
(Roche Diagnostics GmbH) according to the manufacturer's
recommendations. RNA was also extracted from a number of
cell lines (FaDu, U20S, MCF-7, Saos-2, Raji, H1299 and
SCC25) using TRIzol (Invitrogen, Carlsbad, CA, USA).
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Table I. Clinical data.

Case Age Sex TNM Smoking  pCR®

5 24 F T2NOMO No non-CR
25 27 M T2N1MO No CR
36 29 F T2N2aMO Yes non-CR

3 30 F T3NOMO Yes CR
24 30 M T2NOMO No CR
26 31 F T2N2bMO No non-CR
32 34 M T2NOMO Yes CR
29 36 M T2NOMO Yes CR
13 38 F T2NOMO Yes CR

8 38 M TINOMO Yes —b

4 39 M T2NOMO No non-CR

9 39 F T2NOMO Yes non-CR
35 40 F T2NOMO Yes CR
30 40 F T3NOMO Yes non-CR
28 41 M T3N2bMO Yes CR

7 42 M TINOMO No CR
33 46 M TINOMO No CR
14 52 F T4N2cMO No —e
11 58 M T3N2bMO Yes CR
34 62 M TINOMO Yes —b
10 64 M TINOMO No —c
31 65 F T2NOMO No —d

2 69 F T2NOMO No CR

1 74 M T2NOMO Yes CR

6 74 M T3N2bMO Yes non-CR
12 77 F T2N1MO No CR
27 79 M T2NOMO Yes —f

aPathological complete remission (pCR) after preoperative radio-
therapy and surgery; — data not available due to: Ppost operative
radio therapy, ‘surgery only, %radiotherapy only, °no treatment, ‘died
during radiation therapy.

Microarray. Gene expression profiles were achieved using
the DASL assay which is developed specifically for analysis
of partially degraded RNA. The Illumina DASL Human Cancer
Panel gene set (Illumina, San Diego, CA, USA) targeting 502
cancer-related genes was used. mRNA was converted into
biotinylated cDNA and annealed to pairs of gene-specific
query oligonucleotides containing universal PCR primer
landing sites and a hybridization address sequence. The product
was then washed and correctly annealed oligonucleotides
were extended and ligated. Amplification was carried out
with fluorescently labelled PCR primers and the product was
hybridized to an Illumina Sentrix universal Array Matrix. This
platform is a fibre-optic assembly containing 96 individual
arrays and all samples were run in duplicate. Illumina
BeadArray Reader 500 was used for scanning the arrays.

Data analysis. Array data were normalized using the cubiq
spline algorithm included in the BeadStudio software
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provided by Illumina. Internal BeadStudio controls for
hybridization, background signal and contamination were
used for assessing the quality of the arrays. Genes were
considered detected if the detection P-value was lower than
0.01. Genes not detected in any of the arrays were excluded.
Simple linear regression was used to investigate the technical
reproducibility of the arrays. Expression values were exported
from BeadStudio and further processed and visualized using
Microsoft Excel and MultiExperiment Viewer, MeV4.0
(http://www.tm4.org). Differentially expressed genes were
identified using two statistical tests, t-test and SAM (Signifi-
cance Analysis of Microarrays) (30), and using fold-change
calculations. P-values from t-tests were corrected for multiple
testing by Bonferroni correction and the significance threshold
was set at P<0.05. Default parameters were selected for SAM
calculations. Before fold-change calculations, expression
values were truncated to a value of 200 (all values <200 were
set to 200) to avoid selection of low-intensity genes which
from replicate analysis were found to be unreliable. All
samples in a group were considered biological replicates
during analysis and no information about gene expression for
separate samples were taken into consideration. Clustering
of samples was performed by unsupervised hierarchical
clustering using Euclidian distance measurements.

Quantitative real-time PCR analysis. Because of the limited
amount of RNA, a selection of tumour samples and control
samples for each of four genes were used for confirmation of
microarray data by q-PCR. RNA from tissue and cell lines
were processed the same way. First strand cDNA was
synthesised using Cloned AMV First-Strand cDNA Synthesis
kit (Invitrogen) with 200 ng of RNA and random primers in a
20 ul reaction mixture. cDNA (1 ul) reaction was then
subsequently used as template for amplification of TUBA6
(house-keeping gene), EGFR, SERPINE1/PAI-1, BCL2Al
and BRCA2. The q-PCR reaction was carried out in a 20 ul
reaction using IQ SYBR-Green Supermix (BioRad,
Hercules, CA, USA) according to the manufacturer's
recommendations. The gene specific product was kept
under 100 bp to optimize conditions for amplification of
degraded RNA (31). All products were also designed to
cross an intron/exon junction to avoid amplification of
genomic DNA. Primer sequences were as follows: TUBAG6 5'-
CCGGGCAGTGTTTGTAGACT-3" and 5'-TTGCCTGTG
ATGAGTTGCTC-3"; EGFR 5'-CGTCGTCCATGTCTTCT
TCA-3' and 5'-CAGCGCTACCTTGTCATT-3'; SERPINE
5'-CAGGAAGCCCCTAGAGAACC-3' and 5'-GTGGAG
AGGCTCTTGGTCTG-3'; BRCA2 5'-GAGAAGCTGCAA
GTCATGGAT-3' and 5-CATTTGGCATTGACTTTCCA-3';
BCL2A1 5'-GTTGCGGAGTTCATAATGAATAAC-3' and
5-CCAGCCAGATTTAGGTTCAAAC-3'. The reaction was
carried out in an IQ5 real-time detection system (BioRad)
using a two-step reaction with an annealing and extension
time and temperature of 30s at 60°C. All genes were
normalized to TUBAG6 expression levels and samples were
run in duplicate or triplicate.

Immunohistochemistry. Two gene products (EGFR and
BCL2A1) were also analysed using immunohistochemistry.
Sections from the same FFPE samples used for the q-PCR
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confirmation were immunostained using an EGFR-specific
antibody (Dako, Glostrup, Denmark) and a BCL2A 1-specific
antibody (Abcam, Cambridge, UK) both diluted 1:50. EGFR
samples were pre-treated with proteinase 1 and BCL2A1
samples with citrate or EDTA and staining was performed
using a Ventana staining machine and reagents according to
the supplier's recommendations.

Estimation of degree of inflammation. Degree of inflam-
mation in tumour samples was estimated by the number of
infiltrating leukocytes and divided into three classes designated
as weak, moderate and strong by an experienced oral
pathologist (KN).

Complete pathological remission (pCR). The majority of the
patients (n=21) were treated with preoperative radiation and
surgery. Treatment for the remaining cases (n=6) is described
in Table I. Response to preoperative radiotherapy was
evaluated by analysing the presence of viable tumour cells in
the surgical specimen and classified as complete pathological
remission (pCR) or non-complete pathological remission
(non-pCR) as described before (32,33).

Results

RNA extraction and integrity. Quality of the RNA extracted
from the 37 FFPE blocks was assessed by capillary electro-
phoresis (2001 BioAnalyzer; Agilent, Santa Clara, USA) and
by monitoring amplification of the ribosomal protein L13A
(RPL13A) using RT-qPCR. Ribosomal RNA was not clearly
visible from micro-capillary electrophoresis and a trend
towards higher degradation of RNA with storage time was
seen (Fig. 1A). In the g-PCR reaction, amplification of RNA
from FFPE and fresh frozen (FF) tissue (using an average of
four frozen samples) was compared. A difference of more
than twelve cycles between the two was set as a cut-off for
inadequate RNA quality (Illumina recommendations). Cycle
numbers for FFPE samples were 3-10 cycles higher than for
FF samples. The age of the paraffin block could only explain
a very small part of that variation (1?=0.18 using simple linear
regression, Fig. 1B). This is not surprising as the modifica-
tions caused by the formaldehyde during tissue fixation, and
not the degradation of the RNA, has been shown to be the
strongest limiting factor for the q-PCR reaction (24,25).
Thus, fixation time and/or delay in fixation are probably the
main factors preventing the use of stored tissue samples,
although prolonged storage also slightly impairs RNA quality.

Array quality. All samples passed the RNA quality control
and were analysed in duplicate, allowing analysis of all 74
samples in parallel. All arrays showed good hybridisation, no
contamination and low background signal (internal controls),
but four patients (2, 7, 8 and 16) were excluded due to low
replicate reproducibility, observed as low correlation indices
(r2<0.8) or failure to cluster together using hierarchical
clustering. The remaining samples had good reproducibility
with correlation indices (r?) as high as 0.98 (data not shown).
Eighteen genes were not detected in any of the arrays. Data
from the remaining 484 genes were therefore used throughout
the analysis.
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Table II. Genes significantly differentially expressed between
tumour samples and normal tissue using two statistical tests,
t-test and SAM.

Gene symbol  Accession number  P-value*  Bonferroni®
BCL2AI NM_004049.2 8.1E-10  4.0E-07
ICAM1 NM_000201.1 1.1E-08  5.7E-06
MMP9 NM_004994.1 1.7E-08  8.4E-06
TGFBI NM_000660.1 1.8E-08  8.8E-06
ILIRN NM_173843.1 1.9E-08  9.4E-06
LTA NM_000595.2 3.7E-08 1.9E-05
PLAUR NM_002659.1 3.8E-08 1.9E-05
SKI NM_003036.1 6.2E-08  3.1E-05
APC NM_000038.2 6.3E-08  3.1E-05
RAP2A NM_021033.3 6.9E-08 3.4E-05
MMP7 NM_002423.2 9.3E-08 4.6E-05
MMP] NM_002421.2 1.0E-07 5.2E-05
ARHA NM_001664.1 1.9E-07  9.4E-05
DSP NM_004415.1 2.7E-07 1.3E-04
PML NM_033240.1 3.0E-07 1.5E-04
PRKR NM_002759.1 34E-07 1.7E-04
VAV2 NM_003371.1 3.8E-07 1.9E-04
ALOX1I2 NM_000697.1 4.6E-07 2.3E-04
PTHLH NM_002820.1 4.7E-07 2.3E-04
BAGI NM_004323.2 6.2E-07 3.1E-04
TFDPI NM_007111.3 6.4E-07 3.2E-04
MMP3 NM_002422.2 8.0E-07 4.0E-04
ARHH NM_004310.1 8.1E-07 4.0E-04
MAD NM_002357.1 1.0E-06 5.1E-04
FER NM_005246.1 1.1E-06  5.6E-04
RADS50 NM_005732.2 1.1E-06  5.6E-04
TNF NM_000594.2 1.2E-06  5.9E-04
E2F3 NM_001949.2 1.2E-06 6.2E-04
ILS NM_000584.2 1.5E-06  7.5E-04
KRAS?2 NM_004985.3 1.5E-06  7.7E-04
PTK7 NM_002821.3 2.0E-06 1.0E-03
osSM NM_020530.3 2.3E-06 1.1E-03
MXI1 NM_005962.2 2.7E-06  1.3E-03
TGFBR3 NM_003243.1 3.2E-06 1.6E-03
HCK NM_002110.2 3.5E-06 1.7E-03
CSF3R NM_156039.2 4.5E-06 2.2E-03
CXCL9 NM_002416.1 5.1E-06  2.6E-03
CTNNAI NM_001903.1 5.2E-06 2.6E-03
RAF1 NM_002880.1 5.3E-06 2.6E-03
DCN NM_133503.1 5.8E-06 2.9E-03
DLEUI NM_005887.1 5.8E-06 2.9E-03
IRF1 NM_002198.1 6.2E-06 3.1E-03
STATI NM_007315.2 7.2E-06  3.6E-03
EVI2A NM_014210.1 7.6E-06  3.8E-03
BARDI NM_000465.1 9.5E-06  4.8E-03
CCNH NM_001239.2 1.1E-05 5.4E-03
DDX6 NM_004397.3 1.2E-05 5.8E-03
VIL2 NM_003379.3 1.2E-05 5.9E-03
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Table II. Continued.

Gene symbol ~ Accession number  P-value*  Bonferroni®
MAPK 14 NM_139012.1 1.3E-05 6.7E-03
MSF NM_006640.2 1.6E-05 7.9E-03
PBX1 NM_002585.1 2.0E-05 1.0E-02
ELL NM_006532.1 2.3E-05 1.2E-02
FzZD7 NM_003507.1 2.6E-05 1.3E-02
NFKB?2 NM_002502.2 3.3E-05 1.6E-02
WRN NM_000553.2 34E-05 1.7E-02
TNFRSF5 NM_152854.1 34E-05 1.7E-02
TYRO3 NM_006293.2 4.3E-05 2.1E-02
CDK7 NM_001799.2 4.5E-05 2.2E-02
CASP2 NM_032984.1 49E-05 2.5E-02
ERBB3 NM_001982.1 5.2E-05 2.6E-02
PXN NM_002859.1 5.2E-05 2.6E-02
ITGBI NM_033669.1 7.9E-05 4.0E-02
BAK1 NM_001188.2 8.0E-05 4.0E-02
CDC25B NM_021873.1 8.1E-05 4.0E-02
PIM1 NM_002648.2 9.4E-05 4.7E-02

“P-values obtained from t-test for genes differentially expressed
both using t-test and SAM; "Bonferoni corrected P-values for
multiple testing.

Genes differentially expressed in tumour samples.
Unsupervised hierarchical clustering was performed in order
to visualize gene expression data and identify sample groups
that share similar overall gene expression patterns (34). As
seen in the resulting dendogram, replicates clustered as pairs
at the shortest distance and the two biopsies originating from
the same patient (24A and B) formed a tight four-sample
cluster (Fig. 1C). Overall, samples divided into three large
clusters with one group containing all non-malignant control
samples (group C) and two groups comprising samples from
cancer patients (group 1 and 2). One tumour biopsy (sample 9)
clustered together with the control samples. This was a highly
differentiated tumour with a high content of tumour tissue in
the sample analysed.

Differences in gene expression profiles between cancer
and control samples were analyzed using t-test and SAM
(significance analysis of microarrays), resulting in a set of
126 significantly differentially expressed genes. Sixty-five
genes were found using both tests (Table II), including anti-
apoptotic (BCL2AI), matrix remodelling (MMPs), cell
proliferation/growth (CDC25B, TGFBI, MAD), inflammation
(IL8, TNF) and cell migration ITGB1, ICAM1I) genes.

Differences between tumours and controls were also
assessed by studying fold-changes. Sixty-two genes had a
mean expression value more than 2-fold up- or down-
regulated in cancer samples as compared to non-malignant
controls (Table III). Ten genes, of which five were matrix
metalloproteinases (MMPI1, MMP3, MMP7, MMP9 and
MMPI0), had an increased expression of more than 5-fold.
Secreted phosphoprotein 1 (SPPI) had the highest induction
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Figure 1. Evaluation of RNA quality from FFPE material. (A) RNA integrity was visualized using micro-capillary electrophoresis resulting in a gel-like
image. The sample number and year of surgical removal of the sample are indicated above each lane. (B) Correlation between age of sample and performance
in q-PCR reaction was evaluated in a scatter plot. The Ct-value for each FFPE sample was compared to an averaged Ct-value from four fresh-frozen (FF)
samples. (C) Hierarchical cluster analysis of gene expression analysis using DASL microarray. Material from all patients was analysed in duplicate, forming
small two sample clusters at the shortest distance. Squares represent control samples and diamonds tumour samples. Samples, 24A and B, encircled in the

picture, are two separate biopsies from the same patient.

with an 18-fold mean difference between cancer and control
samples. These findings are in agreement with earlier studies
using fresh frozen tissue (35).

Comparing the lists of genes showing statistical signifi-
cance and those that are more than 2-fold different, only 25
genes fulfil both criteria, reflecting the differences in
approach: While the statistical tests identify consistent
changes, the 2-fold calculations identify genes that are highly
over- or under-expressed in only a fraction of patients.

Confirmation of array data. To confirm microarray results
two genes with high expression (EGFR and PAI-I) and two
genes with low expression (BCL2AI and BRCA2), according
to the array, were analysed using quantitative real-time RT-
PCR in a selection of tumours (n=4-6) and controls (n=3-4).
All expressions were normalized to TUBA6 which according
to GeNorm calculations is stably expressed across cancerous
and normal head and neck tissue (own unpublished data).
Similar results as for the microarray experiment were obtained
using q-RT-PCR (Fig. 2).

EGFR was also studied at the protein level, using immuno-
histochemistry, in the same samples as was confirmed using
g-PCR. Tumours and normal tissue showed a strong staining
of EGFR predominantly in the cell membrane. The three
tumours over-expressing EGFR at the mRNA level had the
strongest staining intensity (Fig. 3). Protein expression of

BCL2A1 could not be studied by immunochemistry due to
inconsistent results and non-specific antibody binding could
not be ruled out.

Fraction of infiltrating immune cells. BCL2AI was first
described to be specific to cells of haematological origin and
it was therefore of interest to clarify if the over expression of
BCL2A1I seen in tongue tumours was due to inflammatory or
cancer cells. Levels of BCL2A] mRNA varied in cancer
samples with some showing high up-regulation while others
only had a slight increase compared to controls. To compare
this to the degree of inflammation the number of inflam-
matory cells was estimated in a selection of samples (n==8),
showing either high or low BCL2AI expression. No
correlation was seen between degree of inflammation and
levels of BCL2AI. A number of cancer cell lines were also
analysed for expression of BCL2AI using q-PCR. BCL2A]
was detectable in head and neck cancer derived cell lines
(SCC25, FaDu) as well as in other cell lines (U20S, MCEF-7,
Saos-2, Raji). H1229 cells were negative for BCL2A1
expression while Raji cells derived from a patient with
Burkitt's lymphoma showed very high expression of BCL2A]
(data not shown).

Young adults compared to older patients. To make data
comparable to earlier studies, patients under the age of 40
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Table III. Genes =2-fold up- or down-regulated in tumour
samples compared to normal tissues.

Gene symbol Accession number Avg. fold-change

SPP1 NM_000582.2 18.3
MMP9 NM_004994.1 15.7
MMPI1 NM_002421.2 13.2
MMP3 NM_002422.2 10.8
ILS NM_000584.2 9.7
MMP7 NM_002423.2 8.5
MMPI0 NM_002425.1 6.4
CXCL9 NM_002416.1 6.2
IL11 NM_000641.2 5.7
BCL2A1 NM_004049.2 54
OoSM NM_020530.3 4.8
LTA NM_000595.2 4.8
PTHLH NM_002820.1 4.7
TGFBI NM_000660.1 4.3
CSF2 NM_000758.2 39
TNF NM_000594.2 39
FOLRI NM_016724.1 3.8
SERPINE] NM_000602.1 3.6
E2F3 NM_001949.2 34
MYBL2 NM_002466.2 34
LCK NM_005356.2 32
CDKN2A NM_058196.1 2.8
IL6 NM_000600.1 2.8
TNFSF8 NM_001244.2 2.7
CSF3 NM_172219.1 2.7
HOXA9 NM_152739.2 2.7
CSF3R NM_156039.2 2.6
HCK NM_002110.2 2.6
ICAM1 NM_000201.1 25
ILIB NM_000576.2 2.4
ARHH NM_004310.1 2.4
PTPRH NM_002842.1 2.2
DAPK1 NM_004938.1 22
CDC25B NM_021873.1 2.2
LIF NM_002309.2 2.1
BIRC3 NM_182962.1 2.1
CEACAM1 NM_001712.2 2.1
ERCC2 NM_000400.1 2.1
CDHI1 NM_001797.2 2.0
BCL2 NM_000657.1 20
BMP4 NM_001202.2 20
TERT NM_198255.1 2.0
BTK NM_000061.1 2.0
NFKB2 NM_002502.2 20
PTGS2 NM_000963.1 20
LCN2 NM_005564.2 -2.0
FGFI2 NM_004113.3 -2.0
PNUTLI NM_002688.2 -2.0
IGFBP5 NM_000599.1 -2.1
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Table III. Continued.

Gene symbol Accession number Avg. fold-change

CDKN2C NM_078626.1 -2.1
DLCI NM_024767.2 -2.1
TGFBR3 NM_003243.1 -2.1
MYB NM_005375.1 -2.1
NTRK3 NM_002530.1 2.2
AR NM_000044.2 -2.3
CTNNAI NM_001903.1 2.3
BARDI NM_000465.1 -2.4
ABCBI NM_000927.2 -2.4
DLEUI NM_005887.1 -2.5
TYRO3 NM_006293.2 -2.5
ALOXI2 NM_000697.1 -4.3
HLF NM_002126.3 -4.6

were considered young adults in this study (7-10,36).
Statistical analysis using both t-test and SAM did not identify
any significantly differentially expressed genes between
young adults and older patients, indicating no consistent
changes. A few samples in one of the groups showing high
up- or down-regulation lead to three genes being detected as
2-fold differentially expressed between young and old
SCCHN patients (BRCA2, FGFR2 and RARB).

Hierarchical clustering of cancer patients. As mentioned
above, upon unsupervised hierarchical clustering, samples
from cancer patients divided into two large clusters, irres-
pective of age (group 1 and 2). When examining group 1
closer, it further divided into two smaller groups 1A (n=6)
and 1B (n=5) (Fig. 4). Cluster 1A was most distinct from the
other clusters regarding number of significantly differen-
tially expressed genes. Using SAM statistics, 30 genes were
differentially expressed between group 1A and the other
tumour samples. Using a 2-fold filter the number of genes
decreased to 16 [Table IV (A)]. Interestingly, four of these
16 genes were up-regulated DNA repair genes (BRCA2,
XRCC2, BLM and RECQL). Group 1B on the other hand had
15 differentially expressed genes compared to the other
tumour samples and four of these were >2-fold up- or down-
regulated [Table IV (B)]. Three of these four genes were
down-regulated DNA repair genes (BARDI, CCNH and
FANCG). In group 2, PTGS2/COX-2, LCN2 and SERPINE]
were significantly changed in SAM calculations and showed
an induction or reduction of at least 2-fold [Table IV (C)].

Viable cells in surgery specimens after radiation therapy.
Overall 21 of the 27 patients in this study completed preoper-
ative radiation therapy and out of these 67% showed complete
pathological response (Table I). Group 1A, characterized by
over-expression of DNA repair genes had three of six patients
with a pCR (50%) , while all five patients in group 1B with
down-regulated DNA repair genes showed complete patho-
logical remission (100%).
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Figure 2. Confirmation of array data using q-PCR. Four genes representing high- and low-expressed genes, according to the array, were amplified using
quantitative real-time PCR. DASL data are shown as bars while qPCR data are represented by a line. Tumours are coloured grey and control tissue white. Due
to limited amount of material, genes were analyzed in only a selection of samples. EGFR, BRCA2 and SERPINEI, which showed over-expression in a fraction
of the tumour samples, were analyzed in three tumour samples over-expressing the gene (1-3), three tumour samples not over-expressing the gene (4-6) and
three control samples (7-9). BCL2AI showing a more general over-expression in most tumour samples was analyzed in four random tumour samples (1-4) and
four controls (5-8). All expression values were normalized to the internal control gene TUBAG.

Discussion

In this study we analyzed gene expression in formalin-fixed
paraffin-embedded samples from SCC and benign control
tissue from the tongue. FFPE samples are commonly available
but contain highly degraded RNA. Using the DASL methodo-
logy, many of the genes identified as differentially expressed
in cancer samples were similar to those previously identified
from frozen samples i.e. TGFBI, SPP1, STAT-1, CSF2/3,
PLAUR, MMP and PTGS2 (COX-2) (35,37-39). EGFR is
commonly found to be up-regulated in SCCHN and also the
first protein to be targeted for antibody treatment (40). Three
biopsies were identified as highly over-expressing EGFR in
this study, which was further confirmed using q-PCR and
immunohistochemistry. These data confirm that accurate
mRNA expression data can be obtained from archived FFPE
tumour samples that have been stored for up to at least 11
years.

BCL2A1I, a member of the BCL-2 family of anti-apoptotic
genes was the gene with highest significance and a fold
induction of 5.4 in tumours compared to controls. Another
member of the family, BCL2, showed a 2-fold up-regulation
that was not statistically significant due to over-expression in
only a fraction of tumours, as previously reported by immuno-
histochemistry (41). Querying the Oncomine database of

microarray expression profiles (42) supports our data of
BCL2A1 over-expression in SCCHN. Those data also
suggested site-specific expression, with higher levels of
BCL2A] found in laryngeal tumours than tumours of the oral
cavity, oropharynx or hypopharynx and no correlation with
stage or survival (43). BCL2AI is normally restricted to the
haematopoietic compartment, but over-expression has been
seen in a number of non-haematological malignancies
including bladder cancer, skin cancer and melanomas (44-
46). The over-expression of BCL2AI in our samples did not
seem to be due to inflammatory cells. Detection of BCL2A1
in SCCHN cancer cell lines further shows the capability of
SCCHN cells to express BCL2AI. To confirm that SCCHN
tumours express the BCL2A1 protein, immunohistoche-
mistry is needed, but could not be performed here due to lack
of reliable antibodies. Previous studies have described the
importance of other BCL2 family members in SCCHN
(41,47) and our data implicate BCL2AI, which has an anti-
apoptotic function, as an important factor in tongue tumours.
Based on differences in survival, exposure to risk factors,
and sex distribution, several authors have suggested that
young adults with tongue tumours comprise a subgroup of
patients with distinct internal and/or external factors for
developing tumours (13,48,49). However, only a few studies
have been performed to explore differences between tumours



1328 RENTOFT et al: EXPRESSION PROFILING OF SCC OF THE TONGUE

Figure 3. Confirmation of array data using immunohistochemistry. The
same samples that were analyzed by q-PCR for EGFR were also analyzed
by immunohistochemical staining using an EGFR antibody (brown
staining). Two representative samples are shown; one control sample (A)
(magnification, x40), and one tumour sample over-expressing EGFR at the
mRNA level (B) (magnification, x20).
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Figure 4. Unsupervised hierarchical clustering of cancer samples. All repli-
cates were averaged and re-analyzed using hierarchical clustering. Cancer
samples separated into three different groups. Circles, diamonds and squares
represent group 1A, 1B and 2, respectively. One tumour biopsy did not
cluster with the others and is represented by a triangle, number 12. Tumour
sample 9 which clustered with the controls is not shown.

from young and old patients at the molecular level. Infection
with human papilloma viruses (HPV) has been suggested as a
contributing factor to the increasing numbers of SCCHN in
young people, but little evidence for this has been shown in
young tongue cancer patients (50,51). A trend towards
silencing of p16 in young adults caused by DNA methylation
in contrast to deletions in older patients was recently reported,
whereas no significant difference in pl16 expression was
found (52). By investigating expression levels of 502 cancer-
related genes we sought to identify genes or pathways that
could be important in development of tongue tumours in
young adults. That none of the 502 genes, of which 126 were
statistically different between cancer and control, were
identified as statistically differentially expressed in tumours
from young compared to old patients and that only three genes

Table IV. Two-fold filtered significantly differentially
expressed genes.

A.

Gene symbol Accession number Avg. fold-change

XRCC2 NM_005431.1 5.0
BRCA2 NM_000059.1 4.9
HMMR NM_012485.1 3.6
RECQL NM_002907.2 2.8
BLM NM_000057.1 24
LIGI NM_000234.1 -2.0
TFE3 NM_006521.3 2.1
COLIAI NM_000088.2 -2.1
PIM1 NM_002648.2 -2.2
FGFR4 NM_002011.2 2.2
FGFRI NM_023110.1 2.2
PURA NM_005859.2 -2.3
TIAM1 NM_003253.1 -2.4
ZNFNIAI NM_006060.2 =27
PPP2RIB NM_002716.3 -2.7
RELA NM_021975.1 -2.7
B.

Gene symbol

Accession number

Avg. fold-change

MMPI0 NM_002425.1 33
FANCG NM_004629.1 -2.1
CCNH NM_001239.2 2.2
BARDI NM_000465.1 -2.5
C.

Gene symbol Accession number Avg. fold-change

LCN2 NM_005564.2 2.1
SERPINE] NM_000602.1 -2.6
PTGS2 NM_000963.1 -2.8

were identified as differentially expressed at a level of >2-fold,
whereas many more genes were identified within different
sub-groups of tumours irrespective of age, disagrees with the
notion of a radical difference in pathobiology between the
groups.

A prominent group of genes that separated patients into
three clusters (1A, 1B and 2) are involved in DNA repair.
Deficiencies in DNA repair pathways are strongly correlated
with tumour formation (53). On the other hand, enhanced
ability to repair DNA damage can be of benefit for the tumour,
rendering it more resistant to treatment. For example, chemo-
resistance in women with relapsing ovarian cancer likely
relies on increased efficiency in repairing DNA damage (54),
and the levels of ERCCI, which is involved in nucleotide
excision repair, identifies a sub-group of oesophageal SCCHN
patients who respond poorly to combined adjuvant therapy
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(55). Targeting a number of DNA repair proteins such as
RADS51, XRCC4 and ATM has also been shown to increase
radiation sensitivity in tumour cell lines (56-58). In our study,
tumours could be sub-classified on the basis of expression of
genes with roles in DNA repair and there was a numeric better
therapeutic response to irradiation in patients with lowest
expression of DNA repair genes (Group 1B), and poorer
response in patients with highest expression (Group 1A).

Most carcinomas have a suppressed ability to repair or
sense DNA damage in one or several pathways since both
genomic instability and avoidance of apoptosis induced by
DNA damage are hallmarks of cancer (59). Therefore,
targeting a functional DNA repair pathway can have an
exaggerated effect on tumour cells compared to normal cells
where all other DNA repair pathways are still intact. This
was illustrated by Farmer and colleagues, who showed that a
cell line defective in BRCA1/2, involved in repair of double-
strand breaks, is sensitive to depletion of poly(ADP-ribose)
polymerase PARP1, an enzyme involved in repair of single
strand breaks (60). Based on these observations and our
results, it could be hypothesised that group 1A patients
would favour particularly from combining radiotherapy with
suppression of DNA repair. The majority of the deregulated
DNA repair genes in our study are involved in homologous
recombination (HR) repair of double-strand breaks. Thus, the
ability to inhibit this pathway may have therapeutic benefit
for this specific group of patients and a larger study group is
warranted to confirm these results.

In conclusion, we have demonstrated the applicability of
expression profiling applied to formalin-fixed and paraffin-
embedded samples. Results from analysis of 502 selected
cancer related genes do not support a significant difference
for SCC of the tongue in young patients. The finding that a
subset of SCCHN expressed high levels of DNA repair genes
in association with impaired therapeutic response to radiation
suggests that these genes could represent predictive bio-
markers for therapy response and also provide a novel
mechanism for improving therapy response by targeting
homologous recombination repair of double-strand DNA
breaks in this group of patients.
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