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Abstract Purpose:To explore possible range of gene expression profiles in head and neck squamous cell
carcinomas (HNSCC) and pairwised normal controls from Sudanese (n = 72) and Norwegian
(n =45) patients usinga15K cDNAmicroarrayand to correlate the findingswith clinicopathologic
variables.
Experimental Design: Samples from Sudan were grouped according to anatomic location/
patients’ habit of toombak (snuff) use, and 37 pools of 2 to 11tumors matched to 37 pools of
their normal controls from the same patients, respectively, were prepared. For Norway, eight
pools of 3 to 11tumors matched to eight pools of their normal controls from the same patients,
respectively, were prepared according to anatomic location. Pools (n = 45) were hybridized to
microarrays. For controls, 33 of the pools were hybridized against Human Reference RNA.
Scanned array images were recorded, and data analysis was done in groups. For verification,
results for selected genes were analyzedusing quantitative real-time PCR/immunohistochemistry.
Results:We identified 136 genes from Sudan and 154 from Norway as differentially expressed
between tumors and controls. Changes of the genes foundwere confirmed in >70% of the pools
by hybridization against Reference RNA. Seventy-three genes and three main pathways (signal
transduction, cell communication, and ligand-receptor interaction) were of relevance to the
HNSCCs from both countries. Hierarchical clustering of the 73 genes identified subclasses of
mixed tumors from the two populations, two independent subgroups for Norwegian tumors by
their anatomic sites, and five subgroups for Sudanese tumors by their toombak habits. Quantita-
tive real-time PCR/immunohistochemistry validated themicroarray-based data.
Conclusions:Differences in gene expression between tumor and nontumor tissues were identi-
fied in HNSCCs. Analysis of the twopopulationgroups revealed a common set of 73 geneswithin
three main biological pathways. This indicates that the development of HNSCCs is mediated by
similar biological pathways regardless of differences related to race, ethnicity, lifestyle, and/or
exposure to environmental carcinogens. Of particular interest, however, was the valuable associ-
ation of gene expression signature foundwith toombakuse and anatomic site of the tumors.

Head and neck squamous cell carcinomas (HNSCC) are among
the 10 most prevalent cancers in the world, with a higher
proportion occurring in developing countries (1–3). Tobacco
use and/or alcohol consumption are the two principal risk
factors involved in development of HNSCCs (1–3). In Norway,
however, where these habits are common, incidence of HNSCCs

(1996-2001) has been found to be relatively low (6.12 per
100,000 per year for males and 2.51 per 100,000 per year for
females; ref. 4). Contrary to this, in Sudan, where these habits are
relatively low due to religious constrains, incidence of HNSCCs
(1970-1985) is reported to be particularly high (11.60 per
100,000 per year for males and 6.91 per 100,000 per year for
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females; ref. 5). The high incidence observed in Sudan is
attributed to wide use of smokeless tobacco, as oral snuff, locally
called toombak, a mixture of tobacco powder and sodium
bicarbonate (6). Despite improvements in surgery, chemother-
apy, and radiation therapy, the overall survival associated with
HNSCCs has not improved in the past 30 years (7).

HNSCCs result from progressive accumulation of genetic
lesions with a precise nature still largely unknown (8–10).
Identification of genes involved in carcinogenesis of HNSCCs
may provide key factors to understanding these tumors and
might lead to development of diagnostic markers and/or
effective therapeutic strategies (8–10). Genetic alterations in
HNSCCs result in qualitative and quantitative changes in gene
expression profile, leading to abnormal cell function and
proliferation (8–10). Microarray technology is a powerful tool
that allows for studying the molecular basis of interactions on a
large scale difficult to obtain through conventional methods
of analysis (11–13). The technology is now widely used for
disease diagnostics (14, 15), candidate gene identification
(16, 17), gene expression profiling (18, 19), and elucidation of
biological pathways (20–22). In the West, several reports have
been published on microarray studies of HNSCCs with
promising findings (reviewed in refs. 23–26). However,
although the burden of HNSCCs is high in developing countries,
studies using microarrays are rare, which might be attributed to
the high cost of the technology. A comparison between HNSCCs
from developing countries and developed ones using micro-
arrays has not been attempted. We therefore wanted to explore
possible range of gene expression profile differences and/or
similarities between samples of HNSCCs and pairwised normal
oral mucosal tissues (NOMT) from Sudanese (n = 72) and
Norwegian (n = 45) patients, and to correlate the findings with
clinicopathologic variables using the human cDNA DNR Micro-
array 15K arrays manufactured and supplied by Norwegian
Microarray Consortium (http://www.mikromatrise.no).

Materials andMethods

Patient characteristics and biopsy specimens. The study protocol,
adhering to acceptable standards for each country, was approved by
Committees for Medical Ethics at Haukeland University Hospital,
Norway, and University of Khartoum, Sudan. An identical protocol
was used for tissue collection/processing in both countries. From
December 1999 to July 2003, primary HNSCCs (n = 117; 72 from
Sudan and 45 from Norway) with pairwised NOMTs (n = 117) were
obtained from patients who had undergone surgery at the Department
of Surgical Sciences, Section of Otorhinolaryngology, Haukeland
Hospital and Department of Oral and Maxillofacial Surgery, Khartoum
University Dental Teaching Hospital. NOMTs were obtained either
from the contralateral site to that of the tumor or from normal mucosa
that was at least 4 to 5 cm away from the tumor and was macroscopi-
cally normal. After surgery, samples were immediately submerged in
RNAlater (Ambion, Austin, TX) and stored at �20jC. All samples were
dispatched to Department of Biomedicine, University of Bergen, on dry
ice and stored at �20jC until RNA purification and array experiments.

Using H&E-stained sections from snap-frozen and/or 10%
formalin-fixed tissue blocks, all tumors were histopathologically
confirmed as SCC by two of the authors (A.C.J. and S.O.I.) and staged
by the 1987 Unio Internationale Contra Cancrum staging system.
Tumors were pathologically graded into high (grade 1), moderate (grade
2), or poorly (grade 3/4) differentiated, according to Cawson and
Eveson (27). To rule out stromal cell contamination, each tumor used
here was confirmed histopathologically to contain z70% tumor tissues

and <10% necrotic debris by analysis of corresponding H&E sections.
Patients’ data on clinicopathologic variables, smoking, alcohol drinking,
and/or snuff dipping were obtained (either as part of routine clinical
examination/history taking or from hospital records) and presented in
Table 1 (Supplementary Table S1 at http://www.bioinfo.no/carcinoma).

RNA extraction/cDNA synthesis, labeling, and hybridizations. The
arrays used were printed on CMT-GAPS slides with 50% DMSO-

printing solution, containing a set of 15,000 sequenced-verified human

cDNA clones selected from Research Genetics UniGene (I.M.A.G.E) 40K
human clone collection set representing both known/unknown genes

and expressed sequence tags. Total RNA was extracted using either

TRIzol reagent (Life Technologies/Bethesda Research Laboratories,
Gaithersburg, MD) and/or RNeasy Fibrous Tissue kit (Qiagen, Chats-

worth, CA), according to the manufacturer’s instructions. RNA quantity
and quality were evaluated using spectrophotometer, 2% agarose gel

electrophoresis, and minichips (Bioanalyzer 2100, Agilent Technolo-

gies, Wilmington, DE). Following RNA extraction/quantification, and
due to lack of sufficient RNA from the majority of samples to perform

separate hybridizations, we combined and pooled in equal quantities
RNA samples from corresponding tumors and controls (as biological

averaging), by grouping of samples according to country of origin,

anatomic location, and patients’ habit of toombak (Sudan cases) use.
Accordingly, 37 pools (36 pools of two patients each and 1 pool of

Table 1. Patient’s clinicopathologic variables in the
HNSCCs examined from patients from Sudan and
Norway

Clinical feature Sudan
samples, n (%)

Norway
samples, n (%)

Total no. samples 72 45
Gender

Male, n (%) 48 (67) 31 (69)
Female, n (%) 24 (33) 14 (31)

Median age (y) 60 65
Tobacco use*, n (%) 17 (24) 32 (71)
Alcohol usec, n (%) 21 (29) 27 (60)
Snuff dippingb, n (%) 30 (42) NDx

Anatomic location, n (%)
Oral cavity 72 (100) 32 (71)
Oropharynx 0 5 (11)
Larynx 0 6 (13)
Sinus 0 2 (4)

Clinical stage, n (%)
Stage I-II 31 (43) 23 (51)
Stage III-IV 41 (57) 22 (49)

Tumor differentiation, n (%)
Well 34 (47) 16 (36)
Moderate 24 (33) 22 (49)
Poor 14 (19) 7 (16)

Abbreviation: ND, not determined.
*Current or past history of tobacco use. Smoking was quantified by number
of cigarettes smoked per day, and accordingly, patients were grouped into
nonsmokers; light smokers (1-10 cigarettes per day), moderate smokers
(11-20 cigarettes per day), and heavy smokers (> 20 cigarettes per day).
cFor alcohol drinking, patients were grouped into nondrinkers, light drinkers
(1-2 drinks per day), moderate drinkers (3-5 drinks per day), and heavy
drinkers (>5 drinks per day).
bData indicates users of the Sudanese snuff, toombak.
xData not determined due to lower association of this type of Scandinavian
snuff with HNSCCs in Norway.
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11 patients together) of RNA were prepared and grouped for Sudan

samples, and eight pools (7 pools of three to eight patients each and
1 pool of 11 patients together) were grouped for Norway samples. To

control for array experiments and to rule out for field cancerization

effect observed in HNSCCs when using normal mucosa adjacent to
resected tumors as controls, 33 of the pools prepared (29 from tumors/

4 from controls) were used for array analysis by hybridization against
Stratagene Universal Human Reference RNA. Details of study design for

all the hybridizations done are illustrated at http://www.bioinfo.no/

carcinoma. RNA (20-25 Ag) labeling was done using FairPlay Micro-
array Labeling Kit (Stratagene, La Jolla, CA) according to the

manufacturer’s instructions. Labeled cDNAs were hybridized at 45jC
to microarrays in the Ventana Discovery (Ventana Medical Systems,

Strasbourg, France) station according to the manufacturer’s protocols.

Hybridized slides were washed and scanned (5-10 Am resolution) on a
GenePix 4000B scanner (Axon Instruments, Union City, CA). Summary

of the protocols used for RNA extraction, cDNA synthesis, and labeling/
hybridizations are available at the BioArray Software Environment at

http://www.mikromatrise.no.
Image quantification, data collection, and statistical analysis. Scanned

TIFF images from GenePix scanner for Cy5 and Cy3 were analyzed
using GenePix Pro 5.0 software (Axon Instruments). Image quantitation
files obtained for all of the targets, related statistics, and merged jpg
image file for both channels were imported into J-Express data analysis
software (ref. 28; http://www.molmine.com/jexpress), where data from
each array were subjected to filtering/normalization (see below). The
spotpix suite in J-Express was used for quality control and low-level
processing of each array. After data preparation, a log 2 ratio of median
background corrected signals for each channel was calculated and
inserted into an expression matrix.

Arrays used were from different print runs but with the same set
of 15,000 genes. In total, 100 experiments (including two to three
times rehybridization for some cases) were carried out using eight
batches of microarrays (see schematic list of hybridizations at http://
www.bioinfo.no/carcinoma). This was considered in the analysis
procedure, and data from each experiment were assigned to
corresponding array batch generating corresponding groups of data
set with two experimental designs. The first one corresponds to
hybridizations of RNA pools from tumors versus RNA pools of
corresponding controls. The second one corresponds to hybridization
of RNA pools from tumors and controls versus Reference RNA.
Furthermore, to reduce variance from array/batch bias, an expression
matrix was created for each group and analyzed separately.

To extract candidate genes from the microarrays, separate statistical
analysis of the data was done. For each array, data were filtered, and spots
satisfying at least one of the following three criteria were discarded: (a)
spots flagged by GenePix; (b) spots with <20% of its foreground pixels
being >2 SDs above background intensity in both channels; and (c) spots
being empty or spikes/controls followed by applying a global lowess

normalization method (29). Accordingly, genes with >50% of their
values filtered (i.e., missing) were removed, and missing values were set
to zero in the data set groups 1 to 4/6 to 8 (Fig. 1), indicating equal
expression in tumors/controls. In group 5 (see Fig. 1), missing values
were imputed using KNN impute method with k = 10 (30). To identify
differentially expressed genes for groups 1 to 4/6 to 8, two synthetic
perfect candidate expression profiles were built (one for up-regulated
and one for down-regulated genes; see Fig. 1), and all gene expression
profiles were sorted with respect to Euclidean distance from this
candidate. For group 5, the t score was evaluated for each gene between
the two groups of tumors and normals versus Reference RNA using the
feature subset selection functionality in J-Express. To avoid false positives
in each defined list, a threshold value was set manually so that genes
included showed clear differential expression in the corresponding data
set for each group (judged by visual inspection), and accordingly, 35 to
578 genes were found for the eight expression matrices. Furthermore, we
searched for genes present in several of these lists and sorted them
according to their number in the lists they occurred in. The statistical
significance of the results was then assessed using a permutation study
where eight lists of the same length were randomly generated by
sampling from the filtered sets of genes for each data set. Accordingly,
100 random samplings were done, and the average number of genes
occurring in one, two, three lists, and so on was found. This resulted in an
average occurrence of 0.27 genes in five lists and of 2.08 in four lists. For
comparison, obtained lists of genes were further studied, and three genes
were found to occur in five of the lists, whereas 14 were found to occur
in four of the lists. This ranking procedure was used, and analysis was
continued to search for most significant top discriminating genes.

Finally, and to determine global similarities/comparability in gene
expression profile for the data across the HNSCCs examined, an
unsupervised two-way hierarchical cluster analysis of the candidate
genes was done with J-Express.

Quantitative real-time PCR. For an independent validation of the

array data, we selected four of the genes (keratin 4 , S100A2, Ku-70 ,

and fibronectin) found overrepresented in the eight candidate lists and

examined their expression levels by quantitative real-time PCR

(Taqman) using aliquots (200-300 ng) of RNA [from 29 pairs of

tumors/one pool containing all normals (same RNA used for arrays)/

RNA from individual 69 tumors/3 normals] that were reverse-

transcribed in a 50-AL reaction volume using High-Capacity cDNA
Archive kit (Applied Biosystems, Foster City, CA) following the

manufacturer’s protocol. Real-time PCR reaction was carried out in

384-well microtiter plates on ABI Prism Sequence Detector 7900 HT

(Applied Biosystems) with Assay-on-Demand kit (Applied Biosys-

tems). Probe sequences used for PCR for keratin 4 (Hs00361611_m1),

S100A2 (Hs00195582_m1), Ku-70 (Hs00750856_s1), fibronectin

(Hs00415006_m1), and endogenous control b-actin (Hs99999903_m1)

are available on request from the author. For each sample of each gene,

PCR amplification was done in triplicate with the endogenous control.

Fig. 1. Assignment of data from each experiment to
corresponding batch/experimental design generating eight
groups of data set with two experimental designs. Groups
1-4/6-8 correspond to hybridization of total RNA from
tumors versus total RNA from normal controls. Group 5
corresponds to hybridization of total RNA from tumors and
normal controls versus total RNA from the Universal Human
Reference.

Gene Expression in Head and Neck Cancers

www.aacrjournals.org Clin Cancer Res 2006;12(4) February15, 20061111



Table 2. The 73 genes that showed up-regulation or down-regulation in the HNSCCs examined from patients from
both Sudan and Norway

Accession no. Gene symbol Cluster Gene name/or description Average fold change

842802 G22P1 Hs.292493 Thyroid autoantigen 70 kDa (Ku antigen) �4.76

729942 SPRR2C Hs.2421 Small proline-rich protein 2C 1.09

415388 ACYP1 Hs.18573 Acylphosphatase1, erythrocyte (common) type �1.35

39885 DBCCR1L Hs.65765 Similar to RIKEN cDNAB830045N13, DBCCR1-like �5.06

810813 S100A2 Hs.516484 S100 calcium binding protein A2 1.84
139009 FN1 Hs.203717 Fibronectin1 1.24
1035889 KRT4 Hs.371139 Keratin 4 �1.75
592540 KRT5 Hs.433845 Keratin 5 1.85
877827 RPS27A Hs.311640 Ribosomal protein S27a �1.17
813742 Inmultiple clusters PTK7 protein tyrosine kinase 7, exportin 6 1.22
357892 NOTCH2NL Hs.502564 Notchhomologue 2 �2.13
214565 Inmultiple clusters Ribosomal protein S14 �2.55
134476 SYBL1 Hs.24167 Synaptobrevin-like1 �2.16
122159 COL3A1 Hs.443625 Collagen, type III, alpha1 1.49
23073 FGF2 St. Fibroblast growth factor 2 (basic) 1.60
970590 MAPK1 Hs.431850 LOC150225 1.34
868368 TMSB4X Hs.522584 Thymosin, beta 4, X chromosome 1.15
813614 SPRR1B Hs.1076 Small proline-rich protein1B (cornifin) 1.09
813823 LUM Hs.406475 Lumican 1.06
418126 U2AF1 Hs.365116 U2 (RNU2) small nuclear RNA auxiliary factor1 �2.53
1519515 HSHIN1 Hs.270851 HIV-1induced protein Hin-1 �2.25
782513 G1P3 Hs.523847 Interferon, alpha-inducible protein (clone IFI-6-16) 1.31
50703 Inmultiple clusters KIAA0169 protein, SH3-domain GRB2-like endophilin B2 �9.13
550353 PIGF Hs.468415 Phosphatidylinositol glycan, class F �1.66
839991 COL1A2 Hs.489142 Collagen, type I, alpha 2 1.42
549146 TRIM22 Hs.501778 Tripartite motif-containing 22 1.48
307231 ADH1B Hs.4 Alcohol dehydrogenase IB (class I), beta polypeptide 1.25
1502206 MGAM Hs.122785 Maltase-glucoamylase (alpha-glucosidase) �1.99
208718 ANXA1 Hs.494173 Annexin A1 �1.09
204179 CARF Hs.32922 Collaborates/cooperates with ARF protein �3.20
418323 SDHA Hs.547025 Similar to Succinate dehydrogenase flavoprotein subunit �2.77
70692 SERPINB2 Hs.514913 Serine (or cysteine) proteinase inhibitor, clade B, member 2 �1.39
771016 PTPN18 Hs.516390 Protein tyrosine phosphatase, non ^ receptor type18 �2.03
81331 Inmultiple clusters With strong similarity to protein pir:I56326 (H. sapiens) 1.26
210646 PRKAG2 Hs.131133 Protein kinase, gamma 2 noncatalytic subunit �1.56
810734 POLD4 Hs.523829 Polymerase (DNA-directed), delta 4 1.59
704290 ECE1 Hs.195080 Endothelin converting enzyme1 1.29
1897302 Not in UniGene Serine/threonine kinase17b (apoptosis inducing) �2.22
203514 KIAA1991 Hs.369437 Hypothetical protein FLJ00225 �1.56
796198 EFNB2 Hs.149239 Ephrin-B2 1.16
2027587 CD19 Hs.96023 CD19 antigen �1.69
501890 cyclophilin A Hs.505141 similar to Peptidylprolyl isomeraseA, isoform1 �1.53
258026 Hs.174273 Homo sapiens ^ transcribed sequences �1.30
68894 FCGRT Hs.111903 Fc fragment of IgG, receptor, transporter, alpha �1.60
250654 SPARC Hs.111779 Secreted protein, acidic, cysteine-rich (osteonectin) 1.26
782793 Hs.535454 Homo sapiens, similar to LOC161981 1.31
183120 CRSP6 Hs.444931 Homo sapiens ^ transcribed sequences �2.55
220096 CNGB1 Hs.147062 Cyclic nucleotide ^ gated channel beta1 �1.21
2306221 WNT10B Hs.91985 Wingless-typeMMTV integration site family, member10B �1.77
1638971 UBE3A Hs.22543 SNRPNupstream reading frame �1.51
202194 SPTA1 Hs.119825 Spectrin, alpha, erythrocytic1 (elliptocytosis 2) �1.62
768561 CCL2 Hs.303649 Chemokine (C-Cmotif) ligand 2 1.13

(Continued on the following page)
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Immunohistochemistry. Expression of the same four genes examined
by real-time PCR was validated by immunohistochemistry in
corresponding paraffin-embedded tissues of 47 HNSCCs (27 from
Sudan and 20 from Norway) and 11 NOMTs (from Sudan) analyzed in
microarrays. Sections (4-5 Am) were deparaffinized with xylene,
dehydrated in graded ethanol, heated in a microwave for antigenic
retrieval, incubated with DAKO peroxidase block 0.03% H2O2

containing sodium azide (Code K4007) for 5 minutes to eliminate
endogenous peroxidase activity, washed in TBS for 10 minutes, and
incubated with primary antibodies (60 minutes) on DAKO Autostainer
Universal Staining System (DAKO, Copenhagen, Denmark) using
antibodies against keratin 4 (Clone 6B10; dilution 1:20; Novocastra
Laboratories, Newcastle upon Tyne, United Kingdom), S100A2 (A
5113; dilution 1:600, from DAKO), Ku-70 (A-9; dilution 1:500; Santa
Cruz Biotechnology, Santa Cruz, CA), and fibronectin (F3648; dilution
1:400; Sigma-Aldrich, St. Louis, MO). After washing for 10 minutes in
TBS, sections were incubated with Envision horseradish peroxidase
(3,3V-diaminobenzidine) for 30 minutes, washed twice in TBS for
5 minutes each, and developed twice with 3,3V-diaminobenzidine–
positive chromogen for 5 minutes each. Sections were counterstained
with hematoxylin, rehydrated, and mounted using Eukitt. Cases in
which primary antibody was omitted and substituted with TBS served as
negative controls. Samples of oral SCCs known to show high expression
of proteins examined were used as positive controls. Staining was
graded as follows: �, no expression; +, <10% stained cells; ++, 10% to
50% stained cells; and +++, >50% stained cells. Gradings ++ and +++
were defined as overexpression.

Results

The study population included 79 males (48 Sudan and 31
Norway) and 38 females (24 Sudan and 14 Norway) with
HNSCCs (median age of 60 years for Sudan and 65 years for
Norway with male predominance of disease in both countries;

Table 1). Sudan cancers were located in the oral cavity (100%),
whereas Norway cases were from oral (71%), larynx (13%),
oropharynx (11%), and maxillary sinus (4%). Forty-one
HNSCCs from Sudan and 22 from Norway were advanced stage
tumors (stage III/IV). Among Sudanese cases, there were 30
(42%) snuff (toombak) dippers, 21 (29%) alcohol users, and 17
(24%) cigarette smokers. Thirty-two Norwegians (71%) smoked
tobacco and 27 (60%) drank alcohol. Data on snuff use were
not available for the majority of cases from Norway (Table 1;
Supplementary Table S1). Although snuff is used widely in
Norway, this is usually being either ignored or underestimated
as a valuable clinicopathologic data recorded in HNSCCs.
Gene expression in tumors. Pairs of 45 pools of extracted RNA

from 117 HNSCCs/117 NOMTs from patients from Sudan
(n = 72) and Norway (n = 45) were studied by microarrays.
Following data filtering/normalization, genes with significantly
different expression patterns in tumors versus normals were
analyzed in eight batches. Data from each experiment were
assigned to corresponding batch/design. We identified 136 and
154 genes as differentially expressed between tumors and
controls for the cases examined from Sudan and Norway,
respectively. Genes detected were involved primarily in processes
such as metabolism of carbohydrate, lipid, nucleotide and
amino acids, genes involved in translation, signal transduction,
cell communication and motility, and biodegradation of xeno-
biotics. Among the total number of genes (n = 290) found, 63
(22%) and 81 (28%) were differentially expressed between
tumors and controls in the corresponding batches analyzed for
cases from Sudan and Norway, respectively (Supplementary
Tables S2a and 2b at http://www.bioinfo.no/carcinoma). Out of
the same total number of genes, 73 (25%; 46 down-regulated

Table 2. The 73 genes that showed up-regulation or down-regulation in the HNSCCs examined from patients from
both Sudan and Norway (Cont’d)

Accession no. Gene symbol Cluster Gene name/or description Average fold change

242070 Hs.16222 Homo sapiens ^ transcribed sequences �1.42
68049 IGFBP5 Hs.369982 Insulin-like growth factor binding protein 5 1.18
628418 GPD1 Hs.524418 Glycerol-3-phosphate dehydrogenase1 (soluble) �1.52
245277 ITM2A Hs.17109 Integralmembrane protein 2A 1.25
487820 CEBPD Hs.440829 CCAAT/enhancer binding protein (C/EBP), delta �1.57
487959 Not in UniGene Elevennineteen lysine-rich leukemia gene-associated factor1 �1.82
207771 Hs.37648 Sapiens cDNAFLJ31407 fis, clone NT2NE2000137 �1.39
293539 Hs.269113 Withweak similarity to protein sp:P11369 1.32
810358 Inmultiple clusters Acyl-CoenzymeA dehydrogenase �1.01
1552481 LCP2 Hs.304475 Lymphocyte cytosolic protein 2 �1.37
646556 ZFp85 Hs.427120 Moderately similar to zinc finger protein 85 �1.73
1016051 ROCK1 Hs.306307 Rho-associated, coiled-coil containing protein kinase1 �2.07
1543395 CCRK Hs.522274 Cell cycle ^ related kinase 2.19
DNR98 Not in UniGene DKF2-p418-K2134 �7.26
DNR110 Not in UniGene 418G-1157-Coas2 �2.25
DNR181 Not in UniGene DKF2-p418-Do116 �3.27
DNR212 Not in UniGene OS bibl-12 �3.41
DNR232 Not in UniGene OS bibl-3 �2.06
DNR240 Not in UniGene ATCC 37940 Osteonectin 1.34
DNR288 Not in UniGene Leptin �1.92
DNR388 Not in UniGene Collagenase 3 �1.29

NOTE: DNRRefers to the Norwegian Radium Hospital.These are sequences of known genes that have been included in the microarrays.
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and 27 up-regulated; Table 2) were found expressed in tumors/
controls for the cases from the two populations together. These
included 53 (73%) known genes reported in HNSCCs. To obtain
biological background knowledge of the 73 genes alone, and
when including the 63 and 81 found in corresponding batches
for each country alone, the eGOn (explore Gene Ontology;
ref. 31; http://nova2.idi.ntnu.no/egon/) tool for gene functional
classification was used. The 73 genes alone, and when included
to the others, seemed under molecular function, biological
process, and cellular component, respectively (Supplementary
data at http://www.bioinfo.no/carcinoma).

We searched the Kyoto Encyclopedia of Genes and Genomes
biochemical pathway database (ref. 32; http://www.genome.jp/
kegg/) to determine altered/shared pathways in the cases exa-
mined. Of the 73 genes, we searched using 53 known genes and

found 24 associated pathways (Supplementary data at http://
www.bioinfo.no/carcinoma). Furthermore, we used 46 and 62
known genes out of the 63 and 81 genes found only differentially
expressed in cases from Sudan and Norway, respectively. The
former was associated with 20 pathways and the latter with 14
(Supplementary data at http://www.bioinfo.no/carcinoma).
Interestingly, three target pathways: signal transduction (wnt
signaling), cell communication (focal adhesion), and ligand-
receptor interaction (ECM-receptor interaction) were found to
be common target pathways in the cases from the two countries
(Supplementary data at http://www.bioinfo.no/carcinoma).
When searching with the total number of known genes (n =
161) found, 43 associated pathways were found. Of interest, the
same three pathways mentioned above besides cell communi-
cation/amino acid metabolism were found common in all cases.

Fig. 2. A, an example of overall patterns of
expression of the 73 genes found in tumor
subclasses from patients from Sudan.
Majority of tumors from Sudan tended to
group tightly together on subclasses
according to toombak use.
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Analysis of tumor groups and clinicopathologic data by
clustering. We focused on the 73 genes to exclude dominance
of genes with highly correlated expression profiles, which might
dominate and define a cluster pattern, and subjected them to
further analysis by clustering to determine gene expression
global differences and/or similarities for individual tumors.
Using unsupervised two-way clustering analysis on log 2 ratio
values, the results revealed variations in the differentially
expressed genes among the tumors from the two countries
with most of the cases showing a similar pattern of gene
expression. Overall, tumors clustered into two main groups in
patients from Sudan (Fig. 2A) and Norway (Fig. 2B) and had
shown two major classes with mixed tumors from the two
populations (Fig. 2C, blue Arabic numerals for Sudan cases and
red Arabic numerals for Norway cases) as shown by the
representative dendrograms for subgroups of the tumors.

Furthermore, we searched for association between separate
classes of tumors from each country alone and clinicopathologic
variables across all samples. We identified subclasses of five and
two independent subgroups for tumors from Sudan (see
Fig. 2A) and Norway (see Fig. 2B), respectively, and a mixed
subgroup with tumors from the two populations (Fig. 2C).
Sudan subgroups consisted of two toombak dippers (predom-
inantly from buccal mucosa followed by lower lip, gingiva, floor
of mouth, all of grade 2-3), nondippers, and two mixed (see
Fig. 2A). The subgroups of nondippers were predominantly from
buccal mucosa followed by tongue and hard palate (all of grade
1-3), whereas the two mixed were predominantly from buccal
mucosa followed by tongue, floor of mouth, hard palate, and
lower lip, and of grade 1 to 3. For Norway, tumors tended to form
groups based on anatomic sites [larynx/tongue (predominantly
of grade 1-2)/pharynx/buccal mucosa and gingiva/floor of

Fig. 2 Continued. B, an example of overall
patterns of expression of the 73 genes
found in tumor subclasses from patients
from Norway. For Norway, tumors formed
groups based on anatomical sites.
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mouth/hard palate (predominantly of grade 3-4); see Fig. 2B].
When searching for relationships among the mixed subgroups of
tumors from the two countries in terms of their similarities in
expression profile by clinicopathologic variables/tobacco habits,
we observed that the majority of the cases from Sudan tended to
cluster together according to habit of toombak use (Fig. 2C, blue
Arabic numerals). Most of the Norwegian cases (Fig. 2C, red Arabic
numerals) tended to share subclasses that were either included or
being close to subclasses of the non–snuff dipper (toombak)
cases from Sudan, which might suggest a common expression
pattern. However, when searching for more relationships using
other clinicopathologic variables, no further associations were
found. Although we found similarities between tumor groups, it
is of note that the samples were collected in different decades

(1999-2003). Therefore, these findings need to be validated in
careful experimental designs using larger sample size of tumors
to be collected in different decades, which might provide
important clues to the understanding of HNSCCs.
Comparison of genes identified with other HNSCC microarray

findings. Because there are over 30 publications reporting on
microarrays of HNSCCs, we did a comparison of our results
(gene lists) to those reported in a subset of publications. First,
we compared our list of 53 known genes (out of the 73) to
Cancer Genome Anatomy Project (CGAP) Gene Library Sum-
marizer database using the following queries: Library Group;
CGAP libraries, Tissue Type; head and neck, Library Prepara-
tion; Any, Tissue Histology; Cancer, Library Protocol; Any.
This resulted in a list of 2,177 genes involved in HNSCCs. By

Fig. 2 Continued. C, an example of overall
patterns of expression of the 73 genes found
in tumor subclasses from patients from the
two populations. Blue, overexpression in
cancer cells; green, underexpression in
cancer cells; white, unchanged expression,
peach, no expressionwas detected
(intensities of both Cy3 and Cy5 under the
cutoff value). Graduated color patterns
correspond to degree of expresssion
changes.Tumors fromNorway tended to
share subclasses that were either clustered
together with or close to subclasses of
tumors from non ^ snuff dippers from
Sudan, indicating that these tumors share a
common expression pattern (C; blueArabic
numerals for Sudan cases and red Arabic
numerals for Norway cases).
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comparing our gene list to this one, 15 genes (COL1A2,
COL3A1, FN1, KRT5, LUM, MAPK1, S100A2, SPARC, SPRR1B,
TMSB4X , and TRIM22 , all up-regulated; and KRT4, U2AF1,
ANX1, and PIGF , all down-regulated) were found as common.
Thereafter, we selected a subset of nine published studies on
microarrays of HNSCCs (33–41) by Medline database search
and searched for our set of 53 genes in nine gene lists
(containing 81, 102, 106, 138, 52, 153, 37, 115, and 7 genes,
respectively) extracted from these studies. Because many genes
have synonyms, we extracted all known synonyms for each
gene in all the lists using the SOURCE unification tool (ref. 42;
http://source.stanford.edu/cgi-bin/source/sourceSearch) and
searched for all synonyms in our gene list. Thus, 10 of our 53
genes (with CCL2, FIN1, GIP3, KRT5, MAPK1, S100A2, SPARC ,
and SPRR1B as up-regulated and UBE3A and KRT4 as down-
regulated) were found in at least one of the nine lists. Thereafter,
we compiled synonym lists for all genes (n = 791) reported in
the nine studies and summarized the occurrence(s) for all
synonyms to see how many genes were reported more than
once. The results showed that 29 genes were common in two
studies, and only four were common in three studies (Supple-
mentary Table S2C at http://www.bioinfo.no/carcinoma),
suggesting that the genetic signature for HNSCCs might be
quite heterogeneous. Because it is possible that lesions anatomic
locations may contribute to this, and that most of our cases
pertain to cancers of the oral cavity/oropharynx, we excluded
both sinus/laryngeal cancers in the Norwegian data set and
reanalyzed our data to see if inclusion of these sites will affect
gene expression found between tumors and controls examined
from the two populations. However, and as expected, no
changes were found in the final gene list(s) reported. Neverthe-
less, because HNSCCs includes cancers of the oral cavity,
pharynx, and larynx, these findings demand analysis of larger
sample size comprising tumors of more uniform characteristics
that might provide important clues to the understanding of
various gene networks implicated in HNSCC carcinogenesis.

We also analyzed the list of genes found in cases from Sudan
and Norway, respectively, 63 and 81 genes, of which 46 and 62,
respectively, are known (named) genes. We found that 7 of the
46 and 22 of the 62 genes were also in the CGAP (see
Supplementary Tables S2a and b). This indicates that the
majority of the known genes found only in cases from Norway
were previously reported in the CGAPs, whereas those found in
Sudan tumors were not. Although this might either be related to
the fact that few studies were conducted in HNSCCs from
developing countries or to the effect of toombak use, further
analysis is required.
Quantitative reverse transcription-PCR/immunohistoche-

mistry. To validate gene expressions found using independent
methods, we used quantitative reverse transcription-PCR (RT-
PCR)/immunohistochemistry, and the results were evaluated
by three of the authors (S.O.I., A.C.J., and B.D.). With RT-PCR,
we used triple determination and normalization based on
h-actin level, and data were analyzed using GraphPad Prism
software (GraphPad, San Diego, CA). A good correlation for the
genes analyzed by RT-PCR (Fig. 3A-D; shown for the 29 pools
of RNA from tumors/one pool from controls from Sudan/
Norway) and corresponding protein expression [++ to +++ for
overexpressed proteins (S100A2 and fibronectin) and � to + for
underexpressed protein (Ku-70 and keratin 4) in most of the
tumors/controls; Fig. 3E], was found. In addition, a good

correlation was found for the genes when analyzed by RT-PCR
on separate individual RNA from 69 tumors/3 controls from
the two countries (Fig. 3A-D; Supplementary data at http://
www.bioinfo.no/carcinoma).

Discussion

We identified 136 genes from Sudanese and 154 from
Norwegian patients with HNSCCs, as regulated differentially
between tumors and normal controls. These genes encode
proteins involved in signal transduction, cell communication,
ligand-receptor interaction, cell communication, and amino
acid metabolism pathways, which were shown to play an
essential role in the development of HNSCCs (33–41 ,43). The
results found were controlled for in >70% of the cases by array
analysis against Human Reference RNA. Although there are
substantial differences in the initiating agents and risk factors
related to the HNSCCs examined, 73 genes (46 down-regulated
and 27 up-regulated) shared similar expression profile in the
samples from the two countries, including 53 known genes
(i.e., Ku-70, keratin 4 , and ANX1 found down-regulated and
S100A2, fibronectin 1, MAPK1, keratin 5, TRIM22, LUM,
COL1A2, SPARC , and GIP3 found up-regulated, among
others), previously reported in HNSCCs (33–41, 43, 44). In
addition, three main pathways: Wnt signaling (signal trans-
duction), focal adhesion (cell communication), and ECM-
receptor (ligand receptor interaction) were found to be of
relevance to the HNSCCs from the two populations. These
findings add to the valuable microarray information available
on HNSCCs, suggesting that this malignancy seems in part to
be mediated by similar pathways regardless of differences in
distinct etiology and/or other environmental risk factors.
Results of some of the genes found here, like trim22, a
member of the trim gene family, are also relevant to other
reports on overexpression of another member of this family
(trim32) in HNSCCs (43). Furthermore, and in a recent review
on gene expression profiles involved in 24 HNSCCs studies,
common gene expression alterations of some of the genes
found in this study, like fibronectin 1, keratin 4, ANX1, LUM,
COL1A2, SPARC , and GIP3 , has also been reported in 11, 11,
7, 5, 10, 6, and 6 other HNSCC microarray studies, respectively
(reviewed in ref. 44). Of note, however, some of the genes
found in our work (i.e., up-regulated small proline-rich protein
2C, ephrin-B2 , and Notch homologue 2 and down-regulated
ribosomal protein S27a, synaptobrevin-like 1, cyclic nucleotide gated
channel b1, collagenese 3, coas2 , and ROCK1 , among others)
were not previously reported in HNSCCs, and their exact
nature warrants further analysis. We used cDNA arrays in
matched tissues of paired HNSCCs/NOMTs and pooled the
samples due to lack of enough RNA for separate hybrid-
izations. This approach, leading to biological averaging out of
high and low gene expression, has helped to circumvent the
problem of individual differences in gene expression and
showed results that are in agreement with a subset of studies in
HNSCCs (33–41) that either used fresh biopsy (33, 34), pure
cells (35) or isolated cell cultures (36) using variety of array
platforms, experimental designs, and methods of analysis.

In the literature, >30 microarray studies have been done in
HNSCCs to determine gene expression changes during disease
progression and/or to predict outcome of disease with
similarity in genes identified/possible pathways involved
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(reviewed in ref. 44). Nevertheless, probably due to limited
number/type of samples (bulk/microdissected, primary cell
cultures from biopsies), processing procedures, and diversity of
technologies (low-density nylon membranes, high-density
oligonucleotide chips), data from different studies vary widely,
and it is difficult to assess the significance of the available
findings (reviewed in ref. 44). Although direct comparison
between these studies is rather difficult, we compared our
findings (53 known genes) with nine published microarray
studies on HNSCCs and with gene list in HNSCCs from the
CGAP and searched for shared genes and/or pathways. Our
identified genes targeted pathways, like MAPK signaling, cytokine-
cytokine receptor interaction, regulation of actin cytoskeleton,
adherens junction, ribosome, fatty acid metabolism, and DNA
polymerase, among others, which are in agreement with subset of
previous reports (33–41), and with other reports in HNSCCs
(reviewed in ref. 44), suggesting that members of several pathways
are altered in HNSCCs. In several of the listed studies (33–41),
valuable information was achieved when comparing gene
expression to patients’ clinicopathologic variables. For example,
Ginos et al. (33) found an association of gene expression signature
enriched for genes involved in tumor invasion/metastasis with
patients experiencing locally recurrent disease. Of note, the same
tumors showed a marked absence of an immune response
signature, suggesting that modulation of tumor-specific immune
responses may play a role in local treatment failure (33). Belbin et
al. (34) used clustering and found that molecular classification of
17 HNSCCs was a better predictor of disease-free survival than
clinical/pathologic variables. Roepman et al. (37), using cDNA
arrays, detected lymph node metastases for primary HNSCCs that
arise in the oral cavity and oropharynx. We used clustering and
searched for association between separate tumor classes and

clinicopathologic variables. We found independent subgroups of
tumors from Sudan consisting of two toombak dippers, non-
dippers, and two mixed. For Norway, tumors grouped based on
different anatomic sites and were found to cluster with closely
related results to tumors from non-toombak dippers from Sudan.
Although in Sudan toombak is a recognized risk factor for oral
cancer incidence, whereas in Norway, tobacco and alcohol are
attributed to oral cancer development, it is difficult to eliminate
the contribution of both factors to the gene expression found
in either population. In addition, whereas our findings of similar-
ities between the tumor groups studied might contribute
substantially to the understanding of HNSCCs, it should be noted
that decades in which the samples were collected were different.
Therefore, these findings need to be validated in careful
experimental designs, including analysis of larger sample size
comprising tumor specimens to be collected within different
decades and tumors available from databanks that have been
collected and stored for several decades, which might provide
important clues to the understanding of HNSCCs.

In this study, we searched the Kyoto Encyclopedia of Genes
and Genomes database to find associated pathways using
known genes found. Although many pathways were found,
mainly three: signal transduction, cell communication, and
ligand-receptor interaction showed commonality in Sudan and
Norway tumors. Of interest, genes that dominated these
pathways include down-regulated ROCK1 and ITGA4 and up-
regulated MMP-7, COL1A2, COL3A1 , and fibronectin . Although
expression of these genes has been reported in HNSCCs
(36–41), for ROCK1 (called ROKb , one of the best character-
ized member of the Rho GTPase family; ref. 45), this is the
first report, which might offer new insight into a possible
mechanism of Rho GTPase family in HNSCCs, albeit it remains

Fig. 3. Correlation for relative mRNA levels
(fold change) for the four genes (keratin 4,
S100A2, Ku-70, and fibronectin) analyzed
(A-D) in pools of tumors (T) and all normal
controls (N) from Sudan (Su) and Norway
(No).
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to be determined. MMP-7 , the smallest of all the matrix
metalloproteinases, degrades various matrix substrates, includ-
ing proteoglycans, elastine, and gelatin, and cleaves nonmatrix
proteins from the cell surface, including E-cadherin, pro–
tumor necrosis factor-a, and Fas ligand (46). COL1A2 and
COL3A1 , together with other types of collagens, participate in a
variety of cellular processes, such as differentiation, tumorigen-
esis, and apoptosis, and loss of their expression has been
reported in HNSCCs (47). Although variable loss or reduced
expression of integrins has been reported in HNSCCs and
because alterations in integrin expression in these tumors
are variable, their role needs further investigations (47). By
examining immunohistochemical expression of fibronectin in
our cases, we found expression to occur throughout the stromal
compartments associated with the tumors as shown by others
(48). Thus, our data support the importance of the constituents
of the cellular matrix interaction and their receptors in playing

prominent roles in the mechanisms involved in HNSCCs
development, and that genes found differentially expressed
might be candidate biomarkers in these tumors.

In summary, the data presented here have identified genes
differentially expressed in HNSCCs from Sudan and Norway.
The study has added valuable information by examining
HNSCCs from a developing country with population heavily
exposed to a known carcinogen, which has been controlled for
sampling by established protocols with a developed country.
Consistency between the results obtained on Sudan and
Norway samples indicates a common biology of HNSCCs,
which seems to be mediated by similar pathways regardless of
existing differences related to ethnicity, lifestyle, and/or
exposure to environmental carcinogens. Our analysis of gene
lists reported in a subset of nine similar studies (33–41)
indicates that this form of tumor is genetically diverse (with
little overlap between gene lists). However, a relatively large

Fig. 3 Continued. E, corresponding protein
expression (E) in representative formalin-fixed,
paraffin-embedded tumor (T) and normal (N)
samples from Sudan (Su) and Norway (No).
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subset of the genes found in at least three of our eight analysis
lists were also found in one or more of the other studies.
Although many of the genes found have been implicated in
HNSCCs, the exact nature of some others warrants further
studies. However, and due in part to our choice to use bulk
tumors and pooling of samples, additional studies will be
needed to address the issue further. Use of bulk tumors, how-
ever, as illustrated by this work, does provide substantial infor-
mation related not only to the tumor itself but also to the
molecular events ongoing in the tumor microenvironment.
Nevertheless, and due to the large number of genes found and
the importance of proper interpretation of global biological
significance of detected genes in association with toombak
habits and anatomic locations, we plan to test a larger sample
size of HNSCCs in an ongoing independent study involving
samples of Sudanese patients who are toombak dippers and

cigarette smokers to address the exact roles of these tobacco
carcinogens.
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