
Abstract. Despite tremendous effort and progress in the
diagnostics of pancreatic cancer with respect to imaging
techniques and molecular genetics, only very few patients
can be cured by surgery leading to a 5-year survival rate of
only 3%. Especially the lack of chemotherapeutical options
in this entity requires a better understanding of the molecular
mechanisms leading to pancreatic carcinoma growth and
progression in order to develop novel treatment regimens. To
identify signaling pathways that are critical for this tumor
entity, we compared six well-established pancreatic cancer
cell lines (Capan-1, Capan-2, HUP-T3, HUP-T4, KCL-MOH,
PaTu-8903) with colon cancer cell lines and tumor cell lines
of non-epithelial origin by expression profiling. For this
purpose we employed Human Genome Focus Arrays
representing about 8500 well annotated human genes. We
identified 353 genes with significantly high expression in the
group of pancreatic carcinomas. Based on Gene Ontology
annotations these genes are especially involved in Rho
protein signal transduction, proteasome activator activity, cell
motility, apoptotic program, and cell-cell adhesion processes
indicating these pathways to be interesting candidates for the
design of targeted therapies. Most pancreatic carcinomas are
characterized by mutations in the TP53 and the KRAS genes
and the absence of microsatellite instability, which could also

be confirmed for our panel of pancreatic carcinoma cell lines.
Looking for individual differences within this group that may
be responsible for more or less aggressive behavior, we
identified genomic amplifications at the 8q22.1 and the
8q24.22 loci to be associated with enhanced gene trans-
cription. Because we have previously shown that gains of
genomic material from the long arm of chromosome 8 have
an adverse effect on the outcome of pancreatic carcinoma
patients, we conclude that functional analysis of amplified
genes at 8q22 and/or 8q24 may lead to an improved
understanding of pancreatic carcinoma progression.

Introduction

Pancreatic cancer is one of the most malignant diseases in the
world. Unfortunately, only very few patients suffering from
pancreatic cancer can be cured by surgery leading to a 5-year
survival rate of only 3% (1). The poor prognosis is due to
the difficulty of diagnosis at an early stage for surgery with
curative intention and the lack of chemotherapeutical options
in this entity. In order to save patients with pancreatic cancer
it is necessary to develop novel methods for diagnosis and
treatment. A better understanding of the molecular mechanisms
involved in pancreatic carcinogenesis remains a major objective
since it may help in designing strategies for earlier diagnosis
and better treatment (2,3).

Genetic changes leading to tumor progression affect cell
cycle regulation, apoptosis, signal transduction, cell adhesions
cytoskeletal structure, angiogenesis and genomic stability
(4). However, the processes of identifying the affected genes
and of determining their roles in carcinogenesis, progression
and response to therapy have been challenging. One important
approach to detect cancer related genes is the identification
of differentially expressed transcripts either between tumors
and their respective normal tissues or among various tumor
entities (4). The development of DNA microarray technology
has provided the opportunity to simultaneously evaluate the
expression patterns of thousands of genes. The generation and
comparison of gene expression profiles allow the identification
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of multi-gene expression patterns that provide an insightful
view into regulatory mechanisms, cellular functions and bio-
chemical pathways. To identify signaling pathways that are
critical for this tumor entity, we compared the transcriptional
profile of six well-established pancreatic cancer cell lines to
colon cancer cell lines as well as tumor cell lines of non-epi-
thelial origin.

Materials and methods

Cell lines. Overall our experiments included 10 cell lines
derived from six pancreatic carcinomas, two colorectal carci-
nomas, as well as two neuroblastomas (Table I). All cell lines
were maintained using standard procedures as previously
described (4). Absence of mycoplasma contamination was
determined by the PCR-based VenorGeM Mycoplasma PCR
detection kit (Minerva Biolabs GmbH, Berlin, Germany)
according to the manufacturer's protocols.

Microarray hybridization and data analysis. Human Genome
Focus Arrays (Affymetrix, Santa Clara, CA) were employed
to analyze the expression of about 8500 human genes. The
preparation and processing of labeled and fragmented cRNA
targets is detailed elsewhere (5). Briefly, total-RNAs were
prepared from cells using TRIzol reagent (Life Technologies,
Germany). A T7-(dT)24 primer (Eurogentec, Belgium) was
used to synthesize double-stranded, T7-tailed cDNAs
directly from 5 μg of each total-RNA using Superscript™
Choice System for cDNA synthesis (Life Technologies).
Biotinylated cRNAs were in vitro transcribed from each
cDNA (biotinylated-11-CTP and -16-UTP; BioArray™
HighYield™ RNA transcript labeling kit, Enzo Diagnostics,
Farmingdale, NY) and fragmented. Cocktails including
labeled and fragmented cRNAs and hybridization controls
were hybridized on the arrays for 16 h at 45˚C (GeneChip
hybridization oven). The microarrays were washed as

required and stained using 10 μg/ml streptavidin-phyco-
erythrin (Molecular Probes, OR). Microarray images were
obtained with a GeneArray™ scanner (Hewlett Packard, Palo
Alto, CA). GeneChip microarray analysis experiment reports
were inspected (background, noise, scaling factor, fraction of
‘present calls’, presence of hybridization controls) to assure
equal experiment quality. Overall quality was good and no
outlier experiments had to be excluded.

In addition, GeneData refiner (GeneData, Basel,
Switzerland) was used to quality check and import experi-
ments with detection and masking of outliers and array defects,
to assess GAPDH and ß-actin housekeeping controls using
3'/5' ratios, and to condense chip intensities to signal values
using the ‘affymetrix statistical (MAS5)’ method. GeneData
Analyst (version EPro 1.0.17) normalized the expression
values to an arithmetic mean of 200 (as this minimally shifts
the signal ranges of all experiments). To identify the dif-
ferentially expressed genes we computed two-sample, two
sided t-tests between tumor subgroups. Genes with a p-value
<0.05 were considered candidate genes. For the visualization
of experiment structure, clustering was done using the euclidean
distance measure and the ‘complete linkage’ methods. Gene
descriptions are affymetrix gene descriptions and gene onto-
logy identifiers are part of the GeneData Analyst results sheet.
Fisher's exact test was used to decide whether gene ontology
identifiers show a tendency of over- or under-representation in
a candidate gene list compared with all measured probe sets.

To screen for gain of genomic material leading to an
aberrant transcription pattern we used the ‘amplicon identifi-
cation’ module of the GeneData Expressionist Software,
which seeks for contiguous regions (2-100 consecutive loci)
on a chromosome where genes show consistent and signi-
ficant (based on t-test statistics) deviation from the mean of
all the pancreatic tumor samples.

Screening for TP53 and KRAS gene mutation. Cycle
sequencing analysis of TP53 gene exons 5-8 was performed
with the BigDye Terminator system (PE-Biosystems,
Weiterstadt, Germany) using primers as described elsewhere
(6). Primers for KRAS gene exon 1 analysis were KRAS_fwd
5'-AGGCCTGCTGAAAATGACTGAA-3' and KRAS_rev
5'-AAAGAATGGTCCTGCACCAG-3'. The reaction products
were analyzed on an ABI PRISM 3700 sequencer (PE-
Biosystems) using amplification primers for sequencing.

Analysis of microsatellite instability (MSI). In accordance with
the recommendations by the National Cancer Institute (NCI),
five microsatellite loci were used in all tumor cell lines to
detect MSI: two loci with mononucleotide sequences (BAT25,
BAT26) and three loci with CA dinucleotide repeats (D2S123,
D5S346, D17S250). PCR and fragment length analysis was
performed as described elsewhere (7). Due to the lack of
corresponding tumor-free tissue, the MSI status of the cell
lines was interpreted based on the quasi-monomorphic mono-
nucleotide markers BAT25 and BAT26.

Amplicon identification by multiplex PCR. To monitor gains
of genetic material at chromosome 8q-loci showing signi-
ficantly enhanced gene expression (see above), we developed
a multipex PCR assay, which allows the simultaneous investi-
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Table I. Characterization of tumor cell lines.
–––––––––––––––––––––––––––––––––––––––––––––––––
Name Diagnosis Source
–––––––––––––––––––––––––––––––––––––––––––––––––
CHLA90 NB C.P. Reynolds,

Los Angeles, USA
SK-N-SH NB ATCC
HT-29 CRC ATCC
Caco-2 CRC ATCC
Capan-1 PC ATCC
Capan-2 PC ATCC
HUP-T3 PC DSMZ
HUP-T4 PC DSMZ
KCL MOH PC DSMZ
PaTu 8903 PC DSMZ
–––––––––––––––––––––––––––––––––––––––––––––––––
NB, neuroblastoma; CRC, colorectal carcinoma; PC, pancreatic
carcinoma; ATCC, American Type Culture Collection; DSMZ,
German resource center for biological material.
–––––––––––––––––––––––––––––––––––––––––––––––––
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gation of six loci. The genes represented in this assay, their
chromosomal localization, primer sequences, and the expected
product size are listed in Table II. Amplification was per-
formed in a total volume of 20 μl containing 20 ng genomic
DNA, 0.2 mM dNTP, primers as specified in Table II, and
0.5 U Taq polymerase (HotStar Taq, Qiagen, Hilden, Germany)
together with the corresponding buffer. PCR products were
separated on an ABI PRISM™ 310 Genetic Analyzer and
quantified using the GeneScan™ Analysis Software (PE
Applied Biosystems). The algorithm for peak area inter-
pretation was adapted from a screening approach for gains of
chromosome 1q as described by Corson et al (8). For normali-
zation of peaks within each sample, the relative signal value
was calculated as the ratio of the peak area divided by the
mean peak area of the six different loci. Using these normalized
data, again a mean value (mean_locus) was calculated for each
gene locus. We considered gene loci to be amplified if their
relative signal values were greater than mean_locus + 1 SD.

Results

Comparison of pancreatic carcinoma versus other tumor
entities. In a first approach the expression profile data of the

six pancreatic carcinoma samples were compared to other
tumor entities to define signaling pathways typically involved
in the genesis of pancreatic carcinoma. This comparison
included other adenocarcinomas (of the colorectum) as well
as tumors of neuroectodermal origin (neuroblastomas).

Unsupervised cluster analysis (based on all the 8793
probe sets) clearly revealed the separation of the three dif-
ferent tumor groups (Fig. 1). As expected the tumors were
first divided into the two groups comprising the two neuro-
ectodermal and the eight epithelial samples, respectively. The
latter group harboring the adenocarcinomas is then further
dichotomized according to the tissue of origin.

To identify the signaling pathways that are responsible for
this clear clustering we determined the significantly differen-
tially expressed genes by t-test statistics. Excluding all probe
sets which are called ‘absent’ (MAS 5.0, Affymetrix) in all
the ten samples we observed 765 probe sets to have
significantly (p<0.05) low expression in the pancreatic cell
lines and 353 probe sets to have significantly high expression
(the top 85 genes for p<0.005 are listed in Table IV, complete
data set available at http://home.rz.uni-duesseldorf.de/~k-
sch001/ download/Domagk_Schaefer_high_in_pancreatic_
carcinoma. Based on the list of significantly highly-expressed
genes in combination with the corresponding GeneOntology
annotations we found that biological processes like Rho protein
signal transduction (GO:0007266, GO:0005094), proteasome
activator activity (GO:0008537, GO:0008538), cell motility
(GO:0006928, GO:0005200, GO:0008243), apoptotic program
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Table II. Primers for chromosome 8q multiplex PCR.
–––––––––––––––––––––––––––––––––––––––––––––––––

(bp)
CEBPD, 75 GCTGCAGTTTCTTGGGACAT
8q11.21 FAM GCTTCTCTCGCAGTTTAGTGG

MOS, 141 GGCAACGTCACTTTACACCA
8q12.1 HEX CAGGCCGTTCACAACATCTA

SGKL, 102 TTTTTGGTGTGCTCTTGAGG
8q13.1 FAM CTCTGTGTTCATCGGAGCTG

PPM2C, 110 GCCTGCCACTGTTCTCTGAT
8q22.1 HEX GTGGTGGCAGTAACATGCAG

NDRG1, 120 ATGGAGGTCTCCTGCTAGGC
8q24.22 TET ACCGAGTTAGGCGCAGTATG

LY6D, 89 AGTCGTGCACACCCAGCTAC
8q24.3 TETCTCATTGCACAGGTCCTCCT
–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. Unsupervised cluster analysis of 2 neuroblastoma (CHLA90,
SK-N-SH), 2 colorectal carcinoma (HT29, CaCo-2) and 6 pancreatic
carcinoma cell lines.

Table III. Mutational status of KRAS and TP53.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

KRAS KRAS TP53 TP53
Cell line Codon 12 AS 12 Codon Amino acid change
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
KCI-MOH1 GGT➝GG/AT Gly➝Gly/Asp 187 GGT➝CGT Gly➝Arg

CAPAN-1 GGT➝GTT Gly➝Val 159 GTC➝GCC Ala➝Val

CAPAN-2 GGT➝GG/TT Gly➝Gly/Val Wild-type

HuP-T3 GGT➝G/CGT Gly➝Gly/Arg 282 CGG➝TGG Arg➝Trp

HuP-T4 GGT➝GG/TT Gly➝Gly/Val 255 ATC➝ACC Iso➝Thr

PaTu-8902 GGT➝GTT Gly➝Val 176 TGC➝AGC Cys➝Ser
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Table IV. List of genes significantly (p<0.005) highly expressed in pancreatic cell lines.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

t-test
Probe_set_name P-value Fold change Gene description
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
209016_s_at 0.0000 114.02 Keratin 7
205780_at 0.0000 22.85 BCL2-interacting killer (apoptosis-inducing)
203180_at 0.0000 68.05 Aldehyde dehydrogenase 1 family, member A3
205479_s_at 0.0001 21.09 Plasminogen activator, urokinase
204885_s_at 0.0001 45.71 Mesothelin
40850_at 0.0001 5.24 FK506 binding protein 8, 38 kDa
206499_s_at 0.0001 2.93 Chromosome condensation 1
31846_at 0.0001 3.31 Ras homolog gene family, member D
204363_at 0.0001 22.35 Coagulation factor III (thromboplastin, tissue factor)
212185_x_at 0.0002 8.16 Metallothionein 2A
200707_at 0.0002 1.57 Protein kinase C substrate 80K-H
204326_x_at 0.0002 5.16 Metallothionein 1X
33322_i_at 0.0002 7.00 Stratifin
207535_s_at 0.0003 3.83 Nuclear factor of κ light polypeptide gene enhancer in B-cells 2 (p49/p100)
206170_at 0.0004 5.20 Adrenergic, ß-2-, receptor, surface
204420_at 0.0005 15.74 FOS-like antigen 1
200966_x_at 0.0006 1.96 Aldolase A, fructose-bisphosphate
33323_r_at 0.0006 6.47 Stratifin
202414_at 0.0007 1.95 Excision repair cross-complementing rodent repair deficiency, complemen-

tation group 5 (xeroderma pigmentosum, complementation group G)
208874_x_at 0.0007 1.76 Protein phosphatase 2A, regulatory subunit B' (PR 53)
210538_s_at 0.0008 13.35 Baculoviral IAP repeat-containing 3
201251_at 0.0008 2.07 Pyruvate kinase, muscle
221059_s_at 0.0009 8.54 Carbohydrate (N-acetylglucosamine 6-O) sulfotransferase 6
208581_x_at 0.0009 7.74 Metallothionein 1X
205014_at 0.0010 30.79 Fibroblast growth factor binding protein 1
207196_s_at 0.0012 2.82 TNFAIP3 interacting protein 1
207525_s_at 0.0013 2.25 Regulator of G-protein signalling 19 interacting protein 1
203258_at 0.0013 3.20 DR1-associated protein 1 (negative cofactor 2 ·)
201225_s_at 0.0014 1.30 Serine/arginine repetitive matrix 1
205817_at 0.0015 7.19 Sine oculis homeobox homolog 1 (Drosophila)
204401_at 0.0015 11.66 Potassium intermediate/small conductance calcium-activated channel,

subfamily N, member 4
200074_s_at 0.0015 1.47 Ribosomal protein L14
218729_at 0.0016 15.58 Latexin
207057_at 0.0016 8.48 Solute carrier family 16 (monocarboxylic acid transporters), member 7
201110_s_at 0.0016 23.24 Thrombospondin 1
213923_at 0.0017 2.17 RAP2B, member of RAS oncogene family
202671_s_at 0.0017 3.14 Pyridoxal (pyridoxine, vitamin B6) kinase
217746_s_at 0.0017 1.73 Programmed cell death 6 interacting protein
203887_s_at 0.0017 8.93 Thrombomodulin
200984_s_at 0.0017 2.42 CD59 antigen p18-20 (antigen identified by monoclonal antibodies 16.3A5,

EJ16, EJ30, EL32 and G344)
201798_s_at 0.0018 6.68 Fer-1-like 3, myoferlin (C. elegans)
210095_s_at 0.0018 33.79 Insulin-like growth factor binding protein 3
206595_at 0.0018 39.60 Cystatin E/M
201939_at 0.0019 6.40 Polo-like kinase 2 (Drosophila)
202286_s_at 0.0019 10.44 Tumor-associated calcium signal transducer 2
201201_at 0.0019 2.57 Cystatin B (stefin B)
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(GO:0008632), and cell-cell adhesion processes (GO:0016337,
GO:0005911) were of prime importance of pancreatic tumor
behaviour. A complete list of significantly over-represented
GeneOntology biological processes that involve at least two
genes is given in Table V.

Molecular status of key genes associated with tumor growth
and progression in pancreatic carcinoma. One of the aims of
this study was the evaluation of molecular parameters that
may be useful in the subtyping of pancreatic carcinoma. To
analyze first some of the key genes substantially involved in
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Table IV. Continued.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

t-test
Probe_set_name P-value Fold change Gene description
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
218228_s_at 0.0020 3.19 Tankyrase, TRF1-interacting ankyrin-related ADP-ribose polymerase 2
205376_at 0.0020 7.59 Inositol polyphosphate-4-phosphatase, type II, 105 kDa
200021_at 0.0021 1.41 Cofilin 1 (non-muscle)
203108_at 0.0021 8.21 Retinoic acid induced 3
217817_at 0.0022 3.70 Actin related protein 2/3 complex, subunit 4, 20 kDa
206884_s_at 0.0022 27.32 Sciellin
209016_s_at 0.0000 114.02 Keratin 7
220964_s_at 0.0023 2.02 RAB1B, member RAS oncogene family
200039_s_at 0.0023 1.59 Proteasome (prosome, macropain) subunit, ß type, 2
206461_x_at 0.0023 6.19 Metallothionein 1H
214457_at 0.0025 5.56 Homeo box A2
203230_at 0.0026 1.95 Dishevelled, dsh homolog 1 (Drosophila)
203113_s_at 0.0026 2.18 Eukaryotic translation elongation factor 1 ‰ (guanine nucleotide

exchange protein)
200766_at 0.0028 4.23 Cathepsin D (lysosomal aspartyl protease)
211983_x_at 0.0028 1.49 Actin, Á 1
204892_x_at 0.0030 1.23 Eukaryotic translation elongation factor 1 · 1
202267_at 0.0033 5.70 Laminin, Á 2
217740_x_at 0.0034 1.25 Ribosomal protein L7a
206023_at 0.0035 9.81 Neuromedin U
200752_s_at 0.0038 3.85 Calpain 1, (mu/I) large subunit
200840_at 0.0038 1.56 Lysyl-tRNA synthetase
204341_at 0.0039 3.14 Tripartite motif-containing 16
203565_s_at 0.0039 2.39 Menage a trois 1 (CAK assembly factor)
204261_s_at 0.0040 2.31 Presenilin 2 (Alzheimer disease 4)
201474_s_at 0.0040 3.60 Integrin, · 3 (antigen CD49C, · 3 subunit of VLA-3 receptor)
213857_s_at 0.0040 5.46 CD47 antigen (Rh-related antigen, integrin-associated signal transducer)
206482_at 0.0040 5.54 PTK6 protein tyrosine kinase 6
205016_at 0.0040 3.66 Transforming growth factor, ·
219936_s_at 0.0044 4.82 G protein-coupled receptor 87
211275_s_at 0.0045 2.02 Glycogenin
213139_at 0.0045 5.83 Snail homolog 2 (Drosophila)
34187_at 0.0046 2.90 RNA binding motif, single stranded interacting protein 2
204219_s_at 0.0047 1.71 Proteasome (prosome, macropain) 26S subunit, ATPase, 1
208623_s_at 0.0047 3.10 Villin 2 (ezrin)
208862_s_at 0.0048 2.08 Catenin (cadherin-associated protein), ‰ 1
218673_s_at 0.0048 1.73 APG7 autophagy 7-like (S. cerevisiae)
201892_s_at 0.0048 1.90 IMP (inosine monophosphate) dehydrogenase 2
202870_s_at 0.0049 2.44 CDC20 cell division cycle 20 homolog (S. cerevisiae)
201005_at 0.0049 2.99 CD9 antigen (p24)
201860_s_at 0.0049 39.06 Plasminogen activator, tissue
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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malignant cell transformation we determined the mutational
status of the tumor suppressor gene TP53 and the KRAS onco-
gene and the status of microsatellite instability.

All the six pancreatic adenocarcinoma samples could be
shown to harbor a missense mutation within the KRAS gene at
codon 12 (with or without loss of wild-type allele) (Table III).

Regarding the status of TP53 gene mutation only the cell
line CAPAN-2 did not show any missense mutation in the core
region of this important tumor suppressor gene (Table III).
None of the cell lines was characterized by microsatellite
instability (data not shown).

Differences within the group of pancreatic carcinoma. In a
former study on primary pancreatic carcinoma samples from
33 patients we were able to define amplifications on the long
arm of chromosome 8 to be significantly associated with
reduced overall survival (9). We therefore used our in vitro
model of six carcinoma cell lines to screen for aberrant trans-
cription patterns as a consequence of gain of genomic material.
For this purpose we used the ‘amplicon identification’ module
of the Expressionist Software (GeneData), which seeks for
contiguous regions on a chromosome where genes show
consistent and significant deviation from the mean of all the
pancreatic tumor samples.

In the six cell lines, the software identified 13 chromo-
some 8 loci showing elevated gene activity. On the other
hand, four loci were characterized by significantly reduced
gene activity (Fig. 2). The regions of differential gene activity
varied dramatically in size ranging from 0.03 to 25.8 Mb
(median 6.1 Mb) for the highly-expressed genes and from
0.06 to 30.2 Mb (median 11.6 Mb) for the lowly-expressed
genes.

Overall six loci were identified showing aberrant gene
activity in more than one cell line probably as a result of a non-
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Table V. Biological processes significantly over-represented
in all the genes highly expressed in pancreatic carcinoma cell
lines according to GeneOntology annotation.
–––––––––––––––––––––––––––––––––––––––––––––––––
Property name P-value
–––––––––––––––––––––––––––––––––––––––––––––––––
GO:0005509 calcium ion binding 0.00017972
GO:0004030 aldehyde dehydrogenase 0.00027988
[NAD(P)+] activity
GO:0007266 Rho protein signal 0.00036722
transduction
GO:0006412 protein biosynthesis 0.0005228
GO:0005094 Rho GDP-dissociation 0.0017399
inhibitor activity
GO:0005610 laminin-5 0.0017399
GO:0006880 intracellular iron ion storage 0.0017399
GO:0008160 protein tyrosine phosphatase 0.0017399
activator activity
GO:0008537 proteasome activator complex 0.0017399
GO:0008538 proteasome activator activity 0.0017399
GO:0005200 structural constituent of 0.002084
cytoskeleton
GO:0005911 intercellular junction 0.0021423
GO:0005515 protein binding 0.0024087
GO:0006928 cell motility 0.0024725
GO:0008632 apoptotic program 0.0034565
GO:0003735 structural constituent of 0.0036084
ribosome
GO:0005840 ribosome 0.0044076
GO:0005544 calcium-dependent 0.0050256
phospholipid binding
GO:0010038 response to metal ion 0.0050754
GO:0005843 cytosolic small ribosomal 0.0069595
subunit (sensu Eukarya)
GO:0016337 cell-cell adhesion 0.0070343
GO:0007596 blood coagulation 0.0075011
GO:0005856 cytoskeleton 0.0079154
GO:0016301 kinase activity 0.0091076
GO:0004871 signal transducer activity 0.0093887
GO:0008243 plasminogen activator activity 0.0098709
GO:0008426 protein kinase C inhibitor 0.0098709
activity
GO:0046872 metal ion binding 0.014097
GO:0006066 alcohol metabolism 0.016
GO:0006469 negative regulation of protein 0.016
kinase activity
GO:0008156 negative regulation of DNA 0.016
replication
GO:0015355 monocarboxylate porter activity 0.016
GO:0030593 neutrophil chemotaxis 0.016
GO:0005737 cytoplasm 0.020179
GO:0007160 cell-matrix adhesion 0.022111
GO:0043123 positive regulation of I-κB 0.022284
kinase/NF-κB cascade

Table V. Continued.
–––––––––––––––––––––––––––––––––––––––––––––––––
Property name P-value
–––––––––––––––––––––––––––––––––––––––––––––––––
GO:0006359 regulation of transcription 0.023342
from Pol III promoter
GO:0005520 insulin-like growth factor 0.026985
binding
GO:0005635 nuclear membrane 0.026985
GO:0008544 epidermis development 0.02954
GO:0005089 Rho guanyl-nucleotide 0.031787
exchange factor activity
GO:0009405 pathogenesis 0.031787
GO:0006357 regulation of transcription 0.034143
from Pol II promoter
GO:0008285 negative regulation of cell 0.03435
proliferation
GO:0007229 integrin-mediated signaling 0.038642
pathway
GO:0017017 MAP kinase phosphatase activity 0.041231
GO:0019904 protein domain specific binding 0.041231
–––––––––––––––––––––––––––––––––––––––––––––––––

399-407  5/1/07  14:56  Page 404



random genetic event. We developed a multiplex PCR assay
to investigate whether these loci of enhanced gene activity
are over-represented on the genomic level. Using amplicons
of the genes CEBPD (8q11.21), MOS (8q12.1), SGKL (8q13.1),
PPM2C (8q22.1), NDRG1 (8q24.22) and LY6D (8q24-qter)
we identified two loci (8q22.1 and 8q24.22) which were repre-
sented by enhanced PCR-signals in the cell line HuPT3 (Fig. 3).
For both of these loci the ‘amplicon identification’ module of
the Expressionist Software had predicted these regions to
be amplified in this cell line. The locus at 8q22.1 harbors the
region from PPM2C (protein phosphatase 2C) to TAF2 (TAF2

RNA polymerase II) and consists of 32 quantified genes (mean
expression fold change: 1.39, compared to the other 5 pan-
creatic cell lines). The locus 8q24.22 comprises the genes
TRIB1, MYC, LRRC6, NDRG1, KHDRBS3 and PTK2 (mean
fold change: 2.49). For the remaining four candidate loci, no
gain of genetic material could be detected by the multiplex
assay.

Discussion

Despite tremendous effort and progress in the diagnostics of
pancreatic cancer with respect to imaging techniques and
molecular genetics, pancreatic cancer is still considered as a
malignant entity with a dismal prognosis (1,10-14). Ductal
adenocarcinoma and its variants (e.g., mucinous non-cystic
carcinoma and signet cell carcinoma) are the most common
neoplasms in the pancreas, representing 85-90% of all
pancreatic neoplasms. In western civilization, the annual age
adjusted incidence rates range from 3.1 (Herault, France) to
20.8 (Central Louisiana, USA) per 100,000 males and from
2.0 (Herault) to 11.0 (San Francisco, USA) per 100,000 females
(13). Approximately, 80% of the cases manifest clinically in
patients between 60 and 80 years whereas young patients
below the age of 40 years suffering from pancreatic cancer
are extremely rare (12). Caucasians have a distinctly lower rate
than African Americans (11). The development of pancreatic
cancer is strongly related to cigarette smoking, which carries
a 2- to 3-fold relative risk that increases with the number
of pack-years of smoking. Chronic pancreatitis, past gastric
surgery, occupational exposure to chemicals, radiation exposure
and diabetes mellitus have also been associated with the
development of pancreatic cancer; furthermore, a markedly
increased risk has been observed in hereditary pancreatitis
(10). Ductal adenocarcinoma is fatal in most cases; the mean
survival time of the untreated patient is 3 months, while the
mean survival after radical resection varies from 10 to 20
months (15-17). The overall 5-year survival rate of patients
treated by resection is 3-4%, although in selected and stage-
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Figure 2. Schematic representation of regions of chromosome 8 showing
significantly enhanced (black) or diminished (white) gene activity. Genes
represented in the multiplex PCR assay are indicated by arrows.

Figure 3. Representative result of three cell lines analysed for gain of genomic material by multiplex-PCR and analysis of PCR products by capillary
electrophoresis.
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stratified series higher survival figures have been reported (18).
Response to chemotherapy may be seen in a small proportion
of patients whereas radiotherapy alone is largely ineffective
(19-21). Unresected carcinomas, due for example to vascular
invasiveness or lymph node metastases, may be treated by
palliative bypass surgery. Patients with no residual tumor
following resection (R0) have the most favorable prognosis
of all patients undergoing surgical resection; this implies that
local spread of peripancreatic tissues is of utmost importance
in terms of prognosis (18,22,23). Genetic alterations in
pancreatic carcinomas include losses and gains of genetic
material as well as generalized chromosome instability. The
most frequent gains include those of chromosomes 12 and 7
(24-26). Recurrent losses of genetic material at specific loci
in a carcinoma suggest that these loci harbor tumor sup-
pressor genes which are inactivated in the carcinoma. In
pancreatic cancer, the gene coding for p16 on 9p, the TP53
gene on 17p, and the DPC4 gene on 18q are all frequently
inactivated (27). Several oncogenes have been shown to be
activated in ductal adenocarcinomas of the pancreas. These
include the KRAS gene on chromosome 12p, which is activated
by point mutations in over 90% of the carcinomas (14). DNA
mismatch repair genes, such as MLH1 and MSH2, can also
play a role (14). However, microsatellite instability resulting
from inactivation of both alleles of a DNA mismatch repair
gene has been identified in only 4% of pancreatic cancer (28).

Since these genetic changes are not unique to pancreatic
carcinoma we sought to identify pathways that may be specific
for the characteristic biology of these tumor cells. Among the
27 most significant (p<0.01) signaling pathways as defined
by Gene Ontology (GO)-terms, which describe the biological
behavior of our six pancreatic carcinoma cell lines (compared
to the other tumor cell lines), we found the terms ‘GO:0005911
intercellular junction, p=0.00214’ and ‘GO:0016337 cell-cell
adhesion, p=0.00703’ indicating an outstanding impact of cell
adhesion processes to pancreatic tumor development and
progression. This result was based on the differential expression
pattern of 21 genes involved in these pathways including ß-
catenin (CTNNB1), tight junction protein 2 (TJP2), neuronal
cell adhesion molecule (NRCAM), and dysadherin (FXYD5),
which are all known to play essential roles in pancreatic tumor
oncogenesis (29-33). Significantly, in a recent meta-analysis
of four different expression profiling studies which all included
primary tumor tissue and normal pancreatic specimens (34),
cell-cell adhesion processes were also identified to be of prime
importance for the malignant transformation of pancreatic
carcinoma. These findings underline, that genes involved in
this pathway are interesting new targets for the development
of alternative treatment strategies of pancreatic carcinoma.

In a recent CGH study comprising 33 patients with resec-
table pancreatic carcinoma (9) we have observed gains of
the long arm of chromosome 8 to represent an independent
predictor of reduced survival [hazard ratio 2.415, 95% confi-
dence interval (2.02-2.81)]. Since chromosome 8q was also
shown in other carcinomas to be at least associated with
advanced disease stage [33 prostate carcinomas (35), 76 breast
cancer patients (36), and 50 colorectal carcinomas (37)] we
sought to identify chromosomal regions on 8q with increased
copy numbers which, in turn, lead to an aberrant gene trans-
cription pattern.

For this approach we first defined a set of candidate regions
based on the differential gene expression pattern in the pan-
creatic carcinoma cell lines and, in a second step, validated
these regions by multiplex PCR assays on genomic DNA.

Among the set of candidates we could prove two 8q regions
(8q21.3-q24.12 and 8q24.13-qter) in the cell line HuPT3 to
be characterized both by an elevated gene activity and by a
gain of genomic material. In a recent extensive array-based
CGH approach (38), at least the 8q24 region of HuPT3, but
not of Capan-2, HuPT4 or PaTu8902, was also shown to be
amplified, underlining the feasibility of our straightforward
multiplex PCR assay. These regions contain EBAG9 (estrogen
receptor binding site associated, antigen, 9; synonymous with
RCAS1) which is involved in the immune escape mechanism
of cancer cells and the MYC gene which is critical for cell
proliferation. In previous studies high expression of EBAG9
has been shown to be an independent adverse marker of
survival in pancreatic carcinoma (39), while the expression
of MYC could not be shown to have implications on patient
survival (30). It will be interesting to evaluate if the over-
expression of EBAG9 is correlated with gain of chromosome 8q
in primary tumor specimens, and to elucidate the prognostic
impact of these two events in the same collective of patients.
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