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Summary first expression profile characteristic for pancreatic tumors. The
CGH analysis allowed the identification of a number of
Aim: The present review summarizes our strategies aimed ciiromosomal regions containing putative tumor suppressor genes
identifying and characterizing genetic alterations occuring at tlee oncogenes. These regions are presently being characterized at the
transcriptional and chromosomal level in pancreatic cancer. molecular level. In a first approach thmyboncogene was
Methods: To study trancriptional alterations we have used identified as the relevant oncogene of an amplification on 6q
number of techniques including modified versions of differentiadcurring in up to 10% of pancreatic cancer patients.
hybridizations and cDNA-RDA (representational differenceConclusionsGenesisolated in both approaches represent potential
analysis). Comparative genomic hybridization (CGH) was used new disease genes for pancreatic cancer and are at present being
study chromosomal aberrations occuring in pancreatic canadraracterized by individual or serial analysis.
tissues.
Results: The study of transcriptional alterations led to thdeywords:chromosomal aberrations, gene expression, oncogenes,
identification of more than 500 genes with differential expressigmancreatic cancer, tumor suppressor genes.
in pancreatic cancer. The sum of these alterations represented the

Introduction Alterations of gene expression

Pancreatic cancer is the fifth cause of cancer related dedthasly studies using mRNA/cDNA saturation-hybridization
in industrialized countries, with a dismal prognosis, atechniques show that the complexity of the mRNA of wild
increasing incidence and no or only uneffective means type and transformed cells may differ up to 1B Taking
treatment (1). The development of new treatment modalitiesto account newest estimates, the total number of human
diagnostic and preventive approaches requires thenes ranges between 80 000-100 000 (4), of which only a
understanding of the molecular mechanisms of the complieaction (12-20%) is transcribed depending on cell type and
multistep process of tumorigenesis in the pancreas. differentiation. Any mammalian cell, with the exception of
present mutations or alterations of gene expression hdetal brain cells, should thus have an average expressed gene
been described for a number of individual genes (2)umber of 10 000-2@00. Based on the mMRNA/cDNA
However, a much larger number of genes are warrantedstiuration-hybridization results named above we may deduce
be involved in primary and secondary processes responsiiotan these figures that the expression of up to 1000-2000
for the development of the phenotype of pancreatic cangg@mes may change as the result of primary and secondary
cells. Identification of these genes is essential as a basisgaycesses during cancerogenesis.
the development of new treatment or diagnostic modalities.
The Genome Project provides the methodologies for a lafgepression profiling using automated cDNA library
scale analysis of these complex genetic alterations in cantechnology and differential hybridizations
In the recent years the major focus of our group has been to
modify and adapt Genome Project teclgglfor the study Gridded arrays of gene libraries, which have been
of transcriptional and chromosomal alterations in pancreatiaccessfully usefibr the mapping and sequencing of whole
cancer. The present review article summarizes our strategiesomes (5,6) were invaluable to study the complex
and some of the results obtained in our large scal#terations of gene expression occuring in pancreatic cancer
approaches during the past few years. cells. We used gridded cDNA libraries from pancreatic
cancer cell lines for differential hybridizations with labelled
probes of the comgte mRNA of pancreatic cancer and
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pancreatic control tissues (7). These hybridizations allowedderstand the processes leading to increased proliferation
the detection of clones containing sequences abundarathdgrowth of cancecells and may represent the basis for
expressed in the tissues used to generate the probe (figuréh). development of treatment or diagnostic modalities.
However, one of our major interests besides the description
A LA EN, Bt of an expression profile of known genes was the
e D R e i identification of novel overexpressed genes. In the same way
Pt AT LT s R gt 2k as for the known genes we expected that a large fraction of
iR a e e T e T the novel genes would be overexpressed in pancreatic cancer
Lavipams I : rid stk due to secondary alterations. For this reason we had to
develop strategies to select relevant genes for further
characterization. Initially we selected a number of
fima =5 cnAR i Ran differentially expressed cDNA-sequences showing
A i e B s cnaminensne homologies to interesting genes or to sequence motifs of
o ' RETERREREARREE gene families of potential interest for pancreatic
cancerogenesis. This led for example to the identification of
Figure 1Hybridizations of the cDNA library grid of the pancreatic cancea gene encoding a protein with fourhdmologous (KH)
cell line PATU 8988s with a[ENA pool p_robe synthetized froppoled  yomains and which was namieat (KH domain containing
E)?o)ly(A) mMRNA of 10 pancreatic cancer tissues (A) and vector DNA (Bbrotein overexpressed in cancer) (8). As the KH domain has
been shown to be involved in the regulation of RNA

Computerized subtraction analysis of hybridization resul¥Nthesis and metabolisrkpc may be involved in the
revealed that 4% of the total number of clones wefgdulation of transcr!ptlonal_ and/or _posttranscrlptlonal
selectively overexpressed in pancreatic carcinoma. A total§PCeSses8). Further interesting candites were a gene
410 cDNA clones (369 distinct clones) classified ag_ncodlnganovel putative tetraspan transmembrane protein

preferentially expressed in pancreatic cancer were isolafdgnly homologous to the tumor associated antigen L6
from one cDNA library and characterized by Northern bidf\@medrM4SFStor transmembrane 4 superfamily member
hybridizations, tag-sequencing and by screening nucleic agib®) and a gene encoding a novel putative trans-membrane
or protein databases for sequence homologies. Northern BRI with two Kunitz-type serine protease inhibitor
hybridizations of 100 ®lected clones confirmed thedomains which was naméap (Kunitz domain containing
hybridization pattern for approximately 90% of the clone&Otein Overepressed in pancreatic cancer). Being a member
Tag-sequencing of the selected differentially express@§the Kunitz-type serine protease inhibitor family, kop

sequences identified novel genes (32,5 %) or homologue9fNe May participate in tumor cell invasion and metastasis
EST-sequences with unknown function (26,3%)e_ind in the development of the marked desmoplastic reaction

Homologies to known genes allowed to describe a pancredygical for human pancreatic cancer tissues (10).

cancer-specific expression profile. The expression profilef$ Only @ small fraction of the 217 new genes contained

summarized in figure 2.

homologies to protein motifs allowing to draw functional
conclusions we had to device the methodology to identify
and characterize the relevant novel disease genes. In this
context we developed a serial characterization approach
allowing us to identifiy genes associated e.g. with the
invasive/metastatic potential of pancreatic cancelis,
embryonal development or transcriptionally regulated by
growth factors as EGF or T@F(11). To identifiy for
example TGB or EGF target genes small sublibraries of
differentially expressed clones were hybridized with cDNA
probes from cell lines treated with the respective growth
factor or from untreated cells. In this context the use of
subtracted and enriched cDNA probes e.g. generated by use
of RDA-technology (see below) has been shown to be
superior to standard differential hybridizations (12). The

rinciple of this serial characterization approach is
ggrrpmarized in figure 3.

Figure 2. 369 distinct ESTs classified as preferentially expressed
pancreatic cancer tissues were sorted into functional categories base
data provided by Gen-Bank or found in the literature. The Y-axis shows the

number of ESTs in each category’jN(7) Analysis of differential gene expression by use of cDNA

Representational Difference Analysis (RDA)
A large number of these differential genes were
overexpressed in pancreatic cancer due to secondeBNA representational difference analysis (cDNA RDA)
alterations as for example increased energy metabolismrepresents an iterative process of subtractive hybridization
cellular turnover (structural and cytoskeletal genes, genesaoid  selective PCR-amplification allowing to select
the transcriptional and translational machinery). Knowledghfferentially expressed genes with a highly reproducible
of the genes involved in these mechanisms will help specificity. RDA was originally deviced to clone differences
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between complex genomes (13). The RDA protocol wpsobes as e.g. high background, time consuming image
later adapted for the use with cDNA to study differenti@nalysis and the need for sophisticated equipment. The
gene expression between two mRNA populations, the stifference products (DP) of representational difference
called “tester” (containing the sequences to be enriched) aathlyses (RDA) were used as hybridization probes on cDNA
“driver” (containing the sequences to be subtracted) (14rays. The effectivity of RDA-products obtained with
The standard cDNA RDA-protocol is ideally suited tancreasing driver/tester ratios (DP 1 = 100 : 1,
rapidly reduce the number of candidate genes in a highhP 2 =800 : 1, DP 3 = 400 000 : 1) to isolate differentially
specific manner, thus allowing to focus on a small number expressed genes in pancreatic cancer was tested (figure 4).
differential genes. We used the standard cDNA-RDA

protocol as an alternative method to isolate differentially

expressed genes in pancreatic cancer (15). Poly(A) mRNA™ & «== -0 = 0w kL P il
pooled from pancreatic cancer tissue samples was used as - =% = .= 4b S ety
tester. To reduce the influence of stromal tissue components. _":' " :*_ T i i P IR
pooled poly(A) mRNA from chronic pancreatitis tissue »+ wos’ * 50 o0 0. o0 T a0 L8
samples was mixed with the pooled poly(A) mRNA from *. "« &= '.i Al e Tal . i
healthy control pancreatic tissues to form the driver. The uﬁ{ -'u-": e o _E_ 2 R I
of this mixed driver led to the identification of 16 distinct™ = = = = ===t il R

gene fragments of which 13 were selectively overexpressed
in pancreatic cancer and not in chronic pancreatitis tissues - '
(15)_ The addition of chronic pancreatitis mRNA to th&igure 4.Hybridizations of RDA products are shown in panels A (DP 1)

. . . e .@and B (DP 2). The following driver (normal pancreas and chronic
driver ensures the isolation of cancer-specn‘lc dlfferentla“[ayancreatitis tissues) to tester (pancreatic cancer tissues) were used: DP1=

expressed gene fragments by eliminating mRNA of stromgJo:1, pp2= 800:1. Al clones were spotted in duplicate (12).
origin. Thus, this approach eliminates the necessity to enrich
for cancer cells in the tissue sample (e.g. tiSsug this approach the hybridization with the DP2 product
microdissection, nude mice xenografts). obtained after the second round of RDA at a driver/tester
ratio of 800:1 represented the best compromise between
serial analysis selection: yield anql specifigi}y. The yield was comparab!e to standard
e.y. TGFp differential hybridizations, whereas the fraction of genes
selectively overexpressed in pancreatic cancer tissues was
ﬁ higher. In summary, this new technique represents a valuable
) alternative for the isolation of genes differentially expressed
Efl“:?;fl CEEEY] in cancer tissues combining the advantages of gridded
lines + [ -|_RDA probas : L library arrays and cDNA representational difference
: A analysis. This technique is superior to conventional

differential hybridizations with gridded arrays as it provides

3;5',3;,7.;;& a higher specificity and it produces hybridization results
»TEFf allowing a reliable and convenient data analysis with an
»differentiation Indivicual automated system or even by eye.

*gmbryonal development characierization

*metastasis I A A

Genomic alterations

Figure 3. Schematic drawing of our strategy employed for the serial . . . .
characterization of differentially novel expressed genes. SSH= subtractViItiple cytogenetic aberrations of primary tumors and of
suppression hybridization. cell lines derived from pancreatic carcinoma have been
described (e.g 16). However, it is difficult to obtain
Use of cDNA-RDA difference products as hybridizatiogufficient metaphase spreads of good quality from such
probes on gridded cDNA libraries to study differential genimor specimens for cytogenetic analysis. This could also
expression result in the selection of analyzed clones which are not
representative for the tumor. Moreover, many aberrant
Standard cDNA-RDA allowed to isolate a number ofhromosomal regions may not have been identified due to
differentially expressed genes in pancreatic cancer withttee high complex karyotype of cultured cancer cells carrying
high specificity. However, the yield was low and théoth multiple numerical and structural abnormalities. Two
standard protocol does not allow to study complemajor approaches have been used to generate more reliable
alterations of gene expression on gridded cDNA libramyata concerning chromosomal aberrations in pancreatic
arrays. For this reason we decided to test the use of RDx&ancer. An extremely successful approach to define
products as probes on cDNA library arrays (12). The aim ofiromosomal arms which may harbor additional tumor
this approach was to provide a straight-forward and relialdappressor genes was applied by the group of Scott Kern
protocol which eliminates the problems usually encounter¢the Johns Hopkins University School of Medicine,
during standard differential hybridizations with cDNABaltimore, MD, USA) and has led to the identification of
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important tumor suppressor genes in pancreatic canceroas underrepresented chromosomal regions represent
e.g. DPC4 (deleted in pancreatic cance) 417). This candidate regions for potential oncogenes and tumor
approach is based on the generation of an allelotype snippressor genes, respectively, possibly involved in
pancreatic cancer using a xenograft enrichment techniquencreatic tumorigenesis. The most common chromosomal
(18). This approach detected highly frequent allelic lossbalances are being studied in ongoing experiments in our
(>60%) at chromosomes 1p, 9p, 17p and 18q and moderatalyoratory. The following part of this review summarizes
frequent allelic loss (40-60%) at 3p, 6p, 64, 8p, 10qd, 12data we have generated for the high-level amplification on
13qg, 18p, 21g and 22qg. Our approach was to u6g23-24 and the area on 9p showing the most frequent loss
Comparative Genomic Hybridzation (CGH) (19) to deteaif chromosomal material.
chromosomal imbalances in pancreatic cancer tissues, with
the major advantage of detecting both, loss and gain ©haracterization of high copy number amplifications
chromosomal material. This approach is described below.
Distinct high-level amplifications are usuallprfined to
Comparative genomic hybridization DNA segments of <1 MB and provide a good basis for the
identification of candidate protooncogenes.
27 cases of pancreatic adenocarcinoma were analyzedTyidentify the most likely candidate oncogene involved in
CGH (Comparative genomic hybridization) (19). Thishe high-level amplification on 6g23-24 a YAC-contig
approach does not require metaphase preparation of (M&C=yeast artificial chromosome) covering the amplified
tumor sample and thus circumvents the limitations oégion was constructé@dl). Southern blot analysis with the
karyotypic analysis possibly influenced by short-terrands of all YAC clones allowed to identify the minimal
culturing of tumor cells. CGH is based on the use a@bmmonly amplified region in pancreatic cancer tissues. The
genomic DNA of tumor cells as a probe for fluorescence inemplete minimally amplified region was contained in one
situ hybridization to normal metaphase chromosomes (28)AC which was used to isolate additional candidate genes
The probe is cohybridized with genomic DNA, isolated frorby exon trapping. This approach led to the identification of
normal lymphocytes, and visualized with a differenseveral gene fragments from the 624 region, including the
fluorochrome. Comparison of the signal intensities fromprotoncogen&-myh Only the proto-oncogenemybwas
tumor and control DNA probes allows the detection dbund to be amplified in the cancer tissuestaming the
chromosomal imbalances. Gains or losses of chromosomahimal commonly amplified regionc-myb encodes a
mateifal in the tumor are indicated by the increase arndanscriptional activator protein with repeated helix-turn-
decrease of the ratio’s of the fluorescence signal intensitibelix DNA-binding motifs.c-mybis known to be activated
respectively. Regions showing gains of chromosomat an oncogene through amplification in several tumor cells,
material may harbor putative oncogenes, whereas areas vigthexample in some acute myelogenous leukemic cell lines
loss of chromosomal material may contain putative tum¢22), primary breast cancer (23) and in a few additional
suppressor genes. Of the 27 tumors analyzed in this studgses in established adenocarcinoma cell lines from colon
23 showed chromosomal imbalances. Gains of chromosoroatcinoma (24) and small cell lung carcinoma (25). Our data
material were much more frequent than losses. The maspresents the first report describing an amplification of the
common overrepresentations were observed @rmyblocusin pancreatic cancer. This amplification appears
chromosomes 16p (eight cases), 20q (seven cases), 22qt(soccur at a moderate frequency of 10% as compared to the
cases), and 17q (five cases) and underrepresentations amalification rates observed in primary breast cancer (3%)
subregion of chromosome 9p (eight cases). Distinct higf23) and in colon cancer (23%) (26)mbexpression was
level amplifications were found on 1p32-p34, 6g24, 792Barely detectable in healthy pancreas and chronic
12p13 and 22q (figure 5). pancreatits. Significantly enhanced expression was found in
the pancreatic cancer tissues armlls showing
amplifications at 6924, thus confirming that DNA
amplification is one of the genetic mechanisms leading to an
. upregulation o€-mybgene expression. Overexpression was
| H { H found not only in the tissues and cells showing
1| [ I = .
[ B o

o

amplifications but as well in 70% of the examined pancreatic
cancer tissues and 54% of the examined pancreatic cancer
cell lines. Therefore we suggest that other mechanisms
besides DNA amplification may lead ¢emybactivation.
Interestingly, in addition to high copy number amplifications
Figure 5High copy number amplifications in pancreatic tumors detectegther genetic alterations of tkemyblocus were detectable.
]E?y CGH. Average 'ati?o%'r?g'?nsfngizi?fiéirzgf&yn:‘;”:;: a‘lg“slf"ig‘;?;iv‘\)l”:a"lloss of heterozygosity was found in 14% of the examined
[;\r/(?fi?eezorr;qpl)(;er:egrll?gtsive example of the CGH analysis ispsh(swn (29). %‘ancreat,lc cancer t'ss‘,*es and 15% of the examined
pancreatic cancer cell lines. It has been suggested, that
genetic imbalances of timeyblocus, both amplification and
These data provided evidence for a number of nedeletion, might occur along with tumor progression or
cytogenetically defined recurrent aberrations which argetastasis (27). In fact, the DNAs showing amplification or
characteristic of pancreatic carcinoma. The overrepresenté€dH were obtained from tumors of advanced stage, which
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[
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