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Abstract. Pancreatic cancer is a lethal disease for which little
progress in early diagnosis or treatment has been made for
many decades. Better biomarkers are urgently needed for early
detection while the cancer is potentially curable. Recently,
expression profiling, including gene expression profiling and
proteomic profiling, have demonstrated new opportunities to
investigate crucial events underlying pancreatic tumorigenesis
and to exploit this knowledge for early detection and better
intervention. This review will discuss and compare recently
published data on this topic.

With the completion of the human genome sequencing
project and the continued progress in technologies and
bioinformatics tools, global analysis of gene and protein
expressions in cells and tissues is becoming feasible.
Differential expression profiling in cancer compared to
normal or non-cancerous tissues allows for the parallel
analysis of the genes and proteins that are expressed under
such disease settings, leading to discovery of dysregulated
genes/proteins that are biologically significant or responsible
for the disease. Such efforts can potentially lead to the
discovery of important biomarker candidates for diagnosis,
prognosis and therapy. Pancreatic cancer is the fourth
leading cause of cancer death in the United States (1), with
one of the worst survival rates of all cancer types. While
there has been considerable improvement in the genetic and
proteomic understanding of the top three cancers in the US
(breast, lung and colon), the fourth most common cause of
cancer death (pancreatic) has not been adequately studied.
Pancreatic cancer is diagnosed in 30,000 patients in the US
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every year; only 200 of these patients will still be alive one
year later. Therefore, the study of genetic and protein
events that lead to neoplastic progression in the pancreas is
important from both scientific and clinical stand-points.

In the past ten years, many genetic alterations in
pancreatic cancer have been elucidated (2, 3). For example,
K-ras point mutations occur in over 90% of pancreatic
cancers (2). Tumor suppressor genes, such as p53, p16 and
DPC4, are frequently inactivated (3), while epidermal
growth factor receptor HER-2/neu becomes activated (4-6).
However, the significant progress in the identification and
characterization of cancer-related gene abnormalities has
not been translated into substantial clinical improvement in
the diagnosis or treatment of the disease. Efforts to use
these genetic mutations as surrogate markers of disease
have been unsuccessful due to their low sensitivity or
specificity. Therapies directed to matrix metalloproteinase
inhibitors (7-9), farnesyl transferase inhibitors (10) or
epidermal growth factor receptor inhibitors (11) initially
generated excitement that has waned due to the lack of
substantive response in phase III clinical studies. Moreover,
efforts to exploit these genetic events as potential
biomarkers were unsuccessful because of the lack of the
high sensitivity and specificity required to screen an
asymptomatic population. The only widely used tumor
marker, CA19-9, is frequently elevated in pancreatic cancer,
but may also be expressed in other malignancies. Moreover,
its levels can also be elevated in such benign conditions as
acute and chronic pancreatitis, hepatitis or biliary
obstruction (12).

The recent advances in technologies in genomics and
proteomics have provided new tools and platforms for
simultaneous global profiling of a large number of genes or
proteins in two or multiple systems that can be compared. In
pancreatic cancer, the studies have focused on the
comparative profiling of the cancerous and normal pancreas,
and have identified large numbers of differentially-expressed
genes/proteins. The identification of gene and protein
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expression alterations in cancer could provide a basis for the
future development of diagnostic biomarkers, or prognostics
biomarkers and lay the groundwork for future clinical
research. This review discusses recent progress in the effort
to identify differentially-expressed gene/proteins in
pancreatic cancer tissue/cells.

Sample Preparation

Pancreatic ductal adenocarcinoma consists of a solid mass,
with 30% to 90% of the tumor cells interspersed with a
fibroblastic stroma. It is difficult to decide what the starting
material should be for the development of biomarkers for
cancer. One can start with purified cancer cells or with
whole cancer including the non-cancerous components.
Cross-interaction between tumor cells and the surrounding
stroma is facilitated through proteins that modify cancer
and stromal growth (13, 14). Profiling purified cancer cells
may be an excellent starting source for biomarkers: the use
of enriched cancer cells could facilitate the discovery of
biomarkers present in small amounts. However, such an
approach may miss biomarkers of cancer derived from the
abnormal stromal cells. More than ten of the expression
profiling studies used whole pancreatic cancer tissue, and
identified a large set of dysregulated genes (15-25).

Several approaches have been applied to isolate pure
cancer cells from pancreatic cancer tissue, including laser
capture microdissection (LCM), CELLection Epithelial
Enrichment and primary pancreatic ductal culture (26).
CELLection Epithelial Enrichment utilizes super-
paramagnetic polymer beads coated with the monoclonal
antibody BerEP4 (EpCAM Ab) to isolate human epithelial
cells from the cellular slurry of whole pancreatic cancer and
has been demonstrated to be suitable for protein and
mRNA studies (26, 27). Primary pancreatic ductal culture
is a short-term cell culture approach to increase the quantity
of a sample and is a particularly useful solution when
dealing with small sample size (26). The most commonly
used and versatile technique for cancer cell separation is
LCM. The studies have shown that the use of LCM to
microdissect epithelial cells from cancer tissues can
effectively provide enriched populations of target cells (28-
31). In the first application of microdissection for sample
preparation in studying the gene expression profiling of
pancreatic ductal adenocarcinomas, several differentially-
expressed genes, that had not been previously reported,
were discovered (28), suggesting the benefit of using
microdissected material.

Gene Expression Profiling

In recent years, gene expression profiling has identified
differentially-expressed genes in pancreatic cancers for

applications as biomarkers, therapeutic targets and to
increase the understanding of tumor progression. There
are many published studies describing the application of
gene expression profiling technologies to the analysis of
cells and tissue from pancreatic cancer (15-25, 28-37).
Most of these studies focused on the characterization of
gene expression profiles and identification of specific
genes that could serve as molecular targets for diagnosis
and/or therapy. For the purposes of this review, we
analyzed the data from seventeen studies of gene
expression in pancreatic cancer (Table I). These studies
were selected from a search in Pubmed with the key words
‘pancreatic cancer’, ‘expression profiling’ and ‘gene
expression’. In an attempt to construct a database
containing all the published gene expression data, we
found it can be challenging to comprehensively compare
the results across different studies. With variations in gene
expression tools, sample types and analytical tools, not all
of the results from these studies are readily comparable.
While the data from each of the studies was very
informative, many genes were found to be dysregulated in
one study but not in the others. Table II summarizes 144
genes that were identified and cross-validated by two or
more different studies.

Among these 144 genes, 102 genes were up-regulated. The
most frequent genetic alteration was overexpression of
S100P (noted in six studies). Another gene, TRIM29, was up-
regulated in five studies. Seven genes were overexpressed in
four studies: FOSL1, S100A11, SFN, KRT7, FN1,PLAU and
PSCA. Deregulation of mesothelin (MSLN) was shown in
four studies, however, it was up-regulated in two of the
studies, and down-regulated in the other two studies. In
general, however, the direction of deregulation (e.g. up-
regulation versus down-regulation) in these studies was in
agreement.

Down-regulation of gene expression in pancreatic cancer
was less common than up-regulation; only 42 genes were
shown to be down-regulated in at least two studies. Among
them, three genes, MUC5B, FCGBP and PAP, were down-
regulated in three studies. All other down-regulated genes
were only reported in one or two studies.

Quantitative Proteomics

While gene expression profiling is a powerful platform for
identifying differentially-expressed genes, the corresponding
protein levels are less well known. It is evident that RNA
levels do not necessarily correlate with protein levels (38,
39). With the recent progress in mass spectrometry-based
technology, global proteomics profiling of complex
biological samples is becoming possible.

The recent development in proteomics has stimulated
considerable interest in applying the technologies for
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Table 1. Gene expression analysis of pancreatic cancer.

Year Author Type of array Test samples Reference samples
2004  Aguirre et al. cDNA microarray 24 pancreatic adenocarcinoma human cDNA microarrays
cell lines and 13 primary tumor specimens  containing 14,160 cDNA clones
2002  Crnogorac-Jurcevic et al.  cDNA arrays 3 pancreatic ductal adenocarcinomas microdissected normal from 3
as microdissected pancreatic cancer cases
2003  Crnogorac-Jurcevic et al.  cDNA arrays 9 pancreatic carcinoma 3 normal pancreata
2003  Friess et al. oligonucleotide microarrays 8 pancreatic carcinoma 8 normal pancreata
2005  Fukushima et al. oligonucleotide microarrays 3 pancreatic cancer, LCM microdissection 3 normal pancreas, LCM
microdissection
2003  Grutzmann et al. oligonucleotide microarrays 7 pancreatic cancer, LCM 3 normal pancreas, LCM
microdissection, and 5 microdissection
2005 Gysin et al. cDNA microarrays 4 pancreatic cancer cell lines pooled reference cell lines
2002 Han et al. cDNA microarrays 9 pancreatic cancer cell lines 2 normal pancreas
2004 Holzmann et al. Matrix-CGH 13 pancreatic cancer cell lines reference human
and 6 pancreatic tumor genomic DNA
2002 Tacobuzio-Donahue et al.  oligonucleotide microarrays 14 pancreatic adenocarcinoma, 11 normal pancreas
8 pancreatic cancer cell lines
2003 Tacobuzio-Donahue et al.  oligonucleotide microarrays 26 pancreatic adenocarcinoma tissues, 50 normal tissues
13 cell lines
2003 Logsdon et al. oligonucleotide microarrays 10 pancreatic adenocarcinoma, 5 normal pancreas
7 pancreatic cancer cell lines
2004 Missiaglia et al. cDNA arrays 19 pancreatic cancer cell lines immortalized HPDE cell line
2004 Nakamura et al. cDNA microarrays 10 pancreatic cancer, LCM microdissection 7 normal pancreas
2003 Tanetal. cDNA microarrays 6 pancreatic carcinoma adjacent normal tissues
2005 Prasad et al. cDNA microarrays microdissected early PanIN microdissected normal
duct epithelium
2005 Qian et al. oligonucleotide microarrays  immortalized HPDE cell line/K-ras (G12V)  immortalized HPDE cell line

LCM, laser capture microdissection.

clinically-related research (40, 41). Substantial interest has
been focused on applying proteomic methods for the
discovery of new therapeutic targets, as well as the
identification of new disease markers for diagnosis and early
detection (41). A number of studies have been published
employing proteomics to study the protein profile of
pancreatic cancer (12, 42-46). Table III lists some of the
recent publications specifically focused on studying the
protein profile of tissues/cells from pancreatic cancer in
comparison with normal samples.

Several of these studies were based on two-dimensional
gel electrophoresis (2-DE). Microdissected malignant ductal
epithelial cells from pancreatic cancer were studied using
non-malignant cells as a control for protein profiling by
2-DE (44). Nine protein spots that were differentially-
regulated were discovered, and 1 protein spot was identified
as S100A6, which belongs to the S100 protein family.
Several members of the S100 family have been reported to
be overexpressed in pancreatic cancer both by mRNA and
immunohistochemical analyses and, thus, may be important
in pancreatic cancer. To overcome the technical difficulty

due to limited microdissected material, DIGE (fluorescence
difference gel electrophoresis) saturation labelling and
2-DE were applied to analyze microdissected cells from
PanINs (pancreatic intraepithelial neoplasia) (46). The use
of DIGE saturation labelling improved the sensitivity and
enabled the successful 2-DE analysis of the samples. The
study revealed 8 differentially-expressed proteins in
microdissected PanIN regions, which included 3 actin
filament-associated proteins and, thus, suggested a relevant
role of the actin cytoskeleton during pancreatic tumor
progression.

Whole pancreatic cancer tissue has also been used to
study pancreatic adenocarcinoma using 2-DE in several
studies (43, 45). In such a study (45), 40 differentially-
expressed proteins were identified. A considerably higher
number of proteins, compared to other 2-DE studies using
microdissected samples, was identified in the study because
it used whole cancer tissue, thus more sample was available
for 2-DE analysis. Another 2-DE study on pancreatic
adenocarcinoma revealed 111 differentially-expressed
proteins related to pancreatic cancer (43).
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Table II. Genes differentially-expressed from at least two studies.

Gene symbol Locus UP/DN No. of studies  Reference Gene symbol  Locus UP/DN  No. of studies  Reference
S100P 4pl6 UP 6 28,23,24,21,22,31 CFLI 11q13 UP 2 31, 30
TRIM29 11q23 Up 5 28, 21, 18, 23, 31 COL3A1 2q31 UPp 2 28, 31
FOSLI 11q13 UP 4 19, 20, 24, 22 CCND1 11q13 2 20, 22
S100411 1921 UP 4 19, 23, 22, 31 DBN1I 5q35.3 UP 2 21,22
SFN 1p36.11 UP 4 33,31, 23,22 DAF 1q32 UP 2 23,24
KRT7 12q12 Up 4 21, 23,22, 28 DDAHI 1p22 DN 2 31, 30
MSLN 16p13.3 4 31, 23, 22,33 SMAD4 18q21.1 2 33,18
FNI 2q34 UP 4 33, 3116, 21 ELAI 12q13 DN 2 31, 20
PLAU 10q24 UP 4 21, 31, 22, 28 EVL 14q32.32 DN 2 30, 31
PSCA 8q24.2 Up 4 21, 31, 22, 33 EPHA4 2q36.1 UP 2 31,23
ACTB Tpl5-p12 3 28,22, 31 FAP 2q23 UP 2 21, 20
ANXAI 9q12-q21.2  UP 3 19, 30, 22 FSCN1 Tp22 UP 2 21, 31
ARL7 2q37.2 3 21, 31,22 FOXM1 12p13 UP 2 31, 20
FERIL3 10q24 Up 3 19, 21, 22 LGALS1 22q13.1 UPp 2 22,28
DDX21 10g21 UPp 3 19, 21, 31 GATM 15q14 DN 2 28, 31
LCN2 9q34 UP 3 19, 21, 22 GSTTI 22q11.23 2 19, 15
PLAUR 19q13 UP 3 19, 23,21 GAPDH 12p13 UP 2 28, 20
CDH3 16q22.1 Up 3 31, 23,22 HSPAIA 23q13 2 31,15
CEACAMG6 19q13 UP 3 19, 23,22 HS38T1 4pl6 2 31,22
CAV2 7q31.1 3 21,31, 22 HMGA2 12q15 UP 2 20, 31
KRTI9 17q21.2 UP 3 33,23,22 HRH4 18q11.2 UP 2 15, 20
CLDNI 3q28-929 Up 3 21,19, 31 HTATIP 11q13 DN 2 31, 20
COL1A2 7q22.1 UPpP 3 28, 21, 31 HABP2 10q26.11 DN 2 31, 30
COLIAI 17q21.3 UP 3 28,21, 31 INHBA 7p15-p13 UP 2 23,22
CIS 12p13 UP 3 31, 20, 24 IRS1 2q36 2 20, 24
C2 6p21.3 Up 3 31, 15, 34 IGFBP3 7Tpl13-p12 UPp 2 23,22
CST6 11q13 UPp 3 23, 30, 24 ITGB4 17q11 UP 2 23,28
FCGBP 19q13.1 3 31, 15,24 KRT17 17q12 UP 2 23,22
FXYD2 11923 3 20, 31, 28 KIAA1199 15q UP 2 21,22
GJB2 13ql11-q12 Up 3 15, 22,21 KIAA1363 3926 UPp 2 21,22
IFITM1 11p15.5 UPpP 3 21,31, 24 KLK1 19q13.3 2 28, 30
IF127 14932 UP 3 31, 23, 30 LGALS2 22q12-q13 DN 2 31,28
LAMA3 18ql11 UP 3 23,15, 20 STMN1 1p36.1-p35 UP 2 21, 31
LAMC?2 1q25-q31 UP 3 21, 22,23 HLA-DRA 6p21.3 UP 2 15, 30
MMPI11 22q11.23 UPp 3 31, 22,28 NNMT 11q23.1 UP 2 21,22
MUCSB 11p15 3 31, 22, 28 NOTCH4 6p21.3 UP 2 15, 28
PAP 2pl12 DN 3 31, 22, 30 NCOA3 20q12 UP 2 31,18
PHLDAI 12q15 UP 3 21, 20, 22 NR4A1 12q13 DN 2 31, 20
RAI3 12p13 Up 3 21,31, 22 NR4A2 2q22-q23 DN 2 31,24
SLP1 20q12 UP 3 28, 30, 22 PNLIP 10q26.1 DN 2 31, 20
THBS2 6q27 UP 3 21, 31,22 PITPNM1 11q13 2 20, 31
TOP24 17q21-q22 Up 3 21, 22,33 PKM2 15q22 UPp 2 28,23
MMP7 11q21-q22 Up 3 21, 22,28 TSSC3 11p15 UP 2 23,21
ANXA4 2p13 2 31, 24 PLECI 8q24 UP 2 21,22
CD24 6q21 DN 2 19, 30 KCNAS 12p13 UP 2 31, 20
CYCS 7pl5.2 Up 2 19, 31 POUS5FI 6p21.31 DN 31,15
DAP S5pl15.2 DN 2 19, 30 PRC1 15q26.1 UP 2 31,24
CAPG 2pll1.2 UP 2 21,22 RAB2 8ql2.1 UP 2 31,15
CLICI 6p22.1 UP 2 15, 34 RBMS1 2q24.3 UP 2 31,21
PRIM1 12q13 Up 2 19, 20 RUNX1 21q22.3 UPp 2 22,21
SSR4 Xq28 DN 2 19, 28 $§10046 1921 UP 2 23,28
TCEAL1 3p21 UP 2 19, 31 SPP1 4q21-q25 2 21, 31
continued
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Table II. continued

Gene symbol Locus UP/DN No. of studies  Reference Gene symbol  Locus UP/DN  No. of studies  Reference
TPII 12p13 2 20, 30 SGK 6q23 DN 2 31,24
CPAI 7q32 DN 2 31, 30 SMURF1 7q21.1-q31.1  UP 2 15,24
CLPS 6pter-p21.1 DN 2 31, 30 SLCI16A3 17q25 UP 2 21,22
TPM2 9p13.2-p13.1 UP 2 23,15 SLC2A41 1p35-p31.3 UP 2 31,23
ADAMS 10q26.3 UP 2 31,23 SLCO4A1 20q13.33 UP 2 22,15
FOS 14q24.3 DN 2 19, 30 TERT 5p15.33 2 15,28
AK3 9p24.1 UP 2 31,23 TFF3 21q22.3 2 28,31
ADRM1 20q13.33 UP 2 15, 30 TIMPI Xpl1.3 UP 2 28, 21
AREG 4q13-q21 DN 2 31, 28 ARNTL2 12p12.2 UP 2 21,22
ANXAI3 8q24.13 DN 2 31, 20 TTF2 1p22 UP 2 15, 20
ANXAS 10q11 UP 2 23,34 TM4SF4 3q25 DN 2 31,24
ASPH 8ql2.1 UP 2 21,22 TMEPAI 20q13.31 UP 2 21,22
ATPIB3 3q23 UP 2 31,24 TNF 6p21.3 UP 2 18, 15
CABYR 18q11.2 UP 2 15, 20 TACSTD2 1p32-p31 UP 2 21,22
CEACAMS 19q13 UP 2 23,22 VIM 10p13 2 28, 30
CTSF 11q13 DN 2 31, 30 MYBL2 20q13.1 UP 2 31, 30
CDS83 6p23 UP 2 31,21 MYC 8q24.12-24 UP 2 18, 19
CDC20 1p34.1 UP 2 31, 30 ZNF521 18q11.2 UP 2 15, 20
CKS2 9q22 UP 2 31, 30 CSPG2 5q14.3 UP 2 31,21

UP, up-regulated; DN, down-regulated.

Table II1. Proteomic analysis of pancreatic cancer.

Year Author Analysis method Test samples Reference samples

2003 Cecconi et al. 2-DE/MS mass mapping pancreatic adenocarcinoma cell line pancreatic adenocarcinoma
cell line

2003 Shekoubh et al. 2-DE/MS mass mapping malignant ductal epithelial cells non-malignant ductal
epithelial cells

2004 Lu et al 2-DE/MS mass mapping pancreatic adenocarcinoma normal pancreas

2004 Shen et al. 2-DE/MS mass mapping pancreatic adenocarcinoma normal pancreas

2005 Chen et al. Multi-dimentional pancreatic adenocarcinoma normal pancreas

LC/ICAT/MS/MS
2005 Sitek B et al. 2-DE/MS/MS microdissected PanIN cells pancreatic carcinoma tissue

2-DE/MS, two-dimensional gel electrophoresis/mass spectrometry; LC, liquid chromatography; ICAT, isotope-coded affinity tag; PanIN, pancreatic

intraepithelial neoplasia.

The recently developed isotope-coded affinity tag (ICAT)
technology provides a more comprehensive approach for
quantitative proteomic analysis (47). This methodology has
demonstrated a significant improvement over gel-based
methods in identifying proteins of low abundance (48). We
recently applied ICAT technology to perform quantitative
protein profiling of pancreatic cancer tissues compared to
normal pancreas (12). The study identified 151 differentially-
regulated proteins in cancer samples. Over half of these
proteins are active in metabolism and cellular physiological
processes. In addition, many of these differentially-regulated

proteins are involved in signal transduction, cell growth
and/or maintenance (12, 26). Moreover, many of the
differentially-expressed proteins play a role in the
communication system through which epithelial and tumor
cells interact with the extracellular matrix. These protein-
driven interactions orchestrate tumor growth, migration,
angiogenesis, invasion, metastasis and immunological escape.
The study revealed numerous proteins that are newly-
discovered to be associated with pancreatic cancer, providing
candidates for future early diagnosis biomarkers and targets
for therapy. Several differentially-regulated proteins
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Table IV. Proteins differentially expressed from at least two studies.

Gene symbol Locus UP/DN No. of studies ~ Reference Gene symbol  Locus UP/DN  No. of studies  Reference
ANXA2 15921-q22 UP 3 46, 12, 43 FLNA Xq28 UP 2 43,12
ANXA4 2p13 3 46, 45, 12 FSCN1 Tp22 UP 2 43,12
CPAI 7q32 DN 3 45,43, 12 GATM 15q14 DN 2 43,12
CPA2 7q32 DN 3 45,12, 43 GSN 9q33-q34.1 UP 2 43,12
CTRBI1 16q23-q24.1 DN 3 45,12, 43 HSPAS8 11q24.1 2 45, 46
CTSD 11p15.5 UP 3 45,12, 43 IGKC 2p12 Up 2 12,43
ELA3A 1p36.12 3 45,12, 43 LGALSI 22q13.1 UP 2 12, 45
GAPDH 12p13 UP 3 12, 46, 42 LGALS3 14q21-q22 2 46, 43
HSPAS 9g33-q34.1 DN 3 43,12, 45 LUM 12q21.3 2 12, 43
PNLIPRP] 10q25.3 3 43,12, 45 PGK1 Xql3 UP 2 46, 12
PPIA 19p13.2 3 46, 43, 45 PNLIP 10926.1 DN 2 43,12
PRSS1 7q34 DN 3 44, 43, 45 PP 10q11.1 Up 2 46, 43
ACTB Tpl15-p12 2 46, 12 PRDX1 1p34.1 2 45, 46
ACTG1 17q25 UP 2 46, 12 PRDX2 19p13.2 DN 2 45, 46
ALB 4q11-q13 2 46, 12 PRSS2 7q34 DN 2 45,43
AMY2A 1p21 DN 2 12, 45 REGIA 2p12 DN 2 12, 45
ANXAI 9q12-q21.2  UP 2 43,12 S$100A49 1q21 2 46, 43
CAPG 2pl1.2 UP 2 406, 43 TAGLN 11q23.2 2 46, 43
CLPS opter-p21.1 DN 2 45,12 TGM2 20q12 UP 2 12,43
CPB1 3q24 DN 2 43,12 TPM2 9p13.2 UP 2 45,12
ELA3B 1p36.12 DN 2 45,12 TPM4 19p13.1 2 45,12
ENOI 1p36.3-p36.2 2 46, 43 VIM 10p13 2 46, 12

identified in this study were validated through Western
blotting and immunohistochemical analysis on tissue arrays
and might proved to be robust biomarker candidates (12).

Compared to gene expression profiling, protein profiling
identified relatively fewer differentially-expressed proteins
in pancreatic cancer. Forty-four proteins, that were
abnormally expressed in the proteomics experiments, have
been shown to be differentially-expressed in more than one
protein profiling study (Table IV): 12 proteins were shown
in three studies and 32 proteins were shown in two studies.
The factors contributing to this low concordance between
these protein profiling studies include the different
proteomic profiling methods used, different histology for
the samples, the use of microdissection and differences in
the normal reference samples.

Genomic Approach vs. Proteomic Approach

There is a need to correlate changes in gene expression
profiles with changes in proteomics profiles (49). Given
the different regulation at the mRNA and protein levels,
integration of gene expression profiles and protein
profiling in cells and tissue will increase knowledge about
the functions and regulatory pathways. For example, in
one study, the comparison of gene expression patterns and

the levels of 52 cancer-related proteins in 60 human cancer
cell lines has led to an interesting observation in the
integration of the protein and mRNA data: the levels of
structural proteins were highly-correlated with the levels
of their corresponding mRNAs, whereas the levels of non-
structural proteins were poorly-correlated with their
mRNAs (49, 50).

For pancreatic cancer, no systematic investigation to
correlate the gene expression profile and the proteomics
profile in the same sample has been reported to date.
However, as a rudimentary analysis, we can correlate the
published gene expression data and proteomics profiling
data in pancreatic cancer. In the thousands of
genes/proteins analyzed, only 66 genes/proteins have been
shown to be dysregulated in pancreatic cancer by both
techniques. The most frequently detected genes/proteins
were: ACTB, ANXA4, ANXAI, CPAI, SFN, KRT7 and FN1,
which have been shown in five studies. Interestingly, the
overexpression of S100 calcium-binding protein P (S100P),
reported in six gene expression studies, has not been shown
in any proteomic profiling study. As noted before, RNA
levels do not necessarily correlate with protein levels (38,
39). In addition, technical differences, including the method
used, in gene expression or proteomics, may also contribute
to this difference.
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Discussion

Gene expression profiling and proteomic profiling are
envisioned as powerful tools for the identification of
biomarkers for diagnosis, prognosis, therapy and predictive
medicine, as well as for tumor classification. Most of the
studies published to date have demonstrated the power of
these techniques for the identification of differentially-
expressed genes/proteins that could be used for future
biomarker development. In some cancers, proof-of-principle
studies have suggested the value of using expression profile
approaches for tumor classification. For example, in lung
cancer, studies have shown the potential of using gene
expression profiles as classifiers to define subsets of lung
cancer (51-53). Moreover, studies have shown that gene
expression profiling can correlate with lung cancer prognosis
(52). In pancreatic cancer, expression profiling approaches
have proved powerful in identifying differentially-expressed
genes/proteins that could potentially influence diagnosis and
therapy. Further studies are needed to explore the potential
of using expression profiling for cancer classification and
prognosis prediction in pancreatic cancer.

With the maturity of gene expression techniques and the
rapid development of proteomic techniques, it is now feasible
to study and integrate global gene and protein expression
profiles. In combination with other techniques, such as tissue
arrays, ELISA and protein arrays, we can now obtain
comprehensive information to study the disease mechanism
and identify candidate biomarkers for pancreatic cancer. The
differentially-regulated genes/proteins discovered in such
studies will provide insights into a variety of cell functions and
biological processes and broaden our understanding of
pancreatic tumor biology. It is expected that expression
technologies will continue to play an important role in clinical
studies in the battle against cancer, towards the development
of predictive, preventative and personalized medicine (54).

Acknowledgements

This work was generously supported by the Canary Fund, the
Concern Foundation, Myrna and Stan Zimmerman, and the Gene
and Mary Ann Walters Pancreatic Cancer Foundation. R.C. was
supported by the NIH fellowship (NIH 5 T32 DK07742 08), U.S.A.

References

1 Jemal A, Thomas A, Murray T and Thun M: Cancer statistics,
2002. CA Cancer J Clin 52: 23-47, 2002.

2 Hruban RH, van Mansfeld AD, Offerhaus GJ, van Weering
DH, Allison DC, Goodman SN, Kensler TW, Bose KK,
Cameron JL and Bos JL: K-ras oncogene activation in
adenocarcinoma of the human pancreas. A study of 82
carcinomas using a combination of mutant-enriched polymerase
chain reaction analysis and allele-specific oligonucleotide
hybridization. Am J Pathol 743: 545-554, 1993.

10

11

12

13

14

15

Hruban RH, Offerhaus GJ, Kern SE, Goggins M, Wilentz RE
and Yeo CJ: Tumor-suppressor genes in pancreatic cancer. J
Hepatobiliary Pancreat Surg 5: 383-391, 1998.

Day JD, Digiuseppe JA, Yeo C, Lai-Goldman M, Anderson SM,
Goodman SN, Kern SE and Hruban RH: Immunohistochemical
evaluation of HER-2/neu expression in pancreatic
adenocarcinoma and pancreatic intraepithelial neoplasms. Hum
Pathol 27: 119-124, 1996.

Hall PA, Hughes CM, Staddon SL, Richman PI, Gullick WJ
and Lemoine NR: The c-erb B-2 proto-oncogene in human
pancreatic cancer. J Pathol 161: 195-200, 1990.

Satoh K, Sasano H, Shimosegawa T, Koizumi M, Yamazaki
T, Mochizuki F, Kobayashi N, Okano T, Toyota T and Sawai
T: An immunohistochemical study of the c-erbB-2 oncogene
product in intraductal mucin-hypersecreting neoplasms and
in ductal cell carcinomas of the pancreas. Cancer 72: 51-56,
1993.

Bramhall SR, Rosemurgy A, Brown PD, Bowry C and Buckels
JA: Marimastat as first-line therapy for patients with
unresectable pancreatic cancer: a randomized trial. J Clin Oncol
19: 3447-3455, 2001.

Evans JD, Stark A, Johnson CD, Daniel F, Carmichael J,
Buckels J, Imrie CW, Brown P and Neoptolemos JP: A phase 11
trial of marimastat in advanced pancreatic cancer. Br J Cancer
85: 1865-1870, 2001.

Moore MJ, Hamm J, Dancey J, Eisenberg PD, Dagenais M,
Fields A, Hagan K, Greenberg B, Colwell B, Zee B, Tu D,
Ottaway J, Humphrey R and Seymour L: Comparison of
gemcitabine versus the matrix metalloproteinase inhibitor BAY
12-9566 in patients with advanced or metastatic
adenocarcinoma of the pancreas: a phase III trial of the
National Cancer Institute of Canada Clinical Trials Group. J
Clin Oncol 21: 3296-3302, 2003.

Cohen SJ, Ho L, Ranganathan S, Abbruzzese JL, Alpaugh RK,
Beard M, Lewis NL, McLaughlin S, Rogatko A, Perez-Ruixo
JJ, Thistle AM, Verhaeghe T, Wang H, Weiner LM, Wright JJ,
Hudes GR and Meropol NJ: Phase II and pharmacodynamic
study of the farnesyltransferase inhibitor R115777 as initial
therapy in patients with metastatic pancreatic adenocarcinoma.
J Clin Oncol 21: 1301-1306, 2003.

Xiong HQ, Rosenberg A, LoBuglio A, Schmidt W, Wolff RA,
Deutsch J, Needle M and Abbruzzese JL: Cetuximab, a
monoclonal antibody targeting the epidermal growth factor
receptor, in combination with gemcitabine for advanced
pancreatic cancer: a multicenter phase II trial. J Clin Oncol 22:
2610-2616, 2004.

Chen R, Yi EC, Donohoe D, Pan S, Eng J, Crispin DA, Lane
Z, Goodlett DA, Bronner MP, Aebersold R and Brentnall TA:
Pancreatic cancer proteome: the proteins that underlie invasion,
metastasis and immunologic escape. Gastroenterol 129: 1187-
1197, 2005.

Liotta LA and Kohn EC: The microenvironment of the tumour-
host interface. Nature 471: 375-379, 2001.

Wernert N: The multiple roles of tumour stroma. Virchows
Arch 430: 433-443, 1997.

Aguirre AJ, Brennan C, Bailey G, Sinha R, Feng B, Leo C,
Zhang Y, Zhang J, Gans JD, Bardeesy N, Cauwels C, Cordon-
Cardo C, Redston MS, DePinho RA and Chin L: High-
resolution characterization of the pancreatic adenocarcinoma
genome. Proc Natl Acad Sci USA 101: 9067-9072, 2004.



CANCER GENOMICS & PROTEOMICS 3: 1-10 (2006)

16 Crnogorac-Jurcevic T, Missiaglia E, Blaveri E, Gangeswaran R,
Jones M, Terris B, Costello E, Neoptolemos JP and Lemoine
NR: Molecular alterations in pancreatic carcinoma: expression
profiling shows that dysregulated expression of S100 genes is
highly prevalent. J Pathol 201: 63-74, 2003.

17 Friess H, Ding J, Kleeff J, Fenkell L, Rosinski JA, Guweidhi A,
Reidhaar-Olson JF, Korc M, Hammer J and Buchler MW:
Microarray-based identification of differentially-expressed
growth- and metastasis-associated genes in pancreatic cancer.
Cell Mol Life Sci 60: 1180-1199, 2003.

18 Gysin S, Rickert P, Kastury K and McMahon M: Analysis of
genomic DNA alterations and mRNA expression patterns in a
panel of human pancreatic cancer cell lines. Genes
Chromosomes Cancer 44: 37-51, 2005.

19 Han H, Bearss DJ, Browne LW, Calaluce R, Nagle RB and
Von Hoff DD: Identification of differentially-expressed genes
in pancreatic cancer cells using cDNA microarray. Cancer Res
62: 2890-2896, 2002.

20 Holzmann K, Kohlhammer H, Schwaenen C, Wessendorf S,
Kestler HA, Schwoerer A, Rau B, Radlwimmer B, Dohner H,
Lichter P, Gress T and Bentz M: Genomic DNA-chip hybridization
reveals a higher incidence of genomic amplifications in pancreatic
cancer than conventional comparative genomic hybridization and
leads to the identification of novel candidate genes. Cancer Res 64:
4428-4433, 2004.

21 Iacobuzio-Donahue CA, Maitra A, Shen-Ong GL, van Heek T,
Ashfaq R, Meyer R, Walter K, Berg K, Hollingsworth MA,
Cameron JL, Yeo CJ, Kern SE, Goggins M and Hruban RH:
Discovery of novel tumor markers of pancreatic cancer using global
gene expression technology. Am J Pathol 760: 1239-1249, 2002.

22 Tacobuzio-Donahue CA, Maitra A, Olsen M, Lowe AW, Van
Heek NT, Rosty C, Walter K, Sato N, Parker A, Ashfaq R,
Jaffee E, Ryu B, Jones J, Eshleman JR, Yeo CJ, Cameron JL,
Kern SE, Hruban RH, Brown PO and Goggins M: Exploration
of global gene expression patterns in pancreatic adenocarcinoma
using cDNA microarrays. Am J Pathol 762: 1151-1162, 2003.

23 Logsdon CD, Simeone DM, Binkley C, Arumugam T,
Greenson JK, Giordano TJ, Misek DE and Hanash S:
Molecular profiling of pancreatic adenocarcinoma and chronic
pancreatitis identifies multiple genes differentially-regulated in
pancreatic cancer. Cancer Res 63: 2649-2657, 2003.

24 Missiaglia E, Blaveri E, Terris B, Wang YH, Costello E,
Neoptolemos JP, Crnogorac-Jurcevic T and Lemoine NR:
Analysis of gene expression in cancer cell lines identifies
candidate markers for pancreatic tumorigenesis and metastasis.
Int J Cancer 772: 100-112, 2004.

25 Tan ZJ, Hu XG, Cao GS and Tang Y: Analysis of gene
expression profile of pancreatic carcinoma using cDNA
microarray. World J Gastroenterol 9: 818-823, 2003.

26 Chen R, Pan S, Brentnall TA and Aebersold R: Proteomic
profiling of pancreatic cancer for biomarker discovery. Mol Cell
Proteomics 4: 523-533, 2005.

27 Kellner U, Steinert R, Seibert V, Heim S, Kellner A, Schulz
HU, Roessner A, Kruger S and Reymond M: Epithelial cell
preparation for proteomic and transcriptomic analysis in human
pancreatic tissue. Pathol Res Pract 200: 155-163, 2004.

28 Crnogorac-Jurcevic T, Efthimiou E, Nielsen T, Loader J, Terris,
B Stamp, G, Baron A, Scarpa A and Lemoine NR: Expression
profiling of microdissected pancreatic adenocarcinomas.
Oncogene 21: 4587-4594, 2002.

29 Fukushima N, Koopmann J, Sato N, Prasad N, Carvalho R,
Leach SD, Hruban RH and Goggins M: Gene expression
alterations in the non-neoplastic parenchyma adjacent to
infiltrating pancreatic ductal adenocarcinoma. Mod Pathol 78:
779-787, 2005.

30 Grutzmann R, Foerder M, Alldinger I, Staub E, Brummendorf
T, Ropcke S, Li X, Kristiansen G, Jesnowski R, Sipos B, Lohr
M, Luttges J, Ockert D, Kloppel G, Saeger HD and Pilarsky C:
Gene expression profiles of microdissected pancreatic ductal
adenocarcinoma. Virchows Arch 443: 508-517, 2003.

31 Nakamura T, Furukawa Y, Nakagawa H, Tsunoda T, Ohigashi
H, Murata K, Ishikawa O, Ohgaki K, Kashimura N, Miyamoto
M, Hirano S, Kondo S, Katoh H, Nakamura Y and Katagiri T:
Genome-wide cDNA microarray analysis of gene expression
profiles in pancreatic cancers using populations of tumor cells
and normal ductal epithelial cells selected for purity by laser
microdissection. Oncogene 23: 2385-2400, 2004.

32 Argani P, Rosty C, Reiter RE, Wilentz RE, Murugesan SR,
Leach SD, Ryu B, Skinner HG, Goggins M, Jaffee EM, Yeo CJ,
Cameron JL, Kern SE and Hruban RH: Discovery of new
markers of cancer through serial analysis of gene expression:
prostate stem cell antigen is overexpressed in pancreatic
adenocarcinoma. Cancer Res 61: 4320-4324, 2001.

33 Cao D, Maitra A, Saavedra JA, Klimstra DS, Adsay NV and
Hruban RH: Expression of novel markers of pancreatic ductal
adenocarcinoma in pancreatic nonductal neoplasms: additional
evidence of different genetic pathways. Mod Pathol 18: 752-
761, 2005.

34 Grutzmann R, Boriss H, Ammerpohl O, Luttges J, Kalthoff H,
Schackert HK, Kloppel G, Saeger HD and Pilarsky C: Meta-
analysis of microarray data on pancreatic cancer defines a set of
commonly dysregulated genes. Oncogene 24: 5079-5088, 2005.

35 Prasad NB, Biankin AV, Fukushima N, Maitra A, Dhara S,
Elkahloun AG, Hruban RH, Goggins M and Leach SD: Gene
expression profiles in pancreatic intraepithelial neoplasia reflect
the effects of Hedgehog signaling on pancreatic ductal
epithelial cells. Cancer Res 65: 1619-1626, 2005.

36 Qian J, Niu J, Li M, Chiao PJ and Tsao MS: In vitro modeling
of human pancreatic duct epithelial cell transformation
defines gene expression changes induced by K-ras oncogenic
activation in pancreatic carcinogenesis. Cancer Res 65: 5045-
5053, 2005.

37 Rhodes DR, Yu J, Shanker K, Deshpande N, Varambally R,
Ghosh D, Barrette T, Pandey A and Chinnaiyan AM: Large-
scale meta-analysis of cancer microarray data identifies
common transcriptional profiles of neoplastic transformation
and progression. Proc Natl Acad Sci USA 101: 9309-9314,
2004.

38 Gygi SP, Rochon Y, Franza BR and Aebersold R: Correlation
between protein and mRNA abundance in yeast. Mol Cell Biol
19: 1720-1730, 1999.

39 Tian Q, Stepaniants SB, Mao M, Weng L, Feetham MC, Doyle
MJ, Yi EC, Dai H, Thorsson V, Eng J, Goodlett D, Berger JP,
Gunter B, Linseley PS, Stoughton RB, Aebersold R, Collins SJ,
Hanlon WA and Hood LE: Integrated genomic and proteomic
analyses of gene expression in mammalian cells. Mol Cell
Proteomics 3: 960-969, 2004.

40 Aebersold R and Mann M: Mass
proteomics. Nature 422: 198-207, 2003.

41 Hanash S: Disease proteomics. Nature 422: 226-232, 2003.

spectrometry-based



Chen et al: Gene Expression and Proteomic Profiling of Pancreatic Cancer

42 Cecconi D, Scarpa A, Donadelli M, Palmieri M, Hamdan M,

Astner H and Righetti PG: Proteomic profiling of pancreatic
ductal carcinoma cell lines treated with trichostatin-A.
Electrophoresis 24: 1871-1878, 2003.

43 Lu Z, Hu L, Evers S, Chen J and Shen Y: Differential

expression profiling of human pancreatic adenocarcinoma and
healthy pancreatic tissue. Proteomics 4: 3975-3988, 2004.

44 Shekouh AR, Thompson CC, Prime W, Campbell F, Hamlett

45

46

47

48

49

J, Herrington CS, Lemoine NR, Crnogorac-Jurcevic T,
Buechler MW, Friess H, Neoptolemos JP, Pennington SR and
Costello E: Application of laser capture microdissection
combined with two-dimensional electrophoresis for the
discovery of differentially-regulated proteins in pancreatic
ductal adenocarcinoma. Proteomics 3: 1988-2001, 2003.

Shen J, Person MD, Zhu J, Abbruzzese JL and Li D: Protein
expression profiles in pancreatic adenocarcinoma compared
with normal pancreatic tissue and tissue affected by pancreatitis
as detected by two-dimensional gel electrophoresis and mass
spectrometry. Cancer Res 64: 9018-9026, 2004.

Sitek B, Luttges J, Marcus K, Kloppel G, Schmiegel W, Meyer
HE, Hahn SA and Stuhler K: Application of fluorescence
difference gel electrophoresis saturation labelling for the
analysis of microdissected precursor lesions of pancreatic ductal
adenocarcinoma. Proteomics 5: 2665-2679, 2005.

Gygi SP, Rist B, Gerber SA, Turecek F, Gelb MH and
Aebersold R: Quantitative analysis of complex protein mixtures
using isotope-coded affinity tags. Nat Biotechnol 17: 994-999,
1999.

Martin DB, Gifford DR, Wright ME, Keller A, Yi E, Goodlett
DR, Aebersold R and Nelson PS: Quantitative proteomic
analysis of proteins released by neoplastic prostate epithelium.
Cancer Res 64: 347-355, 2004.

Hanash S: Integrated global profiling of cancer. Nat Rev
Cancer 4: 638-644, 2004.

50

51

52

53

54

Nishizuka S, Charboneau L, Young L, Major S, Reinhold WC,
Waltham M, Kouros-Mehr H, Bussey KJ, Lee JK, Espina V,
Munson PJ, Petricoin E III, Liotta LA and Weinstein JN:
Proteomic profiling of the NCI-60 cancer cell lines using new
high-density reverse-phase lysate microarrays. Proc Natl Acad
Sci USA 100: 14229-14234, 2003.

Gordon GJ, Jensen RV, Hsiao LL, Gullans SR, Blumenstock
JE, Ramaswamy S, Richards WG, Sugarbaker DJ and Bueno
R: Translation of microarray data into clinically relevant cancer
diagnostic tests using gene expression ratios in lung cancer and
mesothelioma. Cancer Res 62: 4963-4967, 2002.

Granville CA and Dennis PA: An overview of lung cancer
genomics and proteomics. Am J Respir Cell Mol Biol 32: 169-
176, 2005.

Yamagata N, Shyr Y, Yanagisawa K, Edgerton M, Dang TP,
Gonzalez A, Nadaf S, Larsen P, Roberts JR, Nesbitt JC, Jensen
R, Levy S, Moore JH, Minna JD and Carbone DP: A training-
testing approach to the molecular classification of resected non-
small cell lung cancer. Clin Cancer Res 9: 4695-4704, 2003.
Hood L, Heath JR, Phelps ME and Lin B: Systems biology and
new technologies enable predictive and preventative medicine.
Science 306: 640-643, 2004.

Received October 26, 2005
Accepted November 11, 2005




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


