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A B STRA CT

Identificationandcharacterizationofapancreaticcancer
relatednovelgenefrom oligonucleotidemicroarrayanalyses

Jingu Gang

Department of Medical Science

The Graduate School, Yonsei University 

(Directed by Professor Si Young Song)

Global changes in gene expression profiles between tumor and normal 

tissues were examined to identify differentially regulated genes in the 

pancreatic adenocarcinoma. A cancer-upregulated gene, 302, was identified 

as an EST (expressed sequence tag) exhibiting significantly differential 

expression in human pancreatic cancer tissues. Hypothetical protein, 302, 

showed weak homology with DR1, a human transcriptional repressor, and 

EGFP-fused 302 protein was predominantly localized in the nucleus. 

Mouse fibroblasts overexpressing 302 exhibited distinct cancer-specific 

phenotypes in vitro and generated tumors in nude mice which were 

comparable to those resulting from a well-known oncogene, H-ras. Genes 

such as ErbB1, WDR30, sdhB and SARS were upregulated in mRNA 

level in NIH3T3 overexpressing 302.  Altogether, 302 is a newly 

identified tumor-associated gene which possesses highly oncogenic 
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activities; this gene possibly belongs to one of the transcription regulator 

families which is strongly involved in tumor biogenesis.
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Keywords:Pancreaticcancer,EST,novelgene,302
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Identification and characterization of a pancreatic cancer related 

novel gene from oligonucleotide microarray analyses

Jingu Gang

Department of Medical Science

The Graduate School, Yonsei University 

(Directed by Professor Si Young Song)

I. INTRODUCTION

Pancreatic cancer is one of the most malignant gastrointestinal tumors 

and has an overall five-year survival rate of less than 5% with increasing 

incidence in recent decades.1 Several cancer-related genes in pancreatic 

adenocarcinoma have been identified. These genes can be classified into 

three groups including: tumor suppressor genes; oncogenes; and DNA 

mismatch repair genes.2 For example, p53 function, one of the tumor 

suppressor genes, is inactivated in 75% of pancreatic tumors. And K-ras 

mutations, known as an oncogene, have been found in 90% of the 

pancreatic cancers.3 

  Oncogenes were initially identified as genes carried by viruses that 

cause transformation in their target cells. About 100 oncogenes have been 
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identified; they represent different types of cellular activities, but are all 

functionally involved in tumor formation.4 During carcinogenesis, 

amplification of oncogenes is one of the most frequently observed genetic 

changes, along with point mutations and the deletion of tumor suppressor 

genes. Although a large number of oncogenes are involved in cell 

signaling, the signal initiated from external proteins transferred to either 

activated transcription factors or to proteins that activate transcription 

factors in the nucleus change the transcription pattern of the cell.5 As 

pointed out by Darnell, specific groups of transcription factors that are 

overactive in a large number of cancers could be the most appropriate 

cancer drug targets.6 

  Upon the completion of the Human Genome Project, a genome-wide 

analysis of mRNA expression profiles from the patient population and a 

comparison with non-affected controls has been considered to have 

immense potential in identifying disease-associated novel targets.7 This 

approach is particularly important in cancers caused by an accumulation 

of abnormalities in the sequence and expression of critical genes.8 Many 

studies using microarray analysis are undertaken with the notion that key 

target genes will be transcriptionally activated, and that the inhibition of 

their target will be beneficial.

  In this study, to identify and characterize pancreatic cancer related 

novel genes, a oligonucleotide microarray was performed and analyzed 

genes highly expressed in pancreatic cancer tissues. Through extensive 

analysis of oligonucleotide microarray data,  a novel putative oncogenic 

transcription factor,  302 was selected and characterized.
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 II. MATERIALS AND METHODS

1. Tissues

Samples of pancreatic adenocarcinoma were collected from 25 surgical 

specimens. Samples of normal pancreas were collected from two cadavers 

and 18 surgical specimens of benign diseases. We did not use 

microdissection method to obtain pure neoplastic cells from pancreatic 

cancer tissues, because we were interested in not only identifying the 

genes expressed by neoplastic epithelial cells, but also the genes 

expressed as a result of the neoplastic cell-stroma interaction.9,10

2. Microarray sample preparation and Affymetrix GeneChip hybridization

Microarray procedure was performed according to methods described in 

the Affymetrix GeneChip Expression Analysis Technical Manual 

(Affymetrix, Santa Clara, CA, USA). Each tissue was ground into powder 

by using the Spex Certiprep 6800 Freezer Mill (Metuchen, NJ, USA). 

Total RNA was then extracted from the powdered normal and neoplastic 

tissues using TRIzol (Life Technologies, Inc., Rockville, MD, USA) and 

cleaned using RNeasy columns (Qiagen, Valencia, CA, USA). After the 

check of the quality, total RNA was reversely transcribed to 

double-stranded cDNA using the SuperScript Choice system (Invitrogen 

Life Technologies, Inc., Rockville, MD, USA). The synthesized cDNA 

proceeded to cleanup procedure using Phase Lock Gel-phenol/chloroform 

extraction and ethanol precipitation. The purified cDNA was used as 

template to synthesize biotin-labeled cRNA using Enzo BioArray 
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HighYield RNA Transcript Labeling Kit (Affymetrix). The biotin-labeled 

cRNA was purified using cRNA Cleanup Spin Column and quantified by 

spectrophotometry. The cRNA was fragmented before hybridization by 

incubation for 35 minutes at 94°C in fragmentation buffer (200 mmol/L 

Tris-acetate, pH 8.2, 500 mmol/L KOAc, 150 mmol/L MgOAc). 

Fragmented cRNA was hybridized to the GeneChip (Human genome U95 

set) at 45°C for 24 hours by way of multiple 20 to 25 oligonucleotide 

probes specific for each gene, with each probe corresponding to a 

different region of the mRNA of interest. The probes specific for each 

mRNA are scattered across the surface of each GeneChip to control for 

technical issues that occur with each hybridization. Immediately after 

hybridization, the probe arrays were underwent with an automated 

washing and staining protocol on the Affymetrix GeneChip Fluidics 

Station 400. Staining was performed using streptavidin-phycoerythrin 

(SAPE; Molecular Probes, Eugene, OR, USA) and the addition of 

biotinylated antibody to streptavidin (Vector Laboratories, Burlingame, 

CA, USA). After washing and staining, probe arrays were scanned using 

Affymetrix GeneChip array scanner. Each probe array was scanned twice. 

The software calculated an average of two images, defined the probe 

cells and computed intensity for each cell. 

The scanned images were analyzed using the Microarray Suite 

Expression Analysis window, with the hybridization intensities reflecting 

in a linear manner of the mRNA expression in the tissues assayed. 

Hybridization was controlled for each probe by the use of a mismatch 

control that has a single base mismatch. This mismatch control is 
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analyzed using the GeneLogic informatics filter that compares the 

hybridization intensity of mismatched to perfect matched probes as well 

as different probes to the same gene.11 Each gene is represented by the 

use of perfectly matched and mismatched control probes. The mismatch 

probes act as specificity controls that allow the direct subtraction of both 

background and cross hybridization signals.12

3. Statistical data analysis

For each gene fragment, the ratio of the geometric means of the 

expression intensities in the normal control tissues and the pancreatic 

cancer tissues was calculated, and the fold change was then calculated on 

a per fragment basis.11 For statistical analysis, the t test was used and 

significance was defined as p < 0.05.

  4. Expression analysis. 

  Expression values of tumor and normal tissues were obtained from the 

GeneExpress Oncology DatasuiteTM of Gene Logic Inc. (Gaithersburg, 

MD, USA), based on the Affymetrix Human Genome U133 array set. 

Outliers were detected by Principal Component Analysis (PCA). We 

analyzed the expression profiles of normal and cancer tissue sets from 

the pancreas (18/25). Genes were included in the analysis if they had a 

p-value < 0.05. UniGene was used to identify EST clusters matched with 

selected Affymetrix fragments. Vector NTI®suite (Informax Inc., 

Bethesda, MD, USA) was used for the nucleotide analysis and multiple 

sequence alignments.
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  5. Real-time PCR 

    Quantitative RT-PCR (Q-RT-PCR) was conducted using the Taqman 

RT-PCR system (Perkin-Elmer, Shelton, CT, USA) according to the 

manufacturer's protocols. RNA samples of normal and cancer tissues were 

provided from Yonsei University Medical Center.  The medical Ethical 

Committee and Institutional Review of Board of Yonsei University College of 

Medicine approved the protocol, and written informed consent was obtained 

from every patient for the collection of RNA samples before resection. CTBP1 

(C-terminal binding protein 1) was used as a reference gene. The primers used 

were as follows: 

302 forward: 5'-AGTGGTGACTTATTGGTCCATCTG-3', 

302 reverse: 5'-AAGCGTTTGTCCTGGACTCTTC-3', 

CTBP1 forward: 5'-GTTTTTCCTAATTTTGGCATGAAC-3', 

CTBP1 reverse: 5'-CGCCCAAGCTTTTCCTTTT-3'. 

Samples containing 15 ng total RNA and 100 nM primers were used for PCR in 

the presence of SYBR green (Sigma chemical Co. St. Louis, MO, USA). 

Detection was performed with an ABI PRISM 7700 Sequence Detection 

System (Applied Biosystems, Foster City, CA, USA ).

  6. cDNA cloning and plasmids 

  The full-length cDNA was obtained using the GeneTrapper® cDNA 

Positive Selection System (Invitrogen). A gene-specific oligo 

(5'-AGTGGTGACTTATTGGTCCATCTG-3') was selected based on the 

Affymetrix fragment sequence. After biotinylation, the oligonucleotide was 

incubated with a single-stranded human stomach cancer library (NCI 
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CGAP Gas4 library, Invitrogen). The bound cDNA clones were eluted 

and subject to DNA sequencing (Genbank Accession No. AY902475). For 

mammalian expression, the ORF region of 302 was inserted into 

pcDNA3.1/Myc-HisA (Invitrogen) using the BamHI and XhoI sites, 

producing pcDNA3.1-302 plasmid. 

  

  7. Reverse-transcriptase polymerase chain reaction

  Standard RT-PCR was conducted using total RNA prepared from 8 

pancreatic cancer cell lines, 5 gastric cancer cell lines, peripheral blood 

monocytes, bone marrow stromal cells and NIH3T3 cells. Reverse 

transcription was conducted for 45 min at 45℃ from 2 ㎍  of purified 

total RNA in a 20 ㎕  volume of reverse transcription system reaction 

mixture (Invitrogen). Reverse transcription was followed by 30 cycles of 

standard PCR (30-sec denaturation at 94℃, 30-sec annealing at 55℃, and 

30-sec extension at 72℃). Primers designed for 302 were: 

forward: 5'-GAAGCCTCAACTTCGTCTGGAGA-3' and

reverse: 5'-GCTGCGGCCAGTACATGCT-3'. 

Primers designed for β-actin, which was used as a loading control for 

RT-PCR reactions, were:

forward: 5'-ATGATATCGCCGCGCTCGTCGTC-3' and

reverse: 5'-CGCTCGGCCGTGGTGGTGAA-3'.

Amplified products were separated on 2% agarose gels and visualized by 

ethidium bromide.
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8. 302 subcellular localization

  To obtain the EGFP-302 fusion protein, the ORF sequence of 302 was 

inserted into pEGFP-C1 (Clontech, Tokyo, Japan) using the EcoRI and 

BamHI sites. The EGFP-302 plasmid was transfected into NIH3T3 mouse 

fibroblasts using Fugene6 reagent (Roche, Mannheim, Germany). 

Subcellular localization of 302 protein was observed with an Olympus 

IX70 fluorescence microscope (200x). 

  9. 302 transient and stable transfectants and Western blot analysis 

  NIH3T3 cells were maintained in Dulbecco's Modified Eagle Medium 

supplemented with 10% FBS. NIH3T3 cells were transfected with 

pcDNA3.1-302 using Lipofectamine reagent (Invitrogen) according to the 

user's manual. For the selection of 302 stable transfectants, after treatment  

for two weeks in the presence of 800 ㎍ /ml of G418, the 302 expression 

levels in individual colonies were detected by RT-PCR analysis using a 

specific primer set described above.

After a 48h transfection of pcDNA3.1-302 into two different cell lines 

(293T and NIH3T3 cells), cell lysates were prepared with RIPA buffer. 

Lysates containing 50 ㎍  protein were applied to 4-20% 

SDS-polyacrylamide gels (Invitrogen). Myc-tagged 302 was detected with 

anti-Myc (Cat. No. ab9106) purchased from Abcam Ltd(Cambridge, UK). 

    

10. In vitro tumorigenicity assay 

  A. For a growth analysis, 2 X 103 NIH3T3 cells stably transfected 

with 302 were seeded into 96-well plates and cell growth was measured 
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using the WST kit (Roche) according to the manufacturer's instructions. 

The mean values of triplicates were plotted. 

  B. In the focus formation assay, NIH3T3 cells stably transfected with 

302 were plated in a bacterial petri dish at high density (1 X 107 cells) 

and the morphology of each cell line was observed 2 days later.13

  C. Colony formation in soft agar was done in 6-well plates. Three 

ml serum-free media containing 0.6% Noble agar (Difco) was added into 

each well as the basement. After solidification, NIH3T3 cells stably 

transfected with 302 were suspended in 0.3% Noble agar with 

serum-containing media and plated at a density of 2 x 103 cells per well. 

The plates were maintained at 37ºC and colonies > 0.2 mm in diameter 

were counted. 

 D. The cell invasion assay was performed using a cell invasion kit 

(Chemicon International, Temecula, CA, USA). NIH3T3 cells stably 

transfected with 302 were trypsinized and diluted to 5 x 105 cells/ml 

with serum-free media. After insertion of an inner chamber into each 

well filled with 500 ㎕  serum-containing media, 300 ㎕  of cell 

suspension was placed in the inner chamber. After 72 hours, each insert 

was separated from the plate and migrated cells were stained and counted 

after removing the non-invasive cells inside of the well. 

  E. For the cell migration assay, the lower wells of the chamber were 

filled with conditioned medium. NIH3T3 cells stably transfected with 302 

(2 x 104) were then added to the upper compartment and incubated for 4 

hours. At the end of the incubation, the cells on the upper surface of the 

filters were removed mechanically. After fixation and staining, migrating 
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cells were counted. 

11. Tumor growth in nude mice. 

NIH3T3 cells stably transfected with 302, H-ras, or a 

vector-transformed negative control were harvested and resuspended in 

PBS at a concentration of 3 x 106 cells/ml. An 0.2 ml aliquot of cells 

from each clone was injected into both flanks of 8-week-old male Balb/c 

nude mice. Five animals were monitored for each clone and sacrificed 

after 10 weeks. 

  12. ACP-based GeneFishingTMPCR

  Differentially expressed genes were screened by ACP-based PCR 

method using the GeneFishingTMDEG kits (Seegene, Seoul, South Korea). 

Briefly, second-strand cDNA synthesis was conducted at 50ºC during one 

cycle of first-stage PCR in a final reaction volume of 20 ㎕ containing 

3-5 ㎕ (about 50 ng) of diluted first-strand cDNA, 1 ㎕ of dT-ACP2 (10 

μM), 1 ㎕ of 10 μM arbitrary ACP, and 10 ㎕ of 2x Master Mix 

(Seegene). The PCR protocol for second-strand synthesis was one cycle 

at 94ºC for 1 min, followed by 50ºC for 3 min, and 72ºC for 1 min. 

After second-strand DNA synthesis was completed, the second-stage PCR 

amplification protocol was 40 cycles of 94ºC for 40 s, followed by 65ºC 

for 40 s, 72ºC for 40 s, followed by a 5 min final extension at 72ºC. 

The amplified PCR products were separated in 2% agarose gel stained 

with ethidiumbromide.

    A. First-strand cDNA synthesis

  Total RNAs extracted from tissue samples were used for the synthesis 
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of first-strand cDNAs by reverse transcriptase. Reverse transcription was 

performed for 1.5 h at 42ºC in a final reaction volume of 20 ㎕
containing 3 ㎍ of the purified total RNA, 4 ㎕ of 5× reaction buffer 

(Promega, Madison, WI, USA), 5 ㎕ of dNTPs (each 2 mM), 2 ㎕ of 

10 μM dT-ACP1 (5'-CTGTGAATGCTGCGACTACGATIIIIIT(18)-3'), 0.5 

㎕ of RNasin(R) RNase Inhibitor (40 U/㎕ , Promega), and 1 ㎕ of 

Moloney murine leukemia virus reverse transcriptase (200 U/㎕ , 

Promega). First-strand cDNAs were diluted by the addition of 80 ㎕ of 

ultra-purified water for the GeneFishingTMPCR, and stored at -20ºC until 

use.

    B. Direct Sequencing

  The differentially expressed bands were re-amplified and extracted from 

the gel by using the GENCLEAN(R) II Kit (Q-BIO gene, Carlsbad, CA, 

USA), and directly sequenced with ABI PRISM(R) 3100-Avant Genetic 

Analyzer (Applied Biosystems).
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III. RESULTS

1. Differential gene expression in pancreatic cancer

   As shown in fig. 1, comparisons of the gene expression profiles 

between 25 pancreatic adenocarcinoma tissues with 18 normal pancreas 

tissues showed significant and consistent expression changes. In 

pancreatic cancers, 5866 gens were overexpressed at least 1.2 fold more 

than in normal tissues (P < 0.05). Of 5866 genes overexpressed in 

pancreatic cancers, 532 gene fragments (9%) were unknown EST 

sequences. Meanwhile, 7583 genes were down-regulated in cancer 

tissues and 20% of them (1579 gene fragments) were unknown EST 

sequences. 

2. Novel gene selection criteria

   Up-regulated and unknown genes were focused in order to uncover 

new genes responsible for the process of tumor formation. A number of 

genes were selected from this intense screening using bioinformatics 

tools, and several candidates were finally chosen for cloning. 

 A public reference data base was used to select meaningful novel gene 

candidates. These data were from analysis of gene expression in pancreatic 

cancer cell lines using a cDNA microarray (10K Sanger Human Array (v 

1.2.1)).14  It was analyzed that expression profiles between primary 

tumor cell lines and counter normal cell line  which was a  human 

pancreatic duct epithelial cell line (HPDE) immortalized  by transduction with 

the E6/E7 genes of HPV 16 (Raw data files at 
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http://sci.cancerresearchuk.org/axp/mphh/ijc04/).  An overlapping gene 

fragments list between 532 up-regulated ESTs from our data and  

up-regulated ESTs from cell line public data.   50 ESTs were listed from this 

comparison.  Finally, ESTs satisfying conditions of p-value being less than 

0.001 and fold change around 2 were selected  for further investigation. One 

of these gene fragments was named 302 later. 
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Figure 1. Gene cluster analysis and principal components analysis of 

differentially expressed genes in pancreatic adenocarcinoma.

Pancreatic adenocarcinoma and normal pancreas tissue samples can be 

distinguished on the basis of gene expression pofiling cluster diagram in 

which colors represent relative levels of gene expression with the 

brightest red indicating the highest level of expression and green 

depicting low levels or absence of expression. PCA analysis: shown is 

the perspective image with the first three principal components of the 

data for principal axes computed using the expression data (NT, normal 

tissue; AC, adenocarcinoma). 
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3. 302 is up-regulated in tumor tissues.

   To confirm the microarray analysis results, quantitative RT-PCR was 

performed using cancer and normal tissue RNA samples. The relative 

expression values were calculated in comparison with the CTBP1 (C-terminal 

binding protein 1) gene, which was selected from the genome databases as one 

of the least regulated genes in cancers.  Three tissues (liver, pancreas and 

stomach)  were selected for this analysis. Total RNAs were purified from 5-7 

tissue samples from the liver, pancreas, and stomach (Fig. 2B).  An affymetrix 

fragment, later named 302, was identified as being  over-expressed in 

liver, pancreas and stomach cancer. Up-regulation was observed in these 

tissues (liver (7.6 fold), pancreas (0.5) and stomach (3.9)), verifying the gene 

chip analysis. 
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Figure 2. Validation of microarray assessment of mRNA levels using 

Q-RT-PCR analysis of 302 mRNA expression.  A, DNA chip microarray profile 

in tumors (closed bar) and normal (open bar) tissues from the GeneExpress 

Oncology DatasuiteTM of Gene Logic Inc. B, Quantitative real-time PCR 

analysis using tissue samples. Total RNA from tumor (closed bar) and normal 

(open bar) tissues was subjected to quantitative RT-PCR and the relative 

expression level was calculated as the ratio to a control gene, CTBP1. The error 

bars in the figure represent ± S.D. from the expression values of RNAs from 

different tissue samples. The number of tissue samples is denoted. 
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4. 302 is expressed in a various cancer cell lines.

  To confirm that cancer cell expresses 302, RT-PCR was performed 

using RNA samples from a various cancer cell lines and normal cell 

including peripheral blood monocytes and bone marrow stromal cells (Fig. 

3). 
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Figure 3. RT-PCR analysis of 302 mRNA expression in a various cancer 

cell lines. Standard RT-PCR was conducted using total RNA prepared 

from 8 pancreatic cancer cell lines, 5 gastric cancer cell lines, peripheral 

blood monocytes, bone marrow stromal cells and NIH3T3 cells. Reverse 

transcription was conducted for 45 min at 45℃ from 2 ㎍  of purified 

total RNA in a 20 ㎕  volume of reverse transcription system reaction 

mixture (Invitrogen). Reverse transcription was followed by 30 cycles of 

standard PCR (30-sec denaturation at 94℃, 30-sec annealing at 55℃, and 

30-sec extension at 72℃). The human β-actin gene was used as a control 

to confirm the integrity of the mRNA samples.
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5. 302 cDNA cloning 

   The full-length mRNA of 302 was estimated as approximately 0.65 

kb by Northern analysis (data not shown). Several clones containing the 

same insert of 531 bp were obtained, and one putative ORF (from bp 

155 to bp 421) encoding an 88-amino acid polypeptide was found (Fig. 

4).  The cDNA sequence was blasted against the human genome browser 

provided by the genome bioinformatics site of University of California, 

Santa Cruz. It was mapped to chromosome 6q22.32, extending about 8.5 

kb and had a three-exon structure (Fig. 5). Neither significant homology 

with known proteins nor notable functional domains were identified from 

the peptide sequence, except that it had weak homology (27% sequence 

identities) with DR1 (down-regulator of transcription 1) (Fig. 6). DR1 is 

an evolutionarily conserved transcription regulator known as an inhibitor 

of basal transcription. 

   Also, using a web-based searching program, we identified one nuclear 

localization signal (NLS) sequence of 17 amino acids, starting at amino 

acid 13 and it was noted as having a 98% probability of being a nuclear 

localization signal.15
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Figure 4. Full-length  cDNA of 302. 

A, Reconfirmation of full length cDNA from pancreatic cancer cell lines, 

Panc-1 and BxPC-3, by constructing full length cDNA libraries and 

RACE experiments. B, nucleotide sequence of full length cDNA of 302. 

Predicted start and stop signals were capitalized. C, Amino acid sequence 

from the putative ORF. A nuclear localization signal (NLS) identified 

using a NLS server (http://cubic.bioc.columbia.edu/predictNLS/) is 

underlined. 
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Figure 5. Genomic mapping of 302.
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Figure 6.  An alignment of 302 with human DR1 (down-regulator of 

transcription 1) and NFYB (Nuclear factor B subunit). DR1 protein 

(length = 176 amino acids) scored highest in the NCBI Blast search 

(with 27% sequence identity). Protein sequence alignment was done with 

vector NTI program. 
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6. Subcellular localization of 302

  To find out whether 302 is a nuclear protein, we examined the 

subcellular localization of 302 by tracking an EGFP-302 fusion protein. 

As shown in Fig. 7, green fluorescence was detected only in the nucleus 

and was co-localized with DAPI signal. The same phenomenon was 

detected when 302 was fused to the N-terminal end of GFP. These 

results suggest that the 302 is a nuclear protein and is involved in basal 

transcription since it has weak homolgy with DR1.
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Figure 7. Subcellular localization of 302. 

pEGFP-C1-302 plasmid was transfected into NIH3T3 cells for 24 h. The 

cells were then fixed and mounted with DAPI-containing mounting 

solution. EGFP and DAPI signal was captured using fluorescence 

microscopy at 200x magnitude.
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7. 302 overexpression induces tumor related phenotypes. 

  An expression vector harboring 302 was transfected into NIH3T3 and 

293T cells, along with a vector-only control. Transient expression of 302 

protein was detected by Western blot analysis using Anti-myc antibodies 

(Fig. 8A). Stable NIH3T3 cell lines were established and the expression 

of 302 in each cell line was detected by RT-PCR. From 15 different 

clones, three clones (clone #1, 4, and 7) showed more distinct expression 

and these were used for further tumor assays (Fig. 8B). No particular 

morphological changes were observed in 302-transfected cells (data not 

shown).

To investigate the biological function of 302, we first examined the 

growth of 302-transfected NIH3T3 cells in comparison with 

vector-transformed cells. As shown in Fig. 9A, cells expressing 302 

proliferated much faster than the control transfectants. The accelerated 

proliferation of 302-transfected cells raised the possibility that they may 

have been transformed. Several in vitro tumorigenic phenotypes of 

302-transfected cells were then investigated. H-ras-transfected cell lines 

were used as a positive control in the following assays.16,17 In the foci 

formation assay, 302-transfected cells generated aggregated colonies in a 

bacterial petri dish when the density of the cells was extremely high and 

this was not found in vector-transformed control cells (Fig. 9B). This 

result implied that 302 expression drove the NIH3T3 cells to lose contact 

inhibition, a peculiar property of normal fibroblast cells.
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Figure 8. 302 expression of transfected NIH3T3 cells. 

A, Western blot of transiently transfected cells. The pcDNA3.1/Myc-His vector 

expressing 302 gene and the vector itself was transfected into 293T and 

NIH3T3 cells. Forty-eight hours later, the transfected cells were harvested and 

50 ㎍  of total protein lysate was analyzed by Western blotting. Anti-myc 

antibodies (Abcam) were used for the detection of myc-tagged 302 protein (V, 

vector controls; 302, 302-transfected cells). B, RT-PCR analysis of 302 stable 

transfectants. Twenty-five ng of total RNA was used as a template for each 

clone. V indicates the vector-only control and the number of each lane 

represents the stable transfectant clones.
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Figure 9. WST assay for cell proliferation and focus formation. 

About 1 X 105 stably transfected cells with vector and pcDNA3.1-302 

(clone #7) were plated on 96-well plates. At each time, WST was added 

into each well and incubated for 2 h. The colorimetric change was 

detected at 409 nm and the value was subtracted from the absorbance at 

690 nm. B, Focus formation assay. About 1 X 107 cells were plated in 

bacterial petri dishes with regular cell culture media. After 2 days, the 

foci formation from each plate was observed by microscopy with 100x 

magnification.
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To determine the anchorage-independent growth of the transfected cells, 

a soft agar assay was conducted. In three independent experiments, 

NIH3T3 transfectants expressing 302 created distinct colonies after 21 

days, whereas vector-transfected cells only formed small colonies (Fig. 

10A). To evaluate possible metastatic properties of 302-transfected cells, 

cell migration and invasion assays were performed. Both invasiveness 

(Fig. 10B) and cell motility (Fig. 10C) were much higher in 

302-expressing cells, implying that 302 expression confers the metastatic 

properties. Overall, 302 expression dramatically changed NIH3T3 cells to 

highly in vitro tumorigenic, just as in the case for typical oncogenes.
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Figure 10. In vitro tumorigenic phenotypes of 302 stably transfected NIH3T3 

(clone #7). A. Colony formation in soft agar. About 1 x 104 cells were 

suspended in 0.3% Noble agar with serum-containing media and plated onto 

0.6% base agar in 6-well plates. The plate was maintained at 37ºC for 3 weeks 

and colonies > 0.2 mm in diameter were counted. B, Cell migration assay. In 

the Boyden chamber, the lower wells were filled with media incubated with 

NIH3T3/DMEM for 24 hours, and 50 ㎕  of the cell suspension (4 X 105 

cells/ml in DMEM) was added to the upper compartment. After 4 h, the filters 

were fixed in methanol and stained with Giemsa (Sigma). C, Matrigel cell 

invasion assay. After serum-containing media was added to the lower chamber, a 

cell suspension (5 X 105 cells/ml) in serum-free media was placed in the upper 

wells of Chemicon's cell invasion assay kit. After incubation for 72 h at 37ºC, 

the invasive cells in the lower surface of the membrane were stained and 
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counted. 

8. 302-mediated tumor formation. 

  As 302 confers tumorigenicity to NIH3T3 cells in vitro, its effect in 

vivo was also investigated. A 302 stably expressing NIH3T3 (clone #7)  

was injected into male Balb/c nude mice. In addition, an H-ras stably 

expressing cell line was injected as a positive control. Tumor formation 

was inspected visually as tumors grew and tumor size was measured 

after termination. Within four weeks, all animals injected with 

302-transfected cells (n= 5 mice) developed tumors at the site of 

injection (Fig. 11). In the case of H-ras, tumor formation was detectable 

after five weeks (n = 4 mice). In contrast, none of the mice injected 

with cells transfected with the vector only (n = 4 mice) developed 

tumors during the 10-week period. Moreover, the size of the tumors 

generated by 302-transfected NIH3T3 cells was 1.5-fold greater than those 

by H-ras-transfected cells. In the histological examination, dense 

infiltration of cancer cells and frequent mitosis were observed in 

NIH3T3-302-induced tumors. Thus, the tumor-causing function of 302 

was confirmed in the nude mouse experiment, which produced tumors of 

comparable size to those produced by the well-known oncogene, H-ras. 
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Figure 11.  Tumor development in nude mice by 302.

A, Tumor formation nude mice. NIH3T3 cells expressing 302 (clone #7, 

6 X 105 cells in 0.1 ml PBS) were injected into the flanks of 

8-week-old male Balb/c nude mice, along with NIH3T3 cells transfected 

with empty vector or H-ras as negative and positive controls, 

respectively. The inoculated mice were terminated in 10 weeks, and each 

tumor lump was removed from the body and tumor masses were 

quanitated. The volume of the tumor was calculated using the equation V 

= (L X W2) X 0.5, where L is the length and W is the width. B, 

Histological appearance of tumors after H&E staining.
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9. Differentially expressed genes in NIH3T3 by 302

  Since the novel gene, 302 is a putative trancriptional regulator, 

experiments to search genes regulated by 302 were conducted. In 302- 

overexpressing NIH3T3 cells, at least 4 genes such as succinate 

dehydrogenase subunit B (SDHB), epidermal growth factor receptor, 

transcript variant 2 (ERBB1), seryl-tRNA synthetase (SARS) and WD 

repeat domain 39 (WDR39) were upregulated (Fig. 12).



- 33 -

Figure 12.  Differentially regulated genes by 302 expression.

Differentially expressed genes were screened by ACP-based PCR and 

confirmation by semi-quantitative RT-PCR was conducted with RNA from 

NIH3T3 cell (mock) and NIH3T3 cell overexpressing 302(302). The 

amplified DNA products were separated on an 2.0% agrose gel and 

stained with ethidium bromide.
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IV. DISCUSSION

  The identification of genes differentially expressed in pancreatic cancer 

relative to normal tissues provides a basis for the development of novel 

strategies to detect and treat this highly lethal cancer.18,19

  Affymetrix, Inc., has produced the UG-133 GeneChip based on Build 

133 of the human genome. One particular advantage of the UG-133 chip 

is that many transcripts previously identified only as expressed sequence 

tags (ESTs) have now been characterized, allowing for a more 

comprehensive view of gene expression in samples studied.19 As a result 

of progress on the human genome project, approximately 19,000 genes 

have been identified and tens of thousands more tentatively identified as 

partial fragments of genes termed expressed sequence tags (ESTs). Most 

of these genes are only partially characterized and the functions of the 

vast majority are as yet unknown. It is likely that many genes that might 

be useful for diagnosis and/or prognosis of human malignancies have yet 

to be recognized.

  In most microarray experiments, however, a significant fraction of the 

differentially expressed mRNAs identified correspond to expressed 

sequence tags (ESTs) and are generally discarded from further analyses. 

In this study, bioinformatics analyses were used to characterize those 

ESTs that were found to be overexpressed in pancreatic adenocarcinomas. 

Total RNA was prepared from normal pancreas and from 25 pancreatic 

cancers and hybridized to the complete Affymetrix Human Genome U133 

GeneChip set (arrays U133A and B) for simultaneous analysis of 45,000 
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fragments corresponding to 33,000 known genes and 6,000 ESTs. 532 

ESTs were overexpressed in cancer tissues and at least 50 ESTs out of 

them were identified that were expressed at levels at least 2-fold greater 

in the pancreatic cancer cell lines.14 Some of these ESTs may represent 

diagnostically and therapeutically useful targets that might be missed 

using data solely from currently annotated databases. Subsequently, in 

order to pick the most relevant candidate genes for a more detailed 

analysis, full length cDNAs were isolated and sequenced. To search for 

unidentified cancer-causing genes, the mRNA expression profiles of 

pancreatic adenocarcinoma from patients' tissues were compared with the 

profiles from normal tissues. The expression level of more than 45,000 

probe sets from a total of 18 normal and 25 tumor samples were 

analyzed. Comparisons of the gene expression profiles between  

pancreatic adenocarcinoma tissues with normal pancreas tissues showed 

significant and consistent expression changes. 

Up-regulated and unknown genes were focused in order to uncover new 

genes responsible for the process of tumor formation. A number of genes 

were selected from this intense screening using bioinformatics tools and 

several candidates were finally chosen for cloning. 

  Public reference data, analysis of gene expression in pancreatic cancer cell 

lines using a cDNA microarray (10K Sanger Human Array (v 1.2.1)), were 

compared with 532 up-regulated ESTs from our data.  50 ESTs were listed 

from this comparison.  Finally, 302 was selected  for further investigation since 

it satisfied  conditions of p-value being less than 0.001 and fold change around 

2.  
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In case of liver and stomach, the increase of expression level of 302 was  

confirmed by quantitative RT-PCR, however,  only mild up-regulation was 

observed in pancreas.  This minor discrepancy may be due to the small number 

of samples for Q-RT-PCR because pancreatic RNA samples could be easily 

degraded.

 The full-length cDNA was obtained using the GeneTrapper® cDNA 

Positive Selection System (Invitrogen). Several clones containing the same 

insert of 531 bp were obtained, and one putative ORF (from bp 155 to 

bp 421) encoding an 88-amino acid polypeptide was found (Fig. 4B, C).  

Full-length cDNA of 302 was reconfirmed by constructing full-length 

cDNA libraries of pancreatic cancer cell lines such as BxPC-3 and 

HPAC using CapFishing technology (Fig. 4A). Interestingly, 302 mRNA 

expression was observed not only cancer cell lines but also normal cells 

such as PBMC and BMSC. Sequence comparisons between cancer and 

normal cells show no differences (data not shown). 

   The cDNA sequence was blasted against the human genome browser 

provided by the genome bioinformatics site of University of California, 

Santa Cruz. It was mapped to chromosome 6q22.32, extending about 8.5 

kb and had a three-exon structure (Fig. 5).

Neither significant homology with known proteins or notable functional 

domains were identified from the peptide sequence, except that it had 

weak homology (27% sequence identities) with DR1 (down-regulator of 

transcription 1). DR1 is an evolutionarily conserved transcription regulator 

known as an inhibitor of basal transcription.20,21 
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The subcellular localization of 302 was observed by tracking an 

EGFP-302 fusion protein. As shown in Fig. 6, green fluorescence was 

detected only in the nucleus and was co-localized with DAPI signal. 

These results suggest that  302 may be involved in basal transcription 

under normal condition and may function as a dysregulator upon 

up-regulation.

To evaluate possible metastatic properties of 302-transfected cells, cell 

migration and invasion assays were performed. Both invasiveness and cell 

motility (Fig. 10) were much higher in 302-expressing cells, implying 

that 302 expression confers the metastatic properties. Overall, 302 

expression dramatically changed normal mouse fibroblast cells to highly 

tumorigenic, just as is the case for typical oncogenes.22-25

In a mouse fibroblast cell line, NIH3T3, 302 seems to upregulates at 

least 4 genes such as succinate dehydrogenase subunit B (SDHB), 

epidermal growth factor receptor, transcript variant 2 (ERBB1), 

seryl-tRNA synthetase (SARS) and WD repeat domain 39 (WDR39).

  Mitochondrial succinate dehydrogenase (SDH) consists merely of four 

nuclearly encoded subunits. It participates in the electron transfer in the 

respiratory chain and in succinate catabolism in the Krebs cycle.26 

Mutations in the four genes, SDHA, B, C and D, have been reported, 

resulting in strikingly diverse clinical presentations. So far, SDHA 

mutations have been reported to cause an encephalomyopathy in 

childhood, while mutations in the genes encoding the other three subunits 

have been associated only with tumour formation.27  Also, there is a 

report that succinate dehydrogenase was upregulated in PDX1-deficient rat 
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islet cell.28 PDX1 is a homeodomain-containing transcription factor that 

plays an important role in the development of the pancreas.

WD repeat domain 39 (WDR39) is involved in positive regulation of cell 

proliferation, interacts with the tumor suppressor protein the Wilms' tumor 

suppressor (WT1) and results in a decrease in transcriptional activation 

mediated by WT1.29 WDR39 does not inhibit binding of WT1 to its 

consensus nucleotide sequence and does not affect the repression activity 

of WT1.30 Thus, WDR39 appears to specifically modulate the 

transactivation activity of WT1 and may function to regulate the 

physiological functions of WT1 in cell growth and differentiation.

  Cytosolic seryl-tRNA synthetase (SARS) particitates in tRNA processing 

and protein biosynthesis.31

Although, whether the expressions of these 4 genes are directly controlled 

by 302 is not clear at this moment, it can be postulated that 302 affect 

expressions of diverse genes. 

  Above in vitro and in vivo data implicate 302 as a new oncogene 

possessing highly transforming activities in mouse fibroblasts. Although its 

proposed function as a transcription regulator should be further 

investigated, 302 may play a pivotal role in the early tumorigenesis 

process in human primary tumors, and could be a potentially promising 

new target for cancer therapy. For thorough functional clues, it is 

worthwhile searching for 302-interacting proteins, possible DNA binding 

sequences and direct downstream genes regulated by 302. Furthermore, 

developing a 302-transgenic mice could give invaluable informations to 

clarify the function of 302 and to use as a tumorigenesis model system.
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V. CONCLUSION

In conclusion, global changes in gene expression profiles between 

tumor and normal tissues were examined to identify differentially 

regulated novel genes in pancreatic tumors. Comparisons of the gene 

expression profiles between 25 pancreatic adenocarcinoma with 18 

normal pancreas tissues using oligonucleotide microarrays were 

performed in this study. A cancer-upregulated gene, 302, was 

identified as an EST (expressed sequence tag) exhibiting significant 

differential expression in human pancreatic cancer tissues. Hypothetical 

protein, 302, showed weak homology with a human transcriptional 

repressor, DR1, and EGFP-fused 302 protein was predominantly 

localized in the nucleus. Mouse fibroblast cells overexpressing 302 

exhibited distinct cancer-specific phenotypes in vitro and generated 

tumors in nude mice which were comparable to those resulting from a 

well-known oncogene, H-ras. Genes such as ErbB1, WDR30, sdhB 

and SARS were upregulated in mRNA level in NIH3T3 

overexpressing 302. Altogether, 302 is a newly identified 

tumor-associated gene which possesses highly oncogenic activities; this 

gene possibly belongs to one of the transcription regulator families 

which is strongly involved in tumor biogenesis. In 302-overexpressing 

NIH3T3 cells, at least 4 genes such as succinate dehydrogenase 

subunit B (SDHB), epidermal growth factor receptor, transcript variant 

2 (ERBB1), seryl-tRNA synthetase (SARS) and WD repeat domain 39 

(WDR39) were upregulated. Altogether, it can be proposed that 302 is 
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a new oncogene possessing highly transforming activities. Although its 

proposed function as a transcription regulator should be further 

investigated, 302 may play a pivotal role in the tumorigenesis process 

in human primary tumors, and could be a potentially promising new 

target for cancer therapy. 
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ABSTRACT(IN KOREAN)

유전자칩 정보를 이용한 췌장암 관련 신규 유전자의 동정과
기능 분석

<지도교수 송 시 영>

연세대학교 대학원 의과학과

강 진 구

췌장암은 1년 생존율이 10%에 불과하며,인체에 발생하는 다양한 암
중에서 가장 예후가 불량하다.국내에서도 최근 10년간 2배의 발생율
급증을 보이고 있다.암으로의 변형에는 여러 유전자들이 관여하기
때문에 세포 전체에 걸친 유전자의 발현을 확인하는 것이 중요하게
인식되고 있으며, 세포내의 상황을 종합적으로 파악하기 위한
microarray,proteomics와 같은 high-throughputmethod가 널리 사
용되고 있다.췌장암의 경우,발현 변화를 보이는 전체 유전자 중,미
지의 유전자 조각(EST)이 차지하는 비율이 다른 암에 비해 월등히
크다고 알려져 있으며,이는 췌장암의 원인,성장 및 전이에 관여하는
주된 인자들이 더 다양하고 복잡함을 시사하며,따라서,관련 EST의
규명이 췌장암의 전반적인 생물학적 이해에 필수적이라 볼 수 있다.
본 연구는 췌장암 환자들의 유전자 발현패턴을 oligonucleotide
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microarray분석을 통해 얻어진 data중에서,EST에만 초점을 맞춰,
췌장암에 관련된 EST로부터,신규 유전자를 발굴하고,췌장암 발생
및 전이 등에 미치는 역할을 비롯한 생물학적 기능을 규명하려 하였
다.본 연구에서 수술로 절제된 정상조직/암조직으로부터의 RNA와
AffymetrixGeneChip을 이용하여 oligonucleotidemicroarray를 시행
하였다.Microarray raw data를 MatLab 통계처리 프로그램으로
p-value와 foldchange등을 계산함으로써,유전자 발현 양상을 분석
하였다.약 5866개의 유전자가 정상 췌장조직에 비해 췌장암에서 과
(過)발현 되었으며 (P< 0.05,Foldchange> 1.2),그 중 EST 조각
이 9% (532개)를 차지하였다.532개의 EST와,췌장암 세포주에서 과
발현된다고 알려진 EST 조각의 공개돤 정보를 비교하여,염기서열이
일치하는 50개의 조각을 선별하였으며,이들 중 p-value가 0.001이하
이면서 발현양이 암조직에서 2배 내지 3배 증가하는 EST 조각을 다
시 선별하여,이들의 fulllengthcDNA cloning을 실시하였다. 가장
먼저 fulllengthcloning이 완성된 EST들 중,302라 명명한 신규 유
전자를 확보하였으며,publicdatabase와 생물정보학을 동원하여 유전
자를 분석한 결과,hypothetical302 protein은 핵 내에 존재하고,
transcriptionregulation에 관여할 가능성이 높았다.302발현의 변화
가 암화 과정의 마지막 산물일 가능성도 배제할 수는 없지만,302가
전사조절 인자라면,그에 의해 조절되는 하위 유전자에 의한 종양의
형성 또는 발달 가능성을 염두에 두고 후속 실험을 진행하였다.먼저,
8종류의 췌장암 세포주를 비롯,위암 세포주에서의 302mRNA 발현
을 RT-PCR로 확인하였다.NIH3T3cell을 이용하여,세포내 유전자
도입하였을 때,암 관련 세포 형질 변화가 확인되었고,nudemice를
이용한 동물 모델에서도 302를 과발현하는 NIH3T3가 종양을 형성함
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을 확인하였다.한편,NIH3T3cell에서 ErbB1,WDR39,SARS등의
유전자들이 302에 의해 발현 조절됨을 확인하였다. 그러나,
microarray기법 등을 동원하여,유전체 전반의 발현 변화를 조사하
면,302에 의한 더 많은 하위 조절 인자들이 밝혀질 것으로 추측되며,
이들의 상호 작용 예측을 통해 302자체의 기능 규명에 도움이 될 것
이다.
이와 같은 결과를 종합해 볼 때,302는 전사조절 인자로서,암으로 변
형시키는 활성을 가진 신규 oncogene일 가능성과,인간암의 발암,발
달,전이 과정에 있어서 결정적 역할을 수행할 가능성도 높다 사료된
다. 하지만,302의 명확한 생물학적 기능을 규명하기 위해서는,302
발현을 조절하는 상위 기전과 302에 의해 조절되는 하위 유전자들에
대한 심층 연구가 더 진행되어야 할 것이며,생쥐 fibroblastcell뿐만
아니라,인간 세포에서 302과발현에 의한 형질 변화 또한 확인되어
야 할 것이다. 한편,유전자기능 분석의 일환으로 형질전환 동물 모
델의 수립은 암 연구에 있어서 암유전자 또는 억제암유전자의 기능
연구를 위한 가장 기본적이면서도 최종단계의 생체 실험이고,적절한
동물모델 없이는 해당 유전자 기능 규명을 위한 근원적인 접근이 불
가능함을 감안하면,향후,302를 이용한 형질 전환 생쥐 동물 모델의
수립이 필요하리라 사료된다.
특히,췌장암의 경우,현재까지 주목할 만한 동물 모델이 없기 때문에,
발암 과정의 이해와 조기 진단이 거의 불가능한 상황임을 고려할 때,
본 연구에서 발굴된 302로부터 형질 전환 생쥐 동물 모델을 통해,인
간의 암과 유사한 췌장암 동물모델이 개발된다면,향후 췌장암 종양
발생/발달의 기전 규명에 중요한 단초를 제공할 수 있으리라 사료된
다.
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