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Abstract

Gastric cancer is the most common cancer in Asia and remains the second leading cause of cancer
mortality in the world. Gastric cancer is usually diagnosed at a very advanced stage. The median
survival is ranges from 6-10 months, and 5-year survival rates are <10% in patients with advanced
Gastric cancer. Although various studies had been performed to identify the causative genes
involved in gastric cancer development, a deeper understanding of the oncogenes that could be
characteristic of a variety of histological subtypes and stages of gastric tumor is required. Herein,
we report an integrated analysis of genome-wide copy number alteration and global mRNA
expression of 40 gastric cancer tissues from 19 elderly and 21 young patients using array-based
comparative genomic hybridization (aCGH) and expression microarray. We showed that gastric
cancer genomes showed recurrent DNA copy number alterations such as, amplifications at 3q26,
7p11-7p22, 8p11-8q36, 20p11-20p13, and 20q11-20q13, and deletions at 4p11-4p16, 4q11-4q35,
1p35-1p36, 3p21, 8p12, 9p24, and 19p12-19p13. The correlating of transcriptional expression
profiling with the aCGH analysis revealed 506 candidate oncogenes showing both overexpression
and frequent amplification, and 60 candidate tumor suppressor genes showing both downregulation and frequent deletion. We identified two regions containing noble target genes. In
addition to analyzing Heebo chip and real time PCR, we selected specific cell lines from 14 gastric
cell lines. Among our candidate oncogenes, siRNA-based knockdown of CAPZA2, C17orf37,
PERLD1, STARD3 and GRB7 within the MET and ErbB2 amplicons in gastric cancer cell lines
resulted in a significant suppression of cell proliferation and migration, strongly suggesting that
they could be potential oncogenes in gastric cancer.
In this study, we suggest that oncogenes and tumor suppressor genes selected by aCGH and
microarray, could be potentially used as therapeutic targets.
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Introduction

Gastric cancer is one of the most commonly occurring malignancies and the second most frequent
cause of world-wide death due to cancer [1]. The principal clinical treatment of gastric cancer is
surgical resection, the recovery efficiency of which has been increasing consistently so far.
Although many studies have been carried out to develop gastric cancer treatments, because this
cancer is usually diagnosed at a very advanced stage, the identification of biomarker genes for the
early detection of gastric cancer is crucial [2]. Many studies have reported clinico-pathological
and molecular genetic features related to the age of the patients, no distinct driver genes have
been identified. Therefore, there is an urgent need to develop novel therapeutic modalities other
than surgery to treat gastric cancer. To understand the behavior of this cancer and improve patient
outcome, careful molecular studies are essential. Recent genomic approaches to gastric cancer
have suggested the crucial roles of several potential oncogenic pathways including proliferation
in stem cell and the NF-κB and Wnt/β-catenin pathways, as well as potential target genes such as
ErbB2, MUC1, GRB7, PPP1R1B and PPARBP, which were detected by genome-wide gene copy
number and expression analyses [3]. However, some aspects of gastric carcinogenesis remain
unclear and no promising driver genes that could be potential drug targets for gastric cancer.
Early-onset gastric cancer (EOGC), defined as gastric cancer occurring before or at 45 years of,
only comprises approximately 10 % of gastric cancer cases fall in to the EOCG category, although
the rates vary between 2.7 % and 15 % [4]. Many studies have reported distinct
clinicopathological features of gastric cancer in relation to the onset age of the disease. Lauren
classified gastric cancer into diffuse or intestinal depending on the histological types. The diffuse
type cancer mostly occurs in young patients and women, at the same time it is more difficult to
diagnose and a less favorable prognosis than intestinal type cancer. Otherwise intestinal type
cancer is more commonly found in elderly patients and is associated with environmental risk
factors [5]. This phenomenon suggests that what the kind of driver oncogenes involved in gastric
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carcinogenesis could depend on to some extent upon the age of patients.
Cancer is the result of various phenomena such as genetic alterations, mutations and
translocations. Among the various causes of cancer, genetic alteration plays a decisive role in the
development a variety of cancers, including gastric cancer [6].

Especially, a multistep

accumulation of DNA copy number alterations is known to be associated with the initiation and
progression of cancer [7]. Accordingly, DNA copy number variation (CNV) analysis using arraybased comparative genomic hybridization (aCGH) could shed light on the causative genes
underlying gastric cancer development [8, 9]. Despite that, most of them have been recognized to
be passenger genes, strongly suggesting that global gene expression analysis alone would be
insufficient in defining the causative oncogene and tumor suppressor genes [10]. There have been
attempted to identify driver oncogenes and tumor-suppressor genes by using aCGH analysis and
not microarray gene expression profiling in multiple gastric cancer samples. Among the critical
chromosomes, only two regions (i.e., 7q21 and 17q12-17q21) were selected by high amplification
and simultaneous expression. Novel genes such as MET, ErbB2, GRB7, PERLD1 have been
detected in.
MET, which is also called hepatocyte growth factor receptor and scatter factor 1, is located on
chromosome 7q21-31 and encodes a 50kDa extracellular α chain and a 145kDa trans-membrane
β chain. MET is known to be a proto-oncogene and is related to several pathways involved in in
cell proliferation, survival, motility, scattering, differentiation and morphogenesis [11, 12]. The
downstream reaction following MET activation relies on stereotypical signaling modulators
common to many receptor tyrosine kinases (RTKs) [13]. In the RAS-MAPK cascades,
overexpression of MET stimulates the activity of the rat sarcoma viral oncogene homology (RAS)
guanine nucleotide exchanger Son of Sevenless (SOS) via binding with SHC and GRB2, leading
to the activation of RAS [14]. This results in processes such as cell proliferation, cell cycle
progression and cell motility [15]. The MET-SRC-FAK pathway regulates the cell migration and
the promotion of anchorage-independent growth [16]. PI3K which possibly stimulates cell
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viability and motility, activates FAK, Akt, and mTOR [17]. ErbB2 is known to be a biomarker in
breast cancer. ErbB2 whose protein is overexpressed due to gene amplification in 15-30 % of
invasive ductal breast cancers, affects proliferation, invasion, survival, and metabolism [18].
In this study, for the first time in the light of the difference between gastric cancers developing in
young and old individuals at the genome level, we reveal a set of candidate driver oncogenes and
tumor suppressor genes by employing an integrated analysis of DNA copy number alteration and
global gene expression profiling in 40 gastric cancer samples, and simultaneously present the
validation of the biological functions of some of these oncogenes.
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Materials and methods

Patients, Tissue Collection and Pathological Review

Fifty-nine gastric cancer tissue specimens were collected from patients who underwent gastric
surgery or gastroscopy at the Samsung Medical Center in Seoul, Korea. Tissue samples were
biopsied and preserved immediately after resection of the specimen. Samples that had more than
50 % normal tissue or necrosis were excluded from further analysis. Then we prioritized samples
with both high quality RNA and genomic DNA. The clinical information of the qualified samples
is summarized in Table 1. Fresh gastric tissue samples were stored at -70 °C. Our final tissue
materials consisted of two different age onset cancer subtypes; EOGC (≤ 40, n = 21) and late
onset (≥ 70, n = 19). Written informed consent was obtained from all the subjects included in the
experiments.

aCGH and gene expression microarray

Forty gastric cancer samples were analyzed on the 44K Human Genome CGH oligoarrays and
except for two clinical sample, 35 gastric cancer samples were also analyzed on the 44K whole
Human Gnome gene expression oligoarrays. aCGH experiments were performed using the
Human Genome CGH microarray 44K kit (Agilent Technologies). Labeling and hybridization
were performed according to manufacturer`s protocol (v5.0, June 2007). In brief, 1.5g of sample
DNA and 1.5 g of sex-matched reference DNA (Human Genomic DNA, Promega, WI, USA)
were double-digested with AluI and RsaI restriction enzymes (Promega, WI, USA). The digested
DNA was labeled using the Agilent Genomic DNA Labeling Kit Plus. Sample DNA was labeled
with Cy5-dUTP and reference DNA with Cy3-dUTP. Following the purification, sample and
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reference DNAs were pooled and hybridized to the array with 50 g of Human Cot-1 DNA and
hybridization was performed using the Agilent Oligo aCGH Hybridization kit. Prior to scanning,
the slides were washed according to the protocol. In addition to the sample DNA hybridizations
described above, reference male DNA (Cy3) was hybridized against the reference female DNA
(Cy5) according to the same protocol to be used as a reference array in the aCGH data analysis.
Gene expression experiments were performed using the Whole Human Genome Oligo Microarray
kit (Agilent Technologies), and labeling and hybridization were performed according to the
manufacturer’s protocol (v5.7, March 2008). In brief, 2 g of total sample RNA and reference
RNA (a pool of 10 cancer cell lines, non-gastric, ATCC, MA, USA) were labeled using the Agilent
Quick Amp Labeling Kit. Sample RNA was labeled with Cy5-dCTP and reference DNA with
Cy3-dCTP, respectively. Labeled RNA was then purified using RNeasy mini spin columns
(Qiagens). Hybridization was performed with Agilent Gene Expression Hybridization kit and the
samples were hybridized at 65 °C, 10rpm for 17 h and washed according to the protocol prior to
scanning. Both aCGH and gene expression microarray slides were scanned using a DNA
Microarray Scanner (Agilent Technologies) and analyzed using the Feature Extraction Software
(v9.5.1.1.).

aCGH data analysis

Microarray data were quality-filtered using the outlier information obtained from the feature
extraction analysis. Agilent Genomic Workbench was used for further analysis of probe-flagged
samples after the outliers were removed. In CGH analytics, each aCGH ratio was first converted
to a log2 Ratio followed by a z-normalization. ADM-2 algorithm with a threshold level of 5.0 was
used to identify gene copy number alterations in individual samples. The following aberration
filters were applied: minimum number of probes in region = 3, minimum absolute log2 Ratio for
region = 1, and maximum number of aberrant regions = 100.
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Cell culture and reagents

All gastric cancer cell lines (AGS, MKN 1, MKN 28, MKN 74, KATO III, SNU 484, SNU 601,
SNU 638, SNU 668, SNU 719, SNU 620, SNU 5, SNU 216, and NCI-N87) were obtained from
Korean cell line bank (KCLB). The data sheets detailing the cell culture methods were provided
by KCLB. RPMI 1640 and Trypsin (used at 0.05 %) were purchased from Hyclone. Phosphatebuffered saline (PBS) and OPTI-MEM (serum-free cell medium) were purchased from Invitrogen.
We performed mycoplasma test on all the cell lines to identify potential infection. All cell lines
were incubated at 37 ℃ with 5 % CO2.

Transfection of cells with siRNA

Suspension cell lines (SNU 620 and SNU 5) were plated at 1×106 cells/100 mm on a tissue culture
dish in antibiotic -free medium and simultaneously transfected. Moreover, adherent cell lines
(SNU 216 and NCI-N87) were seeded 1×105/6well (SNU 216) tissue culture plate and
2×105/6well (NCI-N87) tissue culture plates for 24 h prior to transfection, respectively. ONTARGET plus siRNAs (Dharmacon, IL, USA) were transfected using Dharmafect I (Dharmacon,
IL, USA) in all the cell lines according to the manufacturer’s protocol. The final concentration of
siRNA was 25 nM/100 mm dish on suspension cell lines and 12.5 nM/well for the adherent cell
lines. Cells were harvested for protein and mRNA analysis; 48, 72, and 96 h after transfection.

mRNA Analysis (qRT-PCR)

Total RNA was extracted with Trizol (Invitrogen, NY, USA) and reverse transcribed to cDNA
using the SuperscriptTM II First-Strand Synthesis System (Invitrogen, NY, USA). Quantitative
reverse transcription-polymerase chain reaction (qRT-PCR) was performed in a LightCycler
6

(Roche Applied Science, Mannheim, Germany) using the primers reported in (Table 2), and the
Universal Probe Library (UPL, Roche Applied Science) with the PAPOLA Taqman probe (TIB
MOLBIOL, Berlin, Germany) was used as a “reference gene” to normalize gene expression.

Cell Proliferation assay

To determine the effects of siRNA knockdown on cell proliferation, the cells were collected by
trypsinization, and counted using a hemacytometer 48, 72, and 96 h post-transfection. Cell
proliferation assays showed nonspecific toxicity from control siRNA at all the concentrations used.
Cell viability was assessed by trypan blue staining (0.4 %). Each transfection was carried out at
least three times. Mean values were obtained from three replicate experiments and were subjected
to the t-test.

Western blot Analysis

For western blotting, cells were lysed with RIPA buffer (150 mM NaCl, 1% Triton X-100, 0.5%
Sod.deoxycholate, 0.1 % SDS and 50 mM Tris pH8.0) with containing complete protease
inhibitor tablets (Mannheim, Roche, Germany). Proteins (20~30 g) were separated by SDSPAGE and transferred to a PVDF membrane (Bio RAD Laboritories Inc.), where they were
blocked with 5% skim milk in TBS/0.1% tween 20 (v/v). Proteins were immunoblotted with
antibodies against MET (Invitrogen, Carlsbad, CA), CAPZA2 (Proteintech Group, IL, USA),
C17orf37 (abnova, Taipei, Taiwan), ErbB2 (Thermo, MS-730), PERLD1 (Abcam, MA, U.K.),
and GRB7 (Santacruz Biotechnologies, CA, USA).
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Transwell Migration assay

The migration assay was conducted only on SNU 620 and SNU 216 cell lines. Cell migration was
assessed using a 6.5 mm transwell with an 8.0 m pore polycarbonate membrane insert (Corning,
Cat. 3422). All cell lines were transfected with siRNA before seeding in the transwell. To achieve
a gradual migration, all cells were maintained for 24 h in a 0.5 % FBS containing medium without
antibiotics. After starvation, cells were added to the top chamber of the transwell with 0.2 mL of
starvation medium (SNU 620: 5×105 cells and SNU 216: 2×104 cells). Cells were allowed to
migrate for 10 h (SNU 620) or 24 h (SNU 216) in the presence of 0.5mL of RPMI 1640 medium
containing 10 % FBS in the bottom chamber. To inhibit cell proliferation during migration, we
carried out a double thymidine assay. Moreover, to avoid a potential bias because of differences
in proliferation, we seeded cells in a neighbor well and the proportion of migrating cells in the
transwell was normalized to the total number of proliferating cells in the neighbor well. Migrated
cells were fixed with 4 % paraformaldehyde and then stained with hematoxylin for 20 min. Cells
were wiped away from the top of the transwell membranes before counting in five different areas
of the membrane at 20 magnification.
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RESULTS

Comparison of the copy number alteration pattern between cancer
genomes of young and elderly gastric cancer patients

We examined whether there was a characteristic difference in the copy number alteration between
cancer genomes from elderly and young gastric cancer patients. Based on genome-wide CAN
frequency subtraction between the two groups, we found that three major different regions
(8q12.1-8q24.22, 7q21.11-7q31.32, and 1p12-1q31.1) showed different copy number alteration
between cancer genomes from young and elderly gastric cancer patients (Figure 1). In the
genomic regions 8q12.1-8q24.22 and 1p12-1q31.1 the gastric cancer samples from the older
patients showed more frequent gains than those from the younger patients, whereas in the region
7q21.11-7q31.32 gastric cancer samples derived from the younger patients exhibited more
frequent gains than those derived from the older ones. Therefore, we suggest that the difference
in the CNA frequency between the genomes of cancers derived from young and elderly patients
indicates that gastric cancer genomes from the elderly accumulate copy number gains for
reinforcing the role of the oncogenes.

Array-based CGH analysis of human gastric cancer genome

To identify DNA copy number alterations in the gastric cancer genome, we applied high-density
oligonucleotide aCGH to 40 gastric cancer genomic DNA samples from 19 elderly and 21 young
patients. Among the 40 gastric cancer samples tested, the most frequently gained region was
7p21.1 (> 50 %), which harbored AGMO, ISPD, LOC100506025, MEOX2, SOSTDC1 and
HDAC9, and the second most frequent gained region was 7p12.2 (~50 %), which harbored GRB10
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(Figure 2A). It has been previously reported that HDAC9 could play a role in medulloblastoma
cell growth and GRB10 could promote Bad-dependent cancer cell survival [19]. In addition, the
following regions showed notably frequent gains: 3q26.2 (45%), 8q21.11-8q21.12 (45%), 8q22.3
(45%), 8q24.21 (45%), 8q24.22 (45%), 8q24.3 (45%), 20q12 (45%), and 20q13.2 (45%).
Recurrent highly amplified regions were the ErbB2 amplicon (17q12) harboring CDK12, ErbB2,
NEUROD2, GRB7, C17orf37, PERLD1, PNMT, PPP1R1B, STARD3, and TCAP, and MET
amplicon (7q31.1-7q31.31) harboring ASZ1, C7orf60, CAPZA2, CAV1, CAV2, CFTR, CTTNBP2,
FOXP2, GPR85, LOC401397, MDFIC, MET, MIR3666, PPP1R3A, ST7, ST7-AS1, ST7-AS2,
ST7-OT3, ST7-OT4, TES, TFEC, TMEM168, and WNT2 (Figure 2B). In particular, ErbB2 and
MET are known to play decisive roles in the development of gastric cancer [20, 21]. Additionally,
GRB7 in the ErbB2 amplicon has been reported to be required for triple-negative breast cancer
cell invasion and survival [22].
A narrow region showing the most frequent deletion was 21p11.1 (~50 %), which harbored BAGE,
BAGE2, BAGE3, BAGE4, and BAGE5 (Figure 1A). The second most frequent deleted region was
19p13.2 (45 %) harboring a locus encoding ARHGEF18, which known to regulate RhoA-Rock2
signaling to maintain neuro-epithelial apico-basal polarity and proliferation [23]. Other regions
showing frequent copy number losses were 19p13.3 (44 %), 4q12 (40 %), 3p21.31 (40 %), and
1p35.3 (40 %).
The genomic regions showing homozygous deletions were 5q35.2-5q35.3, 7q35, 9p21.3, 21p11.1,
17p13.3, and 17p12 (Figure 2A). Interestingly, the genomic region 9p21.3 harbored the INK4bARF-INK4a gene cluster and ANRIL (also named CDKN2B-AS1) encoding a non-coding RNA
that is transcribed in the antisense orientation of the INK4b-ARF-INK4a (Figure 2C). Both
polycomb repressive complex-1 (PRC1) and -2 (PRC2) interact with ANRIL to form
heterochromatin surrounding the INK4b-ARF-INK4a locus, thus leading to a transcriptional
repression of INK4b-ARF-INK4a, which encodes three tumor-suppressor proteins (i.e.
p15INK4b, p14ARF, and p16INK4a) and thus provides protection against tumor growth [24, 25].
In addition, the 9p21.3 region harbors another tumor suppressor gene MTAP, which is
10

downstream and adjacent to the INK4b-ARF-INK4a gene cluster. MTAP deficiency is known to
result in the accumulation of 5’-deoxy-5’-methylthioadenosine (MTA), which could be associated
with increased carcinogenesis in hepatocellular carcinoma (HCC) cells [25]. Also, the genomic
regions 17p12 and 17p13.3, which showed homozygous deletions are noteworthy as they harbor
the tumor suppressor genes MAP2K4 and RPH3AL and the potential tumor suppressor microRNA
MIR744 (Figure 2C) [26, 27].

Integration analysis array-based CGH and expression array by Patients

Among the gene amplification regions, we selected the regions 7q21 region and 17q12-20 region
that show high amplification (log2 Ratio ≥ 1.2) and expression (log2 Ratio ≥ 2) and that region
are frequent in the 40 gastric cancer patients (Figure 3A and B). We analyzed the significance of
the genes in these two regions to select novel genes. MET and CAPZA2 in the 7q21 region coamplified and were expressed in two patients (Young 4, 15) (Figure 3A). Three patient (Old 13,
Young 7, Young18) are presented very high signals of co-amplification and expression of
C17orf37 and ErbB2, but the others are appeared in two patients (Young 7, 18) (Figure 3B).
PERLD1 is not included in the 44K whole Human Gnome gene expression oligoarrays. To
confirm the microarray data from aCGH and expression microarray, we carried out real-time PCR
(Figure 3C). The results from the real-time PCR experiments were similar to those of the
microarray. So we choose novel genes such as MET and CAPZA2 in the 7q21 region and C17orf37,
ErbB2, PERLD1, STARD3, and GRB7 in the 17q12-20 region for further analysis.
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Relationship between histo-pathological gastric cancer subtypes and
gene expression patterns

We had narrowed the list of gastric cancer oncogenes and suppressor genes to 566 genes
(oncogene candidates: 506, and tumor suppressor candidates: 60) that reside in the genomic
regions showing amplifications (log2 Ratio > 1) and homozygous deletions (log2 Ratio < –1). To
verify whether there was correspondence with the histo-pathological subtyping of gastric cancer
samples, we performed hierarchical clustering of the expression patterns of those genes across the
40 gastric cancer samples (Figure 4). Because there are known oncogenes and tumor suppressor
genes and many of them show high correlation between CNA and expression in this pool of 566
genes, we assumed that the gene pool might play an important role in diversifying the histopathological subtypes of gastric cancer [28]. Interestingly, our hierarchical clustering classified
the 40 gastric cancer samples into three major groups based on the gene expression patterns.
The first group consisted of five gastric cancer samples (from young patients) characterized by a
signet ring cell carcinoma and diffuse subtype, and one gastric cancer sample (from elderly
patients) with a poorly differentiated adenocarcinoma and intestinal subtype. The second group
consisted of nine gastric cancer samples (six: tubular adenocarcinoma and intestinal subtype, one:
poorly differentiated adenocarcinoma and diffuse subtype, and 2: poorly differentiated tubular
adenocarcinoma and diffuse subtype). In contrast to the first group (i.e., signet ring cell carcinoma
and diffuse) and the second group (i.e., tubular adenocarcinoma and intestinal), the third group
did not show a histo-pathological subtype that could be representative of the majority of gastric
cancer samples belonging to this group. Instead, the third group, which consisted of 21 gastric
cancer samples exhibited two main histo-pathological subtypes; adenocarcinoma and intestinal,
and tubular adenocarcinoma and intestinal (ten: adenocarcinoma and intestinal, seven: tubular
adenocarcinoma and intestinal, two: signet ring cell carcinoma and diffuse, one: well
differentiated adenocarcinoma and intestinal, and one: poorly differentiated and diffuse). This
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result suggest that different gastric cancer histological subtypes and their carcinogenesis could be
attributed to different combinations of cooperative expression of candidate oncogenes [28].

Gene expression status in gastric cancer cells

To select the appropriate cell lines for our in vitro experiment, we used the Heebo chip with 14
gastric cancer cell lines. Among the various cell lines, we choose those that showed coamplification and expression of target genes with high scores. As a result, SNU 5 and SNU 620
cells were selected for the 7q21 region (log2 Ratio > 10) and NCI-N87 and SNU 216 cells were
selected for the 17q12-17q20 region. Furthermore, qPCR and qRT-PCR were conducted on 14
gastric cancer cell lines. We also confirmed the aCGH and the microarray analysis results (Heebo
chip) of MET in SNU 620 and SNU 5 cells and ErbB2 in NCI-N87 and SNU 216 cells by genomic
qPCR and qRT-PCR, respectively (Figure 5).

Silencing MET and CAPZA2 expression inhibits the proliferation of
gastric cancer cell lines

MET is known to be a proto-oncogene, and its corresponding protein is a receptor tyrosine kinase
[29]. Although several studies had previously reported that the MET amplification as a potential
therapeutic target in gastric cancer, other genes, whose locations were frequently amplified with
MET, have not received noticeable attention as candidate oncogenes for gastric cancer so far. We
noticed that CAPZA2, whose genomic position was 64kb far from the neighboring gene MET,
was amplified at high-frequency (log2Ratio > 1.78) in our gastric cancer samples. This fact
stimulated us to check whether not only MET but also CAPZA2 could be a potential as oncogene.
siRNA-based silencing of MET and CAPZA2 caused the inhibition of the expression of these two
genes in SNU 5 and SNU 620 cells, respectively. In the mRNA analysis, the levels of MET and
13

CAPZA2 were decreased compared to the non-target siRNA-treated cells in which their levels
increased in a time dependent manner (Figure 6A, B, D and E). Furthermore, we found that
protein level of MET was almost completely decreased in SNU 5 and SNU 620, and that
CAPZA2 protein level was severely reduced in both cell lines, at 48 h after transfection (Figure
6C and F). To verify how silencing of MET and CAPZA2 may influence the cancerous function
of those cell lines, we tested the cell proliferation of SNU 5 and SNU 620 cells treated with
MET and CAPZA2 siRNAs, respectively (Figure 7). Cells showed a dramatic decrease in the
proliferation of MET siRNA-treated SNU 620 cells, with 0.33-, 0.11- and 0.05-fold reduction
compared to that of non-target siRNA-treated cells at 48, 72 and 96 h after transfection,
respectively (Figure 7A and C). In addition, in CAPZA2 siRNA-treated SNU 5 and SNU 620
cells, the reduction of cell proliferation at 96h after transfection about 0.57 and 0.37 times
compared to non-target siRNA-treated cells, respectively (Figure 7B and D). These results
suggest that MET and CAPZA2 might be novel oncogenes in gastric cancer.

Knock-down of MET and CAPZA2 inhibits the migration of gastric
cancer cells

To determine whether the depletion of MET and CAPZA2 could influence the migration of gastric
cancer cells, we performed a migration assay of MET siRNA- and CAPZA2 siRNA-transfected
SNU 620 cells. During the migration assay, we carried out double thymidine assay to suppress
proliferation of the cell (Figure 8B). The migration assay showed that the numbers of migrated
MET- and CAPZA2- silenced cells were decreased ~0.26 (MET siRNA cells, p = 0.0041) and
~0.85 times (CAPZA2 siRNA cells, p = 0.3098) compared with that of mock-treated cells,
respectively (Figure 8C). This result suggests that MET plays significant functional roles not only
in the proliferation but also in migration of gastric cancer cells. CAPZA2 silencing did not
significantly decrease the number of SNU 620 migrated cells, suggesting that it might not play a
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significant role in cell migration in contrast to its functional role in the proliferation of gastric
cancer cells. Given that in a previous study, CAPZA2 had been involved in the regulation of the
growth of actin filaments [30], it is very plausible that the interference of CAPZA2 in SNU 620
and SNU 5 cells in this study cells could inhibit cancer cell proliferation. Our study suggests that
CAPZA2 could facilitate the proliferation of gastric cancer cells.

We also verified that the

mRNA and protein expression of MET and CAPZA2 in SNU 620 cells was severely reduced
(Figure 8A and D).

New potential oncogenes within the ErbB2 genomic region

We noticed that C17orf37, PERLD1, STARD3, and GRB7, which reside within the ErbB2
amplicon (17q12-17q21) and had not been reported in association with cancer so far, were
frequently co-amplified with ErbB2 in our gastric cancer samples (Old16, Young7, and Young18).
We checked the mRNA level and protein level as we did for MET region in NCI-N87 and SNU
216 cells. The result of mRNA expression level is about 0.07- (C17orf37), 0.4- (ErbB2), 0.04(PERLD1), 0.20- (STARD3), and 0.42- (GRB7) folds compared to non-target siRNA-treated cells
at 48h after transfection in NCI-N87 cells (Figure 9A-E). Indeed, the mRNA level of the five
genes in SNU 216 was all decreased about 0.07- (C17orf37), 0.21- (ErbB2), 0.07- (PERLD1),
0.04- (STARD3), and 0.27- (GRB7) folds at 48 h after transfection (Figure 9G-K). We also carried
out western blotting to confirm the protein levels except for STARD3 for which we did not find
an appropriate antibody. The expression of four genes was severely down regulated at 48, 72 and
96 h after transfection in both cell lines, respectively (Figure 9F and L). However, only PERLD1
in SNU 216 cells was slightly down regulated even 96 h transfection after.
In our proliferation test of NCI-N87 cells transfected with the corresponding siRNAs, cell
numbers decreased significantly to ~0.66-fold (p = 0.2024) (C17orf37), 0.53-fold (p = 0.0264)
(ErbB2), 0.66-fold (p = 0.1759) (PERLD1), 0.52-fold (p = 0.0246) (STARD3) and 0.64-fold (p =
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0.2324) (GRB7), respectively, compared with that of control siRNA-transfected cells at 48 h after
transfection (Figure 10A-E). In case of ErbB2 siRNA-transfected cells, cell number decreased
even more dramatically to ~0.25 fold (p < 0.0001) at 72 h and to ~0.14 fold (p < 0.0001) at 96 h
after transfection compared with that of control siRNA-transfected cells at the same time points.
Despite the nearly complete depletion of C17orf37 protein expression (at 96 h after transfection)
and GRB7 protein expression (at 48 h and 96 h after transfection), numbers of C17orf37 siRNAor GRB7 siRNA-transfected cells at 96 h after transfection increased compared with those of these
cells at 48 h and 72 h after transfection, even though numbers of the siRNA-treated cells decreased
remarkably compared with that of control siRNA-transfected cells at the same time point (96 h)
(C17orf37 siRNA cells, p = 0.1198; GRB7 siRNA cells, p = 0.0021). This result suggests that
ErbB2 might be more directly pivotal for the proliferation and vitality of gastric cancer cells than
C17orf37 and GRB7, the two known oncogenes that had been previously reported to be involved
in causing prostate and breast cancers, respectively [22, 31, 32]. Furthermore, this result is
consistent with the recent report that ErbB2 is not only a therapeutic target in breast cancer but
also a clinically significant target in subsets of gastric cancer patients [32].
To confirm further the above results, we performed siRNA-based interference of these genes in
another gastric cancer cell line, SNU 216, which exhibited the second highest levels of ErbB2
amplification and expression among the 14 gastric cancer cell lines tested in our preliminary
examination. siRNA-based interference of ErbB2, C17orf37, GRB7, PERLD1, and STARD3 in
the SNU 216 cells, led to remarkable decreases in the expression level of these genes to ~0.22fold (ErbB2, p = 0.0008), ~0.06-fold (C17orf37, p = 0.0001), ~0.28-fold (GRB7, p = 0.0002),
~0.07-fold (PERLD1, p = 0.0111) and ~0.1-fold (STARD3, p < 0.0001) compared with those in
control siRNA-transfected cells at 48 h after transfection (Figure 9G-K). In addition, we found
remarkable depletion of C17orf37, ErbB2 and GRB7, and a relatively significant decrease of
PERLD1 protein expression level in the corresponding siRNA-transfected SNU 216 cells by
western blotting (Figure 9L). Similar to the siRNA-transfected NCI-N87 cells, ErbB2, STARD3,
PERLD1, GRB7 and C17orf37 interferences in SNU 216 cells led to a significant reduction in the
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cell numbers to ~0.7-fold (ErbB2, p = 0.0381), ~0.55-fold (STARD3, p = 0.0202), ~0.72-fold
(PERLD1, p = 0.0995), ~0.8-fold (GRB7, p = 0.0947), and ~0.71-fold (C17orf37, p = 0.0907) at
48 h after transfection compared with that of control siRNA-transfected cells, though not as much
as the reduction in the cell numbers of the siRNA-transfected NCI-N87 cells (Figure 10F-J).
The migration assay showed that ErbB2, C17orf37, STARD3, PERLD1 and GRB7 interferences
in the SNU 216 cells did not significantly affect the migration of the gastric cancer cells (Figure
11A-E), implying that these genes are more likely to be involved in proliferation rather than in
migration of cancer cells [22, 31]. Taken together, our results strongly suggest that PERLD1 and
STARD3 in the ErbB2 amplicon could be novel potential oncogenes for causing gastric cancer
and that the recurrent amplification of the ErbB2 amplicon harboring PERLD1, STARD3, ErbB2,
C17orf37, and GRB7 in the gastric cancer genome could not be accidental events but a crucial
step for orchestrating roles of those cancer-driving genes towards gastric cell carcinogenesis.

Synergy effect of Combi-treatment

GRB7, which belongs to a family of proteins that interact with various receptor tyrosine kinases
and signaling molecules, regulates cell proliferation and migration[33]. Several studied have
reported that GRB7 is overexpressed with ErbB2 which is one of the several upstream regulators
in the breast tissue and some cell lines from primary breast cancer [34]. In addition, GRB7 is
known for an EGF receptor binding protein. Among the various tyrosine-phosphorylated proteins
which are associated directly with the SH2 domain of GRB7, ErbB2 is binding partner [35].
Therefore, we carried out siRNA-based combi-treatment in NCI-N87 and SNU 216 cells. We
found that mRNA expression level of ErbB2-, GRB7-, and combi-siRNA-treated cells decreased
in both cell lines in a time-dependent manner (Figure 12A, B, E and F). The proliferation assay
showed that transfection with combi-treatment caused a significant of the proliferation of NCIN87 and SNU 216 cells compared with control siRNA or Mock-treated cells (Figure 12D and

17

H). In particular, cell proliferation of SNU 216 cells upon combi-treatment decreased notably
(0.5-folds) at 96 h after transfection compared to siErbB2-treated cells. The decrease of NCI-N87
cells proliferation upon combi-treatment (~0.39-folds) compared to siGRB7-treated cells is also
a notable result. This suggests that the synergy of combi-treatment is effective on the proliferation
of gastric cancer cells.
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FIGURE 1. Comparison in copy number alteration frequency between
young and old gastric cancer genomes
There are three major genomic regions showing difference in copy number alteration frequency
between young and old gastric cancer genomes. Two of them are marked by rectangular boxes
with brown boundary line indicate that gain frequency of oncogenes in these regions is greater in
old gastric cancer genomes than in young ones. The remaining one is marked by rectangular box
with green boundary line, and green arrow indicates that loss frequency of tumor suppressor genes
is greater in old gastric cancer genomes than in young ones.
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FIGURE 2. Genome-wide DNA copy number alteration among 40
gastric cancer samples
(A) Genome-wide copy number alteration frequency landscape in 40 gastric cancer genomes.
Blue and red colors indicate gain and loss in genomic DNA copy number in the corresponding
chromosomal positions, respectively. Vertical axis (between upper and lower lines for 100%
frequency) and horizontal axis (line for 0% frequency) indicate copy number alteration
frequencies and corresponding chromosomal positions, respectively. Rectangular boxes with
green and yellow boundaries indicate genomic regions showing high-frequent copy number gain
and loss, respectively. Red arrows indicating homozygous regions.

A
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FIGURE 2. Genome-wide DNA copy number alteration among 40
gastric cancer samples
(B) High copy number amplifications of ErbB2 and MET amplicons. Blue arrows in rectangular
boxes with blue boundary line point to dots, whose corresponding y-axis values mean Log2Ratio
signal values for quantifying amplifications of ErbB2 and MET amplicons. (C) Homozygous
deletions of tumor suppressor genes. Red arrows in rectangular areas with red boundary line point
to signal dots indicating homozygous deletions of 9p21.3 and 17p12 loci harboring tumor
suppressor genes.

B

C
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FIGURE 3. Integration analysis of gene copy number and expression
level by patients
Gene amplification from aCGH and expression level in the 7q21 region (A) and the 17q12-20
region (B) by patients.

A

B
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FIGURE 3. Integration analysis of gene copy number and expression
level by patients
(C) Confirmation of microarray data by real time PCR.

C
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FIGURE 4. Hierarchical clustering of expression patterns of the 566
genes (506 amplified and 60 homozygous deleted genes) across 40 gastric
cancer samples
Hierarchical clustering is shown in association with histo-pathological gastric cancer subtypes.
Red, light green and yellow bands indicate three groups classified by hierarchical clustering of
microarray gene expression patterns, respectively.
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FIGURE 5. Gastric cancer cell lines showing high correlation between
copy number alteration and expression levels tested by Heebo Chip and
Real time PCR
Correlation between copy number alteration and expression levels of MET and CAPZA2 (A) and
genes of the 17q12-20 region (C) across 14 gastric cancer cell lines. (B and D) Validation of
Heebo Chip copy number alteration and expression result by qPCR and qRT-PCR.
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FIGURE 6. MET and CAPZA2 interference in gastric cancer cells
SNU 620 and SNU 5 cells (1×106) were transfected with MET and CAPZA2 siRNA (25 nM) or
control siRNA. MET expression levels were measured by qRT-PCR in MET siRNA-transfected
SNU 620 (A) and SNU 5 (D) cells at 48, 72, and 96 h after transfection, respectively. CAPZA2
expression levels were measured by qRT-PCR in CAPZA2 siRNA-transfected SNU 620 (B) and
SNU 5 cells (E) at individual time points. *, p < 0.05, **, p < 0.01 and ***, and p < 0.001,
compared to control siRNA. Western blotting of MET and CAPZA2 protein expression in
corresponding siRNA-transfected SNU 620 (C) and SNU 5 (F) cells were performed at individual
time points. Statistical significance was calculated by t-test. Error bars represent SD (n ≥ 3).
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FIGURE 7. MET and CAPZA2 interference affected proliferation of
gastric cancer cells
Cells were transfected with siRNA as mentioned above. Numbers of MET siRNA-transfected
SNU 620 (A) and SNU 5 (C) cells were measured at individual time points. Numbers of CAPZA2
siRNA-transfected SNU 620 (B) and SNU 5 (D) cells were measured at individual time points.
*, p < 0.05, **, p < 0.01 and ***, p < 0.001, compared to control siRNA. Error bars represent SD
(n≥3). Statistical significance was calculated by t-test.
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FIGURE 8. Migration assay of MET siRNA- and CAPZA2 siRNAtransfected SNU 620 cells
Numbers of migrated MET siRNA- and CAPZA2 siRNA-transfected SNU 620 cells were
measured. (A) MET and CAPZA2 expression levels in corresponding siRNA-transfected SNU
620 cells during their migration were measured by qRT-PCR. (B) Cell proliferation of neighbor
well during migration. (C) Cells were transfected with control siRNA (12.5 nM) or MET and
CAPZA2 siRNA (12.5 nM). Cell migration assay was performed using 24-well transwell after 24
h serum starvation. Double thymidine (2 nM) assay were carried out to suppress proliferation.
**, p < 0.01 as compared to control siRNA. (D) Western blotting of MET and CAPZA2 expression
in corresponding siRNA-transfected migrated SNU 620 cells with and without thymidine
treatment was performed. Error bars represent S.E.M (n ≥ 3). Statistical significance was
calculated by t-test.
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FIGURE 9. C17orf37, ErbB2, PERLD1, STARD3, and GRB7
interference in gastric cancer cells
NCI-N87 (2×105) and SNU 216 (1×105) were transfected with C17orf37, ErbB2, PERLD1,
STARD3, and GRB7 siRNA (12.5 nM) or control siRNA (12.5 nM). C17orf37, ErbB2, PERLD1,
STARD3, and GRB7 expression levels in corresponding siRNA-transfected NCI-N87 (A-E) and
SNU 216 (G-K) were measured by qRT-PCR. C17orf37, ErbB2, PERLD1 and GRB7 protein
depletion was assayed in NCI-N87 (F) and SNU 216 (L) by western blotting. Error bars represent
SD (n ≥ 3). Statistical significance was calculated by t-test. *, p < 0.05, **, p < 0.01, and ***, and
p < 0.001, compared to control siRNA.
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FIGURE 10. C17orf37, ErbB2, PERLD1, STARD3 and GRB7
interference in gastric cancer cells and proliferation assay
Cells were transfected as mentioned above. Numbers of C17orf37 siRNA-, ErbB2 siRNA-,
PERLD1 siRNA-, STARD3 siRNA- and GRB7 siRNA-transfected NCI-N87 (A-E) and SNU 216
(F-J) cells were measured at individual time points. Error bars represent SD (n≥3). Statistical
significance was calculated by t-test. *, p<0.05, **, p<0.01 and ***, p<0.001, compared to control
siRNA.
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FIGURE 11. Migration assay of siRNA-transfected SNU 216 cells
Cells were transfected with control siRNA (12.5 nM) or C17orf37, ErbB2, PERLD1, STARD3,
and GRB7 (12.5 nM). Cell migration assay was performed using 24-well transwell after 24 h
serum starvation. Double thymidine (2 nM) assay were carried out to suppress proliferation.
(A) Microscopic images of migrated corresponding siRNA-transfected SNU 216 cells
(enlargement folds: 20 and scale bar: 100 ㎛). (B) C17orf37, ErbB2, PERLD1, STARD3, and
GRB7 expression levels in corresponding siRNA-transfected SNU 216 cells were measured by
qRT-PCR. (C) Cell proliferation of neighbor wells during migration. (D) Numbers of migrated
C17orf37 siRNA-, ErbB2 siRNA-, PERLD1 siRNA-, STARD3 siRNA-, and GRB7 siRNAtransfected SNU 216 cells were measured at 24 h after releasing from double thymidine blocking,
respectively. (E) Western blotting of C17orf37, ErbB2, PERLD1, STARD3 and GRB7 expression
in corresponding siRNA-transfected migrated SNU 216 cells with and without thymidine
treatment was performed. Error bars represent S.E.M (n ≥ 3). Statistical significance was
calculated by t-test. P values in (B); C17orf37: 0.2436, ErbB2: 0.3439, PERLD1: 0.1583, STARD3:
0.4200, and GRB7: 0.7879.
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FIGURE 12. Co-transfection of ErbB2 and GRB7 siRNA on NCI-N87
and SNU 216 cells
Cells were transfected control siRNA (12.5 nM) or ErbB2 and GRB7, respectively. Combitreatment cells were transfected final 25nM with ErbB2 (12.5 nM) and GRB7 (12.5 nM) siRNA,
respectively. ErbB2 and GRB7 expression levels in corresponding siRNA-transfected NCI-N87
(A and B) and SNU 216 (E and F) cells. Western blot of ErbB2-, GRB7- transfected and cotransfection NCI-N87 (C) and SNU 216 (G) cells. Numbers of ErbB2-, GRB7-transfected and cotransfection NCI-N87 (D) and SNU 216 (H) cells. Error bars represent SD (n ≥ 3). Statistical
significance was calculated by t-test. *, p < 0.05, **, p < 0.01 and ***, p < 0.001, compared to
control siRNA.
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Table 1. Basic characteristics of patients
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Age
30
34
34
28
33
35
34
30
38
33
34
37
24
37
32
34
31
35
35
30
36
81
78
76
79
75
75
75
80
84
75
79
81
77
78
72
75
70
73
86

Gender
M
F
F
F
F
M
M
F
F
M
M
F
M
F
F
F
F
M
F
F
F
M
M
M
M
M
M
M
M
F
M
F
M
F
F
M
F
F
F
F

Histology
Signet ring cell
Adenoca, PD
Signet ring cell ca,
PD
Adenoca, PD
Signet ring cell ca,
Adenoca, MD
Adenoca, PD
Adenoca, MD
Tubular adenoca, MD
Tubular adenoca, PD
Tubular adenoca, MD
Adenoca, PD
Signet ring cell ca,
Tubular adenoca, PD
Signet ring cell Ca,
Signet ring cell
Adenoca, PD
Signet ring cell Ca,
Adenoca, PD with singet ring cell
Adenoca, PD
Adenoca, PD
Adenoca, MD
Tubular adenoca, MD
Adenoca, PD
Tubular adenoca, MD
Adenoca, WD
Adenoca, MD
Tubular adenoca, MD
Adenoca, MD
Tubular adenoca, PD
tubular adenoca, PD
Tubular adenoca, MD
Tubular adenoca, MD
Tubular adenoca, MD
Tubular adenoca, PD
Tubular adenoca, PD
Tubular adenoca, PD
Adenoca, PD
tubular adenoca, PD

PD: Poorly Differentiated
MD: Moderately Differentiated
WD: Well Differentiated
Ca: Carcinoma
Adenoca : Adenocarcinoma
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Lauren's classification
diffuse
intestinal
diffuse
diffuse
intestinal
diffuse
intestinal
diffuse
intestinal
intestinal
diffuse
intestinal
intestinal
diffuse
diffuse
diffuse
diffuse
diffuse
diffuse
diffuse
diffuse
intestinal
intestinal
intestinal
intestinal
intestinal
intestinal
intestinal
intestinal
intestinal
intestinal
intestinal
intestinal
intestinal
intestinal
intestinal
intestinal
intestinal
intestinal
intestinal

Table 2. Primers and probes used for qRT-PCR
Name

Sequence

Size(bp)

MET
MET F

aaatgtgcatgaagcaggaa

20

MET R

tctctgaattagagcgatgttga

23

Probe

UPL #59 (FAM-CAGTGGCA-Dark quencher)

CAPZA2 F

tttgtcgccagaaggaagat

20

CAPZA2 R

ttttgctgctatacgcacctt

21

Probe

UPL #68 (FAM-AGGAGCAG-Dark quencher)

ErbB2 F

ggctcagtgacctgttttgg

20

ErbB2 R

gcagaagggagggtccttat

20

Probe

UPL #75 (FAM-GGAGGCTG-Dark quencher)

C17orf37 F

catcgtggtggagtactgtga

21

C17orf37 R

tttatctctatctcaaaggcacctg

25

Probe

UPL #1 (FAM-GCTCCAGG-Dark quencher)

PERLD1 F

agcctggtgatgctctgc

18

PERLD1 R

aaccatgcattgagggacac

20

Probe

UPL #52 (FAM-CTCCTCCC-Dark quencher)

STARD3 F

tgctcaggagcgggagta

18

STARD3 R

cacggtgtccccatattcat

20

Probe

UPL #12 (FAM-CTCCTTCC-Dark quencher)

GRB7 F

aagacagggtgttccaatgaa

21

GRB7 R

ccccgtttgttcctgataaa

20

Probe

UPL# 63 (FAM-CTTCCTCC-Dark quencher)

PAPOLA F

aaactttttgaagctccaaacttctt

26

PAPOLA R

caccaagcccacccattc

18

Probe

Taqman probe

CAPZA2

ErbB2

C17orf37

PERLD1

STARD3

GRB7

PAPOLA
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Discussion

Gene amplification is one of the major causes of cancer involving genetic alterations, which
results in the overexpression of several genes. The results of this study proved that integrated
copy number and gene expression level analysis can effectively identify biomarkers for gastric
cancer. We observed co-amplification and expression in the 7q21-31 and 17q12-21 amplicons,
which include driver genes such as MET and ErbB2. However, other genes have not been studied
extensively. Although many studies have showed gene amplification and expression in the novel
target region identified in this study, there are no researches about the correlation between in silico
and in vitro results. Therefore, we believe that this study can contribute to the selection of novel
target genes for gastric cancer therapy.
In our aCGH analysis, the most frequently gained regions were 7p21.1 and 7p12.2, and
additional recurrently gained regions were 8q21.11-8q21.12, 8q22.3, 8q24.21, 8q24.22, 8q24.3,
and 20q12, which have been reported as amplified regions with relatively high frequency in a
previous study, suggesting that the gains in those genomic regions are characteristic to gastric
cancer genome. Moreover, the correspondence with the previous study the reliability of our aCGH
analysis [36].
Importantly, for the first time, we showed the characteristic differences in genome-wide DNA
copy number aberration between gastric cancer genomes from elderly and young patients in
combination with microarray gene expression profiling. Very interestingly, our result showed that
the copy number gain of particular regions play a key role in solving the correlation between age
and cancer stage. This result presents new evidence for explaining at the genomic level why there
is strong correlation between increased cancer incidence and advanced ages [37]. In this regard,
our comparison analysis of the genomic DNA copy number landscape between elderly and young
gastric cancers resembles an evolutionary process in which gastric cancer genome constantly
accumulates copy number aberrations from the early stage to the advanced stage of carcinogenesis.
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Another important finding in this study is the fact that the CAPZA2 in the MET amplicon and
PERLD1 and STARD3, which are located in the ErbB2 amplicon, play roles in the carcinogenesis
of gastric cells, possibly in coordination with other oncogenes residing in same amplicons.
However, little is known about the genomic DNA copy number aberration statuses of the novel
potential oncogenes CAPZA2, PERLD1 and STARD3 in other cancer types. To anticipate whether
CAPZA2, PERLD1, and STARD3 might also be involved in causing other types of cancer than
gastric cancer cell, we searched the Cancer Genome Atlas (TCGA) database. Nearly similar to
the copy number amplification frequencies of the known co-amplified oncogenes ErbB2 (breast
cancer: 12.9 %, gastric cancer: 13 %, CCLE: 5.4 %, bladder cancer: 6.2 %, uterine cancer: 5.5 %),
C17orf37 (13 %, 12.6 %, 6.2 %, 5.4 % and 5.8 %, respectively) and GRB7 (13 %, 12.3 %, 5.3 %,
6.2 % and 5.5 %, respectively) in diverse types of cancer cells, the STARD3 and PERLD1 loci
showed amplification frequencies of 12.7 % and 12.9 % in breast cancer, 11.3 % and 12.3 % in
gastric cancer, 5.2 % and 5.4 % in CCLE (Cancer Cell Line Encyclopedia), 6.2% and 6.2% in
bladder cancer, and 5.2% and 5.5% in uterine cancer, respectively (TCGA database) [38]. In
addition, the amplification frequencies of the STARD3 and PERLD1 loci were comparable to
those of ErbB2, GRB7, and C17orf37 in another cancer types (prostate, ovary, colorectal, head
and neck, lung, cervix, liver, adenoid cystic, thyroid and melanoma cancers). The amplification
status of CAPZA2, was similar to that of MET (glioblastoma: 8.9 %, ovarian cancer: 6.3 %, CCLE:
5.5 %, gastric cancer: 4.1 %, lung cancer: 3.5 %, melanoma: 3.9 %, liver cancer: 3.6 %, prostate
cancer: 3.6 %) in diverse cancer cell types, CAPZA2 was amplified in glioblastoma (8 %), ovarian
cancer (6.3 %), CCLE (5.6 %), gastric cancer (3.8 %), lung cancer (3 %), melanoma (4.2 %), liver
cancer (2.9 %) and prostate cancer (3.3 %) (TCGA database) [39]. In addition, the locus of
CAPZA2 had amplification frequencies similar to those of MET in other cancer types (e.g., cervix,
kidney, sarcoma, bladder, acute myeloid leukemia, head and neck, breast, colorectal and uterine
cancers).
Taken together, this study improves our understanding of thecopy number aberration landscape
and evolution in gastric cancer genome in association with global gene expression profiling,
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presents a sufficient pool of putative candidate gastric oncogenes and tumor suppressor genes,
and provides significant experimental validation of novel potential oncogenes.
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국 문 초 록
위암은 아시아에서 가장 흔한 암이며 전 세계적으로도 치사율이 높은 질병이다. 주로
진행성 위암 단계(Advanced stage)에서 진단되며 대부분 6~10개월 생존율을 보이고
약 10% 미만으로 5년의 생존율을 나타낸다. 위암의 원인은 환경적인 요인, 식습관, 유
전적 요인, 그리고 헬리코박터 파일로리 균의 감염 등을 꼽을 수 있다. 특히 위암의 유
전적 요인에 대한 많은 연구가 진행되고 있지만 다양한 조직학적 유형과 병기로 인해
아직까지 정확한 이해와 진단에 어려움을 겪고 있다. 따라서 위암에서 많이 증폭되어
있으면서 발현 량이 높은 유전자를 선정, 해당 유전자의 임상적 유의성을 실험을 통해
확인하고자 하였다.
우리는 genome-wide copy number alteration과 mRNA expression level을 확인하
기 위하여 삼성병원에서 얻은 59개의 위암 조직으로 유전자를 추출, 이 중 조직학적,
분자 병리학적으로 검증된 최종 40개의 샘플을 이용해 array CGH와 microarray gene
expression analysis를 실시하였다. 위암 환자 군은 70세 이상의 “old patient” 군 19
명과 40세 이하 “young patient”군 21명으로 분류 하였고 이는 위암의 발병이 환자의
나이에 따라 상이한 유전자적 변형을 보일 것이라는 가설로부터 실행하였다. Genetic
alteration을 보기 위한 aCGH 결과, 3q26, 7p11-7p22, 8p11-8q36, 20p11-20p13
그리고 20q11-20q13에서 증폭된 부분과 4p11-4p16, 4q11-4q35, 1p35-1p36,
3p21, 8p12, 9p24 그리고 19p12-19p13에서 유전적 손실을 보인 부분을 포함하여
DNA

copy

number variation을

확인하였다.

aCGH

분석과 microarray

gene

expression analysis를 통해 위암에서 유전자가 증폭돼있으면서 과 발현되어 있는 506
개의 발암유전자를 선별함과 동시에 60개의 종양억제유전자 후보를 선정하였다. 여러
개의 유전자 중 novel target gene을 선정하여 그 유전자가 존재하는 7q31,
17q12~17q21 그리고 19q12 3개의 region을 선별하였다.
더불어 18개의 위암 세포 주에서 Heebo chip과 qRT-PCR을 통해 선정된 유전자들이
과량 증폭되며 발현되어 있는 세포 주를 각 region 별로 선정하였다. 그 결과 SNU 5와
SNU 620 세포 주에서 7q31 region의 유전자 증폭 및 과 발현을 확인하였고 SNU
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216과 NCI-N87 세포 주에서 17q12~17q21 region의 동일한 유전적 변형을 확인하
여 in vitro 실험을 진행하였다. 7q31 region 에서는 MET, CAPZA2, 17q12~17q21
region에서는 ErbB2, C17orf37, PERLD1, STARD3 그리고 GRB7을 중심으로 siRNA
를 사용하여 유전자를 knock-down시켜 functional study를 실시하였다. 각 유전자가
cell proliferation에 미치는 영향을 반복실험을 통해 확인한 결과 7q31 region에서는
MET과 CAPZA2 모두 시간이 늘어남에 따라 감소되는 유의미한 결과를 얻었고 더 나
아가 실질적인 기능을 하는 단백질 level까지 유의성이 있음을 확인하였다. 특히 MET
의 경우 Proliferation이 90%이상 감소하는 것으로 보아 발암유전자의 특징을 확인할
수 있었다. 반면, Migration의 경우 MET은 유의미한 결과를 얻었지만 CAPZA2는 감
소된 mRNA level에 비해 Migration에는 큰 영향을 미치지 못했다. 17q12~17q21
region에서는 mRNA level과 단백질 level에서는 유전자의 발현이 확실히 감소하여
proliferation에서 유의성 있는 결과가 나왔으나 Migration에는 큰 영향을 미치지 않았
다. 또한 각 유전자의 독립적인 특징과 유의성을 확인한 것과 더불어 두 가지의 유전자
에 해당하는 siRNA를 combination treatment하여 synergy효과를 보고자 하였다.
17q12~17q21 region에서 GRB7과 그것의 상위 인자로 알려진 ErbB2를 combination
treatment 한 Proliferation assay 결과 각각의 유전자를 knock-down시켰을 때 보다
두 유전자를 동시에 down시켰을 때 더 많은 영향을 끼치는 것을 확인하였고 NCIN87 세포 주에서는 combi-treatment의 proliferation 효과가 siGRB7 단독 처리 시
보다 2배 이상 감소됨을 보였다.
이와 같이, 본 연구에서는 aCGH와 microarray gene expression analysis를 통해 위
암에서 유의미한 발암 유전자 및 암 억제 유전자를 선정하고 그것을 위암 세포 주에서
siRNA를 사용한 실험을 통해 증명함으로써 새로운 진단 마커와 항암제의 타깃 유전자
로써의 잠재력을 나타내었다.
주요어: 위암, aCGH, microarray gene expression, MET, ErbB2
학번: 2012-21617
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