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Abstract 1 

To better understand progressive changes in gastric cancer (GC), early and advanced 2 

GCs (EGC and AGC, respectively) were examined for copy number alterations (CNAs). 3 

A crypt isolation method was used to isolate DNA from tumors and normal glands in 20 4 

AGCs, and fresh tumor samples were obtained from 45 EGCs. We assessed CNAs for 5 

differentiated-type GCs using an Infinium HumanCytoSNP-12v2.1 BeadChip in EGCs 6 

and AGCs. The most frequent aberrations in EGC were gains at 8q23.3 (42.2%) and 7 

8q23.2 (40%), and loss of heterozygosity (LOH) at 3p14.2 (24.2%), suggesting that 8 

these CNAs were involved in the development of EGC. On the other hand, the highest 9 

frequencies of gains in AGC were found at 8q24.21 (65%) and 8q24.3 (60%). The most 10 

frequent LOHs in AGC were at 11q24.3-25, 11q23.2-24.1, 11q14.1 and 12p11.21-13.33, 11 

whereas that in EGC was at 3p14.2. In addition, regions of copy-neutral LOHs in AGC 12 

were detected at 11q21, 11q13.3-14.3, 11q11, 11p13-15.3, 12q21.1, 12q12-13.3 and 13 

5q33.3-35.1. Comparisons of gains in EGC and AGC showed significant differences at 14 

12q22–q23.2, 12q21.33, 11p12, 11p14.1, 12q21.31-32.32, 3p12.3, 3p14.1, 10p15.1, 15 

1q24.2 and 2q12.1. Copy neutral LOHs were significantly higher in AGC than in EGC 16 

at 14q32.11-32.33, 14q21.3, 14q11.2, 5q11.2, 5q 13.3, 14q21.1-23.2, 14q13.2-13.3, 17 

5q12.1-12.3, 5q11.1 and 17p13.3. The total lengths of the CNAs were significantly 18 

greater in AGC than in EGC. We found that the pattern of CNAs in AGC was quite 19 

different from that in EGC. We suggest that increasing numbers of CNAs are associated 20 

with disease progression from EGC to AGC.  21 



Arakawa N, Sugai T, et al 

 4 

Introduction 1 

Whereas GC is the fourth most common cancer in the world and the second leading 2 

cause of death due to cancer [1], the worldwide incidence of GC has declined rapidly 3 

over recent decades [2]. On the other hand, high rates of GC are present in Central and 4 

Eastern Europe and South America [2] and the incidence of GC remains high in Japan 5 

[1, 2]. Although the diagnosis and therapy of GC have improved over the past decade, 6 

better understanding of gastric carcinogenesis is important to provide further advances 7 

in the diagnosis and therapy of GC.  8 

  Sporadic GC is divided into two histological entities: ‘intestinal’ and ‘diffuse’. 9 

They differ in epidemiology, pathogenesis, clinical outcome and genetic profile [3]. At 10 

the genetic level, the hallmark of cancer is genomic destabilization. At least two 11 

molecular phenotypes have been identified in gastrointestinal cancer, and they have 12 

been associated with distinct pathways of genomic instability. Those phenotypes are 13 

high-level microsatellite instability (MSI) and chromosomal instability (CIN)  [3 – 5]. 14 

The MSI phenotype is caused by DNA methylation of the MLH1 gene [4]. In addition, 15 

the CpG island methylation phenotype (CIMP) shows genome-wide methylation 16 

patterns in MSI [4]. The CIN phenotype is characterized by large genomic changes at 17 

the chromosomal level as represented by copy number alteration (CNA) in cancer cells 18 

[6, 7]. CNA refers to a form of genomic structural change that results in variations in 19 

the number of copies of one or more sections of DNA [5 – 7]. Mutations in p53 play an 20 

important role in genomic instability that is closely associated with the CIN phenotype 21 

[5 – 7]. CIN that is characterized by CNAs is a major phenotype in GC [5 – 7].  22 
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  GC is classified into two categories based on tumor stage: early gastric cancer 1 

(EGC) and advanced gastric cancer (AGC) [3]. EGC is defined as an adenocarcinoma 2 

that is restricted to the mucosa or submucosa, regardless of lymph node metastasis [8, 9]. 3 

On the other hand, AGC is defined as a tumor that invades beyond the muscular layer, 4 

regardless of lymph node metastasis [8]. This classification has been accepted 5 

worldwide, given that it is based on the patient prognosis of GC. Understanding the 6 

differences of genetic alterations between EGC and AGC is important for the 7 

development of new approaches to diagnosis and/or therapy in GC.  8 

 In the present study, our aim was to identify genetic alterations at the whole 9 

chromosome level, that is CNAs, in EGCs and AGCs. In addition, we examined CNAs 10 

that were closely associated with tumor progression in GCs.  11 

 12 

Materials and Methods 13 

1. Patients 14 

     Sporadic GC samples were obtained from 65 patients (45 EGCs and 20 AGCs) 15 

who had undergone endoscopic or surgical resection at the Iwate Medical University 16 

Hospital between 2012 and 2015. No preoperative neoadjuvant therapy or radiotherapy 17 

was given to any of these patients. Patients with a family history of GC were not 18 

included in the study. The histological criteria used to diagnose intramucosal 19 

adenocarcinoma (IMA) were based on Japanese histological criteria, given that the 20 

criteria used by Japanese pathologists are different from those of Western pathologists 21 

[9]. Well-differentiated and moderately-differentiated tubular adenocarcinomas and 22 
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papillary adenocarcinomas corresponding to the intestinal-type (Lauren’s classification) 1 

were used to analyze genetic alterations (defined as differentiated-type 2 

adenocarcinomas) in AGCs. However, poorly differentiated adenocarcinomas and 3 

signet ring cell carcinomas that were classified as diffuse type according to Laurens’s 4 

classification were not included in the study. Clinicopathological findings are 5 

summarized in Table 1.  6 

 7 

2. Tumor tissue sampling 8 

2-1. Sampling for early gastric cancer 9 

  Tumor tissue was obtained from the resected stomach using biopsy forceps within 30 10 

min of resection. Normal gastric mucosa that was distant from the neoplasm was 11 

removed from the submucosa using scissors. Tissue for clinicopathological analysis was 12 

obtained from a region of the resected stomach adjacent to the site used for molecular 13 

analysis. All of the tissue samples contained cancerous tissue. In tumor samples, 14 

neoplastic cells accounted for at least 50% of the tissue. As a control, gastric biopsies 15 

from EGC patients with chronic gastritis were included.  16 

 17 

2-2. Crypt isolation method (sampling for AGC) 18 

    A crypt isolation method was used in AGC to obtain pure tumor and 19 

non-neoplastic glands. AGC tumor samples were obtained from the central area of the 20 

tumor. Normal gastric mucosa was taken from the most distal portion of the stomach. 21 

Crypt isolation from the tumor and normal mucosa was performed in accordance with a 22 



Arakawa N, Sugai T, et al 

 7 

previously reported method [10]. Briefly, fresh mucosa and tumor were cut with a sharp 1 

scalpel into minute pieces, then incubated at 37℃ for 30 min in calcium- and 2 

magnesium-free Hanks' balanced salt solution (CMF) containing 30 mmol/L EDTA. 3 

The tissue was then stirred in CMF for 30-40 min. The isolated glands were 4 

immediately fixed in 70% ethanol and stored at 4℃ until used for DNA extraction.  5 

     The fixed isolated glands were observed under a dissection microscope (SZ60, 6 

Olympus, Tokyo, Japan). The isolated glands were processed routinely to confirm its 7 

nature using paraffin-embedded histological sections. Contamination by other materials 8 

such as interstitial cells was not seen in the samples that were examined. A 9 

representative example of a tumor gland is shown in Figure 4.  10 

 11 

3. DNA extraction 12 

    DNA was extracted from isolated normal and tumor tissue by sodium dodecyl 13 

sulfate (SDS) lysis and proteinase K digestion, followed by a phenol-chloroform 14 

procedure as reported previously [10]. 15 

 16 

4. Copy number alteration analysis 17 

  Extracted DNA was adjusted to a concentration of 50 ng/µL. All 65 paired samples 18 

were assayed using the Infinium HumanCytoSNP-12v2.1 BeadChip (Illumina, San 19 

Diego, CA). It contained 299,140 single nucleotide polymorphism (SNP) loci, 20 

according to the Illumina Infinium HD assay protocol. BeadChips were scanned using 21 

iScan (Illumina) and analyzed using GenomeStudio software (v.2011.1; Illumina). Log 22 
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R ratio (LRR) and B allele frequency (BAF) data from each sample were exported from 1 

normalized Illumina data using GenomeStudio. Data analysis was conducted with 2 

KaryoStudio 1.4.3 [CNV (copy number variation) Plugin v3.0.7.0; Illumina]. The 3 

program was used with default parameters. The copy number alterations were classified 4 

by CNA partition algorithms. LRR 0 means a normal diploid region. LRR>0 means 5 

copy number gain. LRR<0 means copy number loss-of-heterozygosity (LOH). BAF 6 

values range from 0 to 1, homozygous SNPs have BAFs near 0 (A-allele) or 1 7 

(B-allele); heterozygous diploid region SNPs have BAFs near 0.5 (AB genotype). 8 

Additionally, LRR and BAF data were used to identify regions of hemizygosity  and 9 

copy-neutral LOH. 10 

 11 

5. Calculation of length of copy number alterations on a genome-wide scale in 12 

early and advanced gastric cancers 13 

To quantitate copy number aberrations on a genome-wide scale, we calculated the total 14 

lengths of CNAs (losses + gains), total length of CNA gains, total length of CNA LOHs, 15 

and total length of CNA-copy neutral LOHs identified by the SNP-array analysis, as 16 

previously described (11). We observed a strong correlation between the total number 17 

of CNAs in the tested AGC samples and the total lengths of the CNAs. We therefore 18 

used the total CNA length as an index representing the degree of chromosomal 19 

alteration and assessed the relationship between CNA length (total CNA, CNA gain, 20 

CNA LOH and CNA copy neutral LOH) and EGC or AGC. 21 

 22 
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6. Statistical analysis 1 

Data obtained for copy number variations in EGC and AGC were analyzed using 2 

chi-square tests (Stat Mate-III software). If significant differences in the lengths of 3 

CNAs were found among the 2 groups, differences between the two groups were 4 

analyzed using a Mann–Whitney U test (PRISM6, GraphPad software, La Jolla, CA). 5 

Differences with p values of less than 0.05 were considered significant. 6 

 7 

Results  8 

1. Genomic alterations in EGC 9 

Chromosomal CNAs were observed in all 45 EGCs. The average frequencies of CNAs 10 

across the entire genome are shown in Figure 1. Genomic CNAs were detected in more 11 

than 30% of EGC cases and are summarized in Table 2. The total number of 12 

chromosomal aberrations per patient had a mean value of 145.9 with an average of 13 

113.7 gains, ranging from 0 to 771; the mean number of LOHs was 5.1, ranging from 0 14 

to 58 and copy neutral LOHs averaged 27, ranging from 0 to 367. The most frequent 15 

aberrations were gains at 8q23.3, 8q23.2, 8p22-23.1, 9p13.1, 8p11.21-11.23, 8p12-21.3, 16 

8p11.1, 8p23.2-23.3, 8q24.3, 9p23-24.1, 8q24.21 and 17p13.3 (31.1%) (Table 2-a). 17 

Although none of the LOH cases occurred in more than 30% of the patients, the LOH at 18 

3p14.2 (24.2%) was the most frequent LOH site in this study (Table 2-a). On the other 19 

hand, CN-LOH occurred at a low frequency in EGCs (Table 2-a). Minimal common 20 

gain regions  were 9p13.1 and 8p23.2-23 (37.8% and 35.9%, respectively). IGFBPL1 21 

and CSMD1 were selected in the genes located at 9p13.1 and 8p23.2-23.3, respectively, 22 
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from published data. Similarly, we identified only one the region showing frequent loss, 1 

The minimal common LOH region was at 3p14.2 where the FHIT gene was harboured. 2 

A minimal common region was not found in the remaining frequent gains.  3 

 4 

2. Genomic alterations in advanced gastric cancer 5 

The genomic CNAs were examined by SNP Array in 20 AGCs. Chromosomal CNAs 6 

are summarized in Figure 2. Analysis of the averaged frequencies of copy number gains 7 

and losses revealed that CNAs were detected across the entire genome (Figure 1, 8 

bottom). The mean total number of chromosomal aberrations per patient was 331.8, 9 

with an average of 197.7 gains ranging from 45 to 594; there was an average of 27 10 

LOHs ranging from 0 to 230 and we found 108 copy neutral LOHs ranging from 0 to 11 

313.   Regions of gain detected in more than 50% of cases were identified at 8q24.21, 12 

8q24.3, 1q24.2, 8q24.22-23, 8q24.13, 20p12.2-13, 1q41-42.3, 1q31.1-32.3, 1q24.3, 13 

8q24.12, 8q22.3, 10q24.32, 10q23.2-23.33, 11q25, 11q23.1 and 12q21.31-23.2 in 14 

decreasing order of frequency (Table 2-b). Regions of LOH detected in more than 30% 15 

of the cases were at 11q24.3-25, 11q23.2-24.1, 11q14.1, 12p11.21-13.33 and 3p14.2 in 16 

decreasing order of frequency (Table 2-b). On the other hand, regions of copy-neutral 17 

LOH detected in more than 50% of cases were at 11q21, 11q13.3-14.3, 11q11, 18 

11p13-15.3, 12q21.1, 12q12-13.3 and 5q33.3-35.1 in decreasing order of frequency 19 

(Table 2-b). No minimal common region was detected in the AGCs, given that the 20 

alterations were found throughout the entire region. Candidate genes that were 21 
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associated with CNAs are listed in Table 3 and the candidate genes related to 1 

carcinogenesis are also shown.   2 

3. Comparison of genomic alterations identified in EGCs and AGCs 3 

We compared the patterns of CNAs between the EGCs and the AGCs, as shown in 4 

Table 4. Regions of gain detected in more than 40% of cases were selected for 5 

comparison of EGCs with AGCs. We found significant differences of gains at 12q22–6 

q23.2, 12q21.33, 11p12, 11p14.1, 12q21.31-32.32, 3p12.3, 3p14.1, 10p15.1, 1q24.2, 7 

and 2q12.1 between EGCs and AGCs (Table 4). We also examined regions of loss that 8 

were found in more than 30% of cases of EGCs and AGCs, as shown in Table 4. 9 

Although statistically significant differences in the frequencies of LOHs between EGCs 10 

and AGCs were found at 8p12, 8p21.1, 8p21.2, 8p 21.3, 8p 23.1, 8p23.2 and 8p23.3, 11 

these regions constituted less than 30% of the cases (Table 4). However, the number of 12 

copy neutral LOHs at 14q32.11-32.33, 14q21.3, 14q11.2, 5q11.2, 5q 13.3, 14q21.1-23.2, 13 

14q13.2-13.3, 5q12.1-12.3, 5q11.1 and 17p13.3 were significantly higher in the AGCs 14 

than in the EGCs (Table 4).  15 

   We examined common CNA regions in EGCs and AGCs. Gains at 8q24.21 and 16 

17q12 were frequent in both EGCs and AGCs. Gains at 8q24.21, the location of the 17 

c-MYC gene, were detected in 14 of 45 EGCs (31.1%) and 13 of 20 AGCs (65%). On 18 

the other hand, gains at 17q12, where the ERBB2 gene is harbored, were observed in 9 of 19 

45 EGCs (20%) and 8 of 20 AGCs (40%). FHIT, located at 3p14.2, was frequently 20 

observed as a LOH locus in 11 of 45 EGCs (24.4%) and 7 of 20 AGCs (35%). 21 

Pathological findings and an ideogram of genomic imbalance in EGCs and AGCs are 22 
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shown in Figure 3 and 4. Summary data describing CNAs in AGCs and EGCs are 1 

shown in the supplementary Tables.   2 

 3 

4. Association of length of copy number alterations on a genome-wide scale in  4 

early and advanced gastric cancers  5 

   The overall total length of CNVs in AGCs was longer than that of EGC (p<0.001) 6 

(Figure 5). We analyzed genomic losses (LOHs and copy neutral LOHs) and gains 7 

separately. The total length of CNV gains in EGCs was significantly greater than that of 8 

AGCs, as shown in Figure 5 (p<0.001). Significant differences in the total length of 9 

losses (LOH and copy neutral LOH) between EGC and AGC were found (p<0.001).  10 

 11 

Discussion 12 

   Using next-generation sequencing and other genomic technologies, we identified 13 

detailed molecular alterations in GCs in The Cancer Genome Atlas Project (TCGA) 14 

[12]. Those high-throughput technologies now allow a comprehensive analysis of 15 

genomic and epigenomic alterations associated with GC and permits the establishment 16 

of molecular profiles of GC [12, 13]. Recently, the TCGA network proposed a 17 

classification scheme of four GC subtypes based on the underlying molecular alterations 18 

[12]. This landmark study has significantly enhanced our understanding of the 19 

characteristics of GC at the molecular level [12]. However, the platform used for 20 

molecular analysis in the present study differed from that of TCGA. Specifically, the 21 

number of probes plotted in the array and the molecular distance between each probe 22 
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are different [12]. In addition, an Infinium HumanCytoSNP-12v2.1 BeadChip was used 1 

in the present study, whereas Affymetrix SNP 6.0 arrays were used in TCGA [12]. 2 

Because the results of chromosomal alterations are platform-dependent, the molecular 3 

data derived in the present study cannot be directly compared with that of TCGA. 4 

However, we belive that the present data contribute to our understanding of gastric 5 

carcinogenesis.  6 

     One of the primary goals of analyzing gastric carcinogenesis is to understand the 7 

genetic basis that contributes to its development. It was anticipated that genome-wide 8 

studies would identify alleles that were closely associated with specific diseases, 9 

including various cancers [12, 13]. Indeed, genome-wide studies have identified 10 

thousands of variants associated with hundreds of targets [12 - 14]. We attempted to 11 

identify specific loci that were associated with tumor development. However, CNAs 12 

were found to affect entire regions in the AGCs that we examined [15]. In the present 13 

study, we identified 3 minimal common gain regions in EGCs, including gains at 14 

9p13.1 and 8p23.2-23.3 and LOH at 3p14.2. In the present study, candidate genes that 15 

might play critical roles in gastric carcinogenesis were found in clusters. We found 16 

insulin-like growth factor binding protein-like 1 (IGFBPL1) at 9p13.1 and CUB and 17 

Sushi Multiple Domains 1 (CSMD1) at 8p23.2-23.3 as minimal common gain regions 18 

[15 – 17]. Furthermore, the FHIT gene, located at 3p14.2, was found as a minimal 19 

common LOH region [18]. Smith et al. found that the silencing of IGFBPL1 was 20 

strongly associated with aggressive clinical disease, suggesting that IGFBPL1 acts as 21 

tumor suppressor gene, not an oncogene [15]. The CSMD1 gene is a novel candidate 22 
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tumor suppressor located at 8p23.2-23.3. CSMD1 is frequently found to be deleted, 1 

mutated or methylated in many cancers [16, 17]. Shull et al. showed that CSMD1 2 

expression was frequently lost in breast cancer, indicating that it functions as a tumor 3 

suppressor [17]. If both IGFBPL1 (located at 9p13.1) and CSMD1 (at 8p23.2-23.3) act 4 

as tumor supressors, it is difficult to explain how their gain contributes to tumor 5 

development. In the present study, we suggest that the majority of CNAs showing gain 6 

may be caused by secondary genetic effects that may not positively contribute to gastric 7 

carcinogenesis. On the other hand, the LOH involving 3p14.2 has been reported in 8 

gastric and other human cancers [18]. The FHIT gene located at 3p14.2 is commonly 9 

lost in EGCs and AGCs [18]. In addition, previous studies have shown that the FHIT 10 

gene is inactivated in the majorty of GCs, thus suggesting that the loss of the FHIT gene 11 

can play a critical role in early gastric carcinogenesis.  12 

It is well known that the 8q24.21 region harbors the c-MYC gene whose 13 

amplification is frequently found in various cancers, including gastric, colorectal and 14 

ovarian cancers [19 – 23]. In the present study, we showed copy number gains of 15 

c-MYC at a significantly high prevalence in both AGCs and EGCs. This finding 16 

suggests that c-MYC plays a critical role in not only advanced gastric carcinogenesis, 17 

but also early gastric carcinogenesis. POU5F1B, which is located adjacent to c-MYC on 18 

human chromosome 8q24, is frequently amplified in GC [24]. In a previous study, 19 

POU5F1B was also found to be amplified at a high level in human GC tissue. Recent 20 

study has shown that POU5F1B amplification is associated with a poor prognosis in GC 21 

patients [24]. Jin et al. showed that the PUF60, BOP1 and E2F1 genes at 8q24.3 were 22 
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significantly over-expressed in tumor tissues with copy number gains [25]. In particular, 1 

they observed that copy number gains of PUF60 show a strong positive correlation with 2 

expression in GCs [25]. Gumireddy et al. reported that PUF60 is an important gene via 3 

translational regulatory LncRNA, as it is involved in tumor invasion and metastasis [26]. 4 

These observations suggest that copy number gains of PUF60 may be a major 5 

mechanism underlying the over-expression of genes in GC. In addition, a previous 6 

study showed that genes located at 8q23-24 might define the development of lymphatic 7 

metastases in colorectal cancers [27]. Accordingly, our data support the notion that the 8 

gain of this region could play an important role in gastric carcinogenesis and could 9 

predict the metastatic potential of primary AGCs or invasion of EGCs.  10 

  Here, we found that 17q12 showed a CNA gain, a region that includes the 11 

chromosomal locus for the HER2 gene [28, 29]. HER2 is a key driver in gastric 12 

tumorigenesis, and its gene amplification leads to overexpression in GC [28, 29]. There 13 

is increasing evidence that HER2 amplification and HER overexpression are important 14 

biomarkers in GC, and its amplification plays a crucial role in a specific type of gastric 15 

tumorigenesis [28, 29]. In a previous study, amplification of HER2 was strongly 16 

associated with poor carcinoma-specific survival, particularly evident in a subgroup of 17 

intestinal cancers [30]. In the present study, 17q12 (involving the HER2 gene) was a 18 

common gain in AGCs and EGCs. This finding suggests that gain at 17q12 is a novel 19 

candidate biomarker to predict tumor progression of GC.  20 

  LOH and copy neutral-LOH provide valuable information for the identification 21 

of tumor suppressor genes [31]. Regions affected by LOH and copy neutral-LOH 22 
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contain many candidate tumor suppressors, and LOH in tumor cells is thought to play 1 

pivotal roles in gastric carcinogenesis [32]. In the present study, however, LOH 2 

appeared not to be a driving force for early gastric carcinogenesis because LOH 3 

occurred at a low frequency. Our findings showed that the most frequent LOH locus 4 

was at 3p14.2, harbouring the FHIT gene in EGCs. However, copy-neutral LOH was 5 

not detected in the EGCs examined here.The present data suggest that although LOH 6 

and copy-neutral LOH were frequent events in AGC, copy-neutral LOH rather than 7 

LOH is a major driving force in advanced stages of GC.  8 

   The possible association between CNA and expression was examined to confirm the 9 

significance of our array data in EGC and AGC. We selected genes from regions with 10 

tumor-specific CNAs based on published expression data. The following genes were 11 

gained and elevated expression has been noted: KITLG [33], LGR5 [34], IGF1 [35], 12 

ASCL1 [36], TRAF6 [37], FOXP1 [38] and OCT 1 [39]. However, the loss of DICER1 13 

[40], MEG3 [41], DLK1 [42], CHGA [43], miR-127 [44], NDRG2 [45], APE-1 [46] and 14 

PTGER2 [47] was inversly correlated with gene expression. Thus, it is likely that genes 15 

that play important roles in gastric carcinogenesis have not yet been reported. Among 16 

them, some genes that are responsible for the development of gastrointestinal tumors 17 

were selected. Leucine-rich repeat-containing G protein-coupled receptor 5 (LGR5) has 18 

recently been reported to be a marker of cancer stem cells in colorectal cancer [48]. 19 

Many studies have suggested that LGR5 plays a key role in colorectal carcinogenesis 20 

and is associated with the poor outcome of CRC patients [48]. In addition, 21 

overexpression of LGR5 in in vitro assays resulted in enhanced proliferation and 22 
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resistance to chemotherapy [48]. The KIT ligand gene (KITLG), also known as stem cell 1 

factor, achieves multiple biological functions during development by triggering its 2 

receptor tyrosine kinase protein, c-KIT [31]. KITLG has been implicated in the 3 

development of several cancers, including colorectal cancer, GC and lung cancer [49]. 4 

This finding supports the notion that CRC tissues that over-express KITLG may be 5 

subject to tumor growth and invasion. It was reported that octamer transcription factor 1 6 

(OCT1) influenced the progression of CRC [50]. Wang et al. showed that OCT1 7 

expression independently predicted poor patient prognosis in CRC [39]. In addition, 8 

OCT1 is amplified and overexpressed in GC; both are associated with poor survival in 9 

patients with GC [50]. In the present study, there was a significant difference in the 10 

frequencies of gains at 12q22-23.2 between EGCs and AGCs. We suggest that gain at 11 

12q22-23.2 plays a major role in the progression of cancer cells and that LGR5, KITLG 12 

and OCT1 genes are novel candidate markers that drive tumor invasion in GC.   13 

   In the genetic model of colorectal carcinogenesis proposed by Vogelstein et al., loss 14 

of genetic material is an essential alteration for progression of colorectal cancer [32]. A 15 

similar hypothesis has been proposed in gastric carcinogenesis [51]. However, 16 

colorectal cancer cells as well as GC cells acquire DNA aneuploidy through gains of 17 

genetic materials during tumor progression [13]. In the present study, the alterations of 18 

CNAs in AGCs had a total length greater than those of CNAs in EGCs. These findings 19 

suggest that alterations of CNAs by gain rather than by loss play an essential role in the 20 

progression of gastric tumorigenesis [13].  21 

  In conclusion, we comprehensively examined allelotypes in GC based on copy 22 



Arakawa N, Sugai T, et al 

 18 

number changes. We showed diverse chromosomal regions were involved in EGCs and 1 

AGCs. These abnormal regions may be associated with tumor progression during 2 

development of gastric carcinogenesis. The integrated analysis of gene CNAs pointed to 3 

several interesting genes as potential biomarkers for GC although further studies need to 4 

be performed. Taken together, these results may be helpful in the understanding of 5 

gastric carcinogenesis. 6 

 7 
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Figure Legends 1 

Figure 1. Ideogram of genomic imbalance in 45 EGCs. Chromosomes are ordered from 2 

1 to 22. The colored horizontal lines represent the frequencies of gains and LOHs and 3 

CNLOHs. Lines on the left indicate losses (red, copy neutral LOH; gray, LOH) and 4 

those on the right (green) indicate gain.  5 

 6 

Figure 2. Ideogram of genomic imablance in 20 AGCs. Chromosomes are ordered from 7 

1 to 22. The colored horizontal lines represent the frequencies of gains and LOHs and 8 

CNLOHs. Lines on the left indicate losses (red, copy neutral LOH; gray, LOH) and 9 

those on the right (green) indicate gains. 10 

 11 

  Figure 3. Representative images of early GC. A. An endoscopic picture shows an 12 

elevated lesion on the gastric body. B. An elevated lesion removed from the gastric 13 

body. C. Low power view of the lesion. D. High power view of the lesion shows a 14 

moderately differentiated adenocarcinoma. E. Ideogram showing copy number 15 

alteration. Green, gain; red, LOH; grey, copy neutral LOH.  16 

 17 

Figure 4. Representative figure of advanced GC. A. Huge central ulcered lesion on the 18 

gastric body. B. Isolated tumor crypt. C. Differentiated adenocarcinoma of the isolated 19 

cancer gland. D. High power view of the lesion shows moderately differentiated 20 

adenocarcinoma. E. Ideogram showing copy number alteration. Green, gain; red, LOH; 21 

grey, copy neutral LOH.  22 
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 1 

Figure 5. Comparison of total lengths of regions in CNAs between EGCs and AGCs. A. 2 

The total length of CNA gains between early and advanced GCs. B. Total length of 3 

CNA LOH between early and advanced GCs. C. Total length of CNA copy neutral 4 

LOH between early and advanced GCs. D. Total length of overall CNA between early 5 

and advanced GCs. 6 

 7 

 8 
 9 



　	 Total EGCs AGCs 
Case 65 45 20 
Sex (M/W) 47/18 34/11	 13/7	
Mean age (years)  73.2 73.2 73.2 

(Range)	 45-91 45-88 48-91 
Location 

U 9 4 5 
M 24 17 7 
L 32 24 8 

Macroscopy 
I or IIa 28 28 0 

IIc 12 12 0 
IIa+IIc or IIc+IIa 5 5 0 

type 1 1 0 1 
type 2 7 0 7 
type 3 12 0 12 

Histological type 
tub1 36 33 3 
tub2 19 7 12 
pap 10 5 5 

pStage 
IA 44 44 0 
IB 5 1 4 
IIA 1 0 1 
IIB 6 0 6 
IIC 0 0 0 
IIIA 2 0 2 
IIIB 2 0 2 
IIIC 3 0 3 
IV 2 0 2 

Table 1. Clinicopathological findings of gastric cancer patients	



Table 2. Frequent regions of copy number alterations in early and advanced gastric cancers.	

Chromosomal 
regions  EGC n=45 (%) Chromosomal 

regions  AGC n=20 (%) Chromosomal 
regions  AGC n=20 (%) 

Gain 　	 Gain LOH 
8q23.3 19 (42.2) 8q24.21 13 (65) 11q24.3-25 10 (50) 
8q23.2 18 (40) 8q24.3 12 (60) 11q23.2-24.1 10 (50) 

8p22-23.1 17 (37.8) 1q24.2 11 (55) 11q14.1 10 (50) 
9p13.1 17 (37.8) 8q24.22-23 11 (55) 12p11.21-13.33 10 (50) 

8p11.21-11.23 16 (35.8) 8q24.13 11 (55) 3p14.2 7 (35) 
8p12-21.3 16 (35.8) 20p12.2-13 11 (55) 

8p23.2-23.3 16 (35.8) 1q41-42.3 11 (55) CNLOH 
8p11.1 15 (33.3) 1q31.1-32.3 10 (50) 11q21 10 (50) 
8q24.3 14 (31.1) 1q24.3 10 (50) 11q13.3-14.3 10 (50) 

9p23-24.1 14 (31.1) 8q24.12 10 (50) 11q11 10 (50) 
17p13.3 14 (31.1) 8q22.3 10 (50) 11p13-15.3 10 (50) 
8q24.21 14 (31.1) 10q24.32 10 (50) 12q21.1 10 (50) 

10q23.2-23.33 10 (50) 12q12-13.3 10 (50) 
LOH 11q25 10 (50) 5q33.3-35.1 10 (50) 

3p14.2 11 (24.4) 11q23.1 10 (50) 
CNLOH None 12q21.31-23.2 10 (50) 　	 　	

a	 b	



Chromosomal 
regions  Gene list Chromosomal 

regions  Gene list Chromosomal 
regions  Gene list 

Gain 　	 Gain 　	 LOH 　	

8q23.3 EIF3H,  PSCA 8q24.21 Myc, POU5F1B, PVT1 11q24.3-25 ST14, NTM, OPCML 

8q23.2 EBAG9 8q24.3 PSCA, PTP4A3, RECQL4 11q23.2-24.1 Synbindin, TTC12, ZBTB16, BLID 

8p22-23.1  FGF20, MSR1, CLDN23, TUSC3, TSP1 1q24.2 Oct1 11q14.1 GAB2 

9p13.1 IGFBPL1 8q24.22-23 WISP1  12p11.21-13.33 KDM5A, KRAS, CDKN1B, TARBP2, CCND2 

8p11.21-11.23 SFRP1, FGFR1, TACC1, BAG4, LSM1 8q24.13 ATAD2, MTSS1 3p14.2 FHIT 

8p12-21.3 FZD3, TNFRSF10A/B, PEBP4, LZTS1  20p12.2-13 RASSF2, BMP2, CRCS11, CDC25B 

8p23.2-23.3 CSMD1 1q41-42.3 CAPN9, WNT3A, TGFB2 CNLOH 

8p11.1 DKK4, CEBPD 1q31.1-32.3 ATF3, NEK2, MAPKAPK2, IL10, CD55 11q21 MMP7, MIR1260B, MRE11A 

8q24.3 PSCA, PTP4A3, RECQL4, NDRG1 1q24.3 FASLG 11q13.3-14.3 FGF4, CCND1, ORAOV1 FADD, GAB2 

9p23-24.1 PDCD1LG1, TYRP1, PTPRD, KDM4C 8q24.12 OPG, TNFRSF11B 11q11 CTNND  

17p13.3 HIC1, TUSC5, MIR22, YWHAE 8q22.3 UBR5, FZD6, RRM2B  11p13-15.3 CD44, WT1, TSG101, RRAS2, DKK3 

8q24.21 Myc, POU5F1B, PVT1 10q24.32 FGF8, BTRC, SUFU, CYP17A1 12q21.1 RAB21 

10q23.2-23.33 BMPR1A, PTEN, MINPP1, SNCG 12q12-13.3 NUR77, PPHLN1, ITGA5, TARBP2  

LOH 11q25 NTM, OPCML 5q33.3-35.1 FBXW11, USP12 

3p14.2 FHIT 11q23.1 miR34B, IL18, COLCA1/2 

CNLOH None 12q21.31-23.2 IGF1, UTP20, ASCL1, BTG1 　	 　	

EGC	 AGC	

Table 3. List of candidate genes that show copy number alteration in early and advanced gastric cancers	



Chromosomal 
regions  EGC n=45 (%) AGC n=20 (%) P value 　	

Chromosomal 
regions  EGC n=45 (%) AGC n=20 (%) P value 

Gain CNLOH 
12q22-23.2 3 (6.7) 10 (50) < 0.001 14q32.11-32.33 0 (0) 7 (35) < 0.001 
12q21.33 4 (8.9) 10 (50) < 0.001 14q21.3 0 (0) 7 (35) < 0.001 

11p12 3 (6.7) 9 (45) < 0.001 14q11.2 0 (0) 7 (35) < 0.001 
11p14.1 3 (6.7) 9 (45) < 0.001 5q11.2 2 (4.4) 9 (45) < 0.001 

12q21.31-21.32 5 (11.1) 10 (50) 0.001 5q13.3 0 (0) 6 (30) < 0.001 
3p12.3 4 (8.9) 9 (45) 0.002 14q21.1-23.2 0 (0) 6 (30) < 0.001 
3p14.1 4 (8.9) 9 (45) 0.002 14q13.2-13.3 0 (0) 6 (30) < 0.001 
10p15.1 4 (8.9) 9 (45) 0.002 5q12.1-12.3 1 (2.2) 7 (35) < 0.001 
1q24.2 7 (15.6) 11 (55) 0.003 5q11.1 2 (4.4) 8 (40) < 0.001 
2q12.1 3 (6.7) 8 (40) 0.003 17p13.3 2 (4.4) 8 (40) < 0.001 

LOH 
8p12 0 (0) 4 (20) 0.01 

8p21.1 0 (0) 4 (20) 0.01 
8p21.2 0 (0) 4 (20) 0.01 
8p21.3 0 (0) 4 (20) 0.01 
8p23.1 0 (0) 4 (20) 0.01 
8p23.2 0 (0) 4 (20) 0.01 
8p23.3 0 (0) 4 (20) 0.01 　	 　	 　	 　	 　	

Table 4. Significant difference in the frequencies of  CNAs regions between early and advanced gastric cancers	

chi-square test	
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Figure 5. Comparison of total length of region in CNAs length between EGCs and AGCs.	
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