[image: image6.png]// (]‘ World Journal of
¢ Gastroenterology




	Differential gene expression profiling of gastric intraepithelial neoplasia and early-stage adenocarcinoma
Xue Xu, Lin Feng, Yu Liu, Wei-Xun Zhou, Ying-Cai Ma, Gui-Jun Fei, Ning An, Yuan Li, Xi Wu, Fang Yao, Shu-Jun Cheng, Xing-Hua Lu

	CITATION
	Xu X, Feng L, Liu Y, Zhou WX, Ma YC, Fei GJ, An N, Li Y, Wu X, Yao F, Cheng SJ, Lu XH. Differential gene expression profiling of gastric intraepithelial neoplasia and early-stage adenocarcinoma. World J Gastroenterol 2014; 20(47): 17883-17893

	URL
	http://www.wjgnet.com/1007-9327/full/v20/i47/17883.htm

	DOI
	http://dx.doi.org/10.3748/wjg.v20.i47.17883

	OPEN ACCESS
	Articles published by this Open-Access journal are distributed under the terms of the Creative Commons Attribution Non-commercial License, which permits use, distribution, and reproduction in any medium, provided the original work is properly cited, the use is non commercial and is otherwise in compliance with the license.

	CORE TIP
	This is the first study to perform a comprehensive detection of the gene expression profiling of gastric low-grade and high-grade intraepithelial neoplasia and early-stage adenocarcinoma. This study collected precise samples and reports a clear distinction of gene expression profiles between gastric low-grade and high-grade intraepithelial neoplasia, thus providing molecular evidence for their different clinical application. The characteristic upregulated genes during gastric early carcinogenesis were involved in metabolism and the immune response and nuclear factor-B pathway, whose expression was validated in independent samples through real-time TaqMan® polymerase chain reaction and immunohistochemical staining.

	KEY WORDS
	Gastric early-stage adenocarcinoma; High-and low-grade intraepithelial neoplasia; G0/G1 switch 2; Whole genome expression microarray; Quantitative real-time PCR; Immunohistochemical staining

	COPYRIGHT 
	© 2014 Baishideng Publishing Group Inc. All rights reserved.

	COPYRIGHT LICENSE
	Order reprints or request permissions: bpgoffice@wjgnet.com


	NAME OF JOURNAL
	World Journal of Gastroenterology

	ISSN
	1007-9327 (print) 2219-2840 (online)

	PUBLISHER
	Baishideng Publishing Group Inc, 8226 Regency Drive, Pleasanton, CA 94588, USA 

	WEBSITE
	http://www.wjgnet.com


Name of journal: World Journal of Gastroenterology 
ESPS Manuscript No: 11101
Columns: ORIGINAL ARTICLE
Differential gene expression profiling of gastric intraepithelial neoplasia and early-stage adenocarcinoma

Xue Xu, Lin Feng, Yu Liu, Wei-Xun Zhou, Ying-Cai Ma, Gui-Jun Fei, Ning An, Yuan Li, Xi Wu, Fang Yao, Shu-Jun Cheng, Xing-Hua Lu

Xue Xu, Gui-Jun Fei, Xi Wu, Fang Yao, Xing-Hua Lu, Department of Gastroenterology, Peking Union Medical College Hospital, Chinese Academy of Medical Science and Peking Union Medical College, Beijing 100730, China

Xue Xu, Ning An, Graduate School of Peking Union Medical College and Chinese Academy of Medical Science, Beijing 100730, China

Lin Feng, Yu Liu, Ning An, Shu-Jun Cheng, State Key Laboratory of Molecular Oncology, Cancer Institute Hospital, Peking Union Medical College, Chinese Academy of Medical Sciences, Beijing 100021, China

Wei-Xun Zhou, Yuan Li, Department of Pathology, Peking Union Medical College Hospital, Chinese Academy of Medical Science and Peking Union Medical College, Beijing 100730, China

Ying-Cai Ma, Department of Gastroenterology, Qinghai Provincial People’s Hospital, Xining 810007, Qinghai Province, China

Author contributions: Xu X carried out most of the experiments and participated in drafting the manuscript; Lu XH and Cheng SJ were leaders of the project, who conceived, initiated, and designed the study; Feng L contributed to the design of all experiments and revised the manuscript; Wu X, Yao F, Lu XH, Ma YC and Fei GJ collected all the patient samples and contributed to the design of the experiments; Fei GJ and Xu X collected patient clinical data; An N and Xu X contributed to the RNA preparation; Feng L performed array hybridization with assistance from Xu X and An N; Xu X participated in the bioinformatics analyses with the guidance of Feng L and Liu Y; Xu X performed the real time qPCR and immunohistochemical staining experiments and statistical analysis with assistance from Feng L and Liu Y; Zhou WX and Li Y carried out most of the pathological diagnosis and immunohistochemical evaluation; Lu XH and Cheng SJ supervised the project; all authors read and approved the final manuscript.

Supported by The specific grants of Public-Funded Projects in the Health Industry, Grant 200902002

Correspondence to: Xing-Hua Lu, Department of Gastroenterology, Peking Union Medical College Hospital, Chinese Academy of Medical Science and Peking Union Medical College, Shuai Fu Yuan 1, Dongcheng District, Beijing 100730, China. lxhbj2000@aliyun.com

Telephone: +86-10-69155016  Fax: +86-10-69155016

Received: May 4, 2014        Revised: June 5, 2014    Accepted: June 14, 2014
Published online: December 21, 2014

Abstract
AIM: To investigate the differentiated whole genome expression profiling of gastric high- and low-grade intraepithelial neoplasia and early-stage adenocarcinoma. 

METHODS: Gastric specimens from an upper magnifying chromoendoscopic targeted biopsy were collected from March 2010 to May 2013. Whole genome expression profiling was performed on 19 low-grade intraepithelial neoplasia (LGIN), 20 high-grade intraepithelial neoplasia (HGIN), 19 early-stage adenocarcinoma (EGC), and 19 chronic gastritis tissue samples using Agilent 4 × 44K Whole Human Genome microarrays. Differentially expressed genes between different types of lesions were identified using an unpaired t-test and corrected with the Benjamini and Hochberg false discovery rate algorithm. A gene ontology (GO) enrichment analysis was performed using the GeneSpring software GX 12.6. The differentially expressed gene was verified using a real-time TaqMan® PCR assay with independent tissue samples, including 26 LGIN, 15 HGIN, 14 EGC, and 20 chronic gastritis. The expression of G0S2 were further validated by immunohistochemical staining (IHC) in 24 LGIN, 40 HGIN, 30 EGC and 61 chronic gastritis specimens.

RESULTS: The gene expression patterns of LGIN and HGIN tissues were distinct. There were 2521 significantly differentially expressed transcripts in HGIN, with 951 upregulated and 1570 downregulated. A GO enrichment analysis demonstrated that the most striking overexpressed transcripts in HGIN compared with LGIN were in the category of metabolism, defense response, and nuclear factor B (NF-B) cascade. While the vast majority of transcripts had barely altered expression in HGIN and EGC tissues, only 38 transcripts were upregulated in EGC. A GO enrichment analysis revealed that the alterations of the immune response were most prominent in the progression from HGIN to EGC. It is worth noting that, compared with LGIN, 289 transcripts were expressed at higher levels both in HGIN and EGC. A characteristic gene, G0/G1 switch 2 (G0S2) was one of the 289 transcripts and related to metabolism, the immune response, and the NF-B cascade, and its expression was validated in independent samples through real-time TaqMan® PCR and immunohistochemical staining. In real-time PCR analysis, the expression of G0S2 was elevated both in HGIN and EGC compared with that in LGIN (P < 0.01 and P < 0.001, respectively). In IHC analysis, G0S2 immunoreactivity was detected in the cytoplasmic of neoplastic cells, but was undetectable in chronic gastritis cells. The G0S2 expression in HGIN was higher than that of LGIN (P = 0.012, 2 = 6.28) and EGC (P = 0.008, 2 = 6.94).

CONCLUSION: A clear biological distinction between gastric high- and low-grade intraepithelial neoplasia was identified, and provides molecular evidence for clinical application.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION
Gastric cancer is the fourth most prevalent malignant disease and the second most common cause of cancer-related deaths worldwide. Early gastric cancer (EGC) is confined to the mucosa and submucosa of the stomach with or without lymph node metastasis. The 5-year survival rates between advanced-stage and early-stage gastric cancer are extremely different (10% and 90%, respectively)[1]. Unlike advanced-stage patients, patients with early-stage gastric cancer and precancerous lesions usually have no symptoms. Precancerous lesions are histological abnormalities and are more likely to occur with cancer. According to the WHO classification of tumors of the digestive system[2], the terms low-grade intraepithelial neoplasia/dysplasia (LGIN) and high-grade intraepithelial neoplasia/dysplasia (HGIN) are recommended for gastric precancerous lesions. Enhanced endoscopy increases the detection of asymptomatic gastric cancer or precancerous lesions for early intervention. Though they have a high incidence, Japan and South Korea have a low mortality-to-incidence ratio (0.43/0.35) that benefits from a population-based screening program[3]. Therefore, early detection and an appropriate diagnosis of gastric intraepithelial neoplasia and early-stage cancer are associated with improved outcomes for patients. Furthermore, it is important to understand more about these stages both clinically and biologically.

In the Correa cascade of multi-step gastric carcinogenesis[4], an inflammation-metaplasia-dysplasia-carcinoma sequence indicates that dysplasia may be a critical point for malignant transformation. A cohort study demonstrated that 24.9% of patients with severe dysplasia and 2.1% of patients with mild-to-moderate dysplasia received a diagnosis of gastric cancer within 1 year of follow-up after the initial diagnosis[5]. Most patients harboring lesions that are classified as high-grade dysplasia are at high risk of either synchronous invasive carcinoma or its rapid development[6]. Based on the potential transition between and morphological similarity of dysplasia and carcinoma, the hypothesis that they are biologically related is reasonable. Previous studies of the genomic copy number aberration of gastric precancerous lesions and carcinoma in situ (CIS) have provided the most prominent 8q gain, which was detected most frequently in both HGIN and CIS but was undetected in LGIN using array comparative genomic hybridization[7]. Therefore, evidence has shown that molecular variations in gastric carcinogenesis have already appeared in precancerous lesions or EGC.

According to the revised Vienna classification of gastrointestinal epithelial neoplasia, the clinical management of endoscopic follow-up is recommended for category 3 (LGIN), while endoscopic or surgical local resection is recommended for category 4 (HGIN). LGIN and HGIN apparently have different clinicopathological characteristics; however, little is known about their biological characteristics. Previous gene expression profiling studies on gastric precancerous lesions did not detail the differences between LGIN and HGIN.

In this study, the gene expression profiling of gastric high- and low-grade intraepithelial neoplasia and early-stage adenocarcinoma were investigated to explore the molecular alterations in the malignant progression of gastric neoplasia. A clear distinction of the gene expression profiles between HGIN and LGIN were identified, thus providing molecular evidence for their different clinical relevance. The microarray data were validated by quantitative real-time polymerase chain reaction (PCR) in an independent group of patients, and followed by immunohistochemical (IHC) staining. Interestingly, characteristic upregulated genes during gastric early carcinogenesis were involved in metabolism and the immune response and the nuclear factor B (NF-B) pathway.

MATERIALS AND METHODS
Patients and frozen tissue samples
Subjects were recruited from Peking Union Medical College Hospital (PUMCH) and Qinghai Provincial People’s Hospital, and provided 137 samples and 15 samples, respectively, between March 2010 and May 2013. Gastric specimens from an upper magnifying chromoendoscopic targeted biopsy were collected. The samples used for pathological diagnosis and for this experiment in each patient were very similar. According to the WHO Classification of Tumors of the Digestive System, the samples can be grouped into 4 categories: LGIN (8148/0), HGIN (8148/2), EGC (8140/3), and the chronic gastritis group.

The pathological diagnosis of chronic gastritis was based on the Sydney classification and considered as controls. EGC was confined to the mucosa or submucosa as determined by surgery or endoscopic submucosal dissection (ESD) after biopsy. This study consisted of a discovery phase and a validation phase with 77 and 75 tissue samples, respectively. In the discovery phase, gene expression profiling was performed on 19 LGIN, 20 HGIN, 19 EGC, and 19 chronic gastritis tissue samples using microarrays. In the validation phase, independent tissue samples from 26 LGIN, 15 HGIN, 14 EGC, and 20 chronic gastritis patients were used in a real-time TaqMan® PCR assay (Applied Biosystems, CA, Unites States). The clinicopathological characteristics of the patients in the different groups were evaluated in terms of gender and age. The inclusion criteria were: voluntary participation in the study with informed consent and a definite pathological diagnosis by 2 pathologists. The pathologists reviewed all cases from the 2 different hospitals according to the same criteria and agreed with all the diagnosis. This study was approved by the Ethics Committee of PUMCH and also received institutional approval; the experiments were carried out in accordance with the World Medical Association Declaration of Helsinki Ethical Principles for Medical Research[8].

Formalin-fixed tissue samples
Formalin-fixed paraffin-embedded blocks of 155 specimens were obtained from patients who underwent ESD in the Departments of Gastroenterology or underwent gastrectomy in the Department of General Surgery at PUMCH between September 2010 and September 2013. Patient age ranged from 39 to 78 years with a mean of 56 years, and the male-to-female ratio was 1.47. The pathological diagnosis of 61 chronic gastritis was based on the Sydney classification. A total of 94 neoplasia were diagnosed by hematoxylin and eosin staining according to the WHO Classification of Tumors of the Digestive System, with 24 specimens classified as LGIN, 40 as HGIN, and 30 as EGC.

RNA preparation
The samples were stored in RNAlater® Solution immediately after biopsy during upper endoscopy. The samples were incubated in RNAlater® Solution overnight at 4 ℃C and then transferred to -80 ℃. Total RNA was extracted using the RNeasy Mini Kit (Qiagen, MD, Unites States). The concentration was measured by ND-1000 UV-VIS spectrophotometry (NanoDrop Technologies, DE, Unites States). The quality of the purified RNA (RNA integrity number, RIN) was determined using the RNA 6000 LabChip Kit and Agilent 2100 Bioanalyzer (Agilent, CA, Unites States). RNA samples with an A260/280 ratio greater than 1.8 and an RIN greater than 6.5 were included.

Gene expression microarray analysis
Sample labeling, hybridization, washing, and scanning steps were performed at the Cancer Institute and Chinese Academy of Medical Science according to the manufacturer’s instructions. Initially, 100 ng total RNA was added to the reaction to generate 1.65 g Cy3-labeled cRNA using the Low Input Quick Amp Labeling Kit (Agilent). Then, the cRNA was hybridized to an Agilent 4 × 44 K Whole Human Genome microarray. After hybridization, the slides were washed and then scanned with the Agilent G2505B Microarray Scanner System. The fluorescent intensities of the scanned images were extracted and preprocessed with the Agilent Feature Extraction Software (version 9.1). The microarray data were submitted to the National Center for Biotechnology Information Gene Expression Omnibus database (GSE55696). Data normalization, quality control, principal component analysis, and filter by flags were performed using GeneSpring software GX 12.6 (Agilent Technologies), and only the detected flags were acceptable.

Real-time quantitative PCR
First, 500 ng total RNA was reverse transcribed using SuperScript™ IIReverse Transcriptase, and cDNA was produced. The gene expression was analyzed on the MX3005P™ QPCR System (Stratagene) using TaqMan® Gene Expression Assay probes for G0S2 (Hs00274783_s1) and POLR2A (Hs00172187_m1) according to the manufacturer’s protocol (Applied Biosystems, CA, Unites States). The PCR program was initiated at 50 ℃ for 2 min and at 95 ℃ for 10 min before 45 thermal cycles, each at 95 ℃ for 15 s and at 60 ℃ for 1 min. The gene expression levels of G0S2 were assessed relative to those of POLR2A. The equation -ΔCTG0S2 = -(CTG0S2 - CTPOLR2A) represents the expression level of G0S2, i.e., a greater -ΔCTG0S2 value indicates a higher level of G0S2 expression.

IHC staining
IHC analysis included a polyclonal antibody for G0S2 (Novus, CO, Unites States; dilution 1:100). Briefly, paraffin blocks were cut into 3-m thickness sections. These sections were deparaffinized in xylene and rehydrated in a descending ethanol-to-water gradient series. Endogenous peroxidase was blocked by exposure to 3% H2O2 for 10 min. For antigen retrieval, sections were subjected to microwave heat in citrate buffer (pH 9.0) with ebullition for 5 min. After cooling to room temperature, sections were incubated with a polyclonal antibody for G0S2 at room temperature for 2 h. Anti-rabbit immunoglobulin G labeled with biotin (OriGene Technologies, Beijing, China) was used as a secondary antibody for the detection of primary antibodies and was incubated at room temperature for 30 min. The tissue sections were ready for chromogen reaction with 0.02% diaminobenzidine, and then were counterstained with hematoxylin. All samples were processed under the same conditions. Human seminiferous duct cells in testis tissue served as positive control following the manufacturer’s protocol.

All immunostained slides were evaluated independently by 2 pathologists (Zhou WX and Li Y). The percentage of G0S2 positive cells was calculated and scored as follows: score 0 = undetectable staining and from 1% to 29% of positive cells; 1 = from 30% to 59% of positive cells; 2 = from 60% to 89% of positive cells; 3 = ≥ 89% of positive cells. The intensity of cytoplasmic staining was also evaluated for G0S2 and scored from 1 to 3 (from low, through medium to high). For statistical analysis, multiplying the percentage and intensity scores provided a composite expression score (0-9). A composite score of 1-4 was classified as negative and 5-9 was ranked as positive.

Statistical analysis

The statistical analyses of the gene expression microarray data were performed using an unpaired t-test and corrected with the Benjamini and Hochberg false discovery rate (FDR) algorithm. The statistical significance was assessed at P < 0.05 to identify genes that were differentially expressed between different types of lesions and to perform a gene ontology (GO) enrichment analysis using the GeneSpring software GX 12.6. Hierarchical clustering was performed using R (http://www.r-project.org/). SPSS (version. 18.0) software (SPSS Inc., Chicago, IL, Unites States) was used for statistical analysis of the clinical features, the qPCR results, and the IHC results. The 2 test was used to compare the categorical variables. Regarding the numerical variables, comparisons of parameters between 2 groups were made using an unpaired t-test, and those among 4 groups were performed using one-way analysis of variance followed by least significant difference. P < 0.05 was considered statistically significant.

RESULTS
Clinical characteristics of enrolled patients
In total, 152 tissue samples were randomly divided into 2 sets, with no significant differences with respect to age (P = 0.14), gender (P = 0.48), or other clinicopathological features; the sets were used in the discovery and validation phases. The clinical characteristics of all patients are summarized in Table 1. The mean age of the patients was 57.76 ± 9.30 years. Regarding the EGC group, the 2 sets showed no significant differences in terms of depth of invasion (P = 0.31) or differentiation (P = 0.56) (Table 2).

HGIN and LGIN are biologically distinct 
The whole genomic expression profiles of 19 LGIN and 20 HGIN were analyzed. The transcripts whose expression level differed significantly between LGIN and HGIN were explored. In total, 2521 significantly differentially expressed transcripts (951 upregulated and 1570 downregulated in HGIN) were identified and may be involved in the development of HGIN.

To identify the functionally relevant gene clusters, a GO enrichment analysis of the 951 and 1570 above-mentioned transcripts was performed. There were no enriched GO terms among the 1570 downregulated transcripts. The enriched GO terms in the 951 upregulated transcripts were associated with metabolism, the defense response, and the NF-B cascade, which are shown in Table 3. It was hypothesized that the upregulated transcripts contributed the most relevant functions and processes. The biological distinctions between HGIN and LGIN were primarily involved in metabolism, the defense response, and the NF-B cascade (Table 3).

Molecular differences between HGIN and EGC are not significant 
Gene expression analyses were performed in 20 HGIN and 19 EGC to reveal the molecular differences between these tissues. Unlike the marked differences between HGIN and LGIN, there were only 58 differentially expressed transcripts between HGIN and EGC, including 38 upregulated and 20 downregulated transcripts in EGC. No GO term was enriched based on the 20 downregulated transcripts. Although the expression differences between HGIN and EGC were not great, it is worth noting that the GO enrichment analysis result of 38 upregulated transcripts was relatively prominent in the progression from HGIN to EGC. The molecular differences between HGIN and EGC mainly focused on the immune response, as shown in Table 4.

Comparison with LGIN indicates that some of the alterations associated with HGIN are retained in EGC
When compared with LGIN, among the 951 upregulated genes in HGIN, 289 transcripts (Figure 1) were expressed at a similarly high level in EGC and were involved in the GO enrichment analysis. Indeed, the 289 transcripts could separate both HGIN and EGC from the LGIN class. The heat map in Figure 2 shows their clear separation. These transcripts that were overexpressed in HGIN compared with LGIN were also overexpressed at similar or even higher levels in EGC. In terms of GO enrichment, some of the alterations associated with HGIN compared with LGIN, such as metabolism, the defense response, and the NF-B cascade, were still retained in EGC.

Significant variation of G0S2 in HGIN and early-stage adenocarcinoma vs LGIN within a microarray analysis
G0S2 was related to metabolism, the defense response, and the NF-B cascade and was overexpressed in both HGIN and EGC compared with LGIN.

As shown in Table 5, the expression level of G0S2 in gastric EGC tissue was 6.00-fold higher than in gastric LGIN tissue (unpaired t-test with FDR correction Pcorr < 0.001) (Table 5). The expression level of G0S2 in gastric HGIN tissue was 3.28-fold higher than in gastric LGIN tissue (Pcorr < 0.05). Between HGIN and early-stage adenocarcinoma, the expression differences of G0S2 were not statistically significant (Pcorr > 0.05). However, the expression of EGC was 1.83 fold higher than that of HGIN (Figure 3).

Compared with gastritis, the overexpression of G0S2 in HGIN and EGC was statistically significant (Pcorr < 0.01). The difference between LGIN and gastritis was not statistically significant. The expression of G0S2 was relatively higher in the malignant lesions than in the benign lesions (Figure 3).

Independent validation in quantitative real-time PCR analysis
To validate the above results, qPCR of G0S2 was performed to quantify the RNA levels in independent tissue samples. The expression of G0S2 was elevated in HGIN and early-stage adenocarcinoma compared with LGIN, which was identical to the microarray results (Figure 4). Compared with LGIN, the difference in G0S2 expression was significant both in EGC and HGIN (P < 0.001 and P < 0.01, respectively) (Figure 4). Similarly, compared with gastritis, the difference in G0S2 expression was significant in EGC and HGIN (P < 0.001 and P < 0.05, respectively). 

Validation in IHC analysis
G0S2 immunoreactivity was detected in the cytoplasmic of neoplastic cells, but was undetectable (Figure 5A) in chronic gastritis cells (gastritis vs LGIN, P = 0.005; gastritis vs HGIN, P < 0.001; gastritis vs EGC, P = 0.004). The expression rates of G0S2 were 12.5% in LGIN (Figure 5B), 42.5% in HGIN (Figure 5C), and 13.3% in EGC (Figure 5D). The G0S2 expression in HGIN was higher than that of LGIN (P = 0.012, 2 = 6.28) and EGC (P = 0.008, 2 = 6.94) (Table 6).

In conclusion, HGIN and LGIN are biologically distinct, and the expression of G0S2 is significantly elevated in HGIN and EGC compared with LGIN. As a NF-B cascade-and metabolism-related gene, G0S2 may be of considerable interest in the malignant transformation of gastric intraepithelial neoplasia.

DISCUSSION
According to the Vienna classification of GIN, patients with HGIN or carcinoma (CIS, suspicious, intramucosal, or submucosal invasion) should undergo resection (endoscopic or surgical). For patients with LGIN, endoscopic resection or follow-up is indicated[9]. There is evidence that genetic factors are related to gastric cancer and relevant precancerous lesions[10]. Gastric precancerous lesions are currently distinguished into LGIN and HGIN. Several large-scale follow-up studies have revealed that patients with HGIN are at higher risk of developing gastric carcinoma than are patients with LGIN. In this study, the gene expression profiles of gastric LGIN, HGIN, and EGC tissue were analyzed. There were 951 significantly upregulated transcripts and 1570 significantly downregulated transcripts in HGIN compared with LGIN. However, there were no enriched GO terms among the 1570 downregulated transcripts when a GO enrichment analysis was performed. Similarly, there were 38 upregulated and 20 downregulated transcripts in EGC compared with HGIN and no GO term was enriched based on the 20 downregulated transcripts. It was supposed that the transcripts contributed most to gastric early carcinogenesis were upregulated along with the progression from LGIN, through HGIN to EGC. The gene expression patterns between HGIN and LGIN were distinct, and the enriched GO terms in the above-mentioned 951 differentially expressed transcripts were associated with metabolism, the defense response, and the NF-B cascade. Similarly, the differences in gene expression profiling between EGC and LGIN were significant with the parallel enriched GO terms. Presumably, the biological similarities between HGIN and EGC were prominent when compared with LGIN. However, the molecular differences between HGIN and EGC were not significant and the involved function of their differentially expressed transcripts were mainly focused on the immune response.

The genes that are involved in metabolism, the defense response, and the NF-B cascade were not only upregulated in HGIN compared with LGIN but were also upregulated at similar or even higher expression levels in EGC. A characteristic gene related to metabolism, the immune response, and the NF-B cascade, G0S2, was subsequently validated in independent samples using a qPCR test and an IHC test. Although the microarray analysis and qPCR analysis showed that G0S2 expression was higher in EGC and HGIN than in LGIN, IHC staining results showed the expression rate of G0S2 was higher in HGIN but similar in LGIN and EGC. The expression level of mRNA and IHC staining may be not the same.

G0S2 is located on chromosome 1 of the genome and encodes a small basic protein of 103 amino acids. G0S2 is related to the re-entry of cells from the G0 phase to the G1 phase of the cell cycle, implying that the G0S2 gene has a cell proliferative function. Previous studies have indicated that G0S2 is highly induced through NF-B following tumor necrosis factor- treatment[11]. G0S2 is a novel target gene of PPARs (peroxisome proliferator-activated receptors, , /, and ), which are mainly involved in lipid metabolism[12,13]. Activation of PPAR inhibits cell growth and induces apoptosis in gastric cancer cells. G0S2 is an inhibitor of adipose triglyceride lipase and decreases lipolysis[14-17]. G0S2 is a positive regulator of oxidative phosphorylation[18]. G0S2 was upregulated in inflammatory processes, was involved in T cell quiescence, and inhibited proliferation of T cells. Inhibition of MAPK, PI3K, mTOR and Ca2+/calcineurin pathways abolished G0S2 gene suppression[19-21].

NF-B transcription factor and its signaling pathway play a key role in controlling the immune response[22-24]. NF-B provides a mechanistic link between inflammation and cancer[25-27]. NF-B controls the ability of pre-neoplastic and malignant cells to resist apoptosis-based tumor-surveillance mechanisms, which is crucial for the clinical development of NF-B inhibitors for cancer therapy[28]. The alterations in certain aspects of lipid metabolism were involved in tumorigenesis, including the synthesis and degradation of lipids that contribute to energy homeostasis and the abundance of lipids with signaling functions[29-32].

Previous studies with HGIN and LGIN were mostly based on several known genes[33,34], such as p53, Her-2, and E-cadherin[35]. Until now, few studies have focused on GIN, especially from the aspect of the whole genome expression profile.

The microarray approach has been widely applied to the investigation of advanced gastric cancer. However, advanced gastric cancer has a poor prognosis and greater heterogeneity with its progression. Several studies have revealed that genetic alterations begin in the early stages of cancer and even in precancerous lesions. Early studies using CGH arrays suggested that an 8q gain in HGIN may play a pivotal role in the development of gastric carcinoma[7]. However, the gene expression levels and functions associated with the copy number status of 8q were not detailed. Much less is known in terms of a comparison among the expression profiles of LGIN, HGIN, and EGC due to the difficulties of early detection and biopsy. Based on the clinicopathological findings and a clear research design, this study collected samples of LGIN, HGIN, and EGC to perform a comprehensive determination of their expression profiles at a whole-genome level. Through this study of gene expression profiles, the biological basis of the clinical differences between HGIN and LGIN was determined.

Despite the limitation that a larger number of samples in each group would have been beneficial, this large-scale study opens the door for further research into precancerous lesions. The asymptomatic characteristics, atypical histology, and lack of specific biomarkers in precancerous lesions[10,36] make them difficult to diagnose early and accurately. Moreover, the performance of the gene in IHC experiments may be useful for early detection of GIN, and clinical application for auxiliary diagnosis of atypical lesions is promising. Furthermore, the gene function-related research requires future study.

In summary, the microarray analysis in this study identified differences in the gene expression between LGIN and HGIN. The obvious molecular distinction between LGIN and HGIN was almost identical in different clinical practices. Metabolism, the immune response, and the NF-B cascade appear to be important processes underlying malignant transformation.
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COMMENTS
Background

Early detection and an appropriate diagnosis of gastric intraepithelial neoplasia (GIN) and early-stage cancer are associated with improved outcomes for patients. It is important to understand more about these stages both clinically and biologically. However, little is known about their biological characteristics due to the difficulties of early detection and biopsy.

Research frontiers

Low-grade GIN (LGIN) and high-grade GIN (HGIN) apparently have different clinicopathological characteristics. Previous gene expression profiling studies on gastric precancerous lesions did not detail the differences between LGIN and HGIN. Based on the potential transition between and morphological similarity of dysplasia and carcinoma, the hypothesis that they are biologically related is reasonable.

Innovations and breakthroughs

This is the first study to perform a comprehensive detection of the gene expression profiling of LGIN and HGIN and early-stage adenocarcinoma. The characteristic upregulated genes during gastric early carcinogenesis were involved in metabolism and the immune response and nuclear factor-B (NF-B) pathway, and their expression was validated in independent samples through real-time TaqMan® PCR and immunohistochemical staining.

Applications

This study collected specific samples to report the clear distinction of the gene expression profiles between LGIN and HGIN, thus providing molecular evidence for their different clinical relevance. G0S2 was identified as a potential marker to differentiate LGIN and HGIN.

Terminology

NF-B transcription factor and its signaling pathway play a key role in controlling the immune response. NF-B provides a mechanistic link between inflammation and cancer. NF-B controls the ability of pre-neoplastic and malignant cells to resist apoptosis-based tumor-surveillance mechanisms, which is crucial for the clinical development of NF-B inhibitors in cancer therapy. G0S2 is related to the re-entry of cells from the G0 phase to the G1 phase of the cell cycle. G0S2 is an inhibitor of adipose triglyceride lipase and decreases lipolysis, and is a positive regulator of oxidative phosphorylation.

Peer review

This manuscript presents an interesting differential gene expression profiling of gastric LGIN, HGIN and early gastric cancer, and try to explore the molecular alteration in the malignant progression of gastric neoplasia. From their microarray data, authors identified G0S2, a putative lymphocyte G0/G1 switch gene product as a potential marker to differentiate low grade neoplastic lesion from high grade lesion in the stomach.
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Figure Legends
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Figure 1  All of the transcripts that were statistically significant both in gastric early-stage adenocarcinoma vs low-grade intraepithelial neoplasia and high-grade intraepithelial neoplasia vs low-grade intraepithelial neoplasia and were involved in the Gene Ontology enrichment analysis. LGIN: Low-grade intraepithelial neoplasia; EGC: Early-stage adenocarcinoma; HGIN: High-grade intraepithelial neoplasia.
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Figure 2  Unsupervised cluster analysis of gastric low-grade intraepithelial neoplasia and early-stage adenocarcinoma (A), low-grade intraepithelial neoplasia and high-grade intraepithelial neoplasia (B) tissue samples with the 289 differentially expressed transcripts. The transverse blue bar indicates the histopathological type of the tissue samples: A: Light blue, low-grade intraepithelial neoplasia (LGIN); Dark blue, early-stage adenocarcinoma (EGC); B: Light blue, LGIN; Dark blue, high-grade intraepithelial neoplasia (HGIN). Each column represents a sample, and each row represents a transcript. The expression abundance from low levels to high levels is shown in colors from blue to red.
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Figure 3  G0S2 expression is increased in gastric high-grade intraepithelial neoplasia and early-stage adenocarcinoma in the microarray. The G0S2 mRNA expression in gastric high-grade intraepithelial neoplasia (HGIN), tissue shows a statistically significant elevation compared with that of low-grade intraepithelial neoplasia (LGIN). No statistically significant difference in G0S2 expression was found between HGIN and early-stage adenocarcinoma (EGC). The results are expressed as the mean ± SE.
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Figure 4  G0S2 expression was validated by quantitative polymerase chain reaction in the independent samples. The results are shown as the mean ± SE. -ΔCTG0S2 represents the expression level of G0S2. The differences of -ΔCTG0S2 in the 4 groups [low-grade intraepithelial neoplasia (LGIN), high-grade intraepithelial neoplasia (HGIN), early-stage adenocarcinoma (EGC) and gastritis] were compared using an analysis of variance (one-way ANOVA). A test for the homogeneity of variances shows P = 0.105, indicating that the variances are equal. The mean difference between LGIN and HGIN was statistically significant (P = 0.004). The mean difference between LGIN and EGC was statistically significant (P < 0.001).
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Figure 5  Representative immunohistochemistry for G0S2 in gastric samples. Representative samples are shown from G0S2 (A) chronic gastritis tissues with negative expression, and G0S2 (B) low-grade intraepithelial neoplasia tissues with low expression, G0S2 (C) high-grade intraepithelial neoplasia tissues with medium expression, and G0S2 (D) early-stage adenocarcinoma tissues with high expression (bar represents 100 m).







Table 2  Clinicopathological characteristics of early-stage gastric carcinoma


�
Discovery phase 


(n = 19)�
Validation phase 


(n = 14)�
P value


�
�
Depth of invasion 


�
�
�
0.31


�
�
   Tunica mucosa


�
  6


�
2


�
�
�
   Muscularis mucosae


�
  8


�
5


�
�
�
   Submucosa


�
  5


�
7


�
�
�
Differentiation 


�
�
�
0.56


�
�
   Well


�
  5


�
4


�
�
�
   Moderate


�
  4


�
5


�
�
�
   Poor


�
10


�
5


�
�
�






Table 3  Enriched Gene Ontology terms of the upregulated transcripts in high-grade intraepithelial neoplasia compared with low-grade intraepithelial neoplasia


GO accession


�
GO term


�
P value


�
Genes involved


�
�
GO:0043170|GO:0043283


�
Macromolecule metabolic process


�
4.01 × 10-9


�
272


�
�
GO:0044260|GO:0034960


�
Cellular macromolecule metabolic process


�
3.84 × 10-9


�
247


�
�
GO:0006952|GO:0002217|GO:0042829


�
Defense response


�
9.44 × 10-8


�
  63


�
�
GO:0005515|GO:0045308


�
Protein binding


�
1.09 × 10-7


�
358


�
�
GO:0044422


�
Organelle part


�
3.35 × 10-7


�
292


�
�
GO:0044428


�
Nuclear part


�
4.51 × 10-7


�
145


�
�
GO:0044446


�
Intracellular organelle part


�
4.17 × 10-7


�
288


�
�
GO:0070013


�
Intracellular organelle lumen


�
5.50 × 10-6


�
144


�
�
GO:0043122


�
Regulation of I-κB kinase/NF-κB cascade


�
6.79 × 10-6


�
  21


�
�
GO:0043123


�
Positive regulation of I-κB kinase/NF-κB cascade


�
9.53 × 10-6


�
  18


�
�
NF-B: Nuclear factor-B; GO: Gene ontology.
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Table 1  Clinical characteristics of all patients


�
Discovery phase 


(n = 77)�
Validation phase 


(n = 75)�
P value


�
�
Gender


�
�
�
0.48


�
�
Male


�
46


�
49


�
�
�
Female


�
31


�
26


�
�
�
Age (yr)


�
�
�
0.14


�
�
Mean ± SE (range)


�
58.87 ± 9.13 (36-78)


�
56.61 ± 9.39 (36-79)


�
�
�






Table 4  Enriched Gene Ontology categories of the upregulated transcripts in early-stage gastric carcinoma compared with high-grade intraepithelial neoplasia


GO accession


�
GO term


�
P value


�
Genes involved


�
�
GO:0050776


�
Regulation of the immune response


�
2.27 × 10-8


�
9


�
�
GO:0050851


�
Antigen receptor-mediated signaling pathway


�
4.24 × 10-7


�
5


�
�
GO:0002429


�
Immune response-activating cell surface receptor signaling pathway


�
5.82 × 10-7


�
5


�
�
GO:0050863


�
Regulation of T cell activation


�
6.90 × 10-7


�
6


�
�
GO:0002768


�
Immune response-regulating cell surface receptor signaling pathway


�
7.10 × 10-7


�
5


�
�
GO:0050778


�
Positive regulation of the immune response


�
3.23 × 10-7


�
7


�
�
GO:0002684


�
Positive regulation of the immune system process


�
3.92 × 10-7


�
8


�
�
GO:0001772


�
Immunological synapse


�
1.95 × 10-6


�
3


�
�
GO:0051249


�
Regulation of lymphocyte activation


�
2.53 × 10-6


�
6


�
�
GO:0042102


�
Positive regulation of T cell proliferation


�
2.81 × 10-6


�
4


�
�
GO: Gene ontology.





Table 5  Statistical results of the differential expression of G0S2 among tissue samples in the microarray data


Unpaired t-test of G0S2


�
P value (corr)


�
P value


�
FC (abs)


�
Direction


�
Probe name


�
Gene symbol description


�
�
HGIN vs LGIN


�
   0.021


�
   0.001


�
3.28


�
Up in HGIN


�
A_23_P74609


�
Homo sapiens G0/G1 switch 2 (G0S2), mRNA NM_015714


�
�
EGC vs LGIN


�
< 0.001


�
< 0.001


�
6.00


�
Up in EGC


�
�
�
�
HGIN vs Gastritis


�
   0.005


�
   0.001


�
3.19


�
Up in HGIN


�
�
�
�
EGC vs Gastritis


�
< 0.001


�
< 0.001


�
5.83


�
Up in EGC


�
�
�
�
EGC vs HGIN


�
   0.463


�
   0.103


�
1.83


�
Up in EGC


�
�
�
�
LGIN vs Gastritis


�
   0.946


�
   0.927


�
1.03


�
Down in LGIN


�
�
�
�
HGIN: High-grade intraepithelial neoplasia; EGC: Early-stage adenocarcinoma; LGIN: Low-grade intraepithelial neoplasia.





Table 6  Statistical results of the differential expression of G0S2 among tissue samples in immunohistochemical staining data  n (%)


�
G0S2 < 5 


(n = 131)�
G0S2 ≥ 5 


(n = 24)�
Pearson 2 of 


4 groups�
�
Gastritis (n = 61)1-3


�
  61 (100.0)


�
0 (0)


�
P < 0.001


�
�
LGIN (n = 24)


�
21 (87.5)


�
     3 (12.5)


�
�
�
HGIN (n = 40)4,5


�
23 (57.5)


�
   17 (42.5)


�
�
�
EGC (n = 30)


�
26 (86.7)


�
     4 (13.3)


�
�
�
1Compared with low-grade intraepithelial neoplasia (LGIN), P = 0.005; 2Compared with HGIN, P < 0.001; 3Compared with EGC, P = 0.004; 4Compared with LGIN, P = 0.012; 5Compared with EGC, P = 0.008. HGIN: High-grade intraepithelial neoplasia; EGC: Early-stage adenocarcinoma.








