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中文摘要 

 

 胃癌在全世界中為癌症致死率的第二名 (世界衛生組織 2009 年報導)。被診

斷晚末期的胃癌病人五年存活率不到 35%。較差的預後能力主要與腫瘤轉移有

關。此外，有些微型核醣核酸被報導與腫瘤相關，其功能可能是致癌基因或腫瘤

抑制基因，並且涉及了腫瘤形成及癌症發展。在本研究中，我們研究胃癌轉移的

機制並鑑定出一個抗轉移的微型核醣核酸-148a，它在腫瘤組織中的表現較低。

Kaplan–Meier 存活方法顯示，相較於含有較低微型核醣核酸-148a 含量的病人

(32.1%)，其含有較高微型核醣核酸-148a 含量的病人具有較高的五年整體存活率 

(71.4%) (P = 0.03)。臨床資料指出微型核醣核酸-148a 表現量增加與腫瘤遠處轉移

(P = 0.043)、器官侵犯 (P = 0.013) 及腹膜侵犯 (P = 0.04) 有高度相關性。大量表

現微型核醣核酸-148a 減少腫瘤細胞侵犯、轉移及附著能力。此外，大量表現微型

核醣核酸-148a 抑制細胞生長並誘導細胞凋亡。我們利用了同位素標記相對和絕對

定量方法分析微型核醣核酸-148a 所調控的蛋白質體表現。微型核醣核酸-148a 所

調控的蛋白質體與腫瘤發展有高度相關性，其包括了細胞移動、生長與增生以及

細胞凋亡。這些結果與我們之前的結果一致，微型核醣核酸-148a 抑制胃癌細胞轉

移相關的功能。另一方面，進一步的利用了冷光酶分析方法，我們確認了微型核

醣核酸-148a可以直接調控 14-3-3β表現。14-3-3β在腫瘤組織中的表現增加 (N = 40, 

P < 0.01)，而且血液 14-3-3β 在胃癌病人的含量也顯著的比正常人高(N = 63) (P < 

0.0001)。具有較高血液 14-3-3β 含量的病人有較差的整體存活率(P = 0.038)。大量

表現 14-3-3β 增加了腫瘤細胞生長、侵犯與移動能力。綜合上述結果，14-3-3β 涉

及了胃癌的轉移。微型核醣核酸-148a 也許功能上是個腫瘤抑制基因，並且透過調

控一個有潛力作為胃癌偵測與預後的14-3-3β生物標記表現以抑制了腫瘤細胞的轉

移。 

 

關鍵字：微型核醣核酸-148a; 14-3-3β; 胃癌; 轉移; 生物標記 
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ABSTRACT 

 

 Gastric cancer is the second leading cause of cancer deaths worldwide (WHO 2009 

report). Patients diagnosed with advanced stages have a survival rate of less than 35% 

beyond 5 years. The poor prognosis is mainly related to tumor metastasis. In addition, 

some microRNAs (miRNAs) are reported as oncomirs which function as either 

oncogenes or tumor suppressors and involved in tumorigenesis and cancer progression. 

Here, we studied the mechanisms of gastric cancer metastasis and identified an 

antimetastatic miRNA, miR-148a, that was down-regulated in tumor tissues. 

Kaplan–Meier survival method revealed that patients with higher miR-148a expression 

levels had higher 5-year overall survival rates (71.4%) compared with patients with low 

miR-148a levels (32.1%, P = 0.03). Clinical data indicated that elevated miR-148a 

levels highly correlated with distant metastasis (P = 0.043), organ (P = 0.013) and 

peritoneal invasion (P = 0.04). Over-expression of miR-148a could decrease 

invasiveness, migration and adhesion of tumor cells. Moreover, Over-expression of 

miR-148a could repress cell growth and induce cell apoptosis. We further used isobaric 

tag for relative and absolute quantitation (iTRAQ) method to analyze 

miR-148a-regulated proteome. The results showed that miR-148a-regulated proteome 

was closely related with tumor progression, including cell movement, growth and 

proliferation as well as cell death. These results are consistent with our previous data 

that miR-148a suppresses metastasis-related functions of gastric cancer cells. On the 

other hand, we verified that miR-148a could directly regulate 14-3-3β expression using 

luciferase assay. 14-3-3β levels were elevated in tumor tissues (N = 40, P < 0.01), and 

serum 14-3-3β levels in cancer patients (N = 145) were also significantly higher than 

healthy controls (N = 63) (P < 0.0001). Patients with higher serum 14-3-3β levels had 
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worse overall survival (P = 0.038). Over-expression of 14-3-3β enhanced the growth, 

invasiveness and migration of tumor cells. In conclusion, 14-3-3β is involved in 

metastasis of gastric cancer. miR-148a may function as a tumor suppressor in gastric 

cancer, suppressing cell metastasis through targeting 14-3-3β, a potential detective and 

prognostic marker in gastric cancer. 

 

Key Words: miR-148a; 14-3-3β; gastric cancer; metastasis; biomarker 
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Chapter 1 Introduction 

1.1 Biogenesis of miRNAs and Their Roles in Cancers 

miRNAs are small non-coding, single stranded RNA of ~22 nucleotides in length 

that are abundantly found in eukaryotic cells [1]. The complementarity is between seed 

regions of mature miRNA and their target messengers, enabling miRNA-mRNA 

interactions to occur. These interactions are crucial for post-transcriptional regulation of 

target gene expression by obstructing the mRNA translation or stability in the cytoplasm, 

and depend on both the expression levels of miRNAs and target mRNAs [2, 3]. Some 

miRNAs are reported as oncomirs which could function as either oncogenes or tumor 

suppressors [4]. For example, miR-21 decreased tumor suppressor Pdcd4 expression 

and promoted invasion, intravasation and metastasis in colorectal cancer [5]. MiR-21 

also regulated PTEN-dependent pathway and affected cell growth, migration and 

invasion of hepatocellular cancer [6]. On the other hand, let-7 decreased cell 

proliferation and migration of glioblastoma and reduced tumor size in xenograft model 

[7]. let-7 prevented early cancer progression through suppressing embryonic gene high 

mobility group, A2 (HMGA2) expression [8]. Metastatic gastric cancer cells secreted 

let-7 via exosomes into the extracellular environment to maintain their oncogenesis [9].  

 

1.2 Analysis of Correlation Between miRNAs and Target 

Genes 

Recently, many reports showed that they successfully identified miRNA targets 

using miRNA expression profiles [10, 11]. Huang et al. used RNA expression data to 

identify 1597 high-confidence target predictions for 104 human miRNAs and further 
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verified let-7b was down-regulated in retinoblastoma and CDC25A and BCL7A were 

targets of let-7b using qRT-PCR and microarray profile. Li et al. combined sequence 

complementarity, miRNA expression level, and protein abundance to identify miRNA 

targets for elevating their predictions. They also found that translational repression of 

targets by miRNAs was dominant mechanism in miRNA regulation. Moreover, 

sequence-based computational methods have been broadly used to predict putative 

miRNA targets [12], and can reach pretty good prediction rate, including cancer-related 

miRNAs [13, 14]. Previous report has also indicated that computational prediction 

should take into account the expression profiles of both miRNA and mRNA [3]. 

Therefore, the development of an integrative approach that incorporated expression data 

to facilitate the identification of condition-specific targets of miRNAs becomes 

increasingly important. 

 

1.3 miRNA-regulated Network and Biological Functions 

miRNA can obstruct the translation of mRNA, thereby directly affecting protein 

abundance [13, 14] and protein interaction networks (PINs) [15, 16]. For example, Yu et 

al. analyzed correlations between transcription factors (TFs) and miRNAs and further 

discovered that different regulatory networks formed by miRNA and TFs were involved 

in different biological functions [15]. Additionally, Liang et al. found global correlation 

between miRNA repression and protein-protein interactions and elucidated the related 

biological processes of miRNA-regulated PINs [16]. PINs are sets of interactions 

formed by two physically interacting proteins, which are fundamental to most biological 

processes [17]. With the accumulation of protein-protein interaction (PPI) data, it is 

becoming increasingly possible to understand the architecture and function of the 
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cellular network by computational approaches [18, 19]. Recently, we characterized the 

global properties of miRNA regulation in human PIN and proposed possible 

mechanisms of how these miRNAs regulate PINs [20]. Additionally, previous studies 

have demonstrated that miRNAs can affect specific biological functions which are 

involved in tumorigenesis and cancer progression through the regulation of a small 

number of genes within biological networks, such as PINs [21, 22]. Thus, assessing how 

miRNAs affect PINs could facilitate the discovery of potential miRNA-related networks 

and allow the characterization of associated biological functions. 

 

1.4 miRNA-regulated Proteome and Associated Biological 

Functions  

   Recently a new amine labeling method at the peptide level using isobaric tag for 

relative and absolute quantitation (iTRAQ) was developed for multiplexed protein 

quantitation [23, 24]. It used the relative intensity of signature reporter ions of m/z 114, 

115, 116 and 117 in an MS/MS spectrum to quantify protein levels. This method has 

become popular based on the following advantages. First, the multiplexing reagents are 

conjugated with the N terminus and the lysine amino acid of peptides; thus, each 

peptide fragment can be labeled with better efficiency compared with protein-level 

labeling [24]. Second, the intensity of both the precursor ion and the MS/MS fragments 

is greatly increased by summing of four isobarically iTRAQ-labeled sample sets, 

increasing the number of peptides identified and quantified and thus elevating the 

quantification accuracy [24]. The iTRAQ strategy has been widely applied for 

identification of potential targets of miRNAs and correlation between their expression 

and cancer progression. For example, iTRAQ method was used to identified potential 
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targets of miR-21 in human breast cancer cells [25]. Additionally, Sulfatase 1 was 

identified as a target of miR-516a-3p by using iTRAQ analysis and miR-516a-3p could 

inhibit metastatic dissemination of gastric cancer [26]. We have known that miRNA can 

obstruct the translation of mRNA, thereby directly affecting protein abundance [13, 14] 

and PINs [15, 16]. In this study, iTRAQ approach was used to detect potential targets of 

miR-148a and further analyzed associated biological functions of miR-148a-regulated 

protein-protein interaction network, providing deeply insight into the regulatory role of 

miR-148a in gastric cancer progression. 

 

1.5 14-3-3β 

In this study, we identified one miRNA, miR-148a, was expressed lower in tumor 

tissues than normal tissues and miR-148a-regulated PIN was involved in 

metastasis-related biological processes, including integrin-mediated signaling, 

cell-matrix adhesion and wound healing.  

On the other hand, we found 14-3-3β was a predicted target gene of miR-148a based 

on TargetScanHuman 5.1 [27] and Pictar [28] databases. 14-3-3β was reported as a 

potential oncogene in cancers and associated with metastasis of cancer cells [29, 30]. 

Thus, a key question is whether miR-148a affects metastasis of gastric cancer cells 

through targeting 14-3-3β expression. 

 

1.5.1 Role of 14-3-3β in Cancers 

14-3-3 protein plays crucial roles in tumorigenesis, including the maintenance of 

cell cycle and DNA repair, the prevention of apoptosis. It contains at least seven 

isoforms: β, ε, δ, ε, ζ, γ and σ [31]. Reports indicate that 14-3-3β is abundant in human 
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lung cancer relative to normal tissues [32] and mutated chronic lymphocytic leukemia 

(M-CLL) relative to unmutated chronic lymphocytic leukemia (UM-CLL) [33]. 

Over-expression of 14-3-3β in NIH 3T3 cells (mouse embryonic fibroblast cell line) 

stimulated cell growth and supported anchorage-independent growth in soft agar 

medium and tumor formation in nude mice [34], while reducing 14-3-3β expression led 

to an inhibition of tumor progression due to decreased vascular endothelial growth 

factor (VEGF) production, inhibition of angiogenesis and increased apoptosis. In 

addition, it has been shown that 14-3-3β promotes cell migration by interacting with 

integrin β1 [35] and activating the MAPK pathway, causing tumor cell metastasis [29, 

30]. Thus, these studies support the idea that 14-3-3β could function as an oncogene. 

Chan et al. reported that 14-3-3β showed stronger expression in gastric cancer cells than 

in paired normal cells by using immunohistochemical staining analysis [30]; however, 

the roles of 14-3-3β in human gastric cancer are still poorly understood. 

 

1.5.2 Biomarkers for Gastric Cancer 

Gastric cancer is the second leading cause of cancer deaths worldwide (WHO 2009 

report) [36], with more than 80% of patients being diagnosed at an advanced stage of 

tumor progression or experiencing tumor recurrence after surgical resection [37]. 

Gastric cancer patients diagnosed with advanced stages have a survival rate of less than 

35% beyond 5 years [38]. The poor prognosis is mainly due to the fact that most 

patients are diagnosed with advanced stages or tumor recurrence after curative surgery. 

Thus, identification of serum markers for early detection and prognosis in gastric cancer 

is critical for prolonged patient survival.  

Serological tumor markers are routinely used for the detection and screening of 
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early stage cancers in asymptomatic patients. Several gastric cancer markers have been 

discovered, including carcinoembryonic antigen (CEA), carbohydrate antigen 19-9 

(CA19-9) and carbohydrate antigen 72-4 (CA72-4) [39, 40]; however, these are not 

sensitive nor specific enough for disease detection [41, 42]. Therefore, the identification 

of novel gastric cancer biomarkers that are sensitive and specific enough to facilitate 

early detection is required.  

 

1.6 Motivation 

   In this study, we proposed an integrative analysis which suggested that 

miRNA-regulated PINs could be identified based on the combination of down-regulated 

miRNAs and up-regulated mRNAs. We subsequently elucidated associated biological 

processes of these miRNA-regulated networks. Among these was the 

miR-148a-regulated PIN, which was involved in metastasis-related biological processes 

that were associated with tumor suppression. We also verified the roles of miR-148a in 

gastric cancer based on in vitro cell experiments. Furthermore, we analyzed 

miR-148a-regulated proteome in gastric cancer using iTRAQ method. On the other 

hand, 14-3-3β, a predicted target gene of miR-148a, was reported to be associated with 

cancer metastasis. Thus, we analyzed the correlation between miR-148a and 14-3-3β 

and elucidate the metastatic mechanism of them in gastric cancer. 
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Chapter 2 Materials and Methods 

2.1 Expression Profiles of miRNAs and mRNA 

The mRNA expression profiles of gastric cancer were retrieved from Gene 

Expression Omnibus (GEO), accession number GSE13911 [43]. The miRNA expression 

profiles were obtained from 22 paired tumor and non-tumor specimens of gastric cancer 

patients who underwent curative gastrectomy at National Taiwan University Hospital 

(Taipei, Taiwan) between 2001 and 2006. All the human tissue samples have been 

approved and human subject confidentiality has been protected by the Institute Review 

Board (IRB, 9261700703). 100 ng of total RNA were dephosphorylated with 11.2 units 

of calf intestine alkaline phosphatase (GE Healthcare Life Sciences, Sweden) for 30 min 

at 37°C. The reaction was terminated after dephosphorylation at 100°C for 5 min and 

then immediately frozen. 5μL of DMSO was added and samples were heated to 100°C 

for 5 min and immediately frozen again. Ligase buffer and BSA were added and 

ligation was performed with 50μM pCp-Cy3 and 28μL T4 RNA ligase (GE Healthcare 

Life Sciences, Sweden) at 16°C for 2h. The labeled miRNAs were desalted with 

MicroBioSpin6 columns (BioRad, USA). 2X hybridization buffer (Agilent 

Technologies, USA) was added to the labeled mixture to a final volume of 45μl. The 

mixture was heated for 5 min at 100°C and immediately frozen. Each 45μl sample was 

hybridized onto Agilent human miRNA Microarray (Agilent Technologies, USA) at 

55°C for 20h. After hybridization, slides were washed at room temperature in Gene 

Expression Wash Buffer 1, then in Gene Expression Wash Buffer 2 (Agilent 

Technologies) for 5 min, respectively. Slides were scanned using an Agilent microarray 

scanner (Agilent Technologies, model G2565A) at 100% and 5% sensitivity settings. 

Feature Extraction (Agilent Technologies) software version 9.5.3 was used for image 
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analysis. We have submitted the miRNA microarray data to the GEO database and the 

series record is GSE28700. 

 

2.2 Tissue Specimens 

RNA from paired normal and tumor specimens from gastric cancer patients were 

extracted for miRNA microarray hybridization. The paired tissue specimens were 

dissected within 30 minutes of gastrectomy and frozen in liquid nitrogen tank. Healthy 

mucosa samples were taken from areas of grossly normal mucosa located at least 3 cm 

from the tumor border. Gastric cancer and normal tissues from these patients were 

collected at the National Taiwan University Hospital after receiving patient consent. The 

protocol was approved by the local ethics committees, National Taiwan University 

Hospital.  

The criteria for curative resection included the complete removal of primary gastric 

tumor, D2 dissection of regional lymph nodes and absence of macroscopic tumor 

remaining after surgery. No other previous or concomitant primary cancer was present. 

No patient had received chemotherapy and radiotherapy before surgery. 

Clinicopathologic factors including age, sex, gross types of tumors (Borrmann 

classification), histologic types of tumors (Lauren classification), depth of tumor 

invasion, lymph node status, direct invasion of organs such as duodenum, esophagus, 

liver, pancreas, and mesocolon, and distant metastasis documented histologically were 

reviewed and stored in a patients’ database. The patients were followed up for 2 to 140 

months after surgery. The follow-up intervals were calculated as survival intervals after 

surgery. 
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2.3 MiRNA-regulated PIN Identification and Analysis 

The procedure for miRNA-regulated PIN identification and analysis is illustrated in 

Figure 1. For identifying the miRNA-regulated PINs, significantly differentially 

expressed miRNAs and genes were determined by Significance Analysis of Microarrays 

(SAM) [44] (delta of 5 and fold change of 2), implemented in MultiExperiment Viewer 

(MeV) v4.5.1 [45]. As we applied this cutoff, we could control the false discovery rate 

was less than 0.00001% (evaluated by SAM). Finally, only 23 significantly 

down-regulated miRNAs and no significantly up-regulated miRNAs were found. The 

regulated network of each miRNA consists of its significantly up/down-regulated target 

genes and their interacting partners in the human PIN. The putative target genes of 

miRNAs were obtained from TargetScan 5.1 [46], and the human PIN was from Human 

Protein Reference Database (HPRD) [47]. The enrichment of co-expressed PPIs 

(CePPIs) involved in the network was used to evaluate the activation state of 

miRNA-regulated PINs in tumor and normal tissues. MicroRNA-regulated biological 

functions were predicted by functional enrichment analyses of their regulated PINs. To 

investigate the functional roles of miRNAs, the predicted target genes of miRNAs was 

integrated into and analyzed within PIN. We defined L0 genes as the predicted target 

genes of miRNAs and L0 proteins were encoded by L0 genes, while L1 proteins are 

interacting partners of L0 proteins in the human PIN. The functional roles that miRNAs 

play within the PIN constructed by L0 and L1 proteins were predicted as significantly 

over-represented Gene Ontology (GO) terms [48]. BiNGO [49] , a Cytoscape [50] 

plug-in, was used to determine which GO terms were significantly over-represented 

(Hypergeometric test P ≤ 0.001) in miRNA-regulated PINs. A Hypergeometric test was 

performed to determine whether the GO terms were significantly over-represented. 
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2.4 qRT-PCR for miRNA 

Total RNA from 62 paired tumor and normal tissues was obtained using Trizol 

(Invitrogen) and the mirVana miRNA isolation kit (Applied Biosystems, California, 

U.S.A.) for miRNA detection. Samples were analyzed by SDS-PAGE to confirm that 

there was no RNA degradation. The concentration of total RNA was quantified using a 

ND-1000 spectrophotometer (NanoDrop Technologies) and diluted to 5ng/μL for 

further analysis. RNA samples were mixed with miRNA-specific primers and a PCR 

reaction was performed for 30 minutes at 16°C, 30 minutes at 42°C, and 5 minutes at 

85°C. cDNA products were mixed with miRNA-specific assay probes and incubated for 

10 minutes at 95°C, 15 seconds at 95°C and 1 minute at 60°C for a total of 40 cycles 

using a 7300 real-time PCR system (Applied Biosystems). U6 small nuclear RNA was 

measured using the same method and was used for normalization. 

 

2.5 Cell Culture and Authentication of Cell Lines 

Human gastric cancer AGS, SC-M1, MKN-45, TSGH and N87 cells were obtained 

from the cell line databank in National Taiwan University Hospital in 2008 and have 

been tested and authenticated in our laboratory on a monthly basis. These cells were last 

tested by morphology check using microscope and mycoplasma detection using 

Hoechst 33258 in March 2010. These cells were maintained in RPMI-1640 medium 

supplemented with 10% fetal bovine serum (FBS; Invitrogen, Carlsbad, California, 

U.S.A) and cultured at 37
 
°C in an atmosphere of 5% CO2.  

 

2.6 Cell Invasion and Migration Assays Using Boyden 
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Chambers 

For miR-148a analysis, cells were transfected with a miR-148a precursor and a 

miR-148a inhibitor (50 pmol). For 14-3-3β analysis, cells were transfected with 14-3-3β 

and pcDNA3 control vector (8 μg). They were mixed with lipofectamine 2000 and 

transfected into the tumor cells according to manufacturer’s instructions (Invitrogen 

Inc.). After 24hr, migration assays were performed with modified Boyden chambers 

with filter inserts (pore size, 8 μm) and invasion assays were also studied by coating the 

chambers with Matrigel (35 μg, BD Biosciences, California, USA) based on previously 

described methods [51]. AGS (2.5 x 10
4
 cells), TSGH (2.5 x 10

4
 cells), N87 (2.5 x 10

4
 

cells), SC-M1 (1 x 10
5
 cells) and MKN-45 cells (2 x 10

5
 cells) in 100μl medium were 

added to the upper chamber and cells were fixed, stained, viewed and counted by a light 

microscope (Olympus) after 48hr in culture. Each experiment was performed in 

triplicate. 

 

2.7 Wound Healing Assay 

Cell monolayers were wounded after transfection for 48hr by scratching with a 200 

μl pipette tip. Debris was removed by washing and the scratched cells were incubated 

for 24hr. Distances between wound edges were measured at five different locations 

under x20 magnification by a microscope and analyzed using Metamorph version 7.0 

software. 

 

2.8 Cell Adhesion Assay 

Adhesion assays were performed using Matrigel coated 96-well plates that were 

incubated at 37°C for 1hr. 5 x 10
3
 cells per 100μl were seeded in each well and 
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incubated at 37°C for 15 minutes. After incubation, non-adhesive cells were washed 

with PBS and the cells were fixed with 4% formaldehyde at room temperature for 20 

minutes. Cells were washed and stained with 0.05% crystal violet. Cells were viewed 

and counted using a microscope (Olympus). Each experiment was repeated three times. 

 

2. 9 Cell Proliferation Assay  

Cell growth was measured in real-time using the xCELLigence system (Roche 

Applied Science and ACEA Biosciences). 7.5 x 10
3
 cells were seeded in each well of an 

E-plate 16 (Roche Applied Science and ACEA Biosciences) and incubated at 37°C for 

48hr. After incubation, cells were transfected with a miR-148a precursor and inhibitor 

and the growth of living cells were monitored in real-time. 

 

2.10 Luciferase Reporter Assay 

A luciferase assay was used to analyze the relationship between miR-148a and 

plasminogen activator inhibitor 1 (PAI-1), guanine nucleotide exchange factor VAV2 

(VAV2), integrin alpha-5 (ITGA5), integrin beta-8 (ITGB8) and 14-3-3β. Luciferase 

reporters containing the target sites in 3’-UTRs of these genes were constructed using 

the following oligonucleotides: for PAI-1: (sense) 

5’-AATGCGAGCTCTTTTGATTTTGCACTGGACGGTGACGTGCTCAGCAAGCTT

AATGC-3’ and (antisense) 5’-GCATTAAGCTTGCTGAGCACGTCACCGT 

CCAGTGCAAAATCAAAAGAGCTCGCATT-3’; for VAV2: (sense)  

5’-AATGCGAGCTCTGGTTTTTGCACTGCAGCTCAGCAAGCTTAATGC-3’ and 

(antisense) 5’-GCATTAAGCTTGCTGAGCTGCAGTGCAAAAACCAGAGCT 

CGCATT-3’; for ITGA5: (sense) 5’-AATGCGAGCTCCCTGCCAGCTGCACTGAT 
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GCTGGCTCAGCAAGCTTAATGC-3’ and (antisense) 5’-GCATTAAGCTTGC 

TGAGCCAGCATCAGTGCAGCTGGCAGGGAGCTCGCATT-3’; for ITGB8: (sense) 

5’-AATGCGAGCTCGCACTGAGCTCAGCAAGCTTAATGC-3’ and (antisense) 

5’-GCATTAAGCTTGCTGAGCTCAGTGCGAGCTCGCATT-3’ and for 14-3-3β: 

(sense) 5’-AATGCGAGCTCTGCACTGAGCTCAGAAGCTTAATGC-3’ and 

(antisense) 5’-GCATTAAGCTTCTGAGCTCAGTGCAGAGCTCGCATT-3’. The 

oligonucleotides were annealed and the product was digested with HindIII and SacI 

(New England Biolabs Ltd., Ipswich, MA, USA) and cloned into the pMIR-REPORT 

luciferase expression vector (Ambion, Austin, TX). Positive clones were digested with 

BlpI restriction enzyme for screening (New England Biolabs Ltd., Ipswich, MA, USA) 

and the selected clones were verified by sequencing (Mission Biotech Co. Ltd). AGS 

cells cultured in a 24-well plate (8 x 10
4
 cells per well) were transfected with 200ng 

each of luciferase and β-galactosidase luciferase reporter vectors and co-transfected 

with 50μM miR-148a precursor or miR-148a inhibitor. After transfection for 48hr, 

firefly luciferase and β-galactosidase were measured sequentially with a Spectramax 

M5 ELISA reader (Molecular Devices Corporation) using the Dual-Light system 

(Applied Biosystems) according to the manufacturer’s protocol. β-galactosidase activity 

was used for normalization of transfection efficiency. 

 

2.11 Protein Extraction 

Cell samples were lysed in lysis buffer containing 7M urea (Boehringer, Mannheim, 

Germany), 2M thiourea, 4% CHAPS (J.T. Baker, Phillipsburg, NJ) and 0.002% 

bromophenol blue (Amersco, OH), sonicated and clarified by centrifugation before the 

protein concentration of each sample was determined using a protein assay kit (Bio-Rad, 
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Hercules, CA, USA). Tissues were stored in liquid nitrogen until use. All tissue samples 

were air-dried at -50
o
C and homogenized by grinding in liquid nitrogen. Protein lysates 

were extracted, sonicated and centrifuged and the protein concentration was then 

measured. 

 

2.12 Immunoblotting 

Proteins were transferred onto PVDF membranes (Immobilon-P membrane; 

Millipore Corp, Bedford, MA), incubated with antibodies against PAI-1 (Santa Cruz 

Biotechnology, Santa Cruz, CA), VAV2 (Epitomics Biotechnology, Burlingame, CA), 

ITGA5 (Santa Cruz Biotechnology, Santa Cruz, CA) and ITGB8 (Santa Cruz 

Biotechnology, Santa Cruz, CA). Primary mouse monoclonal antibodies against 

14-3-3β (Abcam, Cambridge, UK) were used at a 1:1000 dilution ratio and the 

candidate proteins were visualized with the enhanced chemiluminescence (ECL) 

detection kit (Pierce, Boston Technology, Woburn, MA) and exposed to X-ray film. 

 

2.13 Isobaric Tag for Relative and Absolute Quantitation 

(iTRAQ) 

Isobaric tags for relative and absolute quantitation (iTRAQ) was purchased from 

Applied Biosystems (Foster City, CA). Tris (2-carboxyethyl) phosphine hydrochloride 

(TCEP), triethylammonium bicarbonate (TEABC), methyl methanethiosulfonate 

(MMTS), trifluoroacetic acid (TFA), and HPLC grade acetonitrile (ACN), and 

4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), rabbit anti-actin 

polyclonal antibody were from Sigma-Aldrich (St. Louis, MO). Monomeric 

acrylamide/bisacrylamide solution (40%, 29:1), ammonium persulfate and protein assay 
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dye were from Bio-Rad (Hercules, CA). Iodoacetamide, 

N,N,N′,N′-Tetramethylethylethylenediamine (TEMED) and sodium dodecyl sulfate 

(SDS) were from Amersham Biosciencs/GE Healthcare (Pittsburgh, PA). Trypsin 

(modified, sequencing grade) was from Promega (Madison, WI). Water was obtained 

from a Milli-Q_ Ultrapure Water Purification System (Millipore, Billerica, MA). 

 

2.13.1 Gel-Assisted Digestion of Cell Lysate  

   Cells were lysed in lysis buffer (0.25 M Tris-HCl, pH 6.8, 1% SDS). The protein 

samples from cell lysate were subjected to gel-assisted digestion [24]. Briefly, the 

samples were reduced with 5 mM TCEP, alkylated with 2 mM MMTS, and incorporated 

directly into polyacrylamide gel in the eppendorf tube. For 100 μL of lysate solution, 37 

μL of acrylamide/bisacrylamide solution (40%, v/v, 29:1), 3.7 μL of 10% (w/v) APS, 

and 1 μL of 100% TEMED were applied for gel formation. The gel was then cut into 

small pieces, which were washed several times with TEABC containing 50% (v/v) ACN 

and further dehydrated with 100% ACN before being completely dried using a 

SpeedVac. Proteolytic digestion with trypsin was then carried out (protein/trypsin = 

10:1, g/g) in 25 mM TEABC overnight at 37 °C. The tryptic peptides were extracted 

from the gel by sequential extraction with 25 mM TEABC, 0.1% (v/v) TFA in water, 

0.1% (v/v) TFA in ACN, and finally 100% ACN. The solutions were then combined and 

concentrated using a SpeedVac. The resultant peptides were resuspended in 0.5 M 

TEABC for iTRAQ labeling. 

 

2.13.2 iTRAQ Labeling and Fractionation by Strong Cation Exchange 

(SCX) Chromatograph 
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   To label peptides with iTRAQ reagent, 1 unit of iTRAQ reagent, which is sufficient 

to label 100 μg of protein, was thawed and reconstituted in ethanol (70 μL) by vortexing 

for 1 min. The peptide solutions obtained from cells with miR-148a precursor, precursor 

negative control, anti-miR-148a inhibitor and inhibitor negative control were labeled 

with iTRAQ114, iTRAQ115, iTRAQ116 and iTRAQ117, respectively, and then incubated at 

room temperature for 1 h. The labeled peptides were pooled, acidified by mixing with 

buffer A (5 mM KH2PO4 and 25% (v/v) ACN, pH 3.0) to a total volume of 1 mL, and 

fractionated by SCX chromatography. For peptide fractionation, iTRAQ-labeled 

peptides were loaded onto a 2.1 x 200-mm polysulfoethyl A column containing 5-

particles with 200-

–25% buffer B (5 mM KH2PO4, 350 mM 

KCl, and 25% (v/v) ACN, pH 3.0) for 30 min followed by a gradient of 25–100% buffer 

B for 20 min. The elution was monitored by absorbance at 214 nm, and fractions were 

collected every 1 min. Each fraction was vacuum-dried and then resuspended in 0.1% 

(v/v) TFA for further desalting and concentration using ZipTips
TM

 (Millipore, Bedford, 

CA). 

 

2.13.3 LC-MS/MS Analysis 

   iTRAQ-labeled samples were reconstituted in 6 μL of eluent buffer A (0.1% (v/v) 

FA in H2O) and analyzed by LC-MS/MS using a Waters Q-TOF Premier (Waters Corp., 

Milford, MA). Samples were injected into a 2 cm× 180μm capillary trap column and 

separated on a 25 cm × 75 μm Waters ACQUITY 1.7 μm BEH C18 column using a 

nanoACQUITY Ultra Performance LC system (Waters Corp., Milford, MA). The 

column was maintained at 35 °C and bound peptides were eluted for 120 min using a 
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linear gradient of 0-80% eluent buffer B (0.1% FA in ACN). Mass spectrometry was 

operated in ESI positive V mode with a resolving power of 10 000. A NanoLockSpray 

source was used for accurate mass measurement, and the lock mass channel was 

sampled every 30 s. The mass spectrometer was calibrated with a synthetic human 

[Glu
1
]-Fibrinopeptide B solution (1 pmol/μL, from Sigma Aldrich) delivered through 

the NanoLockSpray source. Data acquisition was operated in the data directed analysis. 

This method included a full MS scan (m/z 400-1600, 0.6 s) and 3 MS/MS scans (m/z 

100-1990, 1.2 s each scan) run sequentially on the three most intense ions present in the 

full scan mass spectrum. 

 

2.13.4 Data Processing and Analysis 

For protein identification, data files from the LC-MS/MS were processed using 

Proteinlynx GlobalServer 2.2.5 (Waters Corp., Milford, MA). The peak list in the 

MS/MS spectra generated under the processing parameters were as follows: background 

subtraction, adaptative; background threshold, 35%; background polynomial, 5; 

smoothing type, Savitzky-Golay; smoothing iteration, 2; smoothing window, 3 channels; 

deisotoping type, medium; and deisotoping threshold, 3%. The resultant MS/MS data 

set was exported to *mgf and searched against the International Protein Index (IPI) 

human database (v. 3.64, 84032 sequences) from the European Bioinformatics Institute 

using the Mascot algorithm (v2.2, Matrix Science, London, United Kingdom). Search 

parameters for peptide MS and MS/MS mass tolerance were ±0.1 and ±0.1 Da, 

respectively, with allowance for two missed cleavages made from the trypsin digest, and 

variable modifications of deamidation (NQ), oxidation (M), iTRAQ (N terminal), 

iTRAQ (K) and MMTS (C). For confident protein identification, we used peptides with 

scores ≧43 (P < 0.05, FDR = 1.05%). To evaluate the protein identification false 
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discovery rate (FDR), we performed the searches using identical search parameters and 

validation criteria against a randomized decoy database created by Mascot. For protein 

quantitation, the iTRAQ ratios were determined for all peptides and proteins using 

Multi-Q software that we previously developed.41 The raw data files from the Q-TOF 

Premier were converted into files in the mzXML format using Masswolf (MassLynx 

converter, Waters Corp., Milford, MA), and the search results in Mascot were exported 

in the commaseparated value (csv) data format. After the data conversions, Multi-Q 

selected unique, iTRAQ-labeled peptides with confident MS/MS identification (Mascot 

score ≧43), detected signature ions (m/z =114, 115, 116, and 117) and performed 

automated quantitation of the peptides’ abundance. For the detector dynamic range filter, 

signature peaks with ion counts lower than 30 counts were filtered out by Multi-Q. To 

calculate average protein ratios, the ratios of quantified and unique iTRAQ peptides 

were weighted according to their peak intensities to minimize the standard deviation. 

The final results of the protein quantitation were exported to an output file in the csv 

data format. 

 

2.14 Ingenuity Pathway Analysis (IPA) 

   IPA software is often used to analyze PPI, construct PINs and elucidate associated 

biological processes of PINs. Recently, many studies report that miRNA affects tumor 

progression through regulating network activity based on IPA analysis. For example, 

IPA results showed that miR-21 affects tumor growth of glioblastoma cell through 

regulating a key tumor-suppressive network [52]. To study the regulatory roles of 

miR-148a-regulated PPI network, we analyzed iTRAQ data, identified significantly 

differentially expressed proteins and used these identified proteins to discover 
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associated biological functions of its regulated network by using IPA 9.0 software 

(Ingenuity System).   

 

2.15 Gastric Cancer Patients and Clinical Data 

The use of human tissue samples and serum were approved and the confidentiality 

of human subjects was protected by the Institute Review Board (IRB, No. 200612109R). 

A total of 145 gastric cancer patients who had undergone curative intent radical 

gastrectomy at the National Taiwan University Hospital from July 2001 to March 2006 

were included in this study. They were staged according to the World Health 

Organization, Lauren’s classification and International Union against Cancer (UICC) 

TNM system (Table 1) [53, 54]. Patients who had undergone curative intent resection 

were classified according to the following criteria: complete removal of a primary 

gastric tumor, D2 dissection of regional lymph nodes, absence of any macroscopic 

tumors remaining at the site of resection and absence of metastases in the liver, lungs or 

distant organs at the time of surgery. In addition, the patient should have been clear of 

any concomitant primary cancers and had not received chemotherapy or radiotherapy 

prior to surgery. Clinicopathologic factors including age, sex, Borrmann and Lauren 

classifications, depth of tumor invasion, status and number of lymph node metastases, 

vascular invasion and tumor size (length × width of tumor) were also considered and 

stored in the patients’ database. Organ invasion was defined as direct tumor invasion 

into at least one adjacent structure such as the duodenum, esophagus, liver, mesocolon 

or diaphragm. Patient follow-up occurred from 3 to 46 months after surgery and the 

follow-up intervals were calculated as survival intervals after surgery. Furthermore, 

association between serum 14-3-3β levels and the above-mentioned clinical outcomes 
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were evaluated. 

 

2.16 Blood and Tissue Sample Collection 

31 post-operative serum samples were also collected from the 145 gastric cancer 

patients. Three different control groups were included: 19 endoscopically diagnosed 

with gastric ulcer, 19 with non-ulcer dyspepsia and 25 healthy controls. Venous blood 

samples were collected in plain tubes, allowed to clot and then centrifuged at 2,000 rpm 

(Kubota, Bunkyo-Ku, Japan) at room temperature for 10 min. Aliquots of the separated 

sera were individually stored below -80
o
C until serum 14-3-3β concentrations were 

assayed. 40 pairs of tumor and tumor-adjacent normal tissue specimens were also 

obtained from these 145 gastric cancer patients. The paired tissue samples were 

dissected within 30 minutes of gastrectomy and frozen in liquid nitrogen.  

 

2.17 ELISA for 14-3-3β 

To detect the serum levels of 14-3-3β, ELISA was performed according to 

previously published methods [55-57]. Monoclonal anti-14-3-3β antibody (4 μg/ml, 

Abcam, Cambridge, U.K.) was incubated on streptavidin-coated 96-well microwell 

plate overnight at 4
o
C. After blocking, the 14-3-3β standard antigen and all diluted 

serum samples (1:400) were incubated on the plate for 3hr. Subsequently the plate was 

washed and incubated with polyclonal anti-14-3-3β antibody (0.08 μg/ml, Upstate 

Biotechnology, Inc., Lake Placid, NY) for 2hr. 100μl of polyclonal goat anti-rabbit 

horseradish peroxidase-conjugated IgG antibody (0.04 μg/ml) was added and incubated 

for 1h. The plate was washed and added with tetramethylbenzidine substrate solution 
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(TMB, Bionova Biotechnology, Dartmouth, NS, Canada) for 30 min. The reaction was 

stopped by adding 2 M sulfuric acid. Protein concentration of 14-3-3β and unknown 

samples was determined by measuring the absorbance at 450 and 570 nm using an 

ELISA reader. 

 

2.18 Construction of the 14-3-3β Over-expressing Plasmid 

Reverse transcription-polymerase chain reaction was used to synthesize cDNA from 

the total RNA extracted from TSGH cells, and amplify the 14-3-3β product using 

specific forward (5’-GGTACGTAAGCTTGCCACCATGACAATGGATAAAAGT-3’) 

and reverse (5’-AGTCGAGAATTCTTAGTTCTCTCCCTCCCC-3’) primers. The 

product was cloned into a pcDNA3 vector (Invitrogen Inc.) and verified by sequencing 

(Mission Biotech Co. Ltd).  

 

2.19 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium 

Bromide (MTT) Assay for Cell Growth 

AGS cells were cultured in a 24-well plate at 5 x 10
4
 /well for 24 hours and then 

transfected with 3 μg each of 14-3-3β and control vectors for 24 and 48 hours. 100 μL 

of MTT reagent was added to each 1 mL of culture medium and measured at 570 nm 

using an ELISA reader. Each experiment was performed in quadruplicate. 

 

2.20 Two Dimensional Electrophoresis and Image Analysis 

The protein profiles of 14-3-3β-over-expressing and control gastric cancer AGS 

cells were analyzed using 2-DE. 500 μg of total protein was separated by 2-DE [58]. 
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For separation in the first dimension, isoelectric focusing (IEF) was performed using an 

18cm strip (pH 4-7) in an IPGphor isoelectric focusing system (Amersham Pharmacia 

Biotech, Uppsala, Sweden) at 8000V for a total of 91.2 KVhr at 20
o
C. The strips were 

then transferred onto a 12.5% non-gradient SDS-PAGE gel for second dimensional 

separation. The 2-D images were analyzed using ImageMaster software version 6.0 

(Amersham Pharmacia Biotech) to detect and quantify protein spots. The expression 

profiles were performed in triplicate. 

 

2.21 In-gel Digestion and Mass Spectrometry 

The differentially expressed proteins were excised from 2D-gels, digested with 

trypsin and the tryptic peptides were extracted from the gel. These protein spots were 

analyzed according to our previously published method [58]. Samples were resuspended 

in 0.1% trifluoroacetic acid (TFA) and matrix (5mg/mL CHCA dissolved in 50% 

acetonitrile (ACN), 0.1% v/v TFA and 2% w/v ammonium citrate). The peptide mixture 

was then loaded onto a MALDI plate (PerSeptive Biosystems, CA, USA) and samples 

were analyzed by a MALDI-Q-TOF Ultima MALDI Mass Spectrometer (Micromass, 

Manchester, UK) that was fully automated with a predefined probe motion pattern and 

peak intensity threshold for switching over from MS survey scan to MS/MS, and from 

one MS/MS to another. The peak lists were acquired by the MassLynx
TM

 version 4.0 

software and the raw data were processed to enable a database search using ProteinLynx 

Global Server 2.2 (PLGS 2.2). From the MS spectrum, the highest 5 precursors that had 

a signal-to-noise ratio of more than 50 were selected for subsequent MS/MS analysis. 

Starting from the peak of greatest intensity, parent ions that met the predefined criteria 

(any peak within the m/z 800 - 3000 range with an intensity of above a count of 10 ± 
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include/exclude list) were selected for collision induced dissociation (CID) MS/MS 

using argon as a collision gas and a mass dependent ± 5V rolling collision energy until 

the end of probe pattern was reached. The LM and HM resolution of the quadrupole 

were both set at 10 to give a precursor selection window of approximately 4 Da. The 

instrument was calibrated to less than 5 ppm accuracy over the mass range of m/z 800 - 

3000 using a sodium iodide and PEG 200, 600, 1000 and 2000 mixture and was further 

adjusted with Glu-Fibrinopeptide B as the near-point lock mass calibrant during data 

processing. At a laser firing rate of 10Hz, individual spectra from a 5 second integration 

period that was acquired for each of the MS surveys and MS/MS performed were 

combined, smoothed, deisotoped (fast option) and centroided using the Micromass 

PKGS 2.2 data processing software. The following MS default parameters were used: 

background subtract type, normal; background threshold, 35%; background polynomial, 

5; perform smoothing, yes; smoothing type, savitzky-golay; smoothing iteration, 1; 

smoothing window, 2 channels; combine options, all; but low mass threshold, 1500Da; 

intensity range, 2 to 100 were not used. The following MS/MS default parameters were 

used: background subtract type, normal; background threshold, 35%; background 

polynomial, 5; peptide filter; but perform smoothing, no; smoothing type, 

savitzky-golay; smoothing iteration, 2; smoothing window, 3 channels were not used 

[59]. The combined peptide mass fingerprinting (PMF) and MS/MS ion meta data were 

searched in concert against the specified protein database within the PLGS 2.2 

workflow [59]. Alternatively or additionally, the PMF and individual MS/MS ion data 

can be displayed as Mascot-searchable .txt file and .pkl files for independent searches 

using MASCOT (version 2.3) against the SWISS-PROT (version 57.11) database 

(512994 sequences; 180531504 residues) of Homo sapiens. The search parameters were 

as follows: enzyme, trypsin; fixed modifications, carbamidomethylation of cysteines; 
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variable modifications, oxidation of methionine; one missed tryptic peptide cleavage; 

peptide tolerance, ±50ppm; fragment MS/MS tolerance, ±0.25Da; mass values, 

monoisotopic; peptide charge, +1. The cut-off score of MS/MS was approximately 21 

and the score values were calculated by MASCOT based on the Mowse algorithm. 

Peptide matches were analyzed using mass values (MS/MS fragment ion masses) and 

scores were reported as -10*LOG10(P), where P is the absolute probability which is used 

to measure the significance of a result when a match is random and the size of the 

searched sequence database is known. The accepted threshold was defined as an event 

expected to occur at random with a frequency of less than 5%. Identified proteins with 

statistically significant protein scores higher than ion scores (p < 0.05, based on MS/MS 

spectra) were selected at 95% confidence level for matched peptides. 

 

2.22 Statistical Analysis 

To analyze the correlations between miRNAs, 14-3-3β and their corresponding 

clinical outcomes, patients were divided into different groups based on clinical and 

pathologic parameters. Student’s t-test was used to compare the differences between two 

clinicopathological groups. Comparisons between multiple groups were done using 

one-way ANOVA (SAS 9.1 software). P values were two sided and the alpha level of 

significance was defined as P < 0.05. Correlations between numeric variables were 

analyzed using MedCalc 9.0, where the data are shown as a correlation coefficient with 

a P-value. Receiver operating characteristics (ROC) curves were used to assess 

miR-148a or serum 14-3-3β concentrations as a diagnostic for gastric cancer by plotting 

sensitivity versus 1-specificity, and the area under the curve was subsequently 

calculated. The area under the curve (AUC) was then used as indicators of the capacity 
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of miR-148a or 14-3-3β to act as a diagnostic marker, with higher AUC values 

reflecting higher diagnostic capacities. Recurrence-free survival and overall survival 

curves were generated according to the Kaplan-Meier method to study the relationship 

between miR-148a or serum 14-3-3β expression and patient survival, where the analytic 

method used was log-rank test. Cox proportional hazards regression models determined 

their prognostic independence of clinical factors. In addition, the difference in D values 

between high and low groups for the 23 down-regulated miRNAs (median was used as 

a cut-off value) was calculated by paired Wilcoxon rank sum test. A paired Student’s t 

test was used to compare the changes in 14-3-3β plasma levels between pre-operative 

and post-operative patients. The alpha level of significance was defined as P < 0.05. 
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Chapter 3   Results 

3.1 MicroRNA-regulated PINs in Gastric Cancer 

Although microRNAs are known to reduce the levels of their target mRNAs [60], 

expression of a miRNA target may not always co-vary, in the reverse direction, with its 

miRNA regulator, due to the presence of primary TF regulation. A reverse correlation in 

expression profiles between a miRNA and corresponding predicted targets increases the 

confidence of the conditional miRNA-target interaction. Based on these observations, 

we combined differentially expressed miRNAs and target genes, down-regulated 

(up-regulated) miRNAs versus up-regulated (down-regulated) targets, to identify the 

miRNA-regulated PINs in gastric cancer. The miRNA-regulated PINs were established 

according to the proteins encoded by differentially expressed target genes and their 

interacting partners in the human PIN. However, only 23 significantly down-regulated 

miRNAs and no significantly up-regulated miRNAs were found (see Methods). 

Consequently, we identified 23 PINs that were modulated by 23 down-regulated 

miRNAs in gastric cancer. Furthermore, the activities of miRNA-regulated PINs in 

normal and tumor tissues, activated or inactivated, were investigated on the basis of the 

enrichment of co-expressed PPIs (CePPIs) in the network (Table 2, 3). Among the 23 

down-regulated miRNA-regulated PINs, 70% (16/23) of them were activated in tumors 

(Fisher’s exact test, P < 0.001). On the other hand, 51% (20/39) of the remaining 39 

unchanged miRNA-regulated PINs were inactivated in both tumor and normal tissue 

(Fisher’s exact test, P = 0.003). Thus, we conclude that 16/23 networks are activated in 

gastric cancer and that these networks are modulated as a result of down-regulated 

miRNAs expression. Therefore, we suggest that the 16 down-regulated miRNAs act as 

oncomirs and function as tumor suppressors. 
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Additionally, we assessed the discrimination power of miRNA expression levels to 

classify normal and tumor samples by calculating the receiver operating characteristic 

(ROC) curves and the area under the curve (AUC). Among the 23 down-regulated 

miRNAs, the one that provided the best discrimination was miR-29c (AUC = 0.831, P < 

0.001), which gave an overall correct classification of 77%. Moreover, of the 16 

oncomirs, miR-29c, miR-768-3p, miR-26a, miR-143 and miR-148a were found to give 

an AUC of more than 0.7 (P < 0.05) individually. When all the 16 oncomirs were 

combined, the overall correct classification was elevated to 93% (AUC = 0.981, P < 

0.0001). Among the remaining 7 down-regulated miRNAs, only miR-16 and miR-145 

were found to have an AUC of more than 0.7. When these 7 miRNAs combined, the 

overall correct classification was 82% (AUC = 0.888, P < 0.0001) (Table 4). Taken 

together, the 16 oncomirs showed greater discrimination between tumor and normal 

tissues than the remaining 7 down-regulated miRNAs. 

We also investigated the relationship between the expression levels of the 23 

down-regulated miRNAs and survival rates. The median was used as a cut-off value and 

as a result, the expression levels for each miRNA were divided into two groups; high 

and low expressed. The maximum of the difference in survival rates (Dmax) between 

high and low groups was further calculated (Figure 2A). Our findings indicated that the 

Dmax among the 16 oncomirs was more significant (P < 0.0001, Figure 2B) than that in 

the remaining 7 down-regulated miRNAs (paired Wilcoxon rank sum test, P = 0.016, 

Figure 2C). These results suggest that the 16 oncomirs may act as better prognostic 

markers for gastric cancer in comparison to the remaining 7 down-regulated miRNAs. 

Therefore, we conclude that the 16 oncomirs have the potential to suppress tumor 

biogenesis. 
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3.2 The Potential Functions of Oncomir-regulated PINs 

A key question is whether the 16 oncomirs regulate tumor progression-related 

biological processes in gastric cancer. To address this, we developed a PIN-based 

approach to reveal the possible functional roles of miRNAs (see 2.3 section 

MiRNA-regulated PIN Identification and Analysis and Figure 1). Applying this 

PIN-based approach to 16 oncomirs, the enriched biological processes of their regulated 

PINs can be discovered (Table 5). It was observed that most of the enriched biological 

processes were related to tumor progression. For instance, miR-142-3p- and 

miR-768-3p-regulated PINs were related to apoptosis and cell cycling, respectively. 

Interestingly, the miR-148a-regulated PIN was the only network that was associated 

with cancer metastasis-related functions, such as integrin-mediated signaling, 

cell-matrix adhesion and wound healing. Therefore, miR-148a was chosen for the 

further studies. 

 

3.3 MiR-148a-regulated PIN and Its Potential Functions in 

Gastric Cancer  

To further confirm the abundance of miR-148a in tumor tissues, we performed 

qRT-PCR in 62 paired tumor and normal tissues and found its expression levels in 

tumor tissues were significantly lower than those in normal tissues (P < 0.0001, paired 

t-test) (Figure 3A), which was consistent with our miRNA microarray data. Additionally, 

the impact of miR-148a expression levels on the prognosis of gastric cancer patients by 

Kaplan-Meier survival analyses was studied in the 62 paired tissues. Patients with high 

miR-148a expression levels showed significantly higher 5-year overall survival rates 

(71.4%, log-rank test, P = 0.03; Figure 3B) compared with patients with low miR-148a 
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levels (32.1%, log-rank test, P = 0.03). Univariate analysis showed that miR-148a and 

early stages correlated with better survival, whereas peritoneal and vascular invasion 

predicted very poor outcomes. On multivariate analysis, miR-148a retained an 

independent prognostic power on overall survival (HR = 1.69; P = 0.002) (Table 6). A 

ROC curve was also used to evaluate miR-148a as a diagnostic marker for gastric 

cancer. The AUC was then used as an indicator of the capacity of miR-148a to act as a 

diagnostic marker, with higher AUC values reflecting a higher diagnostic potential. 

ROC curve analysis of miR-148a showed that it had an AUC of 0.84 (ROC curves 

analysis, P = 0.0001, Figure 3C). These results indicate that miR-148a could 

discriminate between normal and tumor tissues and serve as an effective prognostic 

marker for gastric cancer. Based on these results, we conclude that miR-148a is highly 

associated with gastric cancer. The miR-148a-regulated PIN was visualized in Figure 

3D and the enriched biological processes of this network are shown in Figure 3E. The 

significantly over-represented GO functional terms were separated into three functional 

groups, including cell-matrix adhesion (hypergeometric test: P = 9.5619E-6), wound 

healing (P = 5.8018E-5) and cell surface receptor linked signal transduction (P = 

5.3054E-5). These three enriched GO functions suggest that miR-148a is related to 

cancer metastasis and is likely to regulate these three functions through its regulated 

PIN. 

 

3.4 PAI-1, ITGB8, VAV2 and ITGA5 Are Oncogenes and 

Direct Targets of MiR-148a 

Four target genes of miR-148a were identified to be up-regulated within its 

regulated PIN, including PAI-1 (a coagulation factor), ITGB8 (an adhesion factor), 
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VAV2 and ITGA5 (involved in the integrin-mediated signaling pathway). To further 

explore whether miR-148a affected cancer metastasis through its regulated PIN, a 

luciferase reporter assay was performed to analyze the relationship between miR-148a 

and these target genes. miR-148a over-expression significantly reduced the expression 

levels of these target genes, while their expression levels were significantly elevated in 

anti-miR-148a inhibitor-transfected tumor cells (t-test, P < 0.05, Figure 4A). We carried 

out luciferase assay for site mutant to further ensure the correlations between miR-148a 

and these four genes (Figure 4B-4F). We constructed each putative miR-148a target 

sites or its site mutation in sequences corresponded to seed sequence of miR-148a into a 

pMIR-REPORT luciferase expression vector (Figure 4B) and analyzed reporter assays 

(Figure 4C-4F). Our results showed that the repressions by miR-148a in these four 

genes were completely abolished. These results suggest that these four genes are direct 

targets of miR-148a. These observations suggest that miR-148a plays a significant role 

in affecting the biological functions of gastric cancer cells by regulating the expression 

of target genes within its regulated PIN. 

   In addition to being markers for the detection and prognosis of many types of 

cancers [61-70], these four genes have previously been reported to be implicated in the 

promotion of cell invasion, migration, adhesion, growth and angiogenesis, which 

suggests a possible role for these genes in the regulation of tumor oncogenesis and 

progression. To determine whether these genes played a role in the oncogenesis of 

gastric cancer, their expression levels in tumor tissues were measured by 

immunoblotting. All four genes showed higher expression levels in tumor tissues 

compared with normal tissues (Figure 5), indicating that they might have potential 

oncogenic functions and were likely to be key downstream effectors of miR-148a in this 

network.  
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3.5 The Correlation Between miR-148a and 

Clinicopathological Factors 

To evaluate the clinical significance of miR-148a in gastric cancer, the relationship 

between miR-148a expression levels in tumor tissues and the degree of metastasis was 

analyzed. Clinical analyses revealed that high expression levels of miR-148a 

significantly correlated with a reduction in distant metastasis (t-test, P = 0.043), organ 

invasion (t-test, P = 0.013) and peritoneal invasion (t-test, P = 0.04) (Table 7). These 

results suggest that miR-148a reduces the aggressiveness of gastric cancer. Interestingly, 

our findings revealed that several functions, including migration (integrin-mediated 

signaling pathway) and adhesion, were identified within the miR-148a-regulated PIN 

and were also associated with an aggressive tumor phenotype. This indicates that 

miR-148a likely plays an important role in regulating the malignant progression of 

tumor cells. 

 

3.6 MiR-148a Inhibits Cell Invasion, Migration, Adhesion and 

Growth 

In vitro invasion assays were performed to examine whether miR-148a suppressed 

more aggressive forms of tumors. Human gastric cancer AGS, SC-M1 and MKN-45 cell 

lines were transfected with a miR-148a precursor or an anti-miR-148a inhibitor. The 

results showed that over-expression of miR-148a in these cell lines significantly 

reduced tumor cell invasion, while anti-miR-148a-treated tumor cells showed elevated 

tumor cell invasion (Figure 6A). To determine whether miR-148a over-expression also 

affected tumor progression, migration, adhesion and proliferation assays were 



 

 32 

performed on miR-148a-transfected tumor cells. Our findings indicated that 

over-expressed miR-148a significantly reduced tumor cell migration and adhesion, 

while anti-miR-148a-treated tumor cells showed significantly elevated migratory and 

adhesive abilities (Figure 6B and 6C). Additionally, tumor cell growth was observed to 

be reduced in response to miR-148a over-expression (Figure 7A and 7C), but elevated 

in response to anti-miR-148a inhibitor treatment (Figure 7B and 7D). Taken together, 

these observations indicate that miR-148a can inhibit cell invasion, migration, adhesion 

and growth, thereby acting as a potent regulator of tumor suppression.  

 

3.7 miR-148a Induces Apoptosis of Gastric Cancer Cells 

   We have demonstrated that miR-148a could suppress growth of gastric cancer cells 

(Figure 8). To determine whether miR-148a over-expression also induces cell apoptosis, 

we observe apoptosis-related protein expression in miR-148a over-expressing AGS cells. 

The results indicated that over-expressed miR-148a significantly reduced Apaf-1, 

cytochrome c, caspase-9 and cleaved Poly (ADP-ribose) polymerase (PARP) activation, 

while anti-miR-148a-treated tumor cells showed significantly lower Apaf-1, cytochrome 

c, caspase-9 and cleaved PARP expression (Figure 8). Our findings suggest that 

miR-148a suppresses cell growth and induces cell apoptosis. 

 

3.8 miR-148a-regulated Proteome and Associated Biological 

Functions 

   miRNAs have known to be involved in the regulation of tumorigenesis and cancer 

progression through obstructing protein translation of targets or causing their mRNA 

degradation [4]. To deeply understand the regulatory roles of miR-148a in gastric cancer 
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progression, in this study, we used iTRAQ method to discover miR-148a-regulated 

proteome. We first analyzed iTRAQ data and then compared as well as identified 

significantly differentially expressed proteins between miR-148a precursor and its 

negative control-treated AGS cells. The cut-off values were determined based on that 

the expression levels of all indentified significantly expressed proteins in the mixture of 

1:1 proportion of miR-148a precursor negative control-treated tumor cells in two 

different biological duplicate. We determined the maximum (mean + 2SD) and 

minimum (mean - 2SD) cut-off values were 1.32 and 0.8, respectively, suggesting that 

these proteins were defined as significantly up-regulated proteins while the expression 

ratio of these proteins in miR-148a precursor-treated tumor cells was more than 1.32 

when compared with its negative control. Additionally, as the expression ratio of other 

proteins in miR-148a precursor-treated tumor cells was less than 0.8 when compared 

with its negative control, they were defined as significantly down-regulated proteins. As 

shown in Table 8, we finally identified 16 significant up-regulated and 41 

down-regulated proteins in miR-148a precursor-treated AGS cells. Among them, Solute 

carrier family 2 facilitated glucose transporter member 1 (SLC2A1), Isoform 3 of Core 

histone macro-H2A.1 (H2AFY), Spermine synthase (SMS) and Podocalyxin-like 

protein 1 precursor (PODXL) were predicted targets of miR-148a based on 

TargetScanHuman 5.1 database. All proteins were analyzed in biological replicate and 

the expression ratio of these identified proteins between the two experiments were 

compared (Figure 9). 

   Furthermore, we used a total of these 57 identified significantly expressed proteins 

to analyze regulated biological processes by miR-148a by using IPA 9.0 software. Our 

results showed miR-148a regulated many key functions, mainly classified as three 

categories, including cancer, cell morphology and development and metabolism (Figure 
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10) and all these identified proteins involved in these functions were shown in Table 9. 

For cancer category, it includes gastrointestinal disease, genetic disorder, cell-mediated 

immune response, cell cycle, cell death, movement and growth as well as proliferation. 

For cell morphology and development category, it includes hair and skin development 

and function, organ development, development disorder, hematopoiesis, cardiovascular 

disease, neuron system development, function and neurological disease. For metabolism 

category, it includes carbohydrate, drug and vitamin mineral metabolism as well as 

metabolic disease. Interestingly, our previous data supported these key 

miR-148a-regulated functions that miR-148a was a potential tumor suppressor in gastric 

cancer and could repress migration (Figure 6B) and growth of tumor cells (Figure 7), as 

well as induce cell apoptosis (Figure 8).  

 

3.9 14-3-3β Is a Direct Target of miR-148a 

Our results uncovered that miR-148a was a potential tumor suppressor that could 

suppress metastasis-related abilities of gastric cancer cells. In addition, we found that 

14-3-3β was a predicted target gene of miR-148a from TargetScanHuman 5.1 and Pictar 

databases. 14-3-3β has been reported to be associated with various types of cancer. For 

example, 14-3-3β is abundant in human lung cancer relative to normal tissues [32] and 

mutated chronic lymphocytic leukemia (M-CLL) relative to unmutated chronic 

lymphocytic leukemia (UM-CLL) [33]. Over-expression of 14-3-3β in NIH 3T3 cells 

(mouse embryonic fibroblast cell line) stimulated cell growth and supported 

anchorage-independent growth in soft agar medium and tumor formation in nude mice 

[34], while reducing 14-3-3β expression led to an inhibition of tumor progression due to 

decreased vascular endothelial growth factor (VEGF) production, inhibition of 



 

 35 

angiogenesis and increased apoptosis. In addition, it has been shown that 14-3-3β 

promotes cell migration by interacting with integrin β1 [35] and activating the MAPK 

pathway, causing tumor cell metastasis [29, 30]. Thus, these studies support the idea 

that 14-3-3β could function as an oncogene. Chan et al. reported that 14-3-3β showed 

stronger expression in gastric cancer cells than in paired normal cells by using 

immunohistochemical staining analysis [30]. Taken together, these reports indicate that 

14-3-3β is a potential oncogene in cancers and associated with cancer metastasis. To 

elucidate whether miR-148a suppresses metastasis of gastric cancer cells through 

regulating 14-3-3β expression, we first used luciferase assay to check their correlation. 

Our results indicated that miR-148a over-expressing tumor cells had decreased 14-3-3β 

expression, whereas 14-3-3β expression was elevated in anti-miR-148a inhibitor-treated 

tumor cells (Figure 11A and 11B). We also used western blotting method (Figure 11C) 

to confirm their correlation and the results were consistent with luciferase reporter assay 

that 14-3-3β was a direct target of miR-148a. These results implied that miR-148a may 

suppress tumor metastasis through regulating 14-3-3β expression. 

 

3.10 14-3-3β Expression Is Positively Correlated with 

Aggressive Phenotypes of Gastric Cancer Cells 

A key question is whether 14-3-3β affects malignant progression of gastric cancer 

cells. To address this possibility, we first detected expression profiles of gastric cancer 

cells by using 2-DE and MS approaches, including non-metastatic AGS and N87 cells 

and poor differentiated SC-M1 cells as well as high metastatic TSGH cells. A total of 

125 differentially expressed proteins were chosen for further analysis by MALDI-TOF 

and identified from MS/MS data using the MASCOT search engine and the Swiss-Prot 



 

 36 

database. We successfully identified 62 significantly differentially expressed proteins. 

Twenty six proteins among these 62 identified proteins were reported to be associated 

with cancer progression or they had cancer-relevant functions based on GO analysis 

(Table 10). Thus, we selected these 26 proteins for further investigation. Interestingly, 

14-3-3β (spot 21) was expressed higher in metastatic TSGH and poor differentiated 

SC-M1 cells than non-metastatic AGS and N87 cells (Figure 12A-12D), and the 3-D 

profiles of 14-3-3β were shown in Figure 12E. Additionally, we further checked the 

endogenous 14-3-3β expression in four gastric cancer cell lines, including two 

non-metastatic cell lines AGS and N87, one poorly differentiated cell line SC-M1 and 

one high-metastatic cell line TSGH (Figure 13), by using western blotting method. We 

found that the expression levels of 14-3-3β were positively associated with aggressive 

phenotypes of gastric cancer cell lines. The results suggest that 14-3-3β may be 

associated with malignant progression of gastric cancer cells.  

   On the other hand, we also analyzed molecular functions of these identified proteins 

and found that their related functions were involved in cancer progression. For example, 

78kDa glucose-regulated protein (GRP78), heat shock protein beta-1 (HSPB1), 60kDa 

heat shock protein, mitochondrial (CH60), annexin A5 (ANXA5), glutathione 

S-transferase P (GSTP1), 14-3-3 protein epsilon (YWHAE) and heat shock 70kDa 

protein 1A/1B (HSP71) were associated with apoptosis. Proteins involved in cell 

migration and angiogenesis and adhesion included annexin A3 (ANXA3) and ezrin 

(EZRI). Other proteins were involved in cytoskeleton and signal transduction. 

Additionally, we used the identified proteins in TSGH (metastatic cells) and SC-M1 

(poor differential cells) to construct PIN and analyze related functions. PIN and the 

enriched functions in AGS and N87 (non-metastatic cells) were also performed. PIN in 

TSGH and SC-M1 cells was visualized in Figure 14A and the enriched biological 
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processes of this network were shown in Figure 14B. The significantly over-represented 

GO functional term was negative regulation of apoptosis (P < 0.05). There was no 

enriched function identified in AGS and N87 cells (P > 0.05). The results are consistent 

with those in Figure 12 and Figure 13 that 14-3-3β is expressed higher in malignant 

TSGH and SC-M1 tumor cells and involved in the negative regulation of apoptosis. 

Taken together, these results suggest that the identified proteins in TSGH and SC-M1 

cells are related to tumor cell progression (Table 10, Figure 12) and 14-3-3β is likely to 

regulate malignant progression of gastric cancer cells. 

 

3.11 Over-expression of 14-3-3β Enhances Cancer Cell 

Invasion, Migration and Growth  

To further evaluate the regulatory effects of 14-3-3β on gastric cancer cells, we first 

used Boyden Chamber assay to observe invasiveness and migratory abilities of 

14-3-3β-over-expressing tumor cells, including AGS, N87, SC-M1 and TSGH cells. Our 

findings revealed that 14-3-3β-over-expressing AGS cells had significantly greater 

invasiveness and migratory capabilities (Figure 15A and 15B) and higher cell growth 

(Figure 15C) than control cells. The functional studies of 14-3-3β in other gastric cancer 

cell lines, including N87, SC-M1 and TSGH, were shown in Figure 16. Taken together, 

these results suggest that 14-3-3β may regulate malignant progression of gastric cancer 

cells. 

 

3.12 14-3-3β Expression in Tumor Tissues and Serum from 

Gastric Cancer Patients 
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In order to elucidate the roles of 14-3-3β in gastric cancer, we analyzed its 

expression levels in tumor tissues. Western blot analysis of 14-3-3β expression levels in 

paired tumor and tumor-adjacent normal tissues demonstrated that 14-3-3β expression 

was significantly increased in tumor tissues compared with normal tissues (P < 0.01; 

Figure 17A). Since 14-3-3β was over-expressed in gastric cancer tissues, its potential 

release into the periphery was assessed to determine whether it can be detected as a 

serologic biomarker for the disease. For this purpose, serum 14-3-3β levels were 

detected by ELISA. Serum 14-3-3β levels in 63 control subjects ranged from 89.4 to 

969.9 ng/mL, and the mean and median values were 308.1 and 213.3 ng/mL, 

respectively. However, serum 14-3-3β levels in cancer patients (N = 145) ranged from 

186.8 to 1846.2 ng/mL with mean and median values of 625.5 and 494.4 ng/mL 

respectively. In addition, pre-operative serum 14-3-3β levels in gastric cancer patients 

were significantly higher than those in controls (P < 0.0001, Figure 17B). Serum 

14-3-3β levels in stage I gastric cancer patients were significantly higher than those in 

controls (P = 0.005) and ROC curve analysis determined serum 14-3-3β level of 262 

ng/mL was the cut off value (P < 0.001). These results strongly suggest that serum 

14-3-3β may be used as a potential biomarker for gastric cancer. 

 

3.13 Serum 14-3-3β Levels and Overall and Recurrence-free 

Survival 

Survival analysis was conducted in 142 available gastric cancer cases and survival 

curves were generated according to the Kaplan-Meier method. At the serum level of 349 

ng/mL, 14-3-3β had high sensitivity (86%) and specificity (67%) for the detection of 

gastric cancer; thus, it was defined as the cut-off value. The patients were divided into 
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two groups, i.e. those that showed low expression of serum 14-3-3β and those with high 

expression of serum 14-3-3β. The 5-year overall survival rates for those with low and 

high serum 14-3-3β levels were 72.7% and 46.1% respectively, while the 5-year 

recurrence-free survival rates for those with low and high serum 14-3-3β levels were 

59.9% and 35.0% respectively (P = 0.038 and P = 0.037, respectively, Figure 17C). 

Overall, the overall and recurrence-free survival rates of patients with 14-3-3β levels 

greater than 349 ng/mL were shown to be significantly lower, indicating that 14-3-3β 

serum levels are suitable as a prognostic marker in gastric cancer patients.  

 

3.14 Serum 14-3-3β Levels Decrease after Gastrectomy with 

D2 Lymphadenectomy 

Among 31 patients with abnormally high 14-3-3β levels, the mean and median of 

pre-operative serum 14-3-3β levels were 579 ng/mL and 515 ng/mL respectively. In 

contrast, the mean and median of post-operative serum 14-3-3β levels were 427 ng/mL 

and 378 ng/mL respectively (Figure 17D). Thus, serum 14-3-3β levels were 

significantly decreased after gastrectomy (p < 0.0001). 

 

3.15 ROC Curves of 14-3-3β in Gastric Cancer 

In this study, a ROC curve was used to evaluate serum 14-3-3β concentrations as 

diagnostic for gastric cancer by plotting sensitivity versus 1-specificity. AUC value was 

then used as an indicator of the capacity of 14-3-3β to act as a diagnostic marker, with 

higher AUC values reflecting higher diagnostic capacities. The AUC values for gastric 

cancer patients versus normal controls at different cancer stages were illustrated in 

Figure 18. The AUC of 14-3-3β was 0.776 for stage I (A), 0.843 for stage II (B), 0.822 
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for stage III (C), 0.882 for stage IV (D), and 0.83 for all gastric cancer samples (E). On 

the other hand, ROC curve analysis determined the cut-off value of serum 14-3-3β for 

the diagnosis of gastric cancer. A serum 14-3-3β level of 420 ng/mL was defined as the 

optimal cut-off value for differentiating between patients and controls. When using the 

cut-off value for the detection of gastric cancer, the serum 14-3-3β sensitivity, 

specificity and accuracy were 78%, 71% and 76%, respectively. Additionally, we 

compared the AUC between 14-3-3β and the other existing serum biomarkers such as 

CEA (Figure 19) and the results showed that 14-3-3β appeared to outperform the 

established tumor marker CEA. 

 

3.16 The Relationship Between 14-3-3β Expression Level and 

Metastatic Lymph Node Number, Tumor Size and Cancer 

Stage 

Our clinical analyses showed that pre-operative serum 14-3-3β levels were 

significantly associated with the number of metastatic lymph nodes (r = 0.166, P = 

0.045) and tumor size (r = 0.452, P < 0.0001) (Figure 20A and 20B). 14-3-3β serum 

levels positively correlated with 14-3-3β expression in tumor tissues (r = 0.385, P = 

0.033) (Figure 20C). Pre-operative serum 14-3-3β levels also increased with the depth 

of tumor invasion (P = 0.043), distance of metastasis from the primary site (P = 0.03) 

and peritoneal invasion (P = 0.049) (Table 11). These results provide evidence that 

14-3-3β plays a crucial role in the migration and invasion of gastric adenocarcinoma.  
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Chapter 4   Discussion 

miRNAs are known to function as gene silencers and their expression profiles have 

been reported to be negatively correlated with those of their target genes [60]. In 

particular, up-regulated target genes were found to be specific targets of down-regulated 

miRNAs in gastric cancer. To find out the miRNA-regulated PINs in gastric cancer, the 

expression profiles of miRNAs were integrated and analyzed within the human PIN. 

Twenty three down-regulated miRNA-regulated PINs were identified based on their 

up-regulated target genes in gastric cancer. Among these, sixteen PINs were activated. 

The results suggest that repressing these miRNAs in gastric cancer can activate their 

regulated PINs. This may be due to miRNA-mediated regulation of pivot genes, such as 

hubs [20], or differentially expressed genes in the biological networks. Therefore, we 

suggest that these 16 down-regulated miRNAs act as oncomirs and function as tumor 

suppressors. Additionally, these 16 oncomirs were associated with increased tumor 

suppression potential and increased survival rates compared with the 7 remaining 

down-regulated miRNAs, suggesting that these oncomirs can be effective markers for 

the diagnosis and prognosis of gastric cancer.  

Among 16 down-regulated miRNAs, we found that the miR-148a is down-regulated 

in gastric cancer and its regulated PIN was associated with tumor metastasis-related 

functions, such as integrin-mediated signaling, cell-matrix adhesion, wound healing and 

blood coagulation. These findings were validated by over-expressing miR-148a in AGS, 

SC-M1 and MKN-45 gastric cancer cell lines. While miR-148a over-expression led to a 

significant reduction in the invasive, migratory, adhesiveness and growth properties of 

gastric cancer cells, miR-148a inhibitor-treated tumor cells enhanced these effects. 

Lujambio et al. found miR-148a inhibited metastasis formation in xenograft models 
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[71].  

We next ascertained whether miR-148a-mediated down-regulation of PAI-1, VAV2, 

ITGA5, and ITGB8 expression resulted in the inhibition of malignant progression of 

tumor cells. These genes were identified as up-regulated targets of miR-148a within its 

regulated PIN and have been reported to have a high oncogenic potential and are 

associated with aggressive tumor cell phenotypes [61-68]. Herein, we showed that their 

expression levels were reduced in response to miR-148a over-expression but elevated in 

response to anti-miR-148a inhibitor treatment. Overall, these results suggest that 

miR-148a influences the tumor progression-related biological functions of cancer cells 

by regulating a small subset of cancer-relevant genes within its regulated PIN.  

Furthermore, we used iTRAQ method to analyze miR-148a-regulated proteome and 

our findings showed that its regulated biological functions were closely related with 

cancer, cell morphology and development and metabolism. Our previous data supported 

these findings that miR-148a had tumor-suppressive functions in gastric cancer that its 

over-expression could inhibit invasiveness, migratory and adhesive abilities of tumor 

cells. We also demonstrated that miR-148a over-expression reduce cell growth and 

induce cell apoptosis. Interestingly, iTRAQ results uncovered novel findings that 

miR-148a-regulated functions were associated with cellular morphology and 

development, such as organ development, development disorder, hematopoiesis, 

cardiovascular disease, neuron system development, function and neurological disease. 

Studies report that miRNAs play important roles in embryonic development and 

morphogenesis. For example, maternal-zygotic dicer (MZdicer) mutants display 

abnormal morphogenesis during gastrulation, brain formation, somitogenesis, and heart 

development in zebrafish. Injection of miR-430 rescues the brain defects in MZdicer 

mutants [72]. Additionally, miR-107 levels are decreased in Alzheimer’s disease 
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patients compared with healthy individuals, even at early stages of disease progression 

[73]. Presently, the correlation between miR-148a and cellular development and 

morphogenesis is still unknown; thus, the regulatory role of miR-148a in cellular 

development and morphogenesis deserve further investigation.  

SLC2A1 was predicted as a target gene of miR-148a. More importantly, we found 

that SLC2A1 was related with cell apoptosis and neurological disease. Interestingly, 

some studies display that cell apoptosis in neurological disease often occurs [74, 75]. 

There are evidences suggest that caspases have important roles in Alzheimer’s disease 

and Parkinson’s disease [74, 76, 77]. These results indicate that cell apoptosis is closely 

associated with neurological disease. On the other hand, SLC2A1 is also called glucose 

transporter type 1 (Glut1), which mediates glucose transport across blood-brain barrier 

(BBB) [78]. Patients with Alzheimer’s disease have decreased BBB glucose transporter 

[79] and some reports reveal that Glut1 deficiency correlates with neurological disease 

[78] and low concentration of Glut1 and Glut3 were measured in the patients with 

Alzheimer’s disease [79, 80]. Taken together, these findings suggest that SLC2A1 may 

be closely related with neurological disease. In this study, we detected miR-148a 

induced apoptosis-related protein expression, including the activation of caspase-9 and 

release of cytochrome c (Figure 8). In conclusion, whether miR-148a regulates neural 

development through mediating SLC2A1 target gene expression deserve further 

investigation.  

Here, our findings revealed that miR-148a was a potential tumor suppressor in 

gastric cancer and could suppress metastasis-related functions of tumor cells, including 

invasion, migration, adhesion and growth. On the other hand, 14-3-3β was predicted as 

a target of miR-148a and reported to be associated with cancer metastasis [29, 30, 34, 

35]. A key question is whether miR-148a suppresses metastasis of gastric cancer cells 
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through regulating 14-3-3β expression. To address this possibility, we first analyzed 

their correlation and our results indicated that miR-148a could directly regulate 14-3-3β 

expression. We then ascertained the regulatory mechanism of that miR-148a affected 

cancer metastasis through regulating 14-3-3β expression. Thus, we analyzed 14-3-3β 

expression and regulatory roles in gastric cancer. Our findings showed that 14-3-3β was 

expressed higher in tumor tissues than normal tissues (P < 0.01). Moreover, we also 

found that 14-3-3β was expressed highest in poor differentiated SC-M1 cells and high 

metastatic TSGH cells when compared with non-metastatic AGS and N87 cells from 

protein profiles and western blotting method, suggesting that 14-3-3β expression was 

related to malignant progression of tumor cells. We further verified that 14-3-3β 

over-expression could promote invasiveness, migration and growth of tumor cells. Our 

clinical analyses indicated that serum 14-3-3β levels were significantly associated with 

increases in the depth of tumor invasion, peritoneal invasion, tumor size, the number of 

metastatic lymph nodes, enhanced cancer stage progression (stage III and IV) and the 

presence of invasive phenotypes. Taken together, these results indicate that 14-3-3β has       

oncogenic potential and is associated with malignant progression of gastric cancer cells.                                      

   Several biomarkers for gastric cancer have been reported, including CEA, CA19-9 

and CA72-4 [39, 40]; however, these were neither sensitive nor specific enough for 

disease detection [41, 42]. In this study, the 14-3-3β was assessed as a serologic 

biomarker for gastric cancer and it was confirmed that 14-3-3β levels in pre-operative 

serum were significantly elevated in cancer patients compared with controls (P < 0.0001) 

and also positively correlated to 14-3-3β expression levels in tumor tissues (r = 0.385, P 

= 0.033). Moreover, serum 14-3-3β levels in stage I gastric cancer patients were 

significantly higher than in controls (P = 0.005). These results suggest that 14-3-3β can 

be used as a potential serum marker for the detection of gastric cancer. Additionally, 
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overall and recurrence-free survival rates based on 14-3-3β serum levels were also 

investigated and patients with higher 14-3-3β levels showed a marked reduction in 

overall and recurrence-free survival. These results therefore demonstrate that 14-3-3β 

can be used as a potential biomarker for the detection and prognosis of human gastric 

cancer. 

Recently, Xia et al. reported that serum macrophage migration-inhibitory factor 

(MMIF) was a better biomarker than CEA in diagnosing gastric cancer in patients 

presenting with dyspepsia [81]. Here, we further demonstrate serum 14-3-3β levels as a 

biomarker in differentiating between gastric cancer patients and controls. Additional 

prospective studies deserve further investigation where serum 14-3-3β assessment may 

be combined with other useful serum markers, such as MMIF, to increase the overall 

sensitivity, specificity and diagnostic accuracy of gastric cancer detection. 

   Helicobacter pylori (H. pylori) infection is a crucial factor in the pathogenesis of 

gastric cancer and induces disease-specific protein expression in gastric cancer [30]. To 

elucidate the effects of H. pylori infection on 14-3-3β expression, we analyzed their 

correlation. We found that patients with H. pylori infection had higher 14-3-3β levels 

than those with no H. pylori infection (Figure 21), suggesting that 14-3-3β might be 

involved in the pathogenesis of H. pylori in gastric cancer. Some studies are similar 

with our results that 14-3-3β is up-regulated in H. pylori-infected gastric cancer cells 

[30, 82]. 
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Chapter 5   Conclusion 

   In conclusion, a novel integrative network-based approach was used to discover the 

potential functions of these miRNAs in gastric cancer. Furthermore, this approach 

facilitated the identification of 16 activated oncomir-regulated PINs which might be 

used as possible diagnostic and prognostic markers of gastric cancer. In particular, 

miR-148a was identified as a potential prognostic marker in gastric cancer patients, with 

the ability to function as a tumor suppressor through its regulated PIN. This study not 

only provides an insight into the miRNA-regulated PINs that are involved in the 

pathogenesis of gastric cancer; it also shows that a network-based approach can be used 

to identify novel diagnostic and prognostic markers of disease. 

   iTRAQ data further indicated that miR-148a-regulated proteome was associated 

with cancer progression, including cell development, migration and cell death. Our 

findings uncovered that miR-148a induced cell apoptosis and inhibited cell growth. 

   On the other hand, we revealed that miR-148a could directly regulate 14-3-3β 

expression levels. We further demonstrated 14-3-3β was associated with malignant 

progression of gastric cancer cells; and provided a new insight into the role of 14-3-3β 

in gastric cancer cell progression. Furthermore, we evaluated clinical significance of 

serum 14-3-3β in diagnosing gastric cancer. We have identified that serum 14-3-3β 

could be used for differentiating between gastric cancer patients and controls, and was a 

poor prognostic factor for survival in gastric cancer. The 14-3-3β ELISA also has the 

added advantage of being commercially available, easily reproducible, and inexpensive. 

Thus, it is useful to assay serum 14-3-3β concentration for the diagnosis of gastric 

cancer. 

   Taken together, miR-148a is a potential tumor suppressor in gastric cancer and 
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suppresses tumor metastasis through regulating 14-3-3β expression. 
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Figure 1 Expression profiles of miRNAs and genes were used to discover 

condition-specific targets of miRNAs. The miRNA-regulated PINs were denoted as 

the PIN which is formed by their differentially expressed targets (L0) and interacting 

partners (L1). The enrichment of CePPIs involved in the miRNA-regulated PIN was 

utilized to evaluate the activity of the network. The potential miRNA-regulated 

functions were predicted by functional enrichment analysis. 
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Figure 2 Kaplan-Meier survival curves of 23 downregulated miRNAs in gastric 

cancer. (A) The median of 22 paired miRNA expression values that was obtained by 

miRNA microarray was defined as the cutoff value. The green line represents high 

miRNA expressing patients and the red line represents low miRNA expressing patients. 

The D value was calculated by analyzing the maximum difference in survival rate 

between high and low groups. The difference in D values between high and low groups 

for the 16 oncomir in Table 2 was more significant (P < 0.0001, B) than in the 7 

remaining down-regulated miRNAs (P = 0.016, C) (paired Wilcoxon rank sum test). 
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Figure 3 miR-148a and its regulated PIN. (A) miR-148a expression levels (Mean ± 

standard error) were detected and normalized to U6 snRNA by qRT-PCR (P < 0.0001, 

paired t-test). (B) The effect of miR-148a expression levels on patient survival was 

measured. Cut-off value of 0.101 was determined based on the finding that miR-148a 

expression levels in 60% of patients (37 out of 62) that survived for a period of 2 to 140 

months after surgical resection were above 0.101. Solid and dotted lines represent high 

(≧0.101, N = 50) and low (<0.101, N = 12) miR-148a levels. (C) The AUC of 

miR-148a was 0.84 (0.76-0.90, 95% confidence interval) (ROC curves analysis, P = 

0.0001). (D) Red nodes represent up-regulated target genes and blue nodes represent 

their interacting partners within the human PIN. Green edges represent predicted 

interactions between miRNAs and targets and purple edges represent PPIs between 

proteins. (E) Nodes represent enriched GO terms in the miR-148a-regulated PIN and 

edges represent the relationships in the GO.  
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Figure 4 The relationship between miR-148a and PAI-1 (P), VAV2 (V), ITGB8 (I-8) 

and ITGA5 (I-5). (A) White and light gray bars represent miR-148a precursor and 

inhibitor, respectively. Black and dark gray represent precursor and inhibitor negative 

controls, respectively. (B) Schematic diagram of miR-148a-target sites and sites 

mutation in PAI-1, VAV2, ITGB8 and ITGA5. (C-F) Luc-PAI-1, Luc-VAV2, 

Luc-ITGB8 and Luc-UTGA5 represented AGS cells were transfected with 

pMIR-REPORT luciferase expression vector containing each putative miR-148a target 

sites. Mut represented their sites mutation in sequences. P and N represent miR-148a 

precursor and negative control, respectively (*P < 0.05). 
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Figure 5 The expression levels of PAI-1 (P, 50kDa), VAV2 (V, 95kDa), ITGB8 (I-8, 

85kDa) and ITGA5 (I-5, 150kDa) in paired tumor (T) and normal (N) tissues were 

measured by immunoblotting. β-actin was used for normalization. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 62 

 

 

Figure 6 miR-148a reduces invasion, migration and adhesion of tumor cells. 

Over-expressed miR-148a reduces invasion (A), migration (B) and adhesion (C) of 

tumor cells. Invasive, migratory and adhesive activities of tumor cells were measured 

after transfection for 48hr with miR-148a precursor (light gray bar) and inhibitor-treated 

(dark gray bar) AGS, SC-M1 and MKN-45 cell lines. Precursor (white bar) and 

inhibitor (black bar) negative controls were used (t-test, *P < 0.05; **P < 0.01; ***P < 

0.001). 
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Figure 7 Over-expressed miR-148a reduces cells growth. Cell growth was monitored 

in real-time using the xCELLigence system. (A, B) AGS and (C, D) SC-M1 tumor cells 

were transfected with either miR-148a precursor or inhibitor and compared to their 

respective negative controls. The results indicated that miR-148a reduced tumor cell 

growth (t-test, P = 0.23, A and P < 0.001, C), while miR-148a inhibitor-transfected 

tumor cells showed increased cell growth (t-test, P < 0.001, B and P < 0.001, D). Black 

and gray solid lines represent miR-148a precursor and inhibitor, respectively. Dashed 

lines represent their negative controls. The P-value was calculated using a paired t-test.  
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Figure 8 Over-expressed miR-148a induces cells apoptosis. The expression levels of 

apoptosis-related proteins, including Apaf-1, cytochrome c, caspase-9 and cleaved 

PARP, were detected in miR-148a over-expressing AGS cells using western blotting. P 

and I represent miR-148a precursor and anti-miR-148a inhibitor; P-C and I-C represent 

their negative controls, respectively. β-actin was used as internal control. 
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Figure 9 Scatter plot showing the comparison of expression ratio of all identified 

significantly expressed proteins between the biological replicate. P and N represent 

miR-148a precursor and its negative control, respectively. 
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Figure 10 Associated biological functions of miR-148a-regulated proteome. A total of 57 identified significantly expressed proteins from 

iTRAQ data were used to analyze associated biological functions using IPA 9.0 software. All shown functions were significant (P < 0.05). 
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Figure 11 14-3-3β is a direct target of miR-148a. (A) 14-3-3β is a predicted target of 

miR-148a based on TargetScanHuman 5.1 database. (B) Luciferase assay was used to 

analyze their correlation between miR-148a and 14-3-3β. P and I represent miR-148a 

precursor and anti-miR-148a inhibitor; P-C and I-C represent their negative controls, 

respectively (*P < 0.05, t-test). (C) Western blotting assay was used to confirm their 

correlation. β-actin was used as internal control.  
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Figure 12 Expression profiles of gastric cancer cells. The expression profile of 

SC-M1 (C) was compared with those of other gastric cancer cell lines, including AGS 

(A), N87 (B) and TSGH (D). 500 μg of total protein was separated by 2-DE. For 

separation in the first dimension, isoelectric focusing (IEF) was performed using an 

18cm strip (pH 4-7) at 8000V for a total of 91.2 KVhr at 20
o
C. The strips were then 

transferred onto a 12.5% non-gradient SDS-PAGE gel for second dimensional 

separation. The 2-D images were analyzed using ImageMaster software version 6.0 

(Amersham Pharmacia Biotech) to detect and quantify protein spots. A total of 26 

significant expressed cancer-relevant proteins (P < 0.05) were identified after Mascot 

search and shown in Table 10. 3-D profiles of 14-3-3β on the gels were shown in E. The 

expression profiles of these tumor cells were performed in triplicate. 
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Figure 13 Endogenous 14-3-3β expression levels in gastric cancer cells. Endogenous 

14-3-3β expression was detected in different gastric cancer cell lines, including 

non-metastatic AGS and N87 cells, poor differentiated AGS cells and high metastatic 

TSGH cells. β-actin was used as internal control. 
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Figure 14 PIN in malignant cell lines. The identified proteins in TSGH and SC-M1 

cells were used to construct PIN and analyzed related functions of the network. (A) 

Dark red nodes represent the identified proteins in TSGH and SC-M1 cells (Table 10) 

and light red nodes represent their interacting partners within the human PIN. Purple 

edges represent PPIs between proteins. (B) Nodes represent enriched GO terms in the 

PIN and edges represent the relationships in the GO.  
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Figure 15 Over-expressed 14-3-3β enhances tumor cell invasion, migration and 

growth. (A and B) Invasive and migratory activities were measured after transfection 

with 14-3-3β plasmid into AGS cells for 48hr, respectively. (C) Cell growth was 

measured after transfection with 14-3-3β plasmid into AGS cells for 24 hr and 48hr by 

MTT assay. *** indicates P < 0.001. 
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Figure 16 Over-expressed 14-3-3β enhances invasion, migration and growth of N87, 

SC-M1 and TSGH cells. Invasiveness (A) and migratory (B) activities were measured 

after transfection with pcDNA3/14-3-3β or pcDNA3 control vectors into N87, SC-M1 

and TSGH cells for 48hr. Each experiment was performed in triplicate. Cell growth was 

measured after transfection with pcDNA3/14-3-3β or pcDNA3 control plasmid into 

gastric cancer cells, including N87, SC-M1 and TSGH, for 24 hr (C) and 48hr (D) by 

MTT assay. Black and gray bars represent pcDNA3/14-3-3β and pcDNA3 control 

vectors, respectively. Each experiment was performed in triplicate (*P < 0.05; **P < 

0.01; ***P < 0.001).  
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Figure 17 14-3-3β reduced patient survival. (A) 14-3-3β expression in 40 paired 

tumor and normal tissues was analyzed. β-actin served as a loading control (**, P < 

0.01). (B) Comparison of serum 14-3-3β levels in controls (N = 63), stage I (N = 28), 

stage II (N = 32), stage III (N = 56) and stage IV (N = 29). (C) The relationship between 

serum 14-3-3β levels and patient survival. Solid line: higher 14-3-3β levels (≧349 

ng/mL) (N = 122); dotted line: lower 14-3-3β levels (＜349 ng/mL) (N = 20). Patients 

with higher 14-3-3β values showed poorer overall (P = 0.038) and recurrence-free 

survival (P = 0.037). (D) 14-3-3β levels in pre- and post-operative patients (***, P < 

0.0001) (N = 31). 
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Figure 18 14-3-3β reduced patient survival. ROC curves of 14-3-3β. Serum 

concentrations of 14-3-3β from 145 gastric cancer patients and 63 control samples were 

determined by ELISA. The area under the curve (AUC) was 0.776 for stage I (95% CI, 

0.676 to 0.857, A), 0.843 for stage II (95% CI, 0.753 to 0.909, B), 0.822 for stage III 

(95% CI, 0.741 to 0.886, C), 0.882 for stage IV (95% CI, 0.798 to 0.94, D), and 0.83 for 

all gastric cancer samples (95% CI, 0.772 to 0.878, E). 
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Figure 19 ROC curves of 14-3-3β and CEA. ROC curves of 14-3-3β and CEA at stage I (A, P = 0.023); stage II (B, P = 0.001); stage III (C, P 

< 0.001); stage IV (D, P < 0.001); all tumor samples (E, P < 0.001) were compared.
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Figure 20 Serum 14-3-3β levels correlated with specific clinical features. Patient 

pre-operative serum 14-3-3β levels correlated with (A) the number of lymph node 

metastases (N = 145); (B) tumor size (N = 139) and (C) 14-3-3β expression in tumor 

tissues (N = 31). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21 Correlation between H. pylori infection and 14-3-3β expression. 
Correlation between serum 14-3-3β levels and H. pylori was analyzed from available 

clinical data. The results showed that patients with H. pylori infection had higher 

14-3-3β levels (N = 18) than those with no H. pylori infection (N = 33) (P = 0.016, 

t-test). 
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Tables 

Table 1. Demographics of gastric cancer patients 

                              No. of patients                    %                     

Age, years                                                                          

Median                       67                                               

Range                        29-89                              

Gender                                                                               

Male                        89                    61                   

Female                            56                     39                   

Stage                                                                  

I and II                       60                     41            

III and IV                                          85                     59                     

Depth of tumor invasion                                         

 T1                               17                  12                

T2                         42                29            

T3                                    80                                  55              

T4                          6                          4                  

Lymph node metastasis                                                                                                           

 N0                            42                   29                

 N1                                 63                   43             

 N2                                                   30             21              

 N3                                 10                  7              

Distant metastasis                                                                              

M0                                    120                    83                   

M1                               25                        17                

Lauren classification                                                                                 

 Diffuse type                     75                     52                

 Intestinal type                   68                    48                

Organ invasion                                                            

Negative                    106                    73                  

Positive                              39                       27                  
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Table 1. (Continued)                                                           

                               No. of patients                   %                

Vascular invasion                                                                   

Negative                          30                   23              

Positive                        100               77                          

Peritoneal invasion                                                                  

Negative                 124                 86                  

Positive                     21                        14                  
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Table 2. Activities of the 23 down-regulated miRNA-regulated PINs in normal and 

tumor tissues 

 

Down-regulated 

miRNAs 

  Normal Tumor 

Fold  

Change 

T-test 

P-value 
P-value Activity P-value Activity 

miR-143 0.0397  1.52E-06 1 - 0.01 activated 

miR-29c 0.0630  2.92E-11 0.08 - 0.01 activated 

let-7b 0.1075  8.32E-13 0.96 - < 0.001 activated 

let-7a 0.1079  6.71E-11 0.96 - < 0.001 activated 

miR-29a 0.1224  1.64E-12 0.08 - 0.01 activated 

miR-26a 0.1436  1.08E-10 0.21 - < 0.001 activated 

let-7f 0.1718  1.81E-08 0.96 - < 0.001 activated 

miR-22 0.1908  4.20E-09 0.56 - < 0.001 activated 

miR-141 0.1912  6.65E-10 0.08 - 0.01 activated 

miR-142-3p 0.1930  3.10E-05 0.35 - 0.02 activated 

miR-29b 0.2186  4.13E-10 0.08 - 0.01 activated 

miR-148a 0.2201  1.51E-05 1 - 0.07 activated 

miR-768-3p 0.2990  1.04E-05 0.12 - < 0.001 activated 

let-7g 0.3555  3.63E-06 0.96 - < 0.001 activated 

let-7c 0.3696  7.83E-11 0.96 - < 0.001 activated 

miR-200a 0.3805  3.22E-06 0.08 - 0.01 activated 

miR-16 0.3378  4.59E-10 0 activated 0.03 activated 

miR-145 0.0207  2.08E-07 0.01 inactivated 0.2 - 

miR-23b 0.1874  2.27E-12 < 0.001 inactivated 0.93 - 

miR-27b 0.4324  1.39E-09 < 0.001 inactivated 0.8 - 

miR-638 0.1357  7.04E-07 0.93 - 0.68 - 

miR-200c 0.1689  1.16E-11 0.52 - 0.28 - 

miR-24 0.2120  2.25E-11 0.47 - 0.54 - 
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Table 3. Activities of the 39 unchanged miRNA-regulated PINs in normal and 

tumor tissues 

 

Unchanged 

microRNAs 

Normal Tumor 

P-value Activity P-value Activity 

miR-21 < 0.001  activated < 0.001 activated 

miR-107 0.01  activated 0.04 activated 

miR-195 < 0.001  activated 0.03 activated 

miR-103 0.01  activated 0.04 activated 

miR-15b < 0.001  activated 0.03 activated 

miR-194 0.91  - < 0.001 activated 

miR-19b 0.43  - 0.01 activated 

miR-324-3p 0.12  - 0.01 activated 

let-7d 0.96  - < 0.001 activated 

let-7e 0.96  - < 0.001 activated 

let-7i 0.96  - < 0.001 activated 

miR-34a 0.74  - 0.03 activated 

miR-193b 0.72  - 0.03 activated 

miR-222 0.50  - < 0.001 activated 

miR-370 0.01  activated 0.13 - 

miR-130a 0.00  activated 0.30 - 

miR-23a < 0.001  inactivated 0.93 - 

miR-27a < 0.001  inactivated 0.80 - 

miR-30d 0.01  inactivated 0.20 - 

miR-494 0.56  - 0.32 - 

miR-192 1.00  - 1.00 - 

miR-200b 0.52  - 0.28 - 

miR-375 1.00  - 1.00 - 

miR-215 1.00  - 1.00 - 

miR-146a 1.00  - 1.00 - 

miR-125b 0.34  - 0.33 - 

miR-126 1.00  - 1.00 - 
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miR-768-5p 1.00  - 1.00 - 

miR-142-5p 0.33  - 0.13 - 

miR-575 1.00  - 1.00 - 

miR-106b 0.73  - 0.69 - 

miR-214 0.36  - 1.00 - 

miR-25 0.81  - 0.18 - 

miR-572 1.00  - 1.00 - 

miR-31 1.00  - 1.00 - 

miR-223 0.08  - 0.12 - 

miR-93 0.73  - 0.69 - 

miR-106a 0.73  - 0.69 - 

miR-451 1.00  - 1.00 - 
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Table 4. Receiver operating characteristic (ROC) curves of the 23 down-regulated 

miRNAs in gastric cancer to classify tumor and normal samples 

miRNAs                             AUC               95% Cl of AUC             
Overall 

correct classification (%) 

16 oncomirs                                                               

miR-29c                           0.831
***                  

 0.687-0.927            77             

miR-29b                               0.661
*            

 0.503-0.797         66           

miR-29a                         0.645               0.486-0.783                 61             

miR-200a                       0.502              0.348-0.656         57             

miR-141                           0.620                  0.461-0.762             64              

miR-768-3p                        0.715
**              

 0.559-0.841           70            

miR-26a                            0.711
**             

 0.555-0.837            70                   

miR-142-3p                          0.599               0.441-0.744          57           

miR-22                           0.589              0.430-0.735           59               

let-7c                               0.655                0.497-0.792          68           

let-7g                               0.661
*               

 0.503-0.797          66                 

let-7b                               0.671
*               

 0.514-0.805                   64             

let-7a                              0.645             0.486-0.783           59             

let-7f                              0.618                0.459-0.760        59           

miR-143                                                  0.783
***               

 0.633-0.893            75             

miR-148a                            0.785
***               

 0.635-0.894               73               

7 down-regulated miRNAs only                                                                   

miR-16                               0.851                0.361-0.670                  45                

miR-23b                              0.669
*           

 0.511-0.804                     66             

miR-27b                             0.655             0.497-0.792              61               

miR-145                             0.822
***              

 0.678-0.921             80                     

miR-24                               0.539                0.383-0.690            39                 

miR-200c                         0.597               0.439-0.742            59                   

miR-638                               0.680
*                  

 0.522-0.812           66                  

Combinations
†
    

All 16 oncomirs                           0.981
****                

 0.886-1.000             93             

All 7 down-regulated miRNAs                             0.888
****            

 0.757-0.963         82          

1. These data were obtained by miRNA microarray from 22 gastric cancer patients.   

2.  AUC, area under the receiver operating curve.    

3.  Cl, confidence interval.  

4.  Significant values of AUC, 
*
P < 0.05; 

**
P < 0.01; 

***
P < 0.001; 

****
P < 0.0001. 

5.  
†
Analyzed by stepwise logistic regression (enter variable if P < 0.05; remove variable if P > 0.1). 
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Table 5. The over-represented functions of oncomir-regulated PINs in gastric 

cancer 

miRNA Family  Enriched Functions 

miR-29abc  
Ras protein signal transduction, phosphate metabolism, 

post-translational protein modification, intracellular signaling  

miR-141/200a  

RNA elongation from RNA polymerase II promoter, transcription 

initiation from RNA polymerase II promoter, post-translational 

protein modification, interphase of mitotic cell cycle,  

ectoderm development, intracellular signaling  

miR-768-3p  Negative regulation of cell growth, DNA replication, cell cycling  

miR-26a  

RNA elongation from RNA polymerase II promoter, interphase 

of mitotic cell cycle, post-translational protein modification, 

transcription initiation from RNA polymerase II promoter, 

ectoderm development, intracellular signaling  

miR-142-3p  

Apoptosis, apoptotic mitochondrial changes, regulation of 

protein homo-/hetero-dimerization activity, regulation of 

mitochondrial membrane potential, negative regulation of 

developmental processes  

miR-22  

Actin cytoskeleton organization and biogenesis, actin filament 

polymerization, negative regulation of endocytosis, signal 

transduction  

let-7/98  

Ras protein signal transduction, anterior/posterior pattern 

formation, interphase of mitotic cell cycle, apoptosis, negative 

regulation of gene expression  

miR-143  

Regulation of chemokine biosynthetic processes, regulation of 

blood coagulation, blood coagulation, acute-phase response, 

positive regulation of transcription, wound healing  

miR-148a  
Integrin-mediated signaling, cell-matrix adhesion, blood 

coagulation, wound healing  
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Table 6. Cox proportional hazards regression: significance of clinicopathologic factors on overall survival 

 

Variable 
   Univariate analysis     Multivariate analysis 

HR (95% Cl) P HR (95% Cl) P 

miR-148a
†
 0.27 (0.08 to 0.88) 0.03 1.69 (0.61 to 2.77) 0.002 

Stage: early (I + II) vs advanced (III + IV) 0.10 (0.07 to 0.42) < 0.001 2.43 (0.84 to 4.02) 0.003 

Peritoneal invasion 0.02 (0.002 to 0.25) 0.002 0.46 (-1.26 to 2.17) 0.601 

Organ invasion 0.66 (0.19 to 2.34) 0.518 -1.04 (-2.05 to -0.02) 0.047 

Vascular invasion 0.27 (0.1 to 0.69) 0.006 1.71 (-0.38 to 3.79) 0.11 

Abbreviation: HR, hazard ratio; 95% Cl, Confidence interval of the estimated HR.  

†
Cutoff = 0.101  
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Table 7. The relationship between miR-148a expression levels and clinical factors 

 No. of Patients % Mean (2-ΔΔCt) P-value 

Fold change (T/N)                       62                                               0.524                                      

Gender                                                                                                                  0.183
*
                       

Male                                     39                 63                    0.415                                

Female                                    23              37                 0.710                            

Stage                                                                                     0.283
**

             

I                                         12                19            0.946                             

II                                       14                  23              0.204                               

III                                            26                        42              0.528                                 

IV                                   10                 16                 0.459                             

Depth of tumor invasion                                                                      0.279
**

             

T1                                       8                      13               1.153                                   

T2                                    9                  15                0.390                            

T3                                    43                     69                     0.439                       

T4                                     2               3               0.456                           

Lymph node metastasis                                                                  0.237
**

           

N0                                   21                   34               0.235                              

N1                                    25                40            0.809                         

N2                                 11            18              0.255                          

N3                                   5              8                0.650                                 

Distant metastasis                                                                   0.043
*    

 

Negative                           58             94           0.549                                 

Positive                         4                6                  0.238                              

Lauren classification    0.179
*
   

Intestinal-type                        58             94                0.549           

Diffuse-type                              4                  6                0.238                    

Organ invasion                                                                    0.013
*
            

Negative                              27                 44             0.630                         

Positive                                35               56                0.415                               

Vascular invasion                                                                            0.305
*
           

Negative                             51                      82               0.588                               

Positive                                11               18              0.230                             

Peritoneal invasion                         0.040
*
   

Negative                             17                27           0.676             

Positive                                45                73              0.467               

T and N represent tumor and normal tissues, respectively. 
*
t-test analysis. 

**
One-way ANOVA analysis. 
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Table 8. Identification of significantly differentiated expressed proteins in 

miR-148a-overexpressing AGS cells 

Gene name Protein name 
Accession 

number
a
 

Protein 

score 

Quantified 

peptides 

Ratio (P/N)
b 

(Mean[+-]SD) 

Up-regulation     

CPOX 
Coproporphyrinogen-III 

oxidase 
IPI00093057 

155 3 1.49 [+-] 0.16 

345 3 1.26 [+-] 0.18 

ACBD3 Golgi resident protein GCP60 IPI00009315 
44 1 1.44 [+-] 0 

148 2 1.21 [+-] 0.15 

POLRMT 
DNA-directed RNA 

polymerase 
IPI00251989 

56 2 1.42 [+-] 0.14 

94 2 1.20 [+-] 0 

STK39  

STE20/SPS1-related 

proline-alanine-rich protein 

kinase 

IPI00004363 
106 1 1.42 [+-] 0 

51 2 1.74 [+-] 0 

RRM2  
Ribonucleoside-diphosphate 

reductase subunit M2 
IPI00011118 

69 1 1.41 [+-] 0.01 

57 1 1.37 [+-] 0.35 

GRWD1  

Glutamate-rich  

WD repeat-containing protein 

1 

IPI00027831 
105 1 1.40 [+-] 0 

327 2 1.26 [+-] 0 

UBE2O  
Ubiquitin-conjugating enzyme 

E2 O 
IPI00783378 

108 1 1.39 [+-] 0.34 

79 1 1.36 [+-] 0.14 

NCAPD2  Condensin complex subunit 1 IPI00299524 
133 1 1.38 [+-] 0.12 

304 6 1.30 [+-] 0.27 

ANP32E  

Acidic leucine-rich nuclear 

phosphoprotein 32 family 

member E 

IPI00165393 

186 2 1.37 [+-] 0.13 

943 3 1.38 [+-] 0.42 

PRSS1  Trypsin-1 IPI00011694 
197 1 1.35 [+-] 0.49 

532 2 1.36 [+-] 0.3 

DIDO1  
Isoform 1 of Death-inducer 

obliterator 1 
IPI00249982 

43 1 1.32 [+-] 0 

54 1 1.39 [+-] 0 

PMM2 Phosphomannomutase 2 IPI00006092 
108 1 1.24 [+-] 0.39 

136 3 1.42 [+-] 0.23 

RBM39 
Isoform 1 of RNA-binding 

protein 39 

IPI00163505 

 

368 3 1.23 [+-] 0.23 

794 3 1.33 [+-] 0.23 

STAT3 

Isoform Del-701 of Signal 

transducer and activator of 

transcription 3 

IPI00306436 

 

237 1 1.25 [+-] 0.25 

277 5 1.24 [+-] 0.1 

UBE2V1 

Isoform 1 of 

Ubiquitin-conjugating enzyme 

E2 variant 1 

IPI00007847 

 

52 1 1.21 [+-] 0 

69 2 1.30 [+-] 0.03 

SARS Seryl-tRNA synthetase IPI00220637 
57 1 1.23 [+-] 0.11 

1337 11 1.29 [+-] 0.3 

Down-regulation      

MGST3 
Microsomal glutathione 

S-transferase 3 
IPI00647044 

237 2 0.85 [+-] 0.15 

559 2 0.84 [+-] 0.18 
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Table 8. (Continued) 

Gene name Protein name 
Accession 

number
a
 

Protein 

score 

Quantified 

peptides 

Ratio (P/N)
b 

(Mean[+-]SD) 

RPL37A 60S ribosomal protein L37a IPI00414860 
47 1 0.85 [+-] 0.06 

84 1 0.87 [+-] 0 

PYCR2 
Pyrroline-5-carboxylate reductase 

2 
IPI00470610 

61 1 0.84 [+-] 0 

425 2 0.88 [+-] 0.14 

SNRPA1 

U2 small nuclear 

ribonucleoprotein A' 

Galectin-3-binding protein 

IPI00297477 

413 2 0.83 [+-] 0.15 

697 3 0.78 [+-] 0.11 

LGALS3BP 

Solute carrier family 2 

U2 small nuclear 

ribonucleoprotein A' 

IPI00023673 
200 3 0.83 [+-] 0.13 

187 2 0.87 [+-] 0.14 

SLC2A1 Galectin-3-binding protein IPI00220194 
111 1 0.83 [+-] 0.13 

811 6 0.83 [+-] 0.15 

ATP5O ATP synthase subunit O IPI00007611 
237 4 0.83 [+-] 0.07 

294 4 0.85 [+-] 0.19 

ELOVL1 
Elongation of very long chain 

fatty acids protein 1 
IPI00010187 

141 2 0.82 [+-] 0.11 

76 1 0.88 [+-] 0 

ANXA4 annexin IV IPI00793199 
2250 7 0.81 [+-] 0.14 

866 6 0.82 [+-] 0.12 

C3orf31 MMP37-like protein IPI00060287 
121 1 0.81 [+-] 0.14 

58 1 0.73 [+-] 0 

RTN4  Isoform 2 of Reticulon-4 IPI00298289 
608 4 0.81 [+-] 0.11 

501 3 0.82 [+-] 0.19 

POLR1E 
Isoform 1 of DNA-directed RNA 

polymerase I subunit RPA49 
IPI00251989 

96 1 0.81 [+-] 0.03 

89 1 0.74 [+-] 0 

DCI 
Isoform 1 of 3 2-trans-enoyl-CoA 

isomerase mitochondrial 
IPI00300567 

401 2 0.80 [+-] 0.19 

204 1 0.75 [+-] 0.11 

CTSD Cathepsin D IPI00011229 
571 4 0.80 [+-] 0.14 

210 4 0.80 [+-] 0.11 

H2AFY H2A histone family IPI00059366 
437 2 0.80 [+-] 0.09 

1322 8 0.80 [+-] 0.14 

GSK3A  Glycogen synthase kinase-3 alpha IPI00292228 
46 1 0.80 [+-] 0 

213 3 0.86 [+-] 0.11 

MRPL38 39S ribosomal protein L38 IPI00783656 
45 1 0.80 [+-] 0 

65 2 0.77 [+-] 0 

RQCD1 
Cell differentiation protein RCD1 

homolog 
IPI00023101 

87 2 0.80 [+-] 0 

71 1 0.69 [+-] 0 

SMS Spermine synthase IPI00642393 
82 1 0.79 [+-] 0.08 

162 1 0.90 [+-] 0 
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Table 8. (Continued) 

Gene name Protein name 
Accession 

number
a
 

Protein 

score 

Quantified 

peptides 

Ratio (P/N)
b 

(Mean[+-]SD) 

HIBCH 

Isoform 2 of 

3-hydroxyisobutyryl-CoA 

hydrolase 

IPI00377161 

64 1 0.79 [+-] 0 

102 3 0.89 [+-] 0.07 

PHF6 Isoform 1 of PHD finger protein 6 IPI00395568 
76 1 0.78 [+-] 0 

45 1 0.88 [+-] 0 

RAB10 Ras-related protein Rab-10 IPI00016513 
680 4 0.77 [+-] 0.14 

362 5 0.88 [+-] 0.1 

VASP 
Vasodilator-stimulated 

phosphoprotein 
IPI00301058 

469 3 0.77 [+-] 0.03 

397 6 0.84 [+-] 0.11 

KRT2  Keratin IPI00021304 
306 6 0.76 [+-] 0.02 

219 3 0.84 [+-] 0.11 

IFIT3 
Interferon-induced protein with 

tetratricopeptide repeats 3 
IPI00024254 

107 1 0.76 [+-] 0 

79 2 0.85 [+-] 0.02 

RPRD1B 
Regulation of nuclear pre-mRNA 

domain-containing protein 1B 
IPI00009659 

44 1 0.76 [+-] 0 

236 2 0.87 [+-] 0.15 

GNPDA1 
Glucosamine-6-phosphate 

isomerase 1 
IPI00009305 

44 1 0.74 [+-] 0 

270 3 0.84 [+-] 0.12 

SUCLG1 
Succinyl-CoA ligase 

[GDP-forming] subunit alpha 
IPI00872762 

46 1 0.73 [+-] 0 

66 1 0.88 [+-] 0 

TAP2 HLA-DOB transporter 2 IPI00001382 
50 1 0.71 [+-] 0 

196 2 0.84 [+-] 0.06 

PODXL 
Podocalyxin-like protein 1 

precursor 
IPI00299116 

193 2 0.69 [+-] 0.07 

208 2 0.84 [+-] 0 

FAF2 FAS-associated factor 2 IPI00172656 
44 1 0.63 [+-] 0 

373 3 0.84 [+-] 0.14 

KRT1 Keratin IPI00220327 
250 6 0.52 [+-] 0.1 

262 6 0.71 [+-] 0.11 

KRT10 Keratin IPI00009865 
116 2 0.39 [+-] 0 

177 4 0.83 [+-] 0.03 

GGH Gamma-glutamyl hydrolase IPI00023728 
144 2 0.88 [+-] 0.01 

141 2 0.85 [+-] 0.29 

FKBP2 
Peptidyl-prolyl cis-trans isomerase 

FKBP2 
IPI00002535 

50 1 0.89 [+-] 0 

67 1 0.85 [+-] 0 

SAMHD1 
Isoform 1 of SAM domain and 

HD domain-containing protein 1 
IPI00943982 

479 4 0.88 [+-] 0.13 

608 6 0.84 [+-] 0.18 

UQCRC2 
Cytochrome b-c1 complex subunit 

2 
IPI00305383 

113 2 0.88 [+-] 0 

690 4 0.84 [+-] 0.18 
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Table 8. (Continued) 

Gene name Protein name 
Accession 

number
a
 

Protein 

score 

Quantified 

peptides 

Ratio (P/N)
b 

(Mean[+-]SD) 

COX4I1 
Cytochrome c oxidase subunit 4 

isoform 1 
IPI00006579 

242 3 0.86 [+-] 0.11 

398 3 0.82 [+-] 0.09 

POLR1E  
Isoform 1 of DNA-directed RNA 

polymerase I subunit RPA49 
IPI00251989 

96 1 0.81 [+-] 0.03 

89 1 0.74 [+-] 0 

HSDL2 
Isoform 1 of Hydroxysteroid 

dehydrogenase-like protein 2 
IPI00031107 

102 1 0.87 [+-] 0.09 

512 3 0.68 [+-] 0 

KRAS  Isoform 2A of GTPase KRas IPI00423568 
72 1 0.89 [+-] 0 

112 2 0.67 [+-] 0.05 

The data are analyzed from iTRAQ results. Each sample is analyzed in biological 

duplicate and Mean [+-] SD value is obtained based on expression value of all identified 

peptides in each protein. 

a
Accession number is obtained from International protein index (IPI) database. 

b
P and N represent miR-148a precursor and its negative control, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 90 

Table 9. Associated biological functions of all identified proteins from iTRAQ 

Biological Functions Proteins 

Cancer 
SLC2A1, RRM2, ANXA4, KRAS, STAT3, PRPF38B, KRT10, CTSD, SMS, 

PRSS1/PRSS3, LGALS3BP, KRT2, RBM39, COX4I1 

Gastrointestinal Disease CTSD, PRSS1/PRSS3, RRM2, KRAS, KRT10, TAP2, MGST3 

Genetic Disorder 
IFIT3, SLC2A1, RRM2, KRAS, GSK3A, STAT3, KRT10, CTSD, HIBCH, 

PRSS1/PRSS3, H2AFY, LGALS3BP, KRT2, KRT1, TAP2, MGST3, 

Dermatological Diseases and 

Conditions 
IFIT3, PRSS1/PRSS3, H2AFY, LGALS3BP, KRT2, GSK3A, KRT1, KRT10 

Hair and Skin Development 

and Function 
KRT2, KRT10, KRT1 

Organ Development KRT2, KRT10, KRT1 

Carbohydrate Metabolism GNPDA1, SLC2A1, GSK3A 

Molecular Transport SLC2A1, GGH, RRM2, GSK3A, TAP2 

Small Molecule Biochemistry SMS, GNPDA1, SLC2A1, GGH, RRM2, GSK3A, KRT1 

Amino Acid Metabolism SMS, GGH 

Cell Cycle KRAS, STAT3, NCAPD2, TAP2 

Cell Death 
CTSD, SLC2A1, LGALS3BP, UBE2V1, RRM2, RTN4, GSK3A, KRAS, 

STAT3 

Cell Morphology CTSD, RTN4, KRT2 

Cell-To-Cell Signaling and 

Interaction 
PRSS1/PRSS3, LGALS3BP, KRT2, KRAS, VASP 

Cell-mediated Immune 

Response 
CTSD 

Cellular Development CTSD, STK39, KRAS, STAT3 

Cellular Function and 

Maintenance 
CTSD 

Cellular Movement 
CTSD, PODXL, PRSS1/PRSS3, SLC2A1, RRM2, RTN4, KRT2, STAT3, 

SARS, VASP 

Developmental Disorder PHF6, KRAS 

Drug Metabolism GGH 

Hematological System 

Development and Function 
CTSD, STAT3 

Hematopoiesis CTSD 

Metabolic Disease HIBCH, CTSD, SLC2A1, SUCLG1, PMM2 

Nervous System Development 

and Function 
RTN4 

Neurological Disease CTSD, PHF6, SLC2A1, SAMHD1 

Nucleic Acid Metabolism RRM2 

Cellular Growth and 

Proliferation 
CTSD, SLC2A1, RRM2, KRAS, STAT3, KRT10 

Behavior PRSS1/PRSS3, STAT3 

Gene Expression KRAS, STAT3, POLRMT 

Tissue Morphology STAT3, VASP 

Tumor Morphology KRAS 

Vitamin and Mineral 

Metabolism 
GGH, KRT1 

Antigen Presentation STAT3, KRT1 
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Table 9. (Continued) 

Biological Functions Proteins 

Cellular Assembly and 

Organization RTN4, NCAPD2, TAP2 

Endocrine System Disorders PRSS1/PRSS3 

Inflammatory Disease PRSS1/PRSS3, KRT10 

Inflammatory Response STAT3, KRT1 

Hematological Disease RRM2, KRAS, STAT3 

Immunological Disease RRM2, KRAS, STAT3 

Cellular Compromise CTSD, RTN4, KRAS, STAT3, COX4I1 

RNA Post-Transcriptional 

Modification 
SARS 

Connective Tissue 

Development and Function 
SMS, GNPDA1, SLC2A1, GGH, RRM2, GSK3A, KRT1 

Reproductive System Disease LGALS3BP, RTN4 

DNA Replication, 

Recombination, and Repair 
KRAS, RBM39, COX4I1 

Hepatic System Disease KRAS, NCAPD2, TAP2 

Cardiovascular Disease CTSD, SLC2A1, RRM2, STAT3, TAP2, MGST3 

Respiratory Disease 

STK39, ACBD3, RRM2, ANXA4, GSK3A, STAT3, UBE2O, HIBCH, 

C3orf31, POLR3A, SUCLG1, RTN4, FAF2, RBM39, COX4I1 

Renal and Urological Disease KRAS 

Embryonic Development RRM2, KRAS, STAT3 

Humoral Immune Response RQCD1 

Biological functions are obtained based on IPA analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 92 

Table 10. Identification of differentially expressed proteins in gastric cancer cells 

Spot 
Gene 

Namea 

Accession 

Numbera 
Protein Nameb m/zb PIb 

Matched 

Peptidesc 

Coverage 

(%) 

Ion 

Scored 

AGS/SC-M1 

(Mean±SD)e 

N87/SC-M1 

(Mean±SD)e 

TSGH/SC-M1 

(Mean±SD)e 
Molecular functionf 

1 GRP78 P11021 78 kDa glucose-regulated protein 72288/1 5.07 5 12 351 1.30±0.10 0.66±0.18 0.87±0.02 Anti-apoptosis 

2 
ANXA3 P12429 Annexin A3 36353/1 5.63 2 7 52 2.18±0.17 2.12±0.5 1.60±0.16 

Positive regulation of angiogenesis and 

endothelial cell migration 

3 ACTB P60709 Actin, cytoplasmic 1 41710/1 5.29 2 9 94 A - - Cytoskeleton 

4 ACTA P62736 Actin, aortic smooth muscle 41982/1 5.23 1 4 35 A - - Protein binding 

5 PDIA3 P30101 Protein disulfide-isomerase A3 56747/1 5.98 4 10 347 1.10±0.57 0.84±0.36 0.43±0.02 Protein binding and folding 

6 PDIA6 Q15084 Protein disulfide-isomerase A6 48091/1 4.95 4 17 148 1.45±0.22 0.87±0.16 1.38±0.03 Protein binding and folding 

7 ACTB P60709 Actin, cytoplasmic 1 41710/1 5.29 3 14 115 0.98±0.12 0.76±0.24 0.91±0.09 Cytoskeleton 

8 ARP3 P61158 Actin-related protein 3 47341/1 5.61 3 11 99 1.51±0.17 1.38±0.14 0.91±0.02 Cytoskeleton 

9 
CLIC1 O00299 

Chloride intracellular channel 

protein 1 
26906/1 5.09 1 3 32 1.66±0.25 0.98±0.26 1.37±0.28 

Signal transduction 

10 HSPB1 P04792 Heat shock protein beta-1 22768/1 5.98 2 13 114 1.76±0.21 3.14±1.01 4.24±1.27 Anti-apoptosis 

11 
CH60 P10809 

60 kDa heat shock protein, 

mitochondrial 
61016/1 5.70 3 7 252 1.07±0.37 1.00±0.30 1.11±0.39 

Negative regulation of apoptosis 

12 
ANXA5 P08758 Annexin A5 35914/1 4.94 3 18 128 0.76±0.02 0.90±0.02 1.50±0.02 

Anti-apoptosis; negative regulation of 

coagulation 

13 GANAB Q14697 Neutral alpha-glucosidase AB 106807/1 5.74 4 6 86 0.47±0.03 0.61±0.17 1.05±0.02 carbohydrate metabolic process 

14 
IF6 P56537 

Eukaryotic translation initiation 

factor 6 
26582/1 4.56 2 17 232 1.36±0.06 0.83±0.13 2.05±0.11 

translation initiation factor activity; 

ribosome binding 

15 IPYR Q15181 Inorganic pyrophosphatase 32639/1 5.54 3 14 50 1.33±0.09 1.58±0.33 1.63±0.18 inorganic diphosphatase activity 

16 EZRI P15311 Ezrin 69370/1 5.94 2 1 71 1.32±0.06 1.01±0.31 1.11±0.02 cell adhesion molecule binding 

17 GFAP P14136 Glial fibrillary acidic protein 49850/1 5.42 1 2 61 1.20±0.59 1.03±0.27 0.26±0.02 Cytoskeleton 
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Table 10. (Continued) 

Spot 
Gene 

Namea 

Accession 

Numbera 
Protein Nameb m/zb PIb 

Matched 

Peptidesc 

Coverage 

(%) 

Ion 

Scored 

AGS/SC-M1 

(Mean±SD)e 

N87/SC-M1 

(Mean±SD)e 

TSGH/SC-M1 

(Mean±SD)e 
Molecular functionf 

18 
HNRPF P52597 

Heterogeneous nuclear 

ribonucleoprotein F 
45643/1 5.38 2 8 119 0.84±0.20 0.73±0.18 1.19±0.16 Protein binding; RNA splicing 

19 INVO P07476 Involucrin 68437/1 4.62 3 9 256 - N - Protein binding 

20 GSTP1 P09211 Glutathione S-transferase P 23341/1 5.43 3 22 132 2.01±1.42 3.05±1.50 3.60±0.02 Anti-apoptosis 

21 YWHAB P31946 14-3-3 protein beta/alpha 28065/1 4.76 14 40 170 0.54±0.11 0.45±0.06 1.18±0.13 Ras signal transduction 

22 YWHAE P62258 14-3-3 protein epsilon 29155/1 4.63 3 19 129 0.78±0.04 0.42±0.07 0.86±0.07 Apoptosis 

23 
UCHL1 P09936 

Ubiquitin carboxyl-terminal 

hydrolase isozyme L1 
24808/1 5.33 1 9 52 - - T negative regulation of MAP kinase activity 

24 
HSP71 P08107 

Heat shock 70 kDa protein 

1A/1B 
70009/1 5.48 2 4 67 0.75±0.21 0.71±0.24 1.27±0.53 Anti-apoptosis 

25 
CH60 P10809 

60 kDa heat shock protein, 

mitochondrial 
61016/1 5.70 2 6 90 0.82±0.21 0.95±0.02 1.95±0.65 Negative regulation of apoptosis 

26 CH60 P10809 
60 kDa heat shock protein, 

mitochondrial 
61016/1 5.70 2 6 98 3.22±1.51 0.51±0.02 4.69±1.62 Negative regulation of apoptosis 

These differentially expressed protein spots are identified by MS/MS and then selected after Mascot database searching (P < 0.05). 

a 
Gene name and accession number are obtained from SWISS-PROT database. 

b
 The data are identified after Mascot database searching (m/z, m = mass; z = +1).  

c
 The number of trypsic peptides which match to peptides of the identified proteins.  

d 
Ion score was obtained based on MS/MS analysis.  

e
 A, N and T represent AGS, N87 and TSGH gastric cancer cell lines.   

f 
Molecular function is based on GO database.       
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Table 11. The relationship between 14-3-3β and clinical factors 

 Mean (ng/ml) Median (ng/ml) P-value 

Stage
a
                                                                                                          0.015

*
        

I and II (N = 60)                    576.38 ± 283.98              472.44                        

III and IV (N = 85)                   712.03 ± 375.94        578.83                              

Depth of tumor invasion
b
                                                       0.043

*
     

T1 (N = 17)                        467.44 ± 177.08           427.17                             

T2 (N = 42)                          620.24 ± 353.53              482.44                           

T3 (N = 80)                       716.55 ± 353.18            633.28                             

T4 (N = 6)                      637.57 ± 407.00            467.17                                 

Lymph node metastasis
b
                                                                                  0.218             

N0 (N = 42)                            607.61 ± 315.28              525.22                                   

N1 (N = 63)                       654.56 ± 321.93                 532.17                    

N2 (N = 30)                      656.76 ± 376.48                              471.33                            

N3 (N = 10)                      864.53 ± 486.74             716.06                       

Distant metastasis
a
   0.030

*
 

M0 (N = 120) 620.23 ± 318.04 518.00  

M1 (N = 25) 827.11 ± 425.80 681.19  

Lauren classification
a
                                                                0.957            

Diffuse-type (N = 75)          656.60 ± 373.71             488.28                    

Intestinal-type (N = 68)               659.74 ± 318.91          554.77                            

Organ invasion
a
                                                           0.088        

Negative (N = 106)                 624.88 ± 323.36                     516.06                     

Positive (N = 39)              745.17 ± 393.14                      602.72                        

Vascular invasion
a
     0.125 

Negative (N = 30)                 595.70 ± 294.35                              481.89                        

Positive (N = 100)                            698.92 ± 371.42       573.56                      

Peritoneal invasion
a
     0.049

*
 

Negative (N =124)               625.31 ± 318.57       516.06           

Positive (N = 21)                      836.54 ± 453.08           631.61             

Serum 14-3-3β levels were measured by ELISA, and mean (mean ± SD) and median 

values are given for each group. 

a
t-test analysis. 

b
One-way ANOVA analysis. 

*
P < 0.05.
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