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Abstracts

Differentially expressed proteins and fusion proteins of gastric cancer revealed by label-free 

proteomics

Background and Objectives: In contrast to genomic studies, proteomic studies on gastric 

cancer have not been intensively conducted to date, despite the fact that signal transduction 

pathways are mostly regulated by proteins expressed in cells and tissues. In this study, I

performed proteomic profiling of gastric cancer in Korean patients.

Materials and methods: To identify differentially expressed proteins (DEPs) and fusion 

proteins that are only expressed in gastric cancer tissues, I performed a quantitative label-

free proteomic analysis using 9 pairs of gastric cancer and normal stomach tissues. In 

addition, I investigated the interactions among DEPs by bioinformatics analysis.

Results: I identified 72 up- regulated and 29 down-regulated proteins in at least 5 out of 9 

gastric cancer tissues compared with paired normal tissues. These proteins were divided into 

6 highly interacting clusters and 5 relatively related groups for which no interactions have 

been reported to date but cellular and molecular functions may be shared. Interestingly, the 

clusters and groups harbored targets for cancer drugs and prognostic markers for several 

cancers. Furthermore, I identified 2 fusion proteins that were expressed only in gastric cancer

tissues and not in normal gastric tissues: Tropomyosin 4 (TPM4)-Anaplastic lymphoma 

receptor tyrosine kinase (ALK) and heterogeneous nuclear ribonucleoprotein A2/B1 

(hnRNPA2B1)-Family with sequence similarity 96 member A (FAM96A). Western blot 

analysis using monoclonal TMP4 antibodies, but not Tropomyosin 3 (TPM3) antibodies, 

showed that high-molecular-weight TPM4 bands were present in only in gastric cancer

tissues.

Conclusion: Label-free proteomic analysis revealed that Korean gastric cancer showed 

tumorigenesis signaling characteristics shared with other cancers in addition to presenting 

novel defects such as fusion proteins. Generating models for these proteins could elucidate 

unknown pathophysiological aspects of Korean gastric cancers and potential therapies in the 

near future.
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Introduction

Despite its decreasing incidence throughout the 20th century, gastric cancer remains the 

fourth most commonly diagnosed cancer and the third-leading cause of cancer-related 

mortality worldwide.1,2 The genetic basis of gastric cancer has recently been extensively 

investigated, revealing that gastric cancer may not be a homogenous disease but rather a 

complex of diseases caused by a combination of numerous genetic mutations and 

environmental risk factors.3,4 In addition, gastric cancer has distinct clinic-pathologic 

features and prognosis according to the genetic mutation.3,4 However, despite tremendous 

advances in our understanding of the genetic basis of gastric cancer, substantial gaps remain 

both in our understanding of disease pathogenesis and in the development of effective 

strategies for early diagnosis and treatment. 

Proteomics, the main tool for proteome research, is a relatively new and extremely 

dynamically evolving branch of science focused on the evaluation of gene expression at 

protein level. Typical results of proteomics studies are inventories of the protein content of 

differentially expressed proteins (DEPs) across multiple conditions. Proteomics in cancer 

research can be helpful to find prognostic and predictive biomarkers by identifying DEPs 

and fusion proteins in cancer tissues.5 Furthermore, proteomic biomarkers can be useful in 

development of novel therapeutic agents. The human epidermal growth factor receptor 2 

(HER2) protein, which was initially identified from breast cancer and founded 20 % of 

gastric cancer, is a prognostic biomarker that is clinically applicable for patients with 

advanced or metastatic gastric cancer.6 Trastuzumab, a monoclonal antibody specifically 

binds and inhibits the activity of HER2, is a targeted agent that demonstrated the clinical 

benefit in patients with HER2-positive gastric cancer.6,7 However, to date, proteomic studies

in gastric cancer except HER2 are limited, even though signal transduction pathways are 

mostly regulated by proteins expressed and presence in cells and tissues. For a tailored 

therapy to individual cancers and patients, more proteomic data in gastric cancer must be 

elucidated. 

In this study, I performed proteomic profiling of gastric cancer in Korean patients. I

employed quantitative and qualitative label-free proteomics to identify DEPs and fusion 
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proteins that are exclusively present in gastric cancer tissues and not in normal tissues. The 

identified DEPs and fusion genes could be used as prognostic and predictive markers and 

targets for developing tools for precision medicines.
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Materials and Methods

Clinical tissue samples

A total of 9 pairs of gastric cancer and matched adjacent normal tissues were collected from 

informed and consented gastric cancer patients who underwent surgical resection at Hallym 

University Sacred Hospital in 2011. Details regarding patient clinical data are summarized in 

Table 1. Core areas of the tumors, avoiding necrotic tissues and adjacent normal tissues, as 

confirmed by a pathologist, were used in this study. This research was approved by clinical 

trial committee of Hallym University Sacred Hospital (2011-I057).

Protein extraction

For the label-free proteomic analysis, proteins were extracted from gastric cancer and 

adjacent normal control tissues with the T-PER Tissue protein extraction kit (Pierce 

Biotechnology, Rockford, IL, USA) (Figure 1). Briefly, 20 to 30 mg of tissue was grinded

with glass beads in 200 μL of the T-PER reagent containing protease inhibitors (Roche 

Diagnostics, Basel, Switzerland), followed by sonication using 6 bursts of 30 s. The protein 

extracts were subsequently centrifuged for 10 min at 15,000 g to obtain soluble fractions. All 

steps were performed on ice. Total proteins in the soluble fractions were quantified using the 

BCA assay. The supernatant was mixed with the loading buffer (Tris 40 mM pH 7.5, 2% 

SDS, 10% glycerol, 25 mM DTT), and the mixture was boiled for 5 min at 95°C. Then, 30 

μg of protein per lane was loaded into a 12% SDS-PAGE gel. The gels were subsequently 

cut to separate each sample lane, and each lane was divided into 5 pieces. Finally, each piece 

was digested with trypsin gold, and the peptides were extracted and completely dried. 

Label-free quantitative proteomics

Tryptic peptides were analyzed in triplicate using a nanoAcquity UPLC (Waters, Milford, 

MA) coupled to a Synapt G1 HDMS mass spectrometer (Waters). Peptides were separated 

using a BEH 130 C18 75 μm x 250 mm column with a particle size of 1.7 μm (Waters) and 

enriched on a Symmetry C18 RP (180 μm × 20 mm, particle size 5 μm). For each experiment, 
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2 μL of tryptic-digested peptides was loaded onto the enrichment column with mobile phase 

A (water with 0.1% formic acid). A step gradient was employed at a flow rate of 280 nL/min, 

which included 5 to 45% mobile phase B (0.1% formic acid with acetonitrile) over 55 min, 

followed by a sharp increase to 90% B within 10 min. The eluted peptides were analyzed in 

positive ionization mode using the data-independent MSE mode. The MS/MS peaks of 

[Glu1]-fibrinopeptide (400 fmol/μL) were employed to calibrate the time-of-flight analyzer 

in the range of m/z 50 to 1990, and a doubly charged [Glu1]-fibrinopeptide ion (m/z 

785.8426) was employed for lock mass correction. During data acquisition, the capillary 

voltage was set at 3.2 kV, and the source temperature was set at 100°C. The collision 

energies for low-energy MS mode (intact peptide ions) and elevated-energy mode were set to 

the 6 eV and 15 to 40 eV energy ramping modes (peptide product ions), respectively. The 

scan time was set to 1.0 s. 

LC-MSE raw data files were processed, and protein identification and relative quantitative 

analyses were all performed using the ProteinLynx Global Server (PLGS 2.5.1, Waters). The 

processing parameters included automatic tolerance for precursor and product ions, a 

minimum of 3 fragment ion matches per peptide, a minimum of 7 fragment ion matches per 

protein, a minimum of 2 peptide matches per protein with a maximum false positive rate 

(FPR) of 4%, carbamidomethylation of cysteine (+57 Da) as a fixed modification and 

oxidation of methionine (+16 Da) as a variable modification, and one allowed missed 

cleavage. Proteins were identified by the ion accounting algorithm of PLGS software, 

searching the Homo sapiens (Human) database (70,718 entries) on the UniProt website 

(http://www.uniprot.org). 

The quantitative analysis was based on measuring the peptide ion peak intensities observed 

in low-collision-energy mode in a triplicate set and was performed using Waters expression, 

which is part of PLGS 2.5.1. Datasets were normalized using the auto-normalization function. 

All proteins were identified with a confidence of >95%, and identical peptides from each 

triplicate set for each sample were clustered based on mass precision and a retention time 

tolerance of <0.25 min using clustering software included in PLGS 2.5.1. Only those 

proteins identified in at least 2 of 3 technical instrument replicates with a greater than 80 

protein probability score were selected for qualitative and quantitative analysis.  
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To identify fusion proteins in gastric cancers, I used a fusion protein database from the 

Catalogue of Somatic Mutations in Cancer (COSMICv77: http://cancer.sanger.ac.uk/cosmic). 

Regions of the amino acid sequences of fusion proteins that match peptides are highlighted 

in color, according to the key below.  

Matched to a peptide: 

Matched to a partial peptide:

Matched to a modified peptide:

Matched to a partial modified peptide:

Predication of three-dimensional structure of fusion proteins

Three-dimensional (3-D) homology models of fusion proteins were generated at MArkovian 

TRAnsition of Structure evolution: Protein 3-D Structure Comparison 

(http://strcomp.protein.osaka-u.ac.jp/matras/). Visualization and modification of 3-D fusion 

protein models were accomplished with Swiss PDB viewer 4.0.1 (Swiss Institute of 

Bioinformatics).

Western blot analysis

Protein extracts from normal and cancer tissues were separated via 12% SDS-PAGE and 

then transferred to nitrocellulose membranes. After blocking with 5% non-fat dried milk in 

TBST, mouse anti-TPM3 and anti-TPM4 (Developmental Study Hybridism Bank, University 

of Iowa, Ames, IO, USA) antibodies were used to detect proteins from 5 pairs of GC samples 

and normal controls. Monoclonal anti-β-actin antibodies (Sigma-Aldrich, St. Louis. MO, 

USA) were used as a loading control. 
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Results

Differentially expressed proteins in Korean gastric cancers

A total of 72 up-regulated and 29 down-regulated proteins were detected in at least 5 gastric 

cancer tissues compared with normal control tissues, respectively. To investigate the Gene 

ontology of the DEPs, up- or down-regulated proteins were loaded into the Panther database 

(www.pantherdb.org) for categorization according to biological processes (Figure 2, 

Additional file 1). Among the 72 up-regulated proteins identified in gastric cancer tissues, 42, 

34, 23, and 21 proteins were allocated into the metabolic process, cellular process, 

localization, and cellular component organization or biogenesis, respectively. In contrast, 

among the 29 down-regulated proteins, 13, 11, 10, and 9 proteins were allocated into the 

multicellular organismal process, metabolic process, developmental process, and cellular 

process (Figure 2). 

To further investigate the molecular and cellular etiology underlying the pathogenesis of 

Korean gastric cancer, the interactions among DEPs in Korean gastric cancer tissues were 

investigated the Search Tool for Recurring Instances of Neighboring Genes (STRING) 

database (www.STRING-db.org). Figure 3 presents the results of STRING analysis. Red 

nodes indicate up-regulated proteins, and blue represents down-regulated proteins in cancer 

tissues. The colored lines between nodes represent the various types of interaction evidence.8

The DEPs were further divided into 6 clusters that contained most of highly interacted DEPs 

and 5 groups that did not interact within groups but had similar known or predicted functions

(Additional file 1).  

Altered expression of proteins regulating the actin cytoskeleton and motor activity

Cluster I contained components of two major pathways: regulation of the actin cytoskeleton 

and motor activities (Figure 3I). Interestingly, Actin-binding proteins and cross-linkers, such 

as Actinin α-4, Actinin α-1, Actinin α-1 skeletal muscle, Moesin, Vinculin, and Transgelin,

were consistently down-regulated in gastric cancer tissues. In contrast, the levels of proteins 

regulating actin polymerization, such as Actin-related protein 3 Homolog, IQ motif 
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containing GTPase activating protein 1, Adenylate cyclase-associated protein 1, GDP 

dissociation inhibitor 2, and Rho GTPase activating protein 1, were significantly increased in 

gastric cancer tissues. 

Motor activity regulatory components, such as Myosin light chain 9, regulatory, Myosin 

light chain 6, alkali, smooth muscle and non-muscle, Tropomyosin 1-α, Tropomyosin 2-β, 

and Tropomyosin 3, were down-regulated in gastric cancer tissues. Other down-regulated 

components included intermediate filament components such as Vimentin and Desmin.

However, Myosin heavy chain 9, non-muscle was up-regulated. 

Significantly up-regulated major components of microtubules 

Among the diverse Tubulins present in humans, 6 α-Tubulins [Tubulin α (TUBA)-1A, 

TUBA-1B, TUBA-1C, TUBA-3E, TUBA-4A, and TUBA-8], 7 β-Tubulins [Tubulin 

(TUBB), TUBB-2A, TUBB-2B, TUBB-3, TUBB-4A, TUBB-4B, TUBB-6, and TUBB-8], 

and 2 regulatory components (Filamin A, Chaperonin containing TCP1 subunit 6A) were 

significantly up-regulated in gastric cancer tissues (Figure 3II).

Altered expression of proteins regulating ion binding 

Among the DEPs, iron- and oxygen-binding proteins, such as Hemoglobin (HB) subunit-β, 

HB subunit-γ2, HB subunit-δ, HB subunit-ε1, and HB subunit-γ1 were significantly down-

regulated in gastric cancer tissues. In addition, the binding of Albumin to Ca2+, Na+, and K+

was down-regulated in gastric cancer tissues. In contrast, another iron-binding protein, 

Transferrin, and the zinc-containing Carbonic anhydrase enzymes were significantly up-

regulated in gastric cancer tissues (Figure 3III). 

Up-regulated glycolysis metabolism-associated proteins

Proteins in Cluster IV are involved in various metabolic processes. Among these proteins, 

Glyceraldehyde-3-phosphate dehydrogenase, Enolase 1, Enolase 2, Glucose-6-phosphate 

isomerase, Pyruvate kinase muscle, and Phosphoglycerate Kinase 1 are highly associated 

with glycolysis. These proteins were up-regulated and closely associated with each other. 

This cluster also included the down-regulated Malate Dehydrogenase 1, ATP synthase H+
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transporting mitochondrial F1 complex α-subunit and cardiac muscle and the up-regulated 

Citrate Synthase found in mitochondria (Figure 3IV).

Altered expression of molecular chaperone-related proteins

Cluster V included two hub molecular chaperones, Heat Shock Protein (HSP) 90 kDa 

cytosolic-α class A member 1 and HSP90 α-family class b member 1, which strongly 

interacted with HSP family A member 1 like, HSP family A member 2, HSP family A 

member 5, HSP family A member 6, HSP family A member 8, HSP family A member 9, 

HSP family D member 1, Hypoxia up-regulated 1, and HSP B member 1. With the exception 

of HSP B member 1, all HSPs were up-regulated in gastric cancer tissues (Figure 3V).

Up-regulated proteins with protein folding and trafficking activities

Cluster VI included up-regulated proteins that localized to the golgi apparatus or 

endoplasmic reticulum and regulated protein folding and trafficking. Valosin-containing 

protein, Major histocompatibility complex class 1 (HLA)-B, HLA-C, Ribophorin II, Protein 

disulfide isomerase family A (PDIA) member-3, PDIA member-6, Prolyl 4-hydroxylase 

subunit-β, Calnexin, Calreticulin, Thioredoxin domain containing 5, and Glucosidase II α-

subunit were significantly up-regulated proteins (Figure 3VI). 

Up-regulated proteins involved in protein synthesis

Three proteins involved with protein synthesis, Eukaryotic translation elongation factor 

(EEF)-2, EEF-1A1, and EEF-1A2, were up-regulated and interacted with components in

other clusters (Figure 3a). 

Down-regulated proto- oncoproteins and up-regulated peptidase inhibitors 

Proto-oncoproteins, such as Anterior gradient 2, Anterior gradient 3, Ras suppressor-1, SET 

nuclear proto-oncogene, Tryptophanyl-tRNA synthease, and Ubiquitin-like modifier 

activating enzyme 1, were significantly down-regulated in gastric cancer tissues (Figure 3b). 

Serpin peptidase inhibitor clade (SERPIN)-A member 1 and SEPRIN-H member 1 were 

found to be significantly up-regulated in gastric cancer tissues (Figure 3c).  
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Altered expression of proteins involved with energy metabolisms and cellular 

structural components

Creatine kinase B, which regulates energy homeostasis in tissues, was down-regulated in 

gastric cancer tissues. In contrast, APTase Na+/K+-transporting subunit α-1, which maintains 

energy homeostasis; mitochondrial Aldehyde dehydrogenase 2 family, which oxidizes 

aldehydes to generate carboxylic acids; and Gastric type Lipase F, an enzyme involved in the 

digestion of dietary triglycerides, were significantly up-regulated in gastric cancer tissues 

(Figure 3d).

Other proteins with multiple domains that are important for organizing cellular structures 

also exhibited alterations. POTE Ankyrin domain family member (POTE)-J and POTEI were 

down- or up-regulated in gastric cancer tissues, respectively. Lumican, a member of the 

small leucine-rich proteoglycan family that regulates collagen fibril organization, was 

significantly down-regulated. Major vault protein, Karyopherin subunit β-1, Junction 

Plakoglobin, Lamin A/C, Multiple PDZ domain crumbs cell polarity complex component, 

Clathrin heavy chain, and Leucine rich pentatricopeptide repeat containing were up-

regulated (Figure 3e).  

Two fusion proteins identified by label-free proteomics 

I searched MS data obtained from 9 pairs of gastric cancer and normal tissues using 

COSMIC fusion gene database. Twenty-six candidates for fusion proteins were obtained 

(Additional file 1). I manually examined whether peptides spanning the junction of 2

proteins were identified in mass spectrum or not. Only 2 fusion proteins were confirmed to 

have a corresponding peptide spanning two proteins: Tropomyosin-4 (TPM4)-ALK and 

heterogeneous nuclear ribonucleoprotein A2/B1 (hnRNPA2B1)-Family with sequence

similarity 96 member A (FAM96A) (Additional file 1).  

To gain further insight into the possible roles of the 2 fusion proteins in tumorigenesis, the 3-

D structures of the 2 fusion proteins were predicted by performing homology modeling. The 

3-D structure of the TPM4-ALK fusion protein showed that it contains an ALK kinase 

domain and a TPM that primarily consists of an alpha helix and may assemble into parallel 
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dimeric coiled-coils with normal TPM4 or other TPM4-ALK fusion proteins (Figure 4A). 

The 3-D modeling of the hnRNPA2B1-FAM96A fusion protein revealed that the fusion 

protein presented as a dimer, given that FAM96A is known to form dimers.9 The ability of 

the fusion proteins to dimerize suggested that the localization of the fusion proteins could be 

different from that of the normal proteins and might alter cellular and molecular processes. 

Increased size of bands recognized by monoclonal TPM4 antibodies in gastric cancer

tissues

To confirm the presence of TPM4-ALK fusion proteins, I performed Western blot analysis 

using monoclonal antibodies specific to TPM3 or TPM4. Anti-TPM4 antibodies recognized 

bands of increased sizes that were not detected in normal gastric tissues. However, anti-

TPM3 antibodies did not detect any additional bands. Only one band from gastric cancer

tissues showed the same migration pattern observed in normal gastric tissues (Figure 5).
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Fig 1. A schematic diagram of experimental workflow. To identify DEPs and fusion proteins, I employed quantitative and qualitative proteomics to 

profile global proteomes of both gastric cancer and matched adjacent normal tissues. The processing and sampling of the whole cellular extracts 

were accomplished following our protocols.
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Fig 2. Gene ontology: biological process analysis of up- or down-regulated genes in gastric 

cancer. The up- (A) or down- (B) regulated proteins identified in gastric cancer tissues were 

associated with various molecular functions and biological process.
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Fig 3. Search Tool for Recurring Instances of Neighboring Genes (STRING) analysis of up- (red) or down- (blue) regulated proteins identified in 

gastric cancer tissues compared with normal gastric tissues. Interactions between up- or down-regulated genes were grouped according to their key 

functional characteristics. Six highly associated clusters were identified.  Additional 5 groups were clustered based on their reported or predicted 

biological and molecular functions. 
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Fig 4. Predicted 3-D structures of 2 fusion proteins. A. The 3-D homology modeling of TPM4-ALK fusion proteins revealed possible dimerization 

via Tropomyosin domains in fusion proteins. B. The 3-D homology modeling of hnRNAA2B1-FAM96A fusion proteins suggested possible 

dimerization of fusion proteins via FAM96A dimerization.
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Fig 5. Western blot analysis using monoclonal antibodies specific to TPM3 or TPM4. 

Monoclonal TPM4 antibodies recognized large fusion proteins in protein extracts from 

gastric cancer tissues, but not those from normal stomach tissues. A. When monoclonal anti-

TPM4 antibodies were used, two TPM4 bands were detected in gastric cancer tissues but not 

in normal control stomach tissues. The above bands were predicted to be fusion proteins. B. 

Monoclonal-β-actin antibodies were used as loading controls. C. Monoclonal TMP3 

antibodies only detected single bands in gastric cancer tissues. D. The amount of protein 

loaded in each lane was confirmed with monoclonal β-actin antibodies. 
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Table 1. Clinicopathological characteristics of the study patients with gastric cancer

Sex Stage (AJCC 7th) Histological differentiation Lauren classification

1 F IIB Poorly differentiated Intestinal type

2 M IIA Moderately differentiated Intestinal type

3 M IIIB Poorly differentiated Mixed type

4 M IIIB Poorly differentiated Mixed type

5 M IIIB Signet ring cell Diffuse type

6 M IIA Moderately differentiated Intestinal type

7 F IIIC Signet ring cell Diffuse type

8 F IIIC Poorly differentiated Diffuse type

9 M IIIA Poorly differentiated Mixed type

AJCC, American Joint Committee on Cancer
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Discussion

The development of new therapeutic methods for gastric cancer has contributed to 

remarkably decreased mortality worldwide.10 However, to date, gastric cancers remain one of 

the most common cancers in Korea and Asia.1,2 Given that gastric cancer is associated with 

heterogeneous genetic defects, we need to elucidate specific genetic defects at the protein 

level in each patient to expand the efficacy of personalized medicine.3,11,12 In this study, I

employed label-free proteomic analysis to investigate DEPs and fusion proteins in Korean 

gastric cancer tissues. I identified 72 up-regulated and 29 down-regulated DEPs in at least 5 

out of 9 gastric cancer tissues compared with paired normal tissues. The DEPs identified in 

this study could be divided into 6 highly associated clusters and 5 relatively linked groups. 

These 5 groups were manually curated based on their reported or predicted functions because 

direct interactions between them have not yet been determined. Furthermore, I identified 2 

fusion proteins that were expressed only in gastric cancer tissues and not in normal gastric 

tissues.

Interestingly, the 6 clusters identified in this study harbored targets for currently prescribed 

cancer drugs or their homologs as well as proteins known to play pivotal roles in 

tumorigenesis and metastasis. The up-regulated β-tubulins are known targets for paclitaxel 

and vinca alkaloids that inhibit chromosome mitosis and angiogenesis in tumor cells, and 

these targets formed a cluster (Figure 2II).13,14 In addition, the levels of heat shock molecular 

chaperones, which are increased in most cancers, were found to be significantly increased in 

the present work as well and formed a cluster (Figure 2V).15 Furthermore, endoplasmic 

reticulum and golgi apparatus resident components, which regulate protein folding, 

modifications, and trafficking, were also significantly increased and formed a cluster. Among 

these proteins, Ribophorin II, a component of an N-oligosaccharyl transferase complex that 

is involved in anti-cancer drug resistance in breast cancer and non-small cell lung cancer,

was significantly increased, suggesting possible conservation of drug resistance and 

metastasis mechanisms in gastric cancer (Figure2VI).16,17 In addition, the significant 

increases in HSP family A member 5, Calreticulin, and Calnexin suggested that the unfolded 
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protein response might be activated in gastric cancer, similar to the activation of the unfolded 

protein response observed in Helicobacter-induced gastric cancer, to overcome hypoxia and 

a low nutrient supply, which are two initial stress conditions observed in cancer cells that 

induce aggressiveness in a murine model of melanoma (Figure 2V and 2VI).18,19 Considering 

these findings together, most of the DEPs identified in this study are already known to be 

linked to tumorigenesis, metastasis, and drug resistance. Generating models for the DEPs 

could be elucidated unknown pathophysiological aspects of Korean gastric cancer and ways 

to cure in near future.

I also identified a cluster harboring significantly up-regulated glycolytic enzymes, such as 

Pyruvate kinase muscle, Phosphoglycerate Kinase 1, Enolase 1, Enolase 2, and Glucose-6-

phosphate isomerase (Figure 2IV).20-22 Recent studies on cancer metabolism have suggested 

that up-regulation of glycolytic enzymes is associated with tumorigenesis and drug resistance 

and could be used as prognostic bio-markers. By identifying and targeting the key link in 

altered glucose metabolism, specific and individualized therapeutic strategies for gastric 

cancer may be developed.

Another interesting finding of this study was the 2 fusion proteins identified in gastric cancer 

tissue. The use of targeted cancer drugs has several advantages, such as high responsive rates 

with lower side effects in treatments.11 However, only one targeted drug, trastuzumab, is 

currently used to treat gastric cancer, and trastuzumab is only effective in 20% of HER2-

positive gastric cancer patients.6,7 Thus, to realize precision medicine in gastric cancer, new 

target genes or proteins should be elucidated. The 2 fusion proteins identified in this study 

are very intriguing given that ALK fusion genes are driver mutations in several cancers and 

targets for developing targeted cancer drugs.23 In addition, recent study showed that ALK 

positivity may be an independent negative prognostic factor in surgically resected gastric 

cancers associated with signet ring cell histology.24 hnRNAPA2B1 also regulates the 

expression of tumor suppressor genes and down-regulation of FAM96A has been reported in 

gastrointestinal stromal tumors.25,26 Furthermore, 3-D structure modeling of fusion proteins 

suggested that they could form hetero- or homodimers with normal proteins or fusion 

proteins. Once they were dimerized, fusion proteins will be localized where normal proteins 

were not, resulted in abnormal activities of ALK, hnRNPA2B1, or FAM96A. Upon 
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dimerization, the fusion proteins were found at sites where normal proteins were not located, 

resulting in abnormal activities of ALK, hnRNPA2B1, or FAM96A. These abnormal 

activities of the 2 fusion proteins could transform normal cells to cancer cells. Further 

researches using fusion gene models are needed, and could provide us with new therapeutic 

tool in Korean gastric cancers. 
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Conclusion

In this study, I identified DEPs and fusion proteins expressed in Korean gastric cancers. The

identified DEPs and fusion proteins could be used as prognostic and predictive biomarkers 

for gastric cancer. In addition, future researches using DEPs and fusion gene models will 

provide us with new tools to cure advanced or metastatic gastric cancer. Those efforts will 

help to expand the potential of personalized medicine in the near future.
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Korean Abstracts

비표지 프로테오믹스에의해밝혀진위암의질병의존 단백질과융합단백질

연구목적: 유전체학 연구와 비교하여 위암에 대한 프로테오믹스 연구는 대부분

신호전달 경로가 세포와 조직에서 발현되는 단백질에 의해 조절된다는 사실에도

불구하고 현재까지 활발히 수행되지 않았다. 본 연구에서는 한국인 위암

환자들의 프로테옴 분석을 시행하였다.

연구방법: 위암 조직에서만 발현되는 질병의존 단백질과 융합 단백질들을

확인하기 위해 9 명 위암 환자의 위암 조직과 정상 조직을 이용하여 정량적인

비표지 프로테오믹스 분석을 시행했다. 또한, 생물 정보학 분석을 통해

질병의존 단백질 간의 상호 작용도 조사했다.

연구결과: 분석을 통해 9 개의 위암 조직 중 적어도 5 이상에서 정상 조직과

비교하여 의미 있는 차이를 보이며 존재하는 72 개의 발현이 증가된 단백질과

29 개의 발현이 감소된 단백질을 확인하였다. 단백질들은 6 개의 매우 상호

작용이 활발한 클러스터와 비슷한 세포학적, 분자의 기능은 공유하지만

지금까지 어떠한 상호 작용도 보고되지 않은 5 개의 상대적으로 관련이 있는

그룹으로 나뉘어 졌다. 흥미롭게도, 이 클러스터와 그룹들은 몇몇 다른 암에

대한 치료제와 예후 예측 인자로 사용 중이었다. 위암 조직에서만 발현되고

정상 위 조직에서는 발현되지 않는 2 개의 융합 단백질(Tropomyosin 4 [TPM4]-

Anaplastic lymphoma receptor tyrosine kinase [ALK] and heterogeneous 

nuclear ribonucleoprotein A2/B1 [hnRNPA2B1]-Family with sequence 

similarity 96 member A [FAM96A])을 확인하였다. 단일 클론 TMP4 항체를

사용한 웨스터 블랏 분석은 위암 조직에만 고분자량의 TPM4 띠가 있는 것을

보여 주었다.

결론: 비표지 프로테오믹스 분석은 한국인의 위암이 융합 단백질들과 같은

새로운 결함을 제시하였을 뿐만 아니라, 다른 암과 종양 발생에서 비슷한

신호전달 특성을 공유하는 것을 보여 주었다. 이러한 단백질들에 대한 모델들을

만들어 내는 것은 가까운 미래에 한국의 위암의 알려지지 않은 병태생리학적
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측면과 잠재적 치료법을 밝히는데 도움을 줄 수 있을 것이다.

중심단어: 위신생물, 비표지 프로테오믹스, 질병의존 단백질, 융합 단백질
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