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ABSTRACT 

 

The expression of cell polarity proteins 

and its role in gastric carcinogenesis 

 

Kyung Han Nam 

Department of Medicine, Pathology Major 

The Graduate School 

Seoul National University 

 

Cell polarity is a crucial for normal tissue integrity and tissue homeostasis. Loss of 

cell polarity results in tissue disorganization and promotes the initiation and 

progression of cancer. We investigated the role of epithelial cell polarity proteins 

during gastric carcinoma progression, and evaluated their correlation with 

epithelial-mesenchymal transition (EMT) markers. The expression of 5 proteins of 

cell polarity complexes (LGL2, DLG1, SCRIB, PKCiota and CRB3) and 7 EMT-

related proteins (β-catenin, E-cadherin, MMP2, S100A4, SNAIL1, Vimentin and 

ZEB1) was examined in a series of samples from 409 gastric carcinoma patients 

who underwent gastrectomy by immunohistochemistry. Additionally, LGL2 

expression was determined by immunohistochemistry and RNA in situ 

hybridization using 154 gastric tissues (75 early gastric carcinoma, 79 gastric 

adenoma) from ESD specimens and 90 non-neoplastic gastric tissues. Loss of 

membranous expression of LGL2, DLG1 and CRB3 as well as cytoplasmic 
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overexpression of SCRIB was frequently observed in diffuse type than in intestinal 

type carcinomas (P < 0.001 for each). Loss of membranous expression of LGL2 

and DLG1 as well as cytoplasmic overexpression of SCRIB and PKCiota was 

significantly associated with advanced stage (P < 0.05 for each) and poor prognosis 

(P < 0.05 for each). We showed that complex correlation between expression of 

cell polarity proteins and EMT proteins. Each of cell polarity proteins was not 

independent prognostic factors in multivariable analysis adjusting for age, pTNM 

stage, tumor size, lymphatic invasion and radicality. The combination of LGL2, 

DLG1, SCRIB, PKCiota, MMP2 and S100A4 with significant value in univariate 

analysis added predictive information beyond the model consisting of individual 

markers. In addition, LGL2 membranous expression was found to be gradually lost 

from normal and active gastritis to adenoma and carcinoma. In conclusion, we 

revealed that loss of membranous expression of LGL2 and DLG1 as well as 

cytoplasmic overexpression of SCRIB and PKCiota may be associated with gastric 

carcinoma progression. The complex networks may regulate epithelial cell polarity 

by, at least, EMT-related proteins in gastric carcinoma. The combination of cell 

polarity proteins and EMT proteins could provide a more precise estimation of 

prognosis in gastric carcinoma. We suggest that cell polarity proteins play a role in 

gastric carcinoma progression related to EMT. 

 

---------------------------------------------------------------------------------------------------- 

Keywords: stomach neoplasm; cell polarity protein; epithelial-mesenchymal 

transition, immunohistochemistry  

Student Number: 2013-31155 
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INTRODUCTION 
 

Although the incidence of gastric carcinoma has decreased in recent decades, it is 

the fourth most common cancer and the second leading cause of cancer-related 

deaths worldwide (1). Despite considerable advances in cancer therapy, prognosis 

of patients with gastric carcinoma remains poor due to the advanced stage of the 

disease at the time of diagnosis, and limited availability of curative treatment at 

these stages (1). Thus, gastric carcinoma is a major public health issue. Since 

multiple genetic alterations in tumor suppressor genes, oncogenes, cell adhesion 

molecules, growth factors/receptor systems and DNA repair genes are involved in 

gastric carcinogenesis, the identification of mechanisms underlying this 

malignancy is important (2). A better understanding of the biology of gastric 

carcinoma may contribute to identifying novel diagnostic and prognostic markers, 

as well as new therapeutic strategies. 

 

Epithelial cell polarity is essential for normal tissue integrity and tissue 

homeostasis. Disruption of cell polarity mechanisms is involved in many biological 

processes including cell growth, differentiation, asymmetric cell division, 

migration and morphogenesis as well as tumorigenesis (3-5). Epithelial cell 

polarity has been revealed to be maintained by three major polarity complexes, 

namely PAR, Scribble (SCRIB) and Crumbs (CRB) (5). The location and 

interaction between the components of these complexes define distinct structural 

domains of epithelial cells and provide a central regulatory pathway for the 

establishment of polarity and epithelial functions. Studies have revealed that 

defects in cell polarity may result in tissue disorganization and subsequently lead to 



 

2 

 

the initiation and progression of cancer. Dysregulation of polarity complexes have 

been reported in various human tumors (5, 6). 

 

SCRIB complex comprises the SCRIB homologue, lethal (2) giant larvae 

homologue (LGL) and discs-large homologue (DLG) (4). The complex defines the 

basolateral plasma domain. It appears to be crucial for adherence junction integrity 

and cell–cell contact, and may play an important role in the regulation of E-

cadherin at the adherence junction (7). In general, SCRIB complex has been to be a 

potential tumor suppressor in human cancers. Deregulation of LGL2 expression in 

breast and colorectal cancer has been associated with cancer progression and its 

promoter activity has been repressed by SNAIL1 and ZEB1 in cancer cell lines, 

which led to the disorganization of epithelial architecture (8-10). In the stomach, 

LGL2 expression is maintained in all reactive mucosa and chronic inactive gastritis, 

but it is lost or mislocalized in a high proportion of adenocarcinomas and 

dysplasias (11, 12), which suggested that LGL2 may be a potential marker for 

diagnosing dysplasia and adenocarcinoma. However, the diagnostic role of LGL2 

has not been validated in a large scaled cohort and the clinicopathological 

relevance of LGL2 expression in gastric carcinoma has not been studied in detail.  

For SCRIB, its loss or mislocalization has been observed in the invasive cervical, 

colon, prostate and breast cancers (13-16). However, recent studies showed that 

high level of mislocalized SCRIB was frequently detected in breast cancer and 

facilitated the tumorigenesis and cancer progression (17, 18). Therefore, the 

function of SCRIB in cancer remains unclear. The other component of SCRIB 

complex, DLG1 has been known to be tumor suppressor that enhances tumor cell 
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invasion by deregulation of its expression (19). Downregulation and 

mislocalization of DLG1 were frequently observed in high grade cervical neoplasia 

that relating to the HPV infection (16), and were correlated with disruption of 

tissue architecture in colorectal cancer that are associated with adenomatous 

polyposis coli (APC) mutation (7).   

 

PAR complex comprises three components, namely, atypical protein kinase C 

(PKC) (PKClambda, PKCzeta and PKCiota in mammals), PAR3 (PAR3A and B in 

mammals) and PAR6 (PAR6A, B and G in humans) (5). The complex promotes the 

establishment of the apical-lateral membrane border and plays a crucial role in tight 

junction formation in epithelial cells (4). Multiple studies revealed that PKC 

(PKCiota and PKCzeta) are oncogenic. Expression of the complex is significantly 

overexpressed in various human cancers including lung, liver, breast, pancreas, 

ovarian, prostate and colon (20) PKC has been found to be associated with Ras 

signaling in lung and colon carcinogenesis (21, 22) and to be associated with poor 

prognosis through elevated Cyclin E in ovarian cancer (23). Studies for gastric 

carcinoma suggested that PKCiota overexpression is a strong predictor for gastric 

carcinoma recurrence (24).  

 

CRB complex is formed by the transmembrane protein CRB, the associated 

cytoplasmic proteins PALS1 and PALS1‑associated tight junction protein (PATJ). 

The complex is required to establish the apical membrane, and has been shown to 

be a potential tumor suppressor in human cell line and mouse model studies. A 

study of CRB3-knockout mouse model demonstrated that loss of CRB3 expression 
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was associated with loss of polarity and disassembly of tight junction (25). In a 

breast cancer cell line study, loss of CRB3 expression was regulated by ZEB1 and 

SNAIL, suggesting a relationship between EMT process and polarity proteins (8, 

26).  

 

The loss of cell polarity by dysregulation of transcription program of polarity-

related genes and loss of integrity of tight and adherence junction are important 

features of EMT (19). EMT process is a complex phenomenon of cellular plasticity, 

leading to changing the epithelial structure, disrupting the basal lamina and 

invading the underlying tissues (27). Transcriptional and post-transcriptional 

regulatory mechanisms by EMT are involved in the expression of core polarity 

complexes, which include downregulation, mislocalization, overexpression and 

deletion (19, 27, 28). The dysregulation of cell polarity complexes by EMT 

inducers results in changes of their function and facilitating migration of cancer 

cells (4, 19).  

 

In spite of their known functions in different types of cancers, the role of cell 

polarity proteins in gastric carcinoma remains to be clarified. In this study, we 

evaluated the expression of cell polarity proteins and EMT proteins to determine 

the prevalence of dysregulation in the expression of these molecules and their 

correlations in a large series of gastric carcinoma tissue. Subsequently, we 

investigated the associations between expression of cell polarity proteins and 

clinicopathological features as well as clinical outcome. Additionally, based on the 

results from previous study (11), we aimed to validate the diagnostic role of LGL2 
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expression in differentiating gastric dysplasia and cancer from normal gastric 

mucosa. We also performed mRNA in situ hybridization of LGL2 to identify the 

correlation between its protein abundance and mRNA transcription level. 
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MATERIALS AND METHODS 

Subjects  

Surgically resected gastric carcinoma tissue specimens were obtained from 409 

patients, who underwent a gastrectomy at the Department of Pathology, Seoul 

National University College of Medicine between January and December, 2004. 

The age, sex, pathological characteristics such as depth of tumor invasion, 

lymphatic invasion, and pTNM stage (according to the American Joint Committee 

on Cancer, seventh edition) (29) were evaluated by reviewing medical charts and 

pathological records. Glass slides were reviewed to determine the histological type 

(according to WHO and Lauren’s classifications) (30, 31). The cases lost to follow-

up and deaths from any cause other than gastric carcinoma were considered 

censored data during the analysis of survival rates. In addition, we examined 154 

endoscopic submucosal dissection (ESD) specimens for the treatment of early 

gastric carcinoma and dysplasia at Seoul National University College of Medicine 

between 2008 and 2010. Of these, 75 early gastric carcinomas consisted of 65 

intestinal types and 10 diffuse types. All 79 cases of gastric epithelial dysplasia 

were adenomatous type, and consisted of 49 low-grade and 30 high-grade 

dysplasias. No foveolar type gastric dysplasias were included. A total of 90 non-

neoplastic gastric mucosa specimens obtained from patients, who underwent 

surgical resection or ESD, were selected. They included 24 of normal mucosa 

without active gastritis or intestinal metaplasia, 30 cases of active gastritis, and 36 

of intestinal metaplasia. The study protocol was reviewed and approved by the 

Institutional Review Board of Seoul National University Hospital. 
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Tissue microarray (TMA) construction 

Core tissue biopsies (2 mm in diameter) were taken from individual paraffin-

embedded gastric tumors (donor blocks) and arranged in new recipient paraffin 

blocks (tissue array blocks) using a trephine apparatus (Superbiochips Laboratories, 

Seoul, Korea). A core was chosen from each case for analysis. We defined an 

adequate case as a tumor occupying more than 10% of the core area. Each tissue 

array block contained up to 60 cases, allowing 12 array blocks to contain a total of 

653 cases.  

 

Immunohistochemistry  

Antibodies to five cell polarity proteins and seven EMT-related proteins were 

selected, and the test procedure using a human control slide (Superbiochips 

Laboratories, Seoul, South Korea). The details of primary antibodies are listed in 

Table 1. 4-μm-thick sections were cut from array blocks, deparaffinized, and 

hydrated in graded ethanol. Antigen retrieval was performed by immersing the 

slides in citrate buffer (pH 6.0) and microwaving them for 10 minutes. Nonreactive 

sites were blocked using 1% horse serum in Tris-buffered saline (pH 6.0) for 3 

minutes. Primary antibodies were applied and antibody binding was detected using 

the avidin–biotin–peroxidase complex (Universal Elite ABC kit PK-6200; 

Vectastain, Burlingame, CA, USA) for 10 min and diaminobenzidine 

tetrahydrochloride solution (Kit HK153-5K; Biogenex, San Ramon, CA, USA). 
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Table 1. Primary antibodies used 

Antibodies Characterization (clone) Source Dilution 

LGL2 Mouse monoclonal (4G2) Abnova, Walnut, CA, USA 1:500 

DLG1  Mouse monoclonal (2D11) 
Santa Cruz Biotechnology,  
Santa Cruz, CA 

1:100 

SCRIB Rabbit polyclonal 
Sigma-Aldrich, St. Louis,  
MO, USA 

1:500 

PKCiota Rabbit polyclonal Sigma-Aldrich 1:100 

CRB3 Rabbit polyclonal Sigma-Aldrich 1:100 

β-catenin Mouse monoclonal (14) 
Novocastra Laboratories Ltd., 
Newcastle, UK; 

1:800 

E-cadherin Mouse monoclonal (36) 
BD Biosciences, San Jose,  
CA, USA 

1:200 

MMP2 Mouse monoclonal (A-Gel VC2) Neomarkers, Fremont, CA, USA 1:200 

S100A4 Rabbit polyclonal DAKO, Carpinteria, CA, USA 1:500 

SNAIL1 Rabbit polyclonal Abcam, Cambridge, MA, USA 1:200 

Vimentin Mouse monoclonal (V9) Neomarkers 1:1500 

ZEB1 Rabbit polyclonal 
Novus Biologicals, Littleton,  
CO, USA 

1:100 
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Evaluation of immunohistochemistry 

The expression of cell polarity proteins was detected in both membrane and 

cytoplasm of epithelial cells of interest in gastric tissue. In normal mucosa, SCRIB 

complex proteins (LGL2, DLG1 and SCRIB) were predominantly expressed in 

basolateral membrane of epithelial cells, whereas PKCiota and CRB3 were 

expressed in apical membrane of epithelial cells. The membranous and cytoplasmic 

immunoreactivity was arbitrarily and semi-quantitatively evaluated by assessing 

the intensity of staining (weak, moderate, strong) and the percentage of positive 

cells (≤10%, 11–25%, 26-50%, 51-75%, >75%). The major pattern of 

immunoreactivity of polarity proteins were classified into three types: preserved 

membranous expression (membranous staining in >10% of the tumor cells with 

negative or weak cytoplasmic staining), cytoplasmic overexpression (moderate to 

strong cytoplasmic staining in >50% of the tumor cells with membranous staining 

in ≤10% of the tumor cells), and negative expression (cytoplasmic staining in < 

50% of the tumor cells with membranous staining in ≤10% of the tumor cells). 

Cytoplasmic overexpression and negative expression as major pattern considered 

loss of membranous expression for cell polarity proteins. For statistical analysis, 

the results of LGL2, DLG1 and CRB3 immunostaining were categorized into two 

groups according to whether or not the tumor cells showed loss of membranous 

expression. The results of SCRIB and PKCiota immunostaining were categorized 

into two groups according to whether or not the tumor cells showed cytoplasmic 

overexpression.  

 

The expression of β-catenin and E-cadherin was detected in the membrane of 
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normal gastric mucosa whereas the expression of MMP2, S100A4, SNAIL1, 

Vimentin, and ZEB1 was not detected in normal mucosa. Nuclear expression of β-

catenin, S100A4, SNAIL1 and ZEB1 was considered positive when > 10% of the 

tumor cells showed nuclear staining of moderate intensity. The cytoplasmic 

expression of MMP2 and Vimentin was considered positive when > 10% of the 

tumor cells showed cytoplasmic staining of moderate intensity. Membranous 

expression of E-cadherin was considered reduced when < 75% of the tumor cells 

showed homogeneous membranous staining. 

 

RNA in situ hybridization  

In situ detection of LGL2 mRNA was performed in 218 gastric tissue samples of 

ESD specimens by using the RNAscope kit (Advanced Cell Diagnostics, Hayward, 

CA, USA) according to the manufacturer’s instructions. Briefly, 4 mm Formalin-

fixed, paraffin-embedded (FFPE) tissue sections were pretreated by heating and 

protease application prior to hybridization with a target probe to LGL2. A detailed 

procedure was described previously (32). Positive staining was indicated by brown 

punctate dots present in the nucleus and/or cytoplasm. The expression was scored 

according to the instructions in the RNAscope FFPE Assay Kit: no staining (score 

0), staining that was difficult to see under the 40× objective lens in more than 5% 

of tumor cells (score 1), staining that was difficult to see under the 20× objective 

lens but easy under the 40× objective lens in more than 5% of tumor cells (score 2), 

staining that was difficult to see under the 10×objective lens but easy under the 20× 

in more than 5% of tumor cells (score 3), and easy to see under the 10× objective 

lens in more than 5% of tumor cells (score 4). For statistical analysis, all cases 
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were classified into 2 groups according to scores of mRNA level (score 0–1 vs. 2–

4). Sections stained for the housekeeping gene Ubiquitin C (UbC) were also 

included as a positive control in each case. Samples with weak UbC signals (score 

≤ 2) were excluded from analysis due to low RNA quality.  

 

Statistical analysis 

Associations between expression of proteins and clinicopathological parameters 

were evaluated by χ2 test, Fisher’s exact test, and Linear-by-linear association. 

Correlation coefficients between the expression of polarity proteins and EMT-

related proteins were estimated using the Kendall’s tau-b correlation test. Survival 

curves were estimated using the Kaplan-Meier product-limit method, and the 

significances of differences between the survival curves were determined using the 

log-rank test. Survival analyses were performed using the Cox proportional hazards 

model. A multivariable model was used to adjust for significant variables from the 

univariate models. A two-sided 5% α level was used to assess statistically 

significant. A P-value of less than 0.05 (two-sided) was considered to be 

statistically significant. All statistical analyses were performed using the SPSS 

version 21.0 (IBM SPSS Inc., Chicago, IL, USA).  
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RESULTS 

Clinicopathological characteristics of patients   

The clinicopathological characteristics of patients who underwent surgical 

resection enrolled in this study are summarized in Table 2. The patient group 

included 295 male and 114 female, with an age range of 24–86 years, a median age 

of 59 years. The series included 205 intestinal types and 204 diffuse types of 

gastric carcinoma. According to the pTNM classification, 137 patients were 

classified as having a stage I disease, 91 as stage II, 127 as stage III, and 54 as 

stage IV. Curative resections according to the International Union against cancer 

guidelines were performed in 361 (88.2%) of 409 patients. No patient had received 

preoperative chemotherapy or radiotherapy. The clinical outcome of the patients 

was followed from the date of surgery to either the date of death or April 31st 2014, 

resulting in a follow-up period ranging from 1 to 120 months (median 79.1 months). 

In addition, gastric adenocarcinomas are histologically classified into two major 

types, intestinal and diffuse (31, 33). These different types exhibit distinct 

biological phenotypes and molecular signatures (31, 34-36). Thus, we compared 

the clinicopathological features and the expression pattern of cell polarity proteins 

and EMT proteins in both types of gastric carcinoma. The associations between 

clinicopathological features and histopathological types are summarized in Table 3. 

We found that diffuse type carcinomas were frequently observed in young and 

female (P < 0.001), and were significantly associated with advanced tumor stage, 

lymph node (LN) metastasis, distant metastasis and lymphatic invasion (P < 0.001, 

P < 0.003, P < 0.012, P < 0.017, respectively).
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Table 2. Clinicopathological characteristics of patients with gastrectomy   

Characteristics n (409) 

Age (years), median (range),  59 (24-86) 

Sex, male/female 295/114 

Tumor size (cm) <4/≥ 4  145/264 

WHO classification  

Papillary adenocarcinoma 2 

Well-differentiated tubular adenocarcinoma 31 

Moderately differentiated tubular adenocarcinoma 150 

Poorly differentiated tubular adenocarcinoma 129 

Mucinous carcinoma 15 

Poorly cohesive carcinoma 75 

Othersa 7 

Lauren’s classification, intestinal/diffuse 205/204 

Tumor invasion, EGC/AGC 109/300 

Lymph node metastasis, absent/present 170/239 

Distant metastasis, absent/present 356/53 

pTNM stage, I/II/III/IV 137/91/127/54 

Lymphatic invasion absent/present 160/249 

Venous Invasion, absent/present 334/75 

Perineural invasion, absent/present 205/204 

Radical surgery, R0/R1/R2 361/4/44 

EGC, Early gastric carcinoma; AGC, Advanced gastric carcinoma; R0, no residual 

tumor; R1, microscopic residual tumor; R2, macroscopic residual tumor. 

aOthers including undifferentiated carcinoma, carcinoma with lymphoid stroma and 

hepatoid adenocarcinoma 
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Table 3. Associations between clinicopathologic features and the histological types  

 Lauren’s classification  

Characteristics Intestinal type (%) Diffuse type (%) P-valuea 

Age (years) ≤ 65 120 (43.3) 157 (56.7) <0.001 

 > 65 85 (64.4) 47 (35.6)  

Sex Male  166 (56.3) 129 (43.7) <0.001 

 Female 39 (34.2) 75 (65.8)  

Tumor size (cm) < 4 80 (55.2) 65 (44.8) 0.130 

 ≥ 4 125 (47.3) 139 (52.7)  

Tumor invasion  EGC 74 (67.9) 35 (32.1) <0.001 

 AGC 131 (43.7) 169 (56.3)  

LN metastasis Absent 100 (58.8) 70 (41.2) 0.003 

 Present 105 (43.9) 134 (56.1)  

Distant metastasis Absent 187 (52.5) 169 (47.5) 0.012 

 Present 18 (34.0) 35 (66.0)  

pTNM stage I 87 (63.5) 50 (36.5) <0.001b 

 II 45 (49.5) 46 (50.5)  

 III 55 (43.0) 73 (57.0)  

 IV 18 (34.0) 35 (66.0)  

Lymphatic 
invasion 

Absent 92 (57.5) 68 (42.5) 0.017 

 Present 113 (45.4) 136 (54.6)  

Radical surgery R0 189 (52.4) 172 (47.6) 0.013 

 R1/R2 16 (33.3) 32 (66.7) 
 

EGC, Early gastric carcinoma; AGC, Advanced gastric carcinoma; R R0, no residual tumor;  

R1, microscopic residual tumor; R2, macroscopic residual tumor. 

aχ2 test or Fisher’s exact test. bLinear-by-linear association. 
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Expression of cell polarity proteins and EMT proteins   

Gastric carcinoma cells showed membranous, cytoplasmic and negative staining of 

polarity proteins as major pattern. Figure 1 shows representative images of gastric 

carcinoma tissue stained for cell polarity proteins. The frequencies of loss of 

membranous expression were 84.8% (347/409) for LGL2, 76.3% (306/401) for 

DLG1 and 80.3% (322/401) for CRB3. The frequencies of cytoplasmic 

overexpression were 36.2% (145/401) for SCRIB and 59.1% (237/401) for 

PKCiota. Figure 2 shows the frequencies of the major pattern of immunoreactivity 

for each cell polarity proteins.  

 

Figure 3 shows representative images of gastric carcinoma tissue stained for EMT 

proteins. The frequencies of nuclear expression of EMT proteins were 14.4% 

(57/395) for β-catenin, 16.8% (67/399) for S100A4, 11.1% (44/397) for SNAIL1, 

and 8.4% (34/407) for ZEB1. The frequencies of cytoplasmic expression of EMT 

proteins were 36.5% (148/406) for MMP2 and 9.3% (38/409) for Vimentin, 

Reduced membranous expression of E-cadherin was present in 78.7% (311/395). 
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Figure 1. Representative immunohistochemical features showing staining of 

cell polarity proteins in gastric carcinoma. (A-B) LGL2 membranous and 

cytoplasmic staining. (C-D) DLG1 membranous and cytoplasmic staining. (E-F) 

SCRIB membranous and cytoplasmic staining. (G-H) PKCiota apical and 

cytoplasmic staining. (I-J) CRB3 apical and cytoplasmic staining. (Original 

magnification × 400; insets, × 1000) 
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Figure 2. The frequencies of expression of cell polarity proteins in gastric 

carcinoma. Number of samples for a specific expression pattern in the box.  

Intestinal, intestinal type carcinoma; Diffuse, diffuse type carcinoma. 
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Figure 3. Representative immunohistochemical features showing staining of 

epithelial-mesenchymal transition-related proteins in gastric carcinoma. (A-B) 

β-catenin membranous and nuclear staining. (C-D) E-cadherin membranous and 

negative staining. (E-F) MMP2 negative and cytoplasmic staining. (G-H) S100A4 

negative and nuclear staining. (I-J) SNAIL1 negative and nuclear staining. (K-L) 

Vimentin negative and cytoplasmic staining. (M-N) ZEB1 negative and nuclear 

staining. (Original magnification × 400; insets, × 1000)  
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Associations between clinicopathological features and 

expression of proteins 

The associations between clinicopathological features and expression of proteins 

are summarized in Table 4. The loss of membranous expression of LGL2, DLG1 

and CRB3 as well as cytoplasmic overexpression of SCRIB were significantly 

more often observed in diffuse type than in intestinal type carcinomas (P < 0.001 

for each) whereas cytoplasmic overexpression of PKCiota was more often in 

intestinal type than in diffuse type carcinomas (P < 0.001). For EMT proteins, 

reduced membranous expression of E-cadherin, nuclear expression of S100A4 and 

cytoplasmic expression of Vimentin were more often detected in diffuse type than 

in intestinal type carcinomas (P < 0.001, P = 0.047 and P <0.01, respectively) 

whereas cytoplasmic expression of MMP was more often in intestinal type than in 

diffuse type carcinomas (P < 0.001).   

 

Loss of LGL2 membranous expression was associated with LN metastasis (P < 

0.001) and advanced stage (P = 0.019). Loss of DLG1 membranous expression and 

cytoplasmic overexpression of SCRIB were associated with tumor invasion, LN 

metastasis, distant metastasis and advanced stage (P < 0.001 for each). 

Cytoplasmic overexpression of PKCiota was associated with tumor invasion (P < 

0.001), LN metastasis (P < 0.001) and advanced stage (P = 0.011). No significant 

associations between loss of CRB3 membranous expression and 

clinicopathological features were found. For EMT proteins, nuclear S100A4 

expression was related to tumor invasion (P < 0.001), LN metastasis (P < 0.001), 

distant metastasis (P = 0.036), and advanced stage (P < 0.001). Interestingly, 
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nuclear SNAIL1 expression was inversely correlated to tumor invasion (P < 0.012), 

LN metastasis (P = 0.001) and advanced stage (P < 0.016), and nuclear ZEB1 

expression was inversely correlated with the tumor invasion (P = 0.014) and 

advanced stage (P = 0.009). 
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Table 4. Associations between expression of proteins and clinicopathological characteristics in gastric carcinoma 

 Lauren’s classification Tumor invasion Lymph node metastasis Distant metastasis pTNM stage 

Proteins Intestinal (%) Diffuse (%) P-valuea EGC (%) AGC (%) P-valuea Absent (%) Present (%) P-valuea Absent (%) Present (%) P-valuea I, II (%) III, IV (%) P-valuea 

LGL2 membranous expression 

 Preserved 54 (87.1) 8 (12.9) <0.001 22 (35.5) 40 (64.5) 0.088 38 (61.3) 24 (38.7) 0.001 58 (93.5) 4 (6.5) 0.098 43 (69.4) 19 (30.6) 0.019 

Loss 151 (43.5) 196 (56.5)  87 (25.1) 260 (74.9)  132 (38.0) 215 (62.0)  298 (85.9) 49 (14.1)  185 (53.3) 162 (46.7)  

DLG1 membranous expression 

 Preserved 86 (90.5) 9 (9.5) <0.001 43 (45.3) 52 (54.7) <0.001 54 (56.8) 41 (43.2) <0.001 92 (96.8) 3 (3.2) 0.001 71 (74.7) 24 (25.3) <0.001 

Loss 115 (37.6) 191 (62.4)  62 (20.3) 244 (79.7)  107 (35.0) 199 (65.0)  257 (84.0) 49 (16.0)  148 (48.4) 158 (51.6)  

SCRIB cytoplasmic overexpression 

  Negative 156 (60.9) 100 (39.1) <0.001 90 (35.2) 166 (64.8) <0.001 121 (47.3) 135 (52.7) <0.001 236 (92.2) 20 (7.8) <0.001 158 (61.7) 98 (38.3) <0.001 

Positive 45 (31.0) 100 (69.0)  15 (10.3) 130 (89.7)  40 (27.6) 105 (72.4)  113 (77.9) 32 (22.1)  61 (42.1) 84 (57.9)  

PKCiota cytoplasmic overexpression 

  Negative 53 (32.3) 111 (67.7) <0.001 60 (36.6) 104 (63.4) <0.001 85 (51.8) 79 (48.2) <0.001 145 (88.4) 19 (11.6) 0.439 102 (62.2) 62 (37.8) 0.011 

Positive 148 (62.4) 89 (37.6)  45 (19.0) 192 (81.0)  76 (32.1) 161 (67.9)  204 (86.1) 33 (13.9)  117 (49.4) 120 (50.6)  

CRB3 membranous expression 

 Preserved 75 (94.9) 4 (5.1) <0.001 26 (32.9) 53 (67.1) 0.129 32 (40.5) 47 (59.5) 0.942 71 (89.9) 8 (10.1) 0.402 48 (60.8) 31 (39.2) 0.221 

Loss 126 (39.1) 196 (60.9)  79 (24.5) 243 (75.5)  129 (40.1) 193 (59.9)  278 (86.3) 44 (13.7)  171 (53.1) 151 (46.9)  
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β-catenin nuclear expression 

  Negative 169 (50.0) 169 (50.0) 0.902 94 (27.8) 244 (72.2) 0.178 142 (42.0) 196 (58.0) 0.217 297 (87.9) 41 (12.1) 0.068 188 (55.6) 150 (44.4) 0.505 

Positive 28 (49.1) 29 (50.9)  11 (19.3) 46 (80.7)  19 (33.3) 38 (66.7)  45 (78.9) 12 (21.1)  29 (50.9) 28 (49.1)  

E-cadherin membranous expression 

 Preserved 72 (85.7) 12 (14.3) <0.001 24 (28.6) 60 (71.4) 0.557 41 (48.8) 43 (51.2) 0.102 76 (90.5) 8 (9.5) 0.367 54 (64.3) 30 (35.7) 0.083 

Reduced 123 (39.5) 188 (60.5)  79 (25.4) 232 (74.6)  121 (38.9) 190 (61.1)  270 (86.8) 41 (13.2)  167 (53.7) 144 (46.3)  

MMP2 cytoplasmic expression 

  Negative 109 (42.2) 149 (57.8) <0.001 69 (26.7) 189 (73.3) 0.592 108 (41.9) 150 (58.1) 0.509 228 (88.4) 30 (11.6) 0.348 146 (56.6) 112 (43.4) 0.308 

Positive 94 (63.5) 54 (36.5)  36 (24.3) 112 (75.7)  57 (38.5) 91 (61.5)  126 (85.1) 22 (14.9)  76 (51.4) 72 (48.6)  

S100A4 nuclear expression 

  Negative 173 (52.1) 159 (47.9) 0.047 99 (29.8) 233 (70.2) <0.001 150 (45.2) 182 (54.8) <0.001 294 (88.6) 38 (11.4) 0.036 198 (59.6) 134 (40.4) <0.001 

Positive 26 (38.8) 41 (61.2)  5 (7.5) 62 (92.5)  14 (20.9) 53 (79.1)  53 (79.1) 14 (20.9)  21 (31.3) 46 (68.7)  

SNAIL1 nuclear expression 

  Negative 182 (51.6) 171 (48.4) 0.295 89 (25.2) 264 (74.8) 0.012 136 (38.5) 217 (61.5) 0.001 307 (87.0) 46 (13.0) 0.755 189 (53.5) 164 (46.5) 0.016 

Positive 19 (43.2) 25 (56.8)  19 (43.2) 25 (56.8)  28 (63.6) 16 (36.4)  39 (88.6) 5 (11.4)  32 (72.7) 12 (27.3)  

Vimentin cytoplasmic expression 

  Negative 202 (54.4) 169 (45.6) <0.001 101 (27.2) 270 (72.8) 0.241 155 (41.8) 216 (58.2) 0.366 323 (87.1) 48 (12.9) 0.969 206 (55.5) 165 (44.5) 0.514 

Positive 3 (7.9) 35 (92.1)  7 (18.4) 31 (81.6)  13 (34.2) 25 (65.8)  33 (86.8) 5 (13.2)  19 (50.0) 19 (50.0)  

ZEB1 nuclear expression 

  Negative 181 (48.5) 192 (51.5) 0.071 92 (24.7) 281 (75.3) 0.014 149 (39.9) 224 (60.1) 0.253 323 (86.6) 50 (13.4) 0.078 198 (53.1) 175 (46.9) 0.009 

Positive 22 (64.7) 12 (35.3)  15 (44.1) 19 (55.9)  17 (50.0) 17 (50.0)  33 (97.1) 1 (2.9)  26 (76.5) 8 (23.5)  

EGC early gastric carcinoma, AGC advanced gastric carcinoma, LN, lymph node. 
aχ2 test or Fisher’s exact test.   



 

25 

 

Correlations between cell polarity proteins and EMT-related 

proteins 

We analyzed the correlations between expression of polarity proteins and EMT 

proteins using the Kendall’s tau-b test (Table 5). Overall, correlations between the 

expressions of proteins were weak. LGL2 was positively correlated with DLG1 

(Kendall1’s tau = 0.393). DLG1 was positively correlated with SCRIB and CRB3 

(Kendall1’s tau = 0.236 and 0.358, respectively). PKCiota was negatively 

correlated with DLG1 and CRB3 (Kendall1’s tau = -0.213 and -0.221, respectively) 

whereas it was positively correlated with MMP (Kendall1’s tau = 0.229). E-

cadherin was positively correlated with LGL2, DLG1 and CRB3 (Kendall1’s tau = 

0.220, 0.250 and 0.216, respectively) whereas it was negatively correlated with 

PKCiota and MMP2 (Kendall1’s tau = -0.215 and -0.229, respectively).
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Table 5. Correlation coefficients between expression of cell polarity proteins and EMT-related proteins 

 
LGL2 DLG1 SCRIB PKCiota CRB3 β-catenin E-cadherin MMP2 S100A4 SNAIL1 Vimentin ZEB1 

LGL2 1 0.393** 0.192** - 0.098 0.188** - 0.010 0.220** - 0.105* 0.045 0.015 0.131** - 0.027 

DLG1 
 

1 0.236** - 0.213** 0.358** 0.017 0.250** - 0.106* 0.065 - 0.044 0.130* - 0.141** 

SCRIB 
  

1 0.151** 0.138** 0.073 0.061 0.132* 0.110* 0.042 0.187** - 0.039 

PKCiota 
 

  1 - 0.221** 0.007 - 0.215** 0.229** 0.076 - 0.128* - 0.095 0.008 

CRB3     1 0.011 0.216** - 0.074 0.035 0.005 0.108* - 0.132* 

β-catenin 
 

    1 - 0.010 0.009 - 0.015 - 0.042 - 0.054 - 0.039 

E-cadherin      
 

1 - 0.229** 0.107* 0.132* 0.137** 0.048 

MMP2 
 

      1 0.060 - 0.032 - 0.091 0.008 

S100A4 
 

       1 0.060 - 0.005 - 0.089 

SNAIL1 
 

        1 0.086 0.114* 

Vimentin 
 

         1 0.055 

ZEB1            1 

LGL2, loss of membranous expression; DLG1, loss of membranous expression; SCRIB, cytoplasmic overexpression; PKCiota, cytoplasmic overexpression; CRB3, loss of 

membranous expression; β-catenin, nuclear expression; E-cadherin, reduced membranous expression; MMP, cytoplasmic expression; S100A4, nuclear expression; SNAIL1, 

nuclear expression; Vimentin, cytoplasmic expression; ZEB1, nuclear expression. 

*P < 0.05, ** P < 0.01  
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Expression of proteins and survival analysis  

Overall survival rates were determined using the log rank test with respect to the 

expression of the 12 proteins (Figure 4A-L). For cell polarity proteins, loss of 

LGL2 membranous expression (P = 0.042), loss of DLG1 membranous expression 

(P = 0.001), cytoplasmic overexpression of SCRIB (P < 0.001), and cytoplasmic 

overexpression of PKCiota (P = 0.035) were found to be significantly associated 

with poor clinical outcome. In terms of EMT-related proteins, MMP2 cytoplasmic 

expression (P = 0.040) and S100A4 nuclear expression (P < 0.001) were found to 

be significantly associated with an unfavorable prognosis. However, no significant 

differences in clinical outcome were found with respect to CRB3, β-catenin, E-

cadherin, SNAIL1, Vimentin, or ZEB1 expression status. Additionally, subgroup 

survival analysis was performed to determine the difference in profile of prognostic 

factors between intestinal and diffuse type carcinomas. The results showed that 

DLG1 and S100A4 were associated with poor prognosis in patients with intestinal 

type carcinoma whereas SCRIB, PKCiota and S100A4 were associated with poor 

prognosis in patients with diffuse type carcinoma (Table 6). However, 

multivariable analysis adjusting for age, pTNM stage, radical resection, tumor size 

and lymphatic invasion revealed that the expression of all proteins had no 

prognostic significance (data not shown). 
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Figure 4. Survival rates of gastric carcinoma patients with protein expression.  

(A-L) Survival curves using the Kaplan-Meier product-limit method demonstrated 

that loss of membranous expression of LGL2 and DLG1, cytoplasmic 

overexpression of SCRIB, PKCiota and MMP2 as well as nuclear expression of 

S100A4 were significantly associated with poor prognosis. (M-O) The patients 

who had tumors with a higher number of proteins changed had significantly worse 

prognosis than the other patients.  
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Table 6. Univariate analysis of predictive factors for overall survival in gastric carcinoma patients (Cox proportional hazards model) 

 Overall Intestinal type carcinoma    Diffuse type carcinoma    

Variables Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value 

Age, > 65 vs ≤65years 1.650 (1.238-2.198) 0.001 1.372  (0.880-2.139)  0.053 1.739  (1.104-2.740)  0.017  

pTNM stage, III/IV vs I/II 7.207 (5.211-9.968) <0.001 7.192  (4.405-11.742)  <0.001 6.711  (3.770-11.946)  <0.001 

Radical surgery, R1/R2 vs R0 10.344 (7.252-14.753) <0.001 11.245  (6.134-20.614)  <0.001 7.866  (4.857-12.739)  <0.001 

Size, ≥ 4cm vs < 4cm 3.352  (2.332-4.819) <0.001 2.417  (1.426-4.096) 0.001 4.610  (2.381-8.926)  <0.001 

Lymphatic invasion, yes vs no 3.865 (2.726-5.479) <0.001 4.676 (2.617-8.354) <0.001 3.018 (1.728-5.272) <0.001 

LGL2 membranous expression, loss vs preserved 1.595 (1.012-2.513) 0.044 1.384 (0.831-2.306)  0,212 2.004  (0.493-8.147)  0.272 

DLG1 membranous expression, loss vs preserved 1.900 (1.284-2.811) 0.001 2.022 (1.283-3.187) 0.002 1.548 (0.490-4.890) 0.456 

SCRIB cytoplasmic overexpression, positive vs negative 1.858 (1.387-2.488) <0.001 1.448 (0.905-2.319) 0.123 2.090 (1.379-3.167) 0.001 

PKCiota cytoplasmic overexpression, positive vs negative 1.385 (1.022-1.875) 0.036 1.390 (0.835-2.231) 0.205 1.645 (1.099-2.463) 0.015 

CRB3 membranous expression, loss vs preserved 1.046 (0.726-1.507) 0.808 0.959 (0.622-1.480) 0.851 0.502 (0.159-1.586) 0.240 

β-catenin nuclear expression, positive vs negative 1.195 (0.800-1.786) 0.384 0.981  (0.518-1.858)  0.953 0.954  (0.517-1.758)  0.879  

E-cadherin, membranous expression, reduced vs preserved 1.222 (0.841-1.777) 0.293 1.547  (0.952-2.514)  0.078 1.068  (0.431-2.645)  0.887  

MMP2 cytoplasmic expression, positive vs negative 1.363 (1.014-1.834) 0.040 1.524  (0.976-2.380)  0.064 1.441  (0.914-2.272)  0.116  

S100A4 nuclear expression, positive vs negative 1.891 (1.332-2.684) <0.001 1.885  (1.073-3.313)  0.028 1.687  (1.053-2.703)  0.030  

SNAIL1 nuclear expression, positive vs negative 0.781 (0.480-1.270) 0.318 0.486  (0.196-1.204)  0.119 1.106  (0.571-2.142)  0.766  

Vimentin cytoplasmic expression, positive vs negative 1.216 (0.764-1.934) 0.410 0.998  (0.139-7.180)  0.999 1.258  (0.740-2.139)  0.396  

ZEB1 nuclear expression, positive vs negative   0.588 (0.311-1.113) 0.103 0.738  (0.321-1.697) 0.474 1.113  (0.408-3.037) 0.835  

CI, confidence interval; R0, curative resection; R1, microscopic residual tumor; R2, macroscopic residual tumor. 
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Combined analysis of cell polarity proteins and EMT 

proteins  

To predict patient outcome more precisely, we performed a combined evaluation of 

cell polarity proteins and EMT proteins after selection of six proteins showing a 

significant prognostic value in univariate analysis. Of the 409 patients enrolled, 

data on six proteins were available in 355 patients. Numbers of proteins changed 

per case ranged from zero to six with a mean of 3.1. These 355 patients were 

classified into three groups based on the number of proteins changed: Group 1; 122 

(34.4%) patients had the expression of zero to two proteins changed. Group 2; 102 

(28.7%) had the expression of three proteins changed. Group 3; 131 (36.9%) 

patients had the expression of four to six proteins changed. The patients who had 

tumors with a higher number of proteins changed had significantly worse prognosis 

than the other patients (P < 0.001) (Figure 4M). Multivariable analysis adjusting 

for age, pTNM stage, radical resection, tumor size and lymphatic invasion showed 

an association between combined status of six proteins and poor prognosis for 

overall patients (P < 0.001) (Table 7). When the data were stratified by histological 

type according Lauren’s classification, the results showed that there was no 

significant prognostic value of a combined evaluation of six proteins in both 

subjects in multivariable analysis (Figure 4N-O and Table 7). 

 

The higher number of proteins changed was found to be associated with tumor 

invasion (P < 0.001), LN metastasis (P < 0.001), distant metastasis (P < 0.001) and 

advanced stage (P < 0.001) (Table 8). Additionally, significant differences in the 

distribution of proteins changed were found between three groups of gastric 
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carcinomas (Table 9). The group 3 with a higher number of proteins changed had a 

higher frequency of tumors with SCRIB cytoplasmic overexpression and S100A4 

nuclear expression than other groups. Compared with SCRIB and S100A4, there 

were relatively small differences in the frequency of tumors with loss of 

membranous expression of LGL2 and DLG1 between three groups.
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Table 7. Multivariable analysis of predictive factors for overall survival 
 

Variables Overall patients  Intestinal type carcinoma Diffuse type carcinoma 

 Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value 

Age (years), > 65 vs ≤65 1.463 (1.057-2.025) 0.022 1.141 (0.718-1.812) NS 2.272 (1.385-3.729) 0.001 

pTNM stage,  III/IVI vs I//II 3.525 (2.230-5.571) <0.001 5.304 (3.121-9.015) <0.001 3.969 (2.147-7.337) <0.001 

Radical surgery, R1,R2 vs R0 5.340 (3.550-8.031) <0.001 4.702 (2.479-8.918) <0.001 5.683 (3.245-9.950) <0.001 

Size (cm), ≥ 4 vs < 4 1.237 (0.783-1.955) NS 0.988 (0.541-1.802) NS 1.483 (0.690-3.187) NS 

Lymphatic invasion, yes vs no 1.417 (0.902-2.225) NS 1.759 (0.863-3.583) NS 1.390 (0.772-2.503) NS 

Group (No. of proteins changed) 

 1 (0-2) 1  0.008a 1  0.059a 1  0.071a 

 2 (3) 1.624 (1.039-2.538) 0.033 1.346 (0.731-2.478) 0.339 2.036 (1.035-4.005) 0.039 

 3 (4-6) 1.919 (1.273-2.891) 0.002 1.931 (1.112-3.353) 0.019 2.029 (1.077-3.820) 0.028 

NS, not significant; CI, confidence interval; R0, no residual tumor; R1, microscopic residual tumor; R2, macroscopic residual tumor. 

aOverall categories comparison.  
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Table 8. Correlation between clinicopathological parameters and three gastric 

carcinoma groups  

 Group P-valueb 

 Group 1 (% ) Group 2 (%) Group 3 (%)  

WHO classification       <0.001 

Well-/moderately differentiated  
tubular adenocarcinoma 

72 (43.6) 43 (26.1) 50 (30.3)  

Poorly differentiated  
tubular adenocarcinoma 

16 (15.1) 29 (27.4) 61 (57.5)  

Mucinous carcinoma 25 (39.1) 23 (35.9) 16 (25.0)  

Poorly cohesive carcinoma 9 (64.3) 5 (35.7) 0 (0)  

Othersa 0 (0) 2 (33.3) 4 (66.7)  

Lauren’s classification      0.007 

Intestinal type 76 (42.0) 48 (26.5) 57 (31.5)  

Diffuse type 46 (26.4) 54 (31.0) 74 (42.5)  

Tumor invasion        <0.001 

Early gastric carcinoma 55 (63.2) 19 (21.8) 13 (14.9)  

Advanced gastric carcinoma 67 (25.0) 83 (31.0) 118 (44.0)  

Lymph node metastasis      <0.001 

Absent 74 (52.9) 34 (24.3) 32 (22.9)  

Present 48 (22.3) 68 (31.6) 99 (46.0)  

Distant metastasis      <0.001 

Absent 114 (37.5) 91 (29.9) 99 (32.6)  

Present 8 (15.7) 11 (21.6) 32 (62.7)  

pTNM stage      <0.001c 

I 63 (57.8) 25 (22.9) 21 (19.3)  

II 27 (35.5) 24 (31.6) 25 (32.9)  

III 24 (20.3) 41 (34.7) 53 (44.9)  

IV 8 (15.4) 12 (23.1) 32 (61.5)  

Lymphatic invasion        

Absent 67 (51.9) 36 (27.9) 26 (20.2) <0.001 

Present 55 (24.3) 66 (29.2) 105 (46.5)  

aOthers including undifferentiated carcinoma, carcinoma with lymphoid stroma and hepatoid adenocarcinoma. 

bχ2 test or Fisher’s exact test. cLinear-by-linear association. 
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Table 9. Distribution of proteins changed in three gastric carcinoma groups 

 Group P-valuea 

 Group 1 (% ) Group 2 (%) Group 3 (%)  

LGL2 membranous expression <0.001 

Preserved 45 (76.3) 10 (16.9) 4 (6.8)  

Loss 77 (26.0) 92 (31.1) 127 (42.9)  

DLG1 membranous expression <0.001 

Preserved 56 (64.4) 23 (26.4) 8 (9.2)  

Loss 66 (24.6) 79 (29.5) 123 (45.9)  

SCRIB cytoplasmic overexpression <0.001 

Negative 120 (53.6) 69 (30.8) 35 (15.6)  

Positive 2 (1.5) 33 (25.2) 96 (73.3)  

PKCiota cytoplasmic overexpression <0.001 

Negative 79 (56.8) 44 (31.7) 16 (11.5)  

Positive 43 (19.9) 58 (26.9) 115 (53.2)  

MMP2 cytoplasmic expression <0.001 

Negative 104 (46.2) 72 (32.0) 49 (21.8)  

Positive 18 (13.8) 30 (23.1) 82 (63.1)  

S100A4 nuclear expression <0.001 

Negative 119 (40.6) 88 (30.0) 86 (29.4)  

Positive 3 (4.8) 14 (22.6) 45 (72.6)  

aLinear-by-linear association. 
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LGL2 expression status during gastric carcinogenesis 

Figure 5 shows representative features of LGL2 immunoreactivity in gastric tissue 

samples obtained from ESD specimens and figure 6A shows the frequencies of 

major pattern of Lg2 immunoreactivity for each histological type of gastric tissue 

samples. LGL2 immunostaining showing basolateral localization of epithelial cells 

with absence of apical localization was present in 95.8% (23/24) of normal mucosa 

without active gastritis or intestinal metaplasia (Figure 5A). Most of the samples 

(90.0%, 27/30) with active gastritis showed a basolateral pattern of LGL2 staining 

(Figure 5B). Intestinal metaplasia showed various patterns of LGL2 staining 

(Figure 5C, D). Among 36 cases of intestinal metaplasia, cytoplasmic 

overexpression of LGL2 was in 16 (44.4%) cases and negative staining was in 11 

(30.6 %) cases. Of the 46 gastric adenomas without membranous expression of 

LGL2, 25 (14 low grade and 11 high grade) showed cytoplasmic overexpression 

(Figure 5E) and 21 (15 low grade and 6 high grade) showed negative staining as 

major pattern. No significant association was found between the major pattern of 

LGL2 staining and the histological grade of dysplasia. Of the intestinal type 

carcinomas, 125 (50.4%) cases showed cytoplasmic overexpression (Figure 5F) 

and 47 (19.0%) showed negative staining. Of the diffuse type carcinomas, 

membranous expression of LGL2 was observed in 9 (3.8%) cases, cytoplasmic 

overexpression was observed in 105 (44.5%) cases and negative staining was 

observed in 122 (51.7%) cases. Overall, the frequency of preserved membranous 

expression of LGL2 gradually decreased from normal mucosa and active gastritis 

tissue to gastric adenoma (41.8%) and intestinal type carcinoma (30.6%) (Figure 

6A). 
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Figure 5. Representative immunohistochemical features of LGL2 in gastric 

tissue samples. Basolateral membranous staining of LGL2 in normal gastric 

mucosa without active gastritis or intestinal metaplasia (A) and active gastritis 

tissue (B). Cytoplasmic and negative staining in intestinal metaplasia (C-D). 

Membranous expression with cytoplasmic staining in gastric adenoma (E). Diffuse 

cytoplasmic staining in early gastric carcinoma (F). (Original magnifications × 

200; insets × 400). 
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Figure 6. LGL2 protein expression during carcinogenesis and its correlation 

with mRNA transcription in gastric tissue. (A) The frequency of LGL2 

membranous expression is gradually decreased in the normal-adenoma-carcinoma. 

Percentages represent the number of samples with membranous expression per 

total sample population for a specific lesion. (B) Correlation between LGL2 mRNA 

expression and protein abundance. A high correlation is found between RNA in 

situ hybridization and immunohistochemical results. Percentages represent the 

number of samples with scores ≥ 2 of mRNA per total sample population for a 

specific pattern of immunoreactivity. NS, not significant; *P-value < 0.001. 
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Correlation between protein and mRNA expression of LGL2  

Subsequently, we performed mRNA in situ hybridization of LGL2 in gastric tissue 

samples from ESD specimens. Figure 7 shows representative features of mRNA in 

situ hybridization. Of the 218 cases of gastric tissue samples, 12 (5.5%) cases were 

scored 0, 30 (13.8%) cases scored 1, 64 (29.4%) cases scored 2, 72 (33.0%) cases 

scored 3, and 40 (18.3%) cases scored 4.  

The rates of high level of mRNA expression (score > 2.0) were 78% (7/9) of 

normal mucosa, 87% (26/30) of active gastritis, 92% (24/26) of intestinal 

metaplasia, 82% (65/79), 78% (50/64) of intestinal type carcinoma and 40% (4/10) 

of diffuse type carcinoma. Tumors with membranous expression or cytoplasmic 

overexpression of LGL2 showed significantly higher LGL2 mRNA transcription 

level than those with negative protein expression (P < 0.001) (Figure 6B). However, 

no significant difference in mRNA transcription level was found between tumors 

with membranous expression and those with cytoplasmic overexpression as the 

major pattern. 
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Figure 7. Representative features showing LGL2 mRNA expression in gastric 

tissue by RNA in situ hybridization. Gastric carcinoma showing score 0 (A), 

score 1 (B), score 2 (C), score 3 (D), score 4 (E) and normal gastric mucosa 

showing score 3 (F). (Original magnification × 400; insets, × 1000)   
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DISCUSSION 

Dysregulation of cell polarity complexes have been suggested to contribute to the 

multistep process of carcinogenesis (37, 38). Recently, it has been reported that 

dysregulation of cell polarity proteins results in the disruption of cell polarity and 

change of morphology as well as promoting tumor progression in a variety of 

human epithelial cancers (4, 8-10, 38). Understanding the underlynig mechanisms 

that regulate cell integrity and tissue organization may provide an important 

insights into tumorigenesis (39). Despite previous studies showing oncogenic or 

tumor suppressive role of cell polarity proteins in diverse cancers, there is little 

reports that any of clinical significance related to dysregulation of cell polarity 

proteins in gastric carcinoma (5, 40). 

 

We investigated expression status of cell polarity proteins and their relationships to 

clinicopathological features in a large series of gastric carcinoma patients in order 

to identify the role of the proteins in gastric carcinoma progression. We showed 

that the results of immunostaining of cell polarity proteins in gastric carcinoma 

were categorized into three types as major patterns: preserved membranous 

expression, cytoplasmic overexpression and negative. Loss of membranous 

expression of LGL2 and DLG1 was correlated with aggressive tumor phenotype 

and poor prognosis whereas cytoplasmic overexpression of SCRIB and PKCiota 

was significantly associated with aggressive tumor phenotype and poor prognosis. 

Cytoplasmic overexpression of LGL2 and DLG1 were not associated with any 

clinicopathological features of aggressive tumor phenotype. Survival analysis for 

LGL2 and DLG1showed no difference in clinical outcome between tumors with 
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cytoplasmic overexpression and those with negative expression as major pattern 

(data not shown). Comparison with LGL2 and DLG1, survival analysis for SCRIB 

and PKCiota showed no significant difference in clinical outcome between tumors 

with membranous expression and those with negative expression as major pattern 

(data not shown). These findings indicate that tumor suppressor role of LGL2 and 

DLG1 in gastric carcinoma progression may be dependent on their proper 

localization than protein abundance, whereas oncogenic function of SCRIB and 

PKCiota may be dependent on their cytoplasmic overexpression than membranous 

localization. The function of cell polarity proteins in gastric carcinoma may be 

differentially dependent on their proper localization or protein abundance for each 

protein. It remains to be elucidate that how cell polarity complexes would be 

disrupted, both in terms of expression level and proper localization, 

 

In particular, the components of SCRIB complex are abundant in protein-protein 

interaction domains, and their activity has been known to be dependent on the 

proper localization (7). Previous studies have revealed that loss of LGL2, DLG1 

and SCRIB was associated with tumorigenesis and progression in cancers (5). 

Studies for LGL2 showed that loss of LGL2 was detected at the invasive front of 

carcinoma and was associated with metastasis, relating to the EMT by ZEB1, 

which suggesting its tumor suppressor role (8, 9). Mislocalized LGL2 to cytoplasm 

through loss of cell polarity and disruption of cell-cell adhesion may result in 

inappropriate cell signaling, contributing tumorigenesis and progression (7). In 

addition, loss and mislocalization of LGL2 has been observed in gastric dysplasia 

and adenocarcinoma (11, 12). Although the molecular mechanisms underlying how 
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dysregulation of LGL2 transform epithelial cells to malignant cells remain to be 

clarified, LGL2 may be a tumor suppressor in gastric carcinoma. 

 

In this study, we showed that SCRIB was oncogenic, which is depending on the 

levels of cytoplasmic expression. Previous studies for SCRIB expression have 

revealed conflicting results of its role in cancers. Earlier studies have reported that 

downregulation or mislocalization of SCRIB functioned as a tumor suppressor. In 

breast cancer, downregulated and mislocalized SCRIB has promoted tumorigenesis 

in association with E-cadherin (14) and it has cooperated with oncogenes such as c-

myc to induce tumors by inhibition of an apoptosis pathway (15). In colon cancer, 

downregulation of SCRIB has disrupted epithelial cell polarity and disorganized 

tissue architecture (13). Study on endometrial cancer has shown that 

downregulation and mislocalization of SCRIB was associated with stage, 

histopathological differentiation, and LN metastasis (41). SCRIB has been 

decreased in cervical neoplasia and targeted for ubiquitin-mediated proteolysis by 

the E6 oncoprotein from human papillomavirus (HPV) (16). In prostate cancer, loss 

of SCRIB with expression of K-ras mutation has promoted cancer progression and 

correlated with poor survival (42). In contrast, recent study has revealed that 

elevated levels of mislocalized SCRIB induced mislocalization of PTEN and 

activated Akt/mTOR/S6K pathway, which contributed to the mammary 

tumorigenesis and invasiveness (17). In addition, other study has shown that 

cytoplasmic overexpression of SCRIB was involved in colon carcinogenesis that 

relating to alteration of β-catenin (43). It has been demonstrated that reduced 

expression of SCRIB inhibited the growth of human cancer cell lines in mouse 
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xenograft, and its overexpression was associated with recurrence and poor 

prognosis in breast cancer samples. These findings suggested that breast cancer 

progression may be closely associated with the expression level of SCRIB (44). 

Although the precise mechanisms of SCRIB localization remain unclear, the role of 

SCRIB in cancer progression may be regulated in a context-dependent manner. 

Therefore, identifying the mechanisms that regulate SCRIB localization may 

improve the understanding tumor biology.  

 

Loss of DLG1 membranous expression was correlated with advance stage and 

prognosis, which was consistent with tumor suppressor function as previously 

reported (5, 40). Previous studies have been demonstrated that DLG1 interacts with 

tumor suppressor APC and PTEN (7). DLG1 and APC localized to the leading 

edge to of migrating cells to enhance cell polarization and migration upon Cdc42-

PAR6-PKC signaling as well as their interaction has been shown to be crucial 

effect on the cell cycle (7, 37). The association of DLG1 with PTEN promotes 

inhibitory effect of PTEN on Akt activation. (7). Mislocalization of DLG1 has been 

associated with tumorigenesis in HPV-induced cervical neoplasia (45). Moreover, 

somatic mutations in DLG1 have been detected in breast cancer (46). These data 

suggest that DLG1 acts as a tumor suppressor. 

 

Multiple studies has been found that overexpression of PKCiota are frequently 

observed in non-small cell lung cancer, colon cancer, ovarian cancer, esophageal 

squamous cell carcinoma, breast cancer and hepatocellular carcinoma (20, 40). 

Overexpression of PKCiota from amplification of 3q26 chromosomal region was 
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correlated with tumor stage and poor prognosis in non-small cell lung cancer. (20, 

22). In colorectal and lung cancer, PKCiota has cooperated as a downstream of Ras 

signaling to enhance Rac1 activation and to promote cell transformation (20, 40). 

Cytoplasmic overexpression of PKCiota was frequently observed in breast cancer, 

which was correlated with tumor pathologic type (47). Additionally, PKCiota 

overexpression in basal cell carcinoma has been important for hedgehog signaling, 

which promoting cell proliferation (48). Taken together, PKCiota has been 

implicated in the tumorigenesis and progression. 

 

Although CRB3 has been reported to function as a tumor suppressor in Drosophila 

imaginal disc epithelium, little is known about the function of deregulated CRB3 in 

human cancers. In present study, we showed no significant association between 

deregulation of CRB3 expression and aggressive tumor phenotype as well as 

prognosis. Previous functional study has been shown that downregulation of CRB3 

contributed to tumorigenesis through EMT and deficient tight junction formation 

by E-cadherin loss whereas restoration of CRB3 suppresses cell migration and 

metastasis (25). Others have been reported that disruption of CRB complex 

activated TGF-β signaling and promoted cells to EMT and CRB played as a tumor 

suppressor that regulates Hippo signaling (49, 50). It has been found that CRB3 

was suppressed by ZEB1 and SNAIL and its downregulation was correlated with 

invasion of tumor cells by EMT (8, 9, 26). In addition, reduced expression of 

CRB3 was significantly associated with poor prognosis in clear cell renal cell 

carcinoma. Further studies are required to determine the role of CRB3 expression 

in gastric carcinoma. 



 

48 

 

 

Polarization is regulated by a complex signaling network, which is recently 

beginning to be understood (39). Polarity is established through the concerted 

action of three polarity complexes that interplay with each other and with the 

structural components of the intercellular junctions and cytoskeleton (28, 39, 51). 

Recently, a close relationship between the loss of cell polarity and the EMT process 

has been documented (19, 28, 38). Therefore, we analyzed protein expression 

profiles in gastric carcinoma tissue samples to investigate the correlations within 

components of polarity complexes as well as the potential connection between cell 

polarity proteins and EMT-related proteins. Our findings showed that correlations 

between cell polarity proteins and EMT proteins were weak and complex. Positive 

correlations were observed within LGL2, DLG1 and SCRIB. DLG1 was positively 

correlated with CRB3 while it was negatively correlated with PKCiota, component 

of PAR complex. Reduced expression of E-cadherin was positively associated with 

loss of membranous expression of LGL2, DLG1 and CRB3, which is consistent 

with results of previous studies (7-10, 19, 51). In contrast, E-cadherin was 

negatively associated with cytoplasmic overexpression of PKCiota and MMP2. In 

addition, expression of SNAIL1 and ZEB1, known as crucial EMT inducers, was 

not correlated expression of cell polarity proteins, which is inconsistent with the 

results of previous reports (7-10, 19). These data support the findings of previous 

reports that regulation of cell polarity by EMT involves in a complex system and 

depends on the tumor context (19, 27). Besides a direct link between EMT inducers 

and transcriptional downregulation of several polarity genes, there appear to be 

indirect mechanisms that regulate cell polarity components at the transcriptional 
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and post-transcriptional levels. For instance, SNAIL mediated-repression of PTEN 

or active function of microRNAs in EMT regulation could affect apical-basal cell 

polarity (19, 27). The activation of TGF-β signaling during EMT participates in the 

regulation of cell polarity (52). Interestingly, EMT in LGL2-mutant cells facilitates 

by downregulation of E-cadherin via activation of ErbB2 signaling rather than 

SNAIL-dependent repression (53). 

 

Regarding the regulation of EMT by loss of E-cadherin, transcriptional repression 

by SNAIL or ZEB1 has been proposed as predominant mechanism in 

tumorigenesis (19, 27). In this study, reduced expression of E-cadherin was found 

to be correlated with overexpression of SNAIL1, S100A4 and Vimentin but was 

not associated with ZEB1 expression. Similarly, downregulation of LGL2 was 

correlated with Vimentin expression but not with ZEB1 expression in this study. 

These findings are not strictly in accordance with those of previous reports (8-10). 

However, apparently discrepant results have been reported. Several studies showed 

that downregulation of E-cadherin did not correlate with the expression of known 

transcriptional repressors including SNAIL and ZEB1 in gastric, pancreatic, and 

breast cancer tissue (54-56). SNAIL1 mRNA transcripts were correlated with 

downregulation of E-cadherin in diffuse type gastric carcinomas (57), but this was 

not confirmed in primary gastric carcinoma using immunohistochemical study (58). 

In addition, E-cadherin can be regulated by other distinct mechanisms such as 

genetic mutation, promoter hypermethylation, post-translational modification as 

well as the influence of the tumor microenvironment during cancer progression 

(59-62). Furthermore, the discrepancy may partly be explained by the application 
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of different methods such as reverse transcriptase-PCR, Western blot, and 

immunohistochemistry or the use of different samples such as cultured cancer cells 

or human cancer tissue (62). Therefore, our results suggest that the transcriptional 

regulation of E-cadherin in gastric carcinoma is complex and the contribution of 

different repressors is dependent on the specific cellular or tumor context (19, 27). 

Collectively, the complex networks may regulate epithelial cell polarity by, at least, 

EMT-related proteins in gastric carcinoma. These findings expand the body of 

evidence of the relationships between dysregulation in cell polarity components 

and EMT process in gastric carcinoma, which provide clues for their potential use 

as therapeutic targets to prevent cancer progression.  

 

Considering the interactions between cell polarity proteins and EMT proteins, we 

evaluated the impact of cell polarity proteins and EMT proteins on prognosis in 

gastric carcinoma. Our results showed that loss of membranous expression of 

LGL2 and DLG1 as well as cytoplasmic overexpression of SCRIB and PKCiota 

was significantly associated with poor prognosis in the univariate analysis, 

respectively. Cytoplasmic expression of MMP and nuclear expression of S100A4 

was also associated with poor prognosis. The expression of MMP and S100A4 has 

been shown to be related to an invasive phenotype and poor prognosis in gastric 

carcinoma (63, 64), but the prognostic significance of cell polarity proteins has 

remains unclear. Based on published reports that analysis of more prognostic 

markers may lead to a more reliable estimation of clinical outcomes (54, 65, 66), 

we performed a combined evaluation of six proteins with significant value in 

univariate analysis for survival outcome. We found that the group with higher 
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number of proteins changed had worse prognosis than other groups. In addition, a 

higher number of proteins changed significantly correlated with local invasion, LN 

metastasis, distant metastasis and advanced stage. These observations suggest that 

the higher number of proteins changed may be correlated with cancer progression 

and a combined analysis of multiple polarity proteins might improve the estimation 

of prognosis in gastric carcinoma. Considering the complex interactions between 

the components of polarity complexes, their role for the development and 

progression of cancer is better appreciated using a combined evaluation to examine 

these polarity proteins as a whole rather than studying an individual protein (40). 

Interestingly, among three groups of gastric carcinoma the differences in 

distribution of SCRIB cytoplasmic overexpression and S100A4 nuclear expression, 

which are oncogenic, were relatively large compared with data from expression of 

LGL2 and DLG1 suggesting tumor suppressor. Further studies are needed to 

investigate the more detailed expression profiles of cell polarity proteins and EMT 

proteins between cancer phenotypes as well as an explanation for the phenotypic 

differences.  

 

With respected to the biological differences between the two histological types 

according to Lauren’s classification, we analyzed the expression status of proteins 

and the pattern of prognostic factors for survival between intestinal and diffuse 

type carcinomas. After stratifying based on histological type, the findings showed 

that no significant difference in the prognostic value of combined status of six 

proteins in both subjects. However, multivariable analysis revealed differences in 

the profiles of variables with significant prognostic value as well as in the 



 

52 

 

expression patterns of proteins were observed between two types of cancer. These 

indicate that biological-molecular characteristics might differentially influence the 

protein expression and clinicopathological features depending on the histological 

type. The limitation of these results was a small number of samples examined for 

each histological types of gastric carcinoma. 

 

In addition, we found that membranous expression of LGL2 was gradually lost 

from normal mucosa to adenoma and carcinoma. Basolateral pattern of LGL2 

staining was preserved in most cases of normal mucosa and active gastritis, 

whereas various patterns including cytoplasmic and negative staining were 

observed in intestinal metaplasia samples. In contrast to our findings for LGL2 

immunoreactivity, previous studies have reported that absence of LGL2 staining 

was found in intestinal metaplasia and positive LGL2 staining can be a useful 

diagnostic marker to rule out dysplasia or adenocarcinoma (11). Further validation 

studies are required to resolve this discrepancy. 

 

The results of this and previous studies on cell polarity proteins showed that not 

only protein levels but also proper localization are essential for their functions to 

regulate cell growth and invasiveness (3, 6, 7). We investigated whether changes in 

the expression level of LGL2 is associated with clinicopathological factors 

compared with the impacts of preserved LGL2 membranous expression in gastric 

carcinoma. When we classified gastric carcinomas into two groups according to the 

expression level of LGL2 protein regardless of its localization, the tumors with 

high level of LGL2 expression was not associated with any features of aggressive 
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tumor phenotype, except for histological type (data not shown). Collectively, 

although the molecular mechanisms of membrane localization of LGL2 are largely 

unknown, this result supports that proper membrane localization rather than protein 

abundance may be associated with a tumor suppressive role of LGL2 in gastric 

carcinoma. Additionally, we investigated LGL2 mRNA expression levels by mRNA 

in situ hybridization in gastric tissues. Our findings revealed a high degree of 

concordance between mRNA levels and protein abundance of LGL2 regardless of 

its localization, and the amount of LGL2 mRNA was not associated with the tumor 

suppressor function of LGL2 (data not shown).  

 

In conclusion, our data revealed that the expression pattern of cell polarity proteins 

was associated with aggressive tumor phenotype and poor prognosis. We showed 

the complex correlations between cell polarity proteins and EMT proteins, which 

suggesting the existence of extensive regulatory mechanisms, and the combination 

of the proteins could provide a more precise estimation of prognosis for patients 

with gastric carcinoma. Collectively, we suggest that cell polarity proteins play a 

role in gastric carcinoma progression related to EMT. 
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국  초  

남 경 한 

학과 병리학 공 

울 학  과 학 

 

상피 포  극  상조직  구조  항상  지하는데 매우 요하

다. 극 이 소실 면 조직이 해 고 암  발하거나 진행  촉진할 

 있다. 이번 연구는  상피 포 암에  포극 단백  발  양상  

조사하고 암 진행에  포극 단백  역할  규명하 고 하 다. 또

한, 포극 단백 발 과 상피-간엽  단백 발  상 계를 밝히

고 하 다. 이를 하여 암에  포극 단백 5종 (LGL2, DLG1, 

SCRIB, PKCiota, CRB3)과 상피-간엽   단백 7종 (β-

catenin, E-cadherin, MMP2, S100A4, SNAIL1, Vimentin, ZEB1)  

발  면역조직 학 검사를 이용하여 조사하 고, 종, 염, 장

생 및 상 막에  RNA in situ hybridization (ISH) 법과 면역조직

학 검사를 이용하여 LGL2  발  양상  조사하 다. 분  결과에  

LGL2, DLG1  포막 발  감소  SCRIB, PKCiota  포질 과다

발  암  이 및 악 도  이 있었다. 상피-간엽  단백과 

포극 단백  이상발  양상  분 한 결과 복잡한 상 계가 나타

나 이들 단백 상 간 직 인 작용 외에 다양한 이 발 에 여함
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 시사하 다. 단변량 생존분 에  LGL2, DLG1, SCRIB, PKCiota, 

MMP2, S100A4  후  이 있었 며, 이 6종  단백  조합하

여 분 한 모델 후를 평가하는데  나  결과를 보 다. 이상발  

한 단백  자가 많  종양일  암  악 도가 높았다.  LGL2  

포막 발  소실  상, 종, 암  진행할  증가하는 단계

 증가하는 경향  보여 LGL2 포막 발  소실이 암  발생

에 여하는 것  추 다. 결  포극 단백  이상발  

암  발생과 진행에 여하는 것  추 며, 그  부분  

상피-간엽  과 과 어 있다고 판단 다.  
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