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Abstract

Background Gastric cancer (GC) is the fifth commonest

malignancy worldwide and still one of the leading causes

of cancer-related death. The aim of this study was to

identify a novel prognostic marker or therapeutic target for

GC.

Methods We analyzed candidate genes from our previous

Escherichia coli ampicillin secretion trap (CAST) libraries

in detail, and focused on the FKTN gene because it was

overexpressed in both GC cell line CAST libraries, MKN-1

and MKN-45.

Results Quantitative reverse transcriptase PCR analysis

of FKTN revealed that FKTN messenger RNA was over-

expressed in nine of 28 (32.1 %) GC tissue samples com-

pared with nonneoplastic gastric mucosa. Immunostaining

of fukutin showed that 297 of 695 cases (42.7 %) were

positive for fukutin. Fukutin-positive GC cases were sig-

nificantly associated with differentiated histological fea-

tures, and advanced T grade and N grade. In addition,

fukutin expression was observed more frequently in the

intestinal phenotype (51 %) of GC than in other pheno-

types (37 %) when defined by the expression patterns of

mucin 5AC, mucin 6, mucin 2, and CD10. FKTN small

interfering RNA treatment decreased GC cell proliferation.

Conclusions These results indicate that the expression of

fukutin may be a key regulator for progression of GC with

the intestinal mucin phenotype.

Keywords Gastric cancer � FKTN � Fukutin � Cell
growth � Mucin phenotype

Introduction

Gastric cancer (GC) remains a major public health problem

worldwide, and is the fifth commonest human malignant

disease. Although therapeutic outcomes have recently

improved for early GC, it remains one of the world’s

leading causes of cancer-related death [1]. Generally, GCs

have been classified into two histological types on the basis

of the tendency toward gland formation—namely, intesti-

nal type and diffuse type according to Lauren [2], or dif-

ferentiated type and undifferentiated type according to

Nakamura et al. [3]. GCs are also classified as having a

gastric phenotype, a gastric and intestinal mixed pheno-

type, or an intestinal phenotype depending on the expres-

sion of mucin phenotypic markers [4–6]. The mucin

expression and phenotype of tumors are associated with

clinicopathological findings and tumorigenesis in GCs.

However, the clinical importance of intestinal mucin in

GCs is still controversial and, at the time of writing, no

definite conclusions have been reached [5, 6].

Better knowledge of the changes in gene expression that

occur during gastric carcinogenesis may lead to improve-

ments in diagnosis, treatment, and prevention. Compre-

hensive gene expression analysis is useful to identify

potential molecular markers for GC and to better
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understand the development of GC at the molecular level.

We previously performed several large-scale gene expres-

sion studies using array-based hybridization [7] and serial

analysis of gene expression [8, 9], and identified a number

of genes, including REG4 (which encodes regenerating

islet-derived protein 4) [10, 11] OLFM4 (which encodes

olfactomedin 4) [12], BPIFA1, also known as PLUNC

(which encodes palate, lung, and nasal epithelium carci-

noma associated protein) [13], and GJB6 (which encodes

connexin 30) [14]. Our recent study of Escherichia coli

ampicillin secretion trap (CAST) analysis on GC cell lines

and cancer tissues identified several candidate genes.

Desmocollin 2 (DSC2) expression was associated with GC

of the intestinal mucin phenotype with CDX2 expression

[15] and transmembrane 9 superfamily member 3

(TM9SF3) expression was significantly associated with

tumor progression and involved in cancer cell invasion

[16]. These results indicated the methods to be useful for

the identification of novel genes associated with GC;

however, such alterations cannot completely explain the

pathogenesis of GC.

In the present study, we analyzed candidate genes from

previous CAST libraries in detail, and focused on the

FKTN gene (which encodes fukutin) because it was over-

expressed in both GC cell line CAST libraries, MKN-1 and

MKN-45. Quantitative reverse transcriptase PCR (RT-

PCR) analysis showed the expression of FKTN to be rel-

atively higher in GC tissue than in corresponding non-

neoplastic gastric mucosa. FKTN is responsible for

Fukuyama-type congenital muscular dystrophy. Fukutin is

presumably involved in the glycosylation of a-dystrogly-
can, which is involved in basement membrane formation.

Moreover, FKTN has been reported as a potential tumor

suppressor gene in human cervical and breast cancer cell

lines [17]. To our knowledge, however, the detailed func-

tion and expression profiles of the FKTN gene in human

GC have not yet been elucidated.

This is the first detailed analysis of fukutin expression in

human GC. Here, we clarify the upregulation of FKTN

messenger ENA (mRNA) expression via quantitative RT-

PCR analysis of surgically resected GC tissues. To clarify

the pattern of expression and localization of fukutin in GC

and association with clinocopathological characteristics,

we performed immunohistochemical analysis of surgically

resected GC samples and analyzed the association between

fukutin and various markers, including the gastric and

intestinal mucin phenotypes (mucin–5AC, mucin 6,

mucin 2 and CD10), and CDX2. Furthermore, using a

small interfering (siRNA) knockdown system, we exam-

ined the biological role of FKTN in cancer cell prolifera-

tion and invasion in GC cell lines.

Materials and methods

Tissue samples

Fresh tissue samples of primary tumor and the corre-

sponding nonneoplastic gastric mucosa were collected

from 28 patients with GC who received surgical treatment

at Hiroshima University Hospital or affiliated hospitals. For

RNA and protein extraction, tissue samples obtained at the

time of surgery were immediately embedded in O.C.T.

compound (Sakura Finetechnical, Tokyo, Japan), frozen in

liquid nitrogen, and stored at -80 �C. Samples of normal

brain, spinal cord, heart, skeletal muscle, lung, stomach,

small intestine, colon, liver, pancreas, kidney, uterus, bone

marrow, spleen, peripheral leukocytes, and trachea were

purchased from Clontech (Palo Alto, CA, USA). For

immunohistochemical analysis, we used archival formalin-

fixed paraffin-embedded tissues from 695 patients who had

undergone surgical excision of GC at Hiroshima University

Hospital. The 695 GC cases were histologically classified

as differentiated type (n = 359) and undifferentiated type

(n = 336), according to the Japanese classification of

gastric carcinoma [18]. Tumor staging was done according

to the TNM classification. Because written informed con-

sent was not obtained, identifying information for all

samples was removed before analysis for strict privacy

protection. This procedure was in accordance with the

ethical guidelines for human genome/gene research enac-

ted by the Japanese government.

Quantitative RT-PCR and Western blot

Quantitative RT-PCR was performed with an ABI PRISM

7900 sequence detection system (Applied Biosystems,

Foster City, CA, USA) as described previously [19]. We

calculated the ratio of target gene mRNA expression levels

between GC tissue (T) and corresponding nonneoplastic

mucosa (N). T/N ratios greater than 2 were considered to

represent overexpression. b-Actin (ACTB gene) was used

as a housekeeping internal control. Western blot was per-

formed as described previously [20].

Antibodies

Anti-fukutin antibody (ab131280) was purchased from

Abcam (Tokyo, Japan). Four antibodies were used for the

analysis of the GC phenotypes: anti-mucin 5AC (Novo-

castra, Newcastle, UK) as a marker of gastric foveolar

epithelial cells, anti-mucin 6 (Novocastra) as a marker of

pyloric gland cells, anti-mucin 2 (Novocastra) as a marker

of goblet cells in the small intestine and colorectum, and
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anti-CD10 (Novocastra) as a marker of microvilli of

absorptive cells in the small intestine and colorectum. Anti-

CDX2 (BioGenex, San Ramon, CA, USA) was used as a

marker of differentiation of intestinal epithelial cells.

Immunohistochemistry

An LSAB kit (Dako, Carpinteria, CA, USA) was used for

immunohistochemical analysis. In brief, sections were

pretreated by microwave irradiation in citrate buffer for

15 min to retrieve antigenicity. Then peroxidase activity

was blocked with 3 % hydrogen peroxide–methanol for

10 min. Sections were incubated with the following pri-

mary antibodies: anti-fukutin (1:200 dilution, anti-rabbit

monoclonal antibody) and anti-mucin 5AC, anti-mucin 6,

anti-mucin 2, and anti-CD10 (all diluted 1:50, anti-mouse

monoclonal antibodies). Sections were incubated with

primary antibody for 1 h at 25 �C, followed by incubations

with biotinylated secondary IgG and peroxidase-labeled

streptavidin for 10 min each. Staining was completed with

10 min incubation with substrate–chromogen solution. The

sections were counterstained with 0.1 % hematoxylin. For

fukutin expression, in specimens with more than 10 %

staining of cancer cells, the immunostaining was consid-

ered positive according to median cutoff values rounded

off to the nearest 5 % (range 0–80). GC cases were clas-

sified into four phenotypes as described previously: gastric

phenotype, intestinal phenotype, gastric and intestinal

mixed phenotype, and unclassified phenotype [21].

RNA interference

RNA interference was performed to knock down endoge-

nous FKTN. Small interfering RNA (siRNA) oligonu-

cleotides for FKTN and a negative control were purchased

from Invitrogen (Carlsbad, CA, USA). Three independent

oligonucleotides were used for FKTN siRNA as follows:

FKTN siRNA-1 sequence, 50-GCA ACC CAA UGG AAU

CUG GCC UAU U-30; FKTN siRNA-2 sequence, 50-CCA
CUU GAG ACU UAA AGA ACA CAU U-30; and FKTN

siRNA-3 sequence, 50-GGC CUU UCG GAA GAG UGC

AAA GGA A-30. Transfection was performed using Lipo-

fectamine RNAiMAX reagent (Invitrogen) according to the

manufacturer’s protocol. Briefly, 100 pmol siRNA and

12 lL Lipofectamine RNAiMAX were mixed in 1 mL

RPMI medium (10 nmol/L final siRNA concentration).

After 20 min of incubation, the mixture was added to the

cells and plated on tissue culture dishes. The analyzed cells

were incubated for 48 h after transfection in all experiments.

Cell lines, cell growth, and in vitro invasion assays

Eight cell lines derived from human GC were used. GC cell

lines of the MKN series—MKN-1 (adenosquamous cell

carcinoma), MKN-7 and MKN-74 (well-differentiated

adenocarcinoma), and MKN-45 (poorly differentiated

adenocarcinoma)–were purchased from the Japanese Col-

lection of Research Bioresources Cell Bank (Osaka, Japan).

KATO-III, HSC-39 (signet ring cell carcinoma), and HSC-

57 (well-differentiated adenocarcinoma) were provided by

Morimasa Sekiguchi (University of Tokyo) [22]. HSC-

44PE (signet ring cell carcinoma with scirrhous variant)

was provided by Kazuyoshi Yanagihara [23]. The TMK-1

cell line was established in our laboratory from a poorly

differentiated adenocarcinoma [24]. All cell lines were

maintained in RPMI 1640 (Nissui Pharmaceutical, Tokyo,

Japan) containing 10 % fetal bovine serum (BioWhittaker,

Walkersville, MD, USA) in a humidified atmosphere of

5 % CO2 and 95 % air at 37 �C. The MKN-1 and MKN-45

cells were seeded at a density of 2000 cells per well in

96-well plates. Cell growth was monitored after day 0, 1, 2,

and 4 for the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-

trazolium bromide (MTT) assay, as described elsewhere

[25]. Modified Boyden chamber assays were performed to

examine invasiveness. Cells were plated at 200,000 cells

per well in RPMI-1640 medium plus 1 % serum in the

upper chamber of a Transwell insert (8-lm pore diameter;

Chemicon, Temecula, CA, USA) coated with Matrigel.

Medium containing 10 % serum was added in the bottom

chamber with use of a 24-well plate format. On days 1 and

2, noninvading cells in the upper chamber were removed

by a clean cotton swab, and the cells attached to the lower

surface of the insert were stained with Cell Stain (Chemi-

con, Temecula, CA, USA). The invading cells were then

counted with an ordinary light microscope.

Statistical methods

Correlations between clinicopathological parameters and

fukutin staining were analyzed by the chi squared test.

P\ 0.05 was considered statistically significant. Statistical

analyses were performed with JMP (version 9.0.2; SAS

Institute, Carey, NC, USA). Another gene expression pro-

file and survival data were available on a total of 265 GC

patients from The Cancer Genome Atlas (TCGA) website

(http://www.cbioportal.org/) [26]. The Kaplan–Meier

method was used to estimate the overall survival, and the

difference in survival among groups was examined with a

log-rank test.
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Results

FKTN overexpression in GC cell line CAST libraries

We previously generated CAST libraries from two GC cell

line CAST libraries—MKN-1 [15], and MKN-45 [16]—

and normal stomach [15]. CAST is a useful method for

identifying novel biomarkers and new therapeutic targets.

One hundred fifty-two genes and 237 genes were found in

the known databases that were specifically expressed in GC

cell line MKN-1 and MKN-45 CAST libraries, respec-

tively, and this means that these genes were not found in

the normal stomach CAST library. In the present study, we

selected only genes that were detected at least two times in

each GC cell line CAST library but not in the normal

stomach CAST library. Furthermore, we selected only

genes that have not been investigated in GC. FKTN was the

top candidate expressed in both CAST libraries (Table S1).

Messenger RNA expression and protein expression

of FKTN in systemic normal organs, GC cell lines,

and GC tissues

Genes expressed at high levels in tumors and very low

levels in normal tissues are ideal diagnostic markers and

therapeutic targets. To confirm whether the FKTN gene is

cancer specific, quantitative RT-PCR was performed in

nine GC tissue samples and in 14 kinds of normal tissue

(liver, kidney, heart, colon, brain, bone marrow, skeletal

muscle, lung, small intestine, spleen, spinal cord, stomach,

pancreas, and peripheral leukocyte). FKTN expression was

detected at low levels or to a lesser extent in normal organs,

including the stomach. High FKTN expression was

observed in three of nine GC tissues ((33.3 %; Fig. 1a). To

validate the CAST data, FKTN expression in GC was

investigated by quantitative RT–PCR in an additional 28

GC samples and corresponding nonneoplastic mucosa. We

calculated the ratio of target gene mRNA expression levels

between GC tissue (T) and corresponding nonneoplastic

mucosa (N). T/N ratios greater than 2 were considered to

represent overexpression. FKTN mRNA was overexpressed

in nine of 28 cases (32.1 %; Fig. 1b). We next examined

the FKTN expression in the TCGA Stomach Adenocarci-

noma RNA sequencing database [26], and we found that

109 of 265 GC cases (41 %) had FKTN mRNA upregula-

tion. Western blot analysis showed that fukutin was

observed in all eight GC cell lines, irrespective of the

histological subtypes. In addition, the fukutin levels were

upregulated in three GC tissues compared with corre-

sponding noncancerous tissues (Fig. 3a).

Immunohistochemical analysis of fukutin in GC

To analyze the tissue localization, pattern of distribution,

and the relationship between clinicopathological parame-

ters and fukutin in GC, immunohistochemical analysis of

fukutin was performed with a commercially available

antibody. Fukutin expression was detected in 297 of 695

GCs (42.7 %), and it showed cytoplasmic granular staining

in cancer cells, from the superficial layer to the deep layer,

especially in differentiated-type GC (Fig. 2a, b). In non-

neoplastic gastric mucosa, weak staining of fukutin was

observed in intestinal metaplastic cells (Fig. 2f), but not in

the normal gastric epithelial glands. Next, the relationship

between fukutin expression and clinicopathological

parameters was examined. Fukutin-positive expression

showed a significant correlation with the depth of invasion

(P = 0.0125) and lymph node metastasis (P = 0.0104).

There was no significant association between fukutin

expression and the other parameters (stage or M grade).

Histologically, fukutin was observed more frequently in

differentiated-type GC than in undifferentiated-type GC

(P\ 0.0001) (Table 1). The role of fukutin in survival

prognosis of 93 GC patients was examined, but no signif-

icant correlation between fukutin expression and overall

survival was found (data not shown). Furthermore, the

Fig. 1 Quantitative reverse transcriptase PCR analysis of FKTN.

a FKTN messenger RNA (mRNA) expression level in 14 normal

tissues and nine gastric cancer (GC) samples (arbitrary units). b T/

N ratio of FKTN mRNA level between GC tissue (T) and corre-

sponding nonneoplastic mucosa (N) in 28 GC cases. A T/N ratio

greater than 2 was considered to represent overexpression. Upregu-

lation of the FKTN gene was observed in 32 % of the cases
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RNA sequencing data from TCGA provided the survival

analysis between GC cases with and without FKTN mRNA

upregulation [26]. However, there was no statistical sig-

nificant correlation between survival prognosis and FKTN

mRNA expression status (Fig. S1).

Association between gastric or intestinal mucin

markers and fukutin expression

We next investigated the association between fukutin

expression and various markers determining the gastric and

Fig. 2 Immunohistochemical

analysis in GC tissues and

nonneoplastic gastric mucosa.

a Fukutin expression in

differentiated-type GC tissue.

b Fukutin was observed as

cytoplasmic staining in cancer

cells. c–e Intestinal gastric

mucin phenotypes were

examined: CD10 and mucin 2

(MUC2). Serial section showed

that CD10 expression was partly

adjacent to cytoplasmic

expression of fukutin. f Fukutin
expression was detected in

intestinal metaplastic cells but

not in the normal stomach

mucosa. g Expression of fukutin

was observed more frequently

in intestinal-type GC than in the

other GC mucin phenotypes.

P values were statistically

analyzed by Fisher’s exact test
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intestinal phenotypes. In the 695 cases examined, each

molecule was detected in 274 cases (39.4 %) for muci-

n 5AC, 95 cases (13.6 %) for mucin 6, 158 cases(22.7 %)

for mucin 2, and 89 cases (12.8 %) for CD10. The 695 GC

cases were classified into four phenotypes: 215 (30.9 %)

were of the gastric phenotype, 87 (12.5 %) were of the

gastric and intestinal mixed phenotype, 154 (22.1 %) were

of the intestinal phenotype, and 239 (34.3 %) were of the

unclassified phenotype. The positive expression of fukutin

was significantly more frequent in CD10-positive cases

than in CD10-negative cases (P\ 0.0001) (Table 2). In

immunohistochemical staining, the localized distribution of

fukutin and CD10 was partly contiguous (Fig. 3c, d).

However, there was no clear relationship between the

expression of fukutin and other markers (mucin 5AC,

mucin 6, and mucin 2) (Fig. 2e, Table 2). Fukutin

expression occurred more frequently in the intestinal phe-

notype than in other phenotypes of GC (P = 0.0004)

(Fig. 2f). The correlation between fukutin expression and

intestinal differentiation marker CDX2 was also analyzed,

but no significant relationship was found (data not shown).

Effect of fukutin downregulation on cell

proliferation and invasive activity

To analyze the biological significance of fukutin in GC,

siRNA knockdown was performed on the MKN-1 and

MKN-45 GC cell lines and confirmed by Western blot

analysis (Fig. 3a, b). To determine the possible role of

fukutin in the proliferative effect of GC cells, an MTT

assay was performed. Cell proliferative ability was sig-

nificantly abrogated in FKTN knockdown GC cells com-

pared with negative control siRNA-transfected GC cells

(Fig. 3c). The possible invasiveness of fukutin was also

investigated. A Transwell invasion assay was performed

2 days after negative control siRNA and FKTN siRNA

transfection in MKN-1 and MKN-45 cells. There was no

Table 1 Relationship between FKTN expression and clinicopatho-

logical parameters in 695 gastric cancer (GC) cases obtained by

immunohistochemistry

FKTN expression P

Positive Negative

Age

B65 years (n = 336) 130 (39 %) 206 0.037

[65 years (n = 359) 167 (47 %) 192

Gender

Female (n = 261) 93 (36 %) 168 0.0032

Male (n = 434) 204 (47 %) 230

T grade

T1 (n = 198) 70 (35 %) 128 0.0125

T2/T3/T4 (n = 497) 227 (45 %) 270

N grade

N0 (n = 296) 110 (37 %) 186 0.0104

N1/N2/N3 (n = 399) 187 (46 %) 212

M grade

M0 (n = 680) 287 (42 %) 393 NS

M1 (n = 15) 10 (66 %) 5

Stage

Stage I (n = 284) 114 (40 %) 170 NS

Stage II/III/IV (n = 411) 183 (44 %) 228

Histology

Differentiated (n = 359) 236 (60 %) 123 \0.0001

Undifferentiated (n = 336) 61 (18 %) 275

P values were calculated by Fisher’s exact test.

NS not significant

Table 2 Relationship between FKTN expression and gastric/intesti-

nal mucin markers in 695 GC cases

FKTN expression P

Positive Negative

Mucin 5AC

Positive (n = 274) 106 (37 %) 168 NS

Negative (n = 421) 191 (45 %) 230

Mucin 6

Positive (n = 95) 42 (44 %) 53 NS

Negative (n = 600) 255 (43 %) 345

Mucin 2

Positive (n = 158) 69 (44 %) 89 NS

Negative (n = 537) 228 (42 %) 309

CD10

Positive (n = 89) 58 (65 %) 31 \0.0001

Negative (n = 606) 239 (39 %) 367

P values were calculated by Fisher’s exact test.

cFig. 3 Effect of fukutin downregulation on cell growth and cell

invasion. a The anti-fukutin antibody was detected in the band at

approximately 53 kDa on Western blot of eight GC cell lines. b-Actin
was used as a loading control. The fukutin levels were upregulated in

three GC tissues compared with corresponding noncancerous tissues.

b Western blot analysis of FKTN in MKN-1 and MKN-45 GC cells

transfected with negative control small interfering (siRNA) or FKTN

siRNAs (siRNA-1, siRNA-2, siRNA-3). c Cell growth was assessed

by a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide

(MTT) assay on 96-well plates in MKN-1 and MKN-45 cells. d Effect

of FKTN knockdown on cell invasion in MKN-1 and MKN-45 cells.

MKN-1 and MKN-45 GC cells transfected with negative control

siRNA or FKTN siRNA-1 and siRNA-3 were incubated in Boyden

chambers. After 24 and 48 h of incubation, invading cells were

counted. Bars and error bars show the mean and standard deviation,

respectively, of three different experiments. Asterisk P\ 0.05, O.D

optical density, NS not significant
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significant difference in the invasion rate between control

and knockdown cells (Fig. 3d). To clarify the molecular

signaling pathways associated with proliferation activities,

we examined the phosphorylation of epidermal growth

factor receptor (EGFR) downstream molecules as descri-

bed previously [27]. FKTN knockdown did not affect the

levels of EGFR, Akt, extracellular-signal-regulated

kinase 1/2, or p38 and their phosphorylated forms (data not

shown).

Discussion

In this study, he gene expression profile was studied with

GC cell lines that were previously analyzed by the CAST

method. We focused on FKTN as a novel target gene

among genes that were specifically upregulated in GC. The

rationale for the in-depth analysis of FKTN was based on

three main reasons: firstly, because of its frequent over-

expression in two GC cell line CAST libraries, MKN-1 and

MKN-45; secondly, quantitative RT-PCR analysis revealed

that FKTN was more frequently overexpressed in GC tissue

than in nonneoplastic gastric mucosa; and thirdly, the

expression and biological significance of FKTN in human

GC have not been investigated. Here, we showed by the

immunohistochemical analysis of 695 human GC cases

that FKTN expression was significantly associated with

differentiated-type GC and the expression of intestinal

mucin phenotype marker CD10. Furthermore, knockdown

of FKTN by RNA interference was found to inhibit cancer

cell proliferation in GC cell lines. Taken together, these

results suggest that fukutin constitutes a potential thera-

peutic target in GC.

FKTN, which encodes fukutin, is presumably related to

the glycosylation of a-dystroglycan, which is involved in

basement membrane formation. Saito and Matsumura [28]

showed a severe reduction in the binding activity of

a-dystroglycan for ligands, such as laminin, agrin, or

neurexin, after FKTN knockdown. It indicated that the loss

of function of FKTN results in defective glycosylation of

a-dystroglycan, a central component of the dystrophin–

glycoprotein complex, leading to the disruption of the

linkage between the basal lamina and the cytoskeleton. The

binding of laminin to a-dystroglycan causes signaling

through the dystorglycan–syntrophin–Grb2–SOS1–Rac1–

PAK1–JNK cascade, which is initiated by Src family

kinases and which also causes syntrophin tyrosine phos-

phorylation to begin signaling [29]. Disruption of the

linkage between a-dystroglycan and laminin is predicted to

have profound effects on muscle-cell viability, because it

causes destabilization of the sarcolemma against contrac-

tion–stretch stress, hampers signal transduction, and inhi-

bits the assembly of extracellular matrix proteins. The

downregulation of fukutin has been observed in Fukuyama-

type congenital muscular dystrophy [30, 31], which affects

both sexes almost equally. FKTN expression is reported to

influence female sexual maturation or age of menarche

[32]. The present study showed a significant relationship

between FKTN expression and age and gender, but the

detailed mechanism in GC remains unclear.

Immunohistochemical analysis showed that 297 of 695

GC cases (43 %) displayed fukutin expression. Consistent

with our data, FKTN mRNA expression is upregulated in

41 % of GC cases in the TCGA Stomach Adenocarcinoma

database [26], and this means both the protein and the

transcript levels are upregulated in more than 40 % of GCs.

However, FKTN upregulation is not directly correlated

with overall survival of GC patients, and it reflects that

fukutin could be a diagnostic or therapeutic target but not a

prognostic marker for GC. On the other hand, fukutin was

scarcely expressed in normal gastric mucosa and sur-

rounding nonneoplastic gastric mucosa. Golgi accumula-

tion of fukutin is often observed in intestinal metaplasia as

well as in GC of the intestinal phenotype, implying that

these changes occur at an early stage of stomach carcino-

genesis. Once carcinogenesis has started, fukutin might

enhance tumor growth and signaling between extracellular

matrix from glycosylation of dystroglycan, which would

promote laminin and extracellular matrix interaction. With

regard to the mucin phenotype, there was a significant

correlation between fukutin expression and the expression

of CD10. CD10 expression varied with tissue origin; in

prostate cancer, CD10 expression was positively correlated

with elevated prostate-specific antigen level, higher Glea-

son score, and advanced stage. Moreover, prostate-specific

antigen recurrence was significantly associated with the

staining pattern and subcellular localization of CD10 [33].

In contrast, in ovarian cancer, overexpression of CD10

enhanced susceptibility to paclitaxel, resulting in an

increased occurrence of apoptosis, as well as downregula-

tion of both matrix metalloproteinase 2 and vascular

endothelial growth factor expression [34]. In colorectal

cancer, CD10 expression is associated with colorectal

cancer metastases, especially liver metastasis [35]. In GC,

CD10 is more prominently expressed in well to moderately

differentiated adenocarcinoma than in poorly differentiated

GC [36], and stromal CD10 expression in differentiated

GC strongly promoted invasion and metastasis [37].

At present, there are no studies in the literature con-

cerning the biological function and role of fukutin in GC.

Knockdown of FKTN resulted in decreased cell prolifera-

tion in comparison with negative control cells. In the pre-

sent study, FKTN knockdown did not affect the levels of

EGFR downstream molecules significantly. Yamamoto

et al. [38] showed that immunoprecipitation and an ELISA-

based RNA-binding assay demonstrated possible binding
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between FKTN mRNA and Musashi-1. The role of Musa-

shi-1 in GC has been reported. It was shown that Musashi-1

expression is higher in intestinal-type GC and that it was

significantly correlated with lymph node metastasis, but not

with distant metastasis or the depth of invasion [39]. It is

presumed that fukutin in GC might be regulated by

Musashi-1 and might activate molecular signaling path-

ways other than the EGFR pathway, such as Wnt and

Notch pathways.

In conclusion, the potential of FKTN for treating GC by

gene therapy is promising. However, extensive study is

required to elucidate the molecular mechanisms of its

activity in tumor cell biology. Evaluating the molecular

mechanism of fukutin involvement in tumor cell growth

might improve our understanding of GC carcinogenesis

and tumor progression.
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