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Abstract. Gastric cancer (GC) is one of the most common 
malignancies worldwide. In particular, scirrhous type GC is 
highly metastatic and is characterized clinically by rapid disease 
progression and poor prognosis. MicroRNAs (miRNAs) play 
crucial roles in cancer development and progression. We previ-
ously demonstrated by microarray analysis that microRNA-145 
(miR-145) is one of the more highly expressed miRNAs in scir-
rhous type GC vs. non-scirrhous types of GC. In the present 
study, we investigated the role of miR-145 in scirrhous type 
GC. The expression levels of miR-145 assessed by quantitative 
RT-PCR were higher in scirrhous type GC tissue samples than 
in non-scirrhous type GC and corresponding normal tissues. 
GC patients with high miR-145 expression were at a more 
advanced tumor stage (P=0.0156) and had more scirrhous type 
histology (P=0.0054) than those with low miR-145 expression. 
Furthermore, miR-145 expression was significantly associ-
ated with poor prognosis in GC patients (P=0.0438). miR-145 
expression was localized in stromal fibroblasts of scirrhous 
type GC but not in cancer cells. miR-145 was induced by treat-
ment by transforming growth factor-β, and it enhanced the 
expression of α-smooth muscle actin, a marker of myofibro-
blasts, in both normal gastric fibroblasts and cancer-associated 
fibroblasts. These data suggest that miR-145 may contribute to 
the progression of scirrhous type GC by regulating activation 
of peri-tumoral fibroblasts.

Introduction

Gastric cancer (GC) is one of the most common malignan-
cies worldwide. In particular, scirrhous type GC, composed 
mainly of a diffusely infiltrating type of poorly differentiated 
GC cells, forms a Borrmann type 4 lesion and is characterized 
by highly metastatic potential and rapid proliferation (1-3). 
Histologically, scirrhous type GC shows diffuse infiltra-
tion into the gastric wall with extreme stromal fibrosis (1-3). 
Transforming growth factor-β (TGF-β), produced by cancer 
cells, activates stromal fibroblasts to produce various growth 
factors and stimulates collagen synthesis in scirrhous type GC 
(4-5). Growth-promoting factors from peri-tumoral fibroblasts 
also contribute to the progression of scirrhous type GC (3). 
Furthermore, increasing matrix rigidity may cause prolifera-
tion, and interstitial pressure created by fibrosis in the cancer 
stroma may interfere with drug delivery to cancer cells (6-9). 
Reflecting such characteristics, scirrhous type GC carries an 
extremely poor patient prognosis in comparison with other 
types of GC. Therefore, enhanced knowledge of the patho-
logical and biological basis of scirrhous type GC may lead to 
improved diagnosis and treatment.

MicroRNAs (miRNAs) are small non-coding RNAs of 
19-25 nucleotides in length that play important regulatory 
roles in post-transcriptional repression  (10,11). Through 
inhibition of target gene translation, miRNAs are involved in 
a wide range of cellular processes. Aberrant miRNA expres-
sion is found in a variety of cancers, suggesting novel roles 
as oncogenes or tumor-suppressor genes depending on the 
function of the target genes (12). Previously, we performed 
miRNA microarray analysis and identified several miRNAs 
that are significantly upregulated in scirrhous type GC (13). 
Among them, we reported that miR-143 regulates collagen 
type III expression to contribute to interstitial fibrosis and the 
poor prognosis of scirrhous type GC (13). It has been shown 
that miR-143 and miR-145 have a number of common features 
(14-16). It is well known that their expression is mediated by 
the same promoter and is induced by TGF-β signaling (15), 
and they work cooperatively in the regulation of vascular 
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smooth muscle cell differentiation (16). miR-145 was picked 
up as the second highest miRNA after miR-143 in our miRNA 
microarray analysis of scirrhous type GC (13). However, no 
reports, to our knowledge, have focused on the role of miR-145 
in scirrhous type GC.

In the present study, we studied miR-145 expression in 
scirrhous type GC and the associations between miR-145 
expression and clinicopathological factors including prognosis 
were investigated using quantitative RT-PCR (qRT-PCR) 
of formalin-fixed paraffin-embedded (FFPE) samples. 
Furthermore, we studied the function of miR-145 in stromal 
fibroblast in scirrhous type GC, particularly in the expression 
of α-smooth muscle actin (α-SMA) by stromal fibroblasts.

Materials and methods

Tissue samples. In total, 138 primary gastric tumors and 
30 corresponding non-neoplastic mucosa specimens were 
collected from patients diagnosed with GC. Patients were 
treated at Miyoshi Central Hospital or Hiroshima University 
Hospital. For miRNA microarray analysis, frozen GC tissue 
samples including 5 scirrhous type and 15 non-scirrhous type 
GCs were used. For qRT-PCR analysis, frozen GC tissue 
samples from 20 patients and archival FFPE tissue from 98 
GC patients and 30 corresponding non-neoplastic mucosa 
samples were used. For immunohistochemical analysis and 
in situ hybridization, archival FFPE tissues from scirrhous 
type GC cases with high miR-145 expression, as measured by 
qRT-PCR, were used. Since written informed consent was not 
obtained, for strict privacy protection, identifying information 
for all samples was removed before analysis. This procedure 
was in accordance with the Ethical Guidelines for Human 
Genome/Gene Research of the Japanese Government.

Cell cultures. Nine cell lines derived from human GC were 
used. The TMK-1 cell line was established in our labora-
tory (17). The HSC-39, HSC-44PE and HSC-57 cell lines were 
established by one of the authors (Yanagihara et al) (18,19). 
Four GC cell lines of the MKN series were kindly provided by 
Dr Toshimitsu Suzuki, and the KATO-III cell line was kindly 
provided by Dr Morimasa Sekiguchi. Four human normal 
gastric fibroblasts (NFs), NF-33, 34, 35 and 38, and four 
cancer-associated fibroblasts (CaFs), CaF-33, 34, 35 and 38, 
were established by one of the authors (M.Y.) and as previously 
described (13). NF-33, 38 and CaF-33, 38 were derived from 
scirrhous type GC patients, and NF-34, 35 and CaF-34, 35 
were derived from patients with poorly differentiated gastric 
adenocarcinoma. CaFs had been established from the primary 
tumor site of GC tissue and NF cell lines from the ‘normal’ 
non-neoplastic counterpart (as matched pairs). These cell lines 
were maintained as previously described (13,20,21).

qRT-PCR and western blot analyses. Quantification of levels 
of α-SMA and β-actin was performed using real-time fluores-
cence detection as previously described (22). α-SMA primer 
sequences were: 5'-AGCCAAGCACTGTCAGGAATC-3' and 
5'-GAGCCCAGAGCCATTGTCAC-3'. β-actin primer 
sequences were: 5'-TCACCGAGCGCGGCT-3' and 5'-TAAT 
GTCACGCACGATTTCCC-3'. qRT-PCR was performed with 
a SYBR-Green PCR Core Reagents kit (Applied Biosystems, 

Foster City, CA, USA). For analysis of miR-145 and U6B 
expression levels from frozen samples, total RNA was 
extracted with a miRVana™ Isolation kit (Ambion, Austin, 
TX, USA) according to the manufacturer's instructions. Total 
RNA was isolated from FFPE tissue samples using the 
RecoverAll™ Total Nucleic Acid Isolation kit (Ambion) as 
previously described (23). Expression levels of miR-145 were 
normalized by RNU6B expression and calculated using the 
ΔΔCt method.

For western blot analysis, cells were lysed as previously 
described  (24). The lysates (30  µg) were solubilized in 
Laemmli sample buffer by boiling and then subjected to 12% 
SDS-polyacrylamide gel electrophoresis followed by elec-
trotransfer onto a nitrocellulose membrane. The membrane 
was incubated with primary anti-α-SMA antibody (Dako, 
Carpinteria, CA, USA) and anti-β-actin antibody (Santa Cruz 
Biotechnology, Santa Cruz, CA, USA). Immunocomplexes 
were visualized with an ECL Prime Western Blot Detection 
System (GE Healthcare, Little Chalfont, Buckinghamshire, 
UK).

Cell transfection and TGF-β1 treatment. Transfection of cells 
was performed with Lipofectamine RNAiMAX Reagent 
(Invitrogen, Carlsbad, CA, USA) according to the manu-
facturer's instructions. Briefly, the cells were seeded at 50% 
confluence the day before transfection. Pre-miR-145, miR-145 
inhibitor, and negative control miRNA (Ambion) were used for 
each transfection at a final concentration of 100 nM. Fibroblasts 
were incubated in DMEM containing 10 ng/ml TGF-β1 (R&D 
Systems, Minneapolis, MN, USA). After 0-48 h of incubation, 
collagen type III or miR-145 expression of fibroblasts was 
examined by qRT-PCR as described above.

Statistical analysis. The Mann-Whitney U test was used to 
calculate the significance of differences between two samples. 
Statistical differences between miRNA expression levels in 
GC samples and non-neoplastic mucosa samples were evalu-
ated using the Wilcoxon matched pair test. The correlation 
between expression levels of miR-145 and clinicopathological 
parameters was analyzed with Fisher's exact test. A log-rank 
test and Kaplan-Meier plots were constructed for the miR-145 
high and low groups, based on one third of the miR-145 
expression level. Univariate and multivariate analyses of 
factors influencing survival were carried out using the Cox 
proportional hazards model. Parameters for multivariate 
analysis were selected by the stepwise method. A P-value of 
<0.05 was considered to indicate a statistically significant 
difference.

Results

Expression levels of miR-145 are greater in scirrhous type GC 
than in non-scirrhous type GC. Although miR-145 expression 
in GC has been discussed by several authors (25-28), there is 
no unified view of the altered expression of miR-145 in scir-
rhous type GC. To confirm miR-145 expression in GC tissue, 
we performed qRT-PCR in 20  frozen GC tissue samples. 
Scirrhous type GC cases showed significantly higher miR-145 
expression, compared with non-scirrhous type GC cases 
(Fig. 1A).
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It was reported that miR-145 expression is decreased in 
several tumor tissues relative to normal tissue (29-31). To assess 
miR-145 expression between tumor tissues and corresponding 
non-neoplastic tissues, we performed qRT-PCR of miR-145 
using 28 FFPE GC tissue samples and corresponding normal 
gastric mucosa (Fig. 1B). Although miR-145 expression was 
significantly lower in non-scirrhous type GC tissues than in 
corresponding normal gastric mucosa, the expression levels 
in scirrhous type GC were sustained or higher than those in 
the corresponding normal gastric mucosa (Fig. 1B). These data 
suggest that miR-145 expression is downregulated in GCs but 
is sustained or increased in scirrhous type GC.

Association between miR-145 expression and clinicopatho-
logical characteristics. To evaluate the correlation between 
miR-145 expression and clinicopathological factors, miR-145 
expression was examined in 71  FFPE GC tissue samples 
using qRT-PCR. In this sample set, miR-145 expression was 
also significantly higher in scirrhous type GC cases than in 
non-scirrhous type GC cases (P=0.0373; Fig. 2A). miR-145 
expression was significantly associated with tumor stage 
(P=0.0156) and scirrhous type GC cases (P=0.0054; Table I).

We also examined the relationship between survival and 
miR-145 expression in 71 GC patients. Kaplan-Meier analysis 
showed that high miR-145 expression in GC patients correlated 

Figure 1. miR-145 expression in gastric cancer (GC) and non-neoplastic tissue. (A) Expression levels of miR-145 in GC tissue samples (n=20) were measured 
by quantitative RT-PCR (qRT-PCR) analysis. (B) miR-145 expression levels in formalin-fixed paraffin-embedded GC tissue samples and corresponding normal 
tissue samples derived from scirrhous type GC or non-scirrhous type GC as determined by qRT-PCR were compared. Bars and error bars indicate median 
and standard error (SE).

Figure 2. Relationship between miR-145 expression and patient prognosis. (A) Expression levels of miR-145 in formalin-fixed paraffin-embedded gastric cancer 
(GC) tissue samples (n=71) were measured by quantitative RT-PCR (qRT-PCR) analysis. (B) Cancer-specific survival of 71 patients with GC based on the 
expression levels of miR-145 was examined. The expression levels of miR-145 were divided into two groups, high and low expression of miR-145, based on one 
third of miR-145 expression level (cut‑off line, median of miR-145 expression level in this group). Bars and error bars indicate median and standard error (SE).

Table I. Relationship between miR-145 expression and clini-
copathological characteristics in 71 patients with GC.

	 miR-145 expression
	 ---------------------------------------
	 High (%)	 Low	 P-valuea

Age (years)
  <60	 16 (59.3)	 11	 0.2265
  ≥60	 19 (43.2)	 25
Gender
  Male	 11 (50.0)	 11	 1.0000
  Female	 24 (49.0)	 25
Stage
  I/II	 9 (31.0)	 20	 0.0156
  III/IV	 26 (61.9)	 16
Histological classification
  Well differentiated	 12 (38.7)	 19	 0.1528
  Poorly differentiated	 23 (57.5)	 17
  Non-scirrhous	 18 (37.5)	 30	 0.0054
  Scirrhous	 17 (73.9)	 6

aFisher's exact test. GC, gastric cancer.
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significantly with poorer cancer-specific mortality (P=0.0438, 
log-rank test; Fig. 2B). When scirrhous type GC cases were 
compared with non-scirrhous type GC cases, miR-145 expres-
sion had no prognostic impact (data not shown). To determine 
the potential for miR-145 expression as a prognostic predictor 
in patients with GC, univariate and multivariate Cox propor-
tional hazards analyses were used to further evaluate the 
relationship between miR-145 expression and cancer-specific 
mortality (Table II). In the univariate analysis, high miR-145 
expression and tumor stage were associated with poor 
survival rate (P=0.0457), and scirrhous type histology was 
also moderately associated with survival (P=0.0606). In the 
multivariate analysis, including miR-145 expression and tumor 
stage, miR-145 expression was not found to be an independent 
prognostic indicator of cancer-specific mortality (P=0.3595; 
Table II).

miR-145 regulates α-SMA expression in stromal fibroblasts 
of scirrhous type GC. It was previously reported that miR-145 
is co-expressed as a cluster with miR-143 (15). We therefore 
investigated the correlation between miR-145 and miR-143 
expression in 71 FFPE GC cases. As expected, expression 
levels of miR-143 and miR-145 were significantly correlated 
(P<0.0001 R=0.5793; Fig. 3A). Since we previously reported 
that miR-143 expression was localized in stromal fibroblasts 
in scirrhous type GC (13), we next performed qRT-PCR 
and confirmed the expression of miR-145 in GC cell lines 
and stromal fibroblasts of scirrhous type GC. Expression of 
miR-145 was detected in NFs and CaFs but not in GC cells, as 
shown in Fig. 3B. Furthermore, miR-145 expression was higher 

in CaFs than in NFs. These data suggest that in scirrhous type 
GC, miR-145 expression is localized in surrounding stromal 
fibroblasts but not in cancer cells.

Cancer-stromal interaction plays an important role in the 
progression of scirrhous type GC (3). We focused on the func-
tion of miR-145 in stromal fibroblasts. α-SMA, a marker of 
myofibroblasts (32), was also expressed in CaFs and its expres-
sion was regulated by miR-145 (33). To determine whether 
miR-145 regulates α-SMA expression in NFs and CaFs, we 
assessed the relationship between α-SMA and miR-145. NF-38 
and CaF-38 were selected since they were established from the 
same patient with scirrhous type GC. We treated NF-38 and 
CaF-38 with pre-miR-145 or miR-145 inhibitor, and sequential 
changes in α-SMA expression were examined by qRT-PCR 
and western blotting. Transfection of miR-145 precursor 
markedly increased α-SMA expression, whereas transfection 
of miR-145 inhibitor sustained or suppressed α-SMA expres-
sion (Fig. 3C-E). These data indicated that miR-145 positively 
regulates α-SMA expression in stromal fibroblasts of scirrhous 
type GC.

TGF-β regulates α-SMA expression via miR-145. Scirrhous 
type GC secretes a larger amount of the active form of TGF-β 
than non-scirrhous type GC (34), and TGF-β has important 
pathological and biological roles in scirrhous type GC 
(3,5,35,36). To investigate the effects of TGF-β1 on miR-145 
and α-SMA expression, NF-38 and CaF-38 were treated with 
TGF-β1, and their expression levels of miR-145 and α-SMA 
were monitored by qRT-PCR. Treatment with TGF-β1 resulted 
in strong induction of miR-145 and α-SMA mRNA expression 

Table II. Univariate and multivariate analysis of factors influencing survival in 71 patients with GC.

	U nivariate analysis	 Multivariate analysis
	 --------------------------------------------------------------------------	 -------------------------------------------------------------------------
	 HR (95% CI)	 P-value	 HR (95% CI)	 P-value

Age (years)
  <60	 1 (Ref.)
  ≥60	 1.14 (0.55-2.48)	 0.7311
Gender
  Female	 1 (Ref.)
  Male	 0.75 (0.36-1.65)	 0.4715
Stage
  I/II	 1 (Ref.)		  1 (Ref.)
  III/IV	 9.12 (3.21-38.26)	 <0.0001	 8.39 (2.77-36.28)	 <0.0001
Histological type
  Well differentiated	 1 (Ref.)
  Poorly differentiated	 1.20 (0.58-2.55)	 0.6273
  Non-scirrhous	 1 (Ref.)
  Scirrhous	 2.01 (0.96-4.14)	 0.0606
Expression of miR-145
  Low	 1 (Ref.)		  1 (Ref.)
  High	 2.10 (1.01-4.50)	 0.0457	 1.41 (0.67-3.06	 0.3595

HR, hazard ratio; CI, confidence interval; GC, gastric cancer.
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Figure 3. miR-145 target α-smooth muscle actin (α-SMA) expression in fibroblasts of scirrhous type gastric cancer (GC). (A) The correlation between miR-145 
and miR-143 expression in formalin-fixed paraffin-embedded gastric cancer (GC) tissue samples (n=71) was analyzed by quantitative RT-PCR (qRT-PCR). 
(B) miR-145 expression levels were evaluated in GC cell lines and fibroblasts. (C) α-SMA mRNA expression levels were evaluated in GC and fibroblasts. 
(D) Expression levels of α-SMA were measured by qRT-PCR in NF-38 and Caf-38 transfected with negative control miRNA or precursor miR-145 or miR-145 
inhibitor. (E) Effects of negative control miRNA or precursor miR-145 or miR-145 inhibitor on α-SMA expression in NF-38 and Caf-38 were measured by 
western blotting (left panel). Right panel shows densitometry analysis of western blot analyses. Results are means ± SE of triplicate measurements. ND, not 
detected.

Figure 4. Effect of transforming growth factor-β (TGF-β) on miR-145 and α-SMA expression. Quantitative RT-PCR (qRT-PCR) analysis of (A) miR‑145 and 
(B) α-SMA mRNA in NF-38 and CaF-38 after the indicated times of TGF-β1 treatment. (C) α-SMA mRNA expression levels in NF-38 and CaF-38 in the 
absence or presence of TGF-β1 with or without miR-145 inhibitor. Results are means ± SE of triplicate measurements.
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within 48 h in both NF-38 and CaF-38 (Fig. 4A and B). However, 
the induction of α-SMA mRNA by TGF-β1 was significantly 
suppressed by pre-treatment with miR-145 inhibitor (Fig. 4C). 
These data indicate that miR-145 is deeply involved in the 
regulation of α-SMA expression in NF and CaF.

Discussion

In the present study, we reported that the expression of miR-145 
was increased in scirrhous type GC tissues and was signifi-
cantly associated with advanced cancer stage and poor clinical 
survival from GC. However, several lines of evidence suggest 
the miR-145 acts as a tumor suppressor gene, and its upregula-
tion is correlated with better outcome (26-31). The apparent 
discrepancy between the data obtained from scirrhous type 
GC and other malignancies is worth consideration. It should 
be noted that these previous reports focused on cancer cells 
or normal stromal cells and not on peri-tumoral fibroblasts 
(26-31). We previously found that the expression of miR-143, 
co-regulated with miR-145, was localized in fibroblasts of scir-
rhous type GC and was associated with poor prognosis in the 
patients with GC (13). In the present study, we confirmed that 
miR-145 expression correlated strongly with miR-143 expres-
sion and was also detected in fibroblasts of scirrhous type GC. 
Collectively, the overexpression of miR-145 in cancer stroma 
may affect the progression of GC.

TGF-β signaling plays an important role in promoting 
scirrhous type GC progression (3). TGF-β also stimulates the 
proliferation of fibroblasts and regulates α-SMA expression (3), 
which is a marker for activated fibroblasts and the contractility 
of fibroblasts (32,33). The contractile force of fibroblasts is 
closely associated with TGF-β activation and the viability of 
fibroblasts (33). Moreover, such fibroblasts expressing α-SMA 
contributed to the proliferation and motility of scirrhous type 
GC cells (20). Here, we showed the expression of miR-145 and 
α-SMA in NFs and CaFs was induced by TGF-β treatment, and 
miR-145 was involved in the induction of α-SMA expression 
by TGF-β. These data suggest that miR-145 in peri-tumoral 
fibroblasts may support the progression of scirrhous type GC 
through the regulation of α-SMA expression.

It was reported that α-SMA expression was regulated by 
miR-145 through inhibition of Krüppel-like factor 4 (KLF4) 
gene translation  (33). Thus, it could be hypothesized that 
miR-145 also targets the translation of KLF4 and indirectly 
regulates α-SMA expression in fibroblasts of scirrhous type 
GC. We performed qRT-PCR and western blot analysis of 
KLF4 to determine whether miR-145 regulates KLF4 gene 
expression. However, we failed to detect the inhibition of 
KLF4 expression by miR-145 in NF-38 and CaF-38 (data not 
shown). The effects of KLF4 and other target genes of miR-145 
on α-SMA regulation were not investigated in the present 
study. Further investigations should be performed to clarify 
the underlying mechanism of α-SMA regulation by miR-145 
in NFs and CaFs of scirrhous type GC.

In conclusion, miR-145 expression in stromal fibroblasts of 
scirrhous type GC may be involved in cancer progression and 
lead to poor clinical outcome. Full elucidation of the molecular 
mechanisms of miR-145 in stromal fibroblasts surrounding 
cancer cells may improve our understanding of tumor progres-
sion in scirrhous type GC.
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