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Expression level of microRNA-200c is associated with cell
morphology in vitro and histological differentiation through
regulation of ZEB1/2 and E-cadherin in gastric carcinoma
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Abstract. Scirrhous type gastric cancer is characterized by
diffuse infiltration of poorly differentiated adenocarcinoma
cells and poor prognosis. Although association of poorly
differentiated histology with reduction in E-cadherin expres-
sion, as well as association of microRNA (miR)-200c¢ with
E-cadherin through regulation of ZEB1/2, has been reported,
participation of miR-200c in gastric carcinogenesis is not
fully understood. We used 6 cell lines originating from gastric
cancers, and investigated levels of miR-200c along with its
target mMRNAs ZEB1/2 and E-cadherin by qRT-PCR.ZEBI and
E-cadherin protein expression was also assessed via western
blotting. Furthermore, we investigated the expression levels of
miR-200c¢ by in situ hybridization, along with the expression
of ZEBI and E-cadherin by immunohistochemistry, in 97
gastric adenocarcinoma tissues. Inverse correlation between
miR-200c and ZEBI levels were obtained by qRT-PCR in cell
lines (P<0.05). Cell lines with low miR-200c and high ZEB1
exhibited low E-cadherin expression in both qRT-PCR and
western blotting, and exhibited spindle-shaped morphology,
in contrast to round cell morphology in those cell lines with
high miR-200c levels. Inverse correlations were also obtained
between miR-200c and ZEB1 as well as between ZEB1 and
E-cadherin levels in tissue samples (P<0.001). Cancer tissues
with low miR-200c, high ZEBI, and low E-cadherin expres-
sion were associated with poorly differentiated histology,
in contrast to tubular form in cancers with high miR-200c
expression levels (P<0.001). Our data revealed that downregu-
lation of miR-200c¢ primarily regulated cell morphology by
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downregulation of E-cadherin through upregulation of ZEBI,
leading to poorly differentiated histology in gastric cancer.

Introduction

Gastric cancer is the fourth most common cancer and the
second leading cause of cancer-related deaths in the world (1).
More than 980,000 new gastric cancer cases are diagnosed
annually, and the disease causes approximately 730,000
deaths per year, with the highest incidence rates in Eastern
Asia (1). Scirrhous cancer, which accounts for approxi-
mately 10% of all gastric cancers, is characterized by diffuse
infiltration of poorly differentiated adenocarcinoma cells
with extensive stromal fibrosis, leading to frequent peritoneal
dissemination and extremely poor prognosis (2,3). Molecular
analyses have revealed that reduction in the expression of
the cell-cell adhesion molecule, E-cadherin, was involved
in the development and infiltrative growth of scirrhous type
gastric carcinomas (4,5). Reduction in E-cadherin expression
observed in poorly differentiated carcinomas of the lungs and
endometrium (6,7), promotes detachment of cells from each
other and increases cell motility; thus, leading to epithelial-
mesenchymal transition (EMT) (8).

On the other hand, epigenetic regulation including the
role of microRNAs (miRNAs, miRs) in carcinogenesis has
recently been intensively studied. miRNAs are endogenous
18-24-nucleotide (nt) single-stranded RNA molecules that act
as post-transcriptional regulators of gene expression (9). They
stabilize target mRNA transcripts through post-transcriptional
gene silencing via either inhibition of the translation process or
cleavage of target mRNAs (10,11). miRNAs sharing the same
seed sequence are grouped into families and are theorized to
target overlapping sets of genes (12). miRNAs play diverse
roles in numerous cellular processes; in particular, their
expression is altered during tumorigenesis, and they can act as
oncogenes or tumor suppressors (13).

Recent studies have shown the importance of certain
miRNAs in modulating EMT, and the miR-200 family has
been described to be a key regulator of this process (7,8,14).
The miR-200 family consists of 5 members: miR-200a,
miR-200b and miR-429 which are located on chromosome
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1p36 while miR-200c and miR-429 are located on chromo-
some 12p13 (14). The miR-200 family suppresses zinc-finger
E-box binding homeobox (ZEB) 1 and ZEB2, which in turn
inhibit the expression of E-cadherin; thus, the miR-200
family maintains the epithelial phenotype through upregula-
tion of E-cadherin (7,8,14). Among the miR-200 family, loss
of miR-200c has been reported to be pivotal to inducing
aggressive, invasive and chemoresistant phenotypes in several
cancers (15-17). Although downregulation of miR-200a and
miR-200b have been reported to be associated with poor
prognosis or EBV-association in gastric cancers (18,19), little
is known about miR-200c¢ in this context. Recent reports
demonstrated that miR-200c may affect E-cadherin expression
through regulation of ZEB1/2 expression (20,21); however, the
influences of miR-200c on cell morphology and its association
with histological type have so far not been reported.

In the present study, we investigated the expression
of miR-200c, as well as corresponding targets at both the
mRNA and protein levels, in several gastric carcinoma
cell lines. In addition, we examined the expression level of
miR-200c and respective target proteins in gastric carcinoma
tissues and adjacent non-tumor tissues. Our results revealed
that the expression level of miR-200c was associated with
the morphology of gastric carcinoma cell lines, as well as
histological differentiation in cancer tissues, along with the
upregulation or downregulation of ZEB 1/2 and E-cadherin.

Materials and methods

Cell culture and RNA preparation. Six human gastric
carcinoma cell lines, H-111-TC, HGC-27, Kato-III, MKN-1,
MKN-45 and NU-GC-4 were purchased from Riken Cell Bank
(Tsukuba, Japan) and used in the present study. According to
the description by the Riken Cell Bank and literature (22-27),
these cell lines originated from 1 unknown origin (H-111-TC)
and 5 metastatic carcinoma, as well as 2 tubular (well differen-
tiated or adenosquamous) carcinoma (H-111-TC and MKN-1)
and 4 poorly differentiated carcinoma including signet ring
cell type. HGC-27 and MKN-1 cell lines were maintained in
Dulbecco's modified Eagle's medium (DMEM; Gibco-BRL,
Rockville, MD, USA), whereas NU-GC-4, Kato-I1I, MKN-45
and H-111-TC cell lines were maintained in RPMI-1640
(Gibco-BRL), supplemented with 10% fetal calf serum (FCS),
penicillin, and streptomycin, at 37°C in a humidified atmo-
sphere of 5% CO,. When they reached 80-90% confluence,
the cells were washed with phosphate-buffered saline (PBS)
and homogenized immediately in Isogen reagent (Nippon
Gene, Osaka, Japan). Total RNA was extracted according to
the manufacturer's instructions.

Quantitative real-time reverse transcription polymerase
chain reaction (qRT-PCR) analysis. The RNA samples were
suspended in 20 pl of nuclease-free water, and miRNA-200c
levels were quantified using TagMan MicroRNA Assay tech-
nology (Applied Biosystems; Life Technologies, Carlsbad, CA,
USA), as previously described (28). miRNA-200c levels were
normalized against levels of RNU6B. The hsa-miR-200c
oligonucleotide was a synthetic double-stranded 23-nt RNA,
5-UAAUACUGCCGGGUAAUGAUGGA-3' and 5'-CGUCU
UACCCAGCAGUGUUUGG-3' purchased from BONAC

Corp. (Fukuoka, Japan). To assess the mRNA levels of ZEBI,
ZEB2 and E-cadherin, reverse-transcription reactions were
performed using M-MLV reverse transcriptase (Invitrogen,
Carlsbad, CA, USA). Quantitative PCR (FastStart Universal
SYBR-Green Master; Roche, Basel, Switzerland) reactions
were run on an Mx3005P thermocycler (Stratagene, La Jolla,
CA, USA) and analyzed using MxPro QPCR software, version
4.01 (Stratagene, Agilent Technologies, Santa Clara, CA,
USA). The level of gene expression relative to glyceraldehyde
3-phosphate dehydrogenase (GAPDH) was determined. The
primer sequences were as follows: ZEBI1 forward, 5“TGTCA
CCATGAAACCATTGC-3' and reverse, 5'-AGGTAAAGTG
CGCTTCCTCA-3"; ZEB2 forward, 5-GGGCATTCAGTGA
CCTGACA-3' and reverse, 5-GCATTGTTCCCATAGAGT
TC-3'; E-cadherin forward, 5-TCCTCGGATTCTCTGCT
CTC-3' and reverse, 5'-CTCTGACCTTTTGCCAGGAG-3;
GAPDH forward, 5'-ATGGGGAAGGTGAAGGTCG-3' and
reverse, 5'-GGGTCATTGATGGCAACAATATC-3'". The
experiments were performed 3 times, with the average levels
and standard deviations from the mean being obtained.
Correlations between average levels of miR-200c, ZEBI,
ZEB2 and E-cadherin in all cell lines were estimated by
Spearman's rank correlation using the SPSS software package
(verl7.0; SPSS Japan Inc., Tokyo, Japan). The results were
considered significant if the P<0.05.

Western blot analysis. Cell lines were lysed in RIPA buffer.
After boiling with sodium dodecyl sulfate loading buffer, equal
amounts (10 ug) of the proteins were electrophoresed on 10%
sodium dodecyl sulfate-polyacrylamide gels (SDS-PAGE) and
transferred to Immobilon membranes (Millipore Inc., Bedford,
MA, USA) by semidry blotting. Five percent milk powder
dissolved in PBS buffer containing 0.1% Tween-20 was used to
block non-specific binding. Then, using standard techniques,
the membranes were probed with the following antibodies:
anti-E-cadherin antibody (mouse monoclonal antibody to
human E-cadherin; clone: HECD-1; dilution: 1:200; Takara,
Tokyo, Japan), anti-ZEB1 antibody (rabbit monoclonal anti-
body to ZEBI; clone: D80D3; dilution: 1:100; Cell Signaling
Technology, Danvers, MA, USA), and anti-f3-actin antibody
(mouse monoclonal antibody to B-actin; clone: C4; dilu-
tion: 1:1,000; Santa Cruz Biotechnology, Dallas, TX, USA).
Antibody-antigen complexes were detected using Immobilon
Western chemiluminescent horseradish peroxidase substrate
(Millipore), and signals were recorded on a LAS-3000 mini
system (Fujifilm, Tokyo, Japan).

Human tissue specimens and tissue microarrays. Human tissue
specimens were obtained from 97 patients who underwent
gastric cancer surgery at Tokyo Medical University Hospital
between 2003 and 2010. The Tokyo Medical University
institutional review board approved the present study, and
all patients provided written informed consent. The patient
cohort included 74 males and 23 females, ranging in age from
40 to 92 years (average 66.3 years). Other clinicopathological
characteristics are listed in Table I. The tumors were cut into
~5-mm sections after fixation in 10% formalin and embedded
in paraffin. From these paraffin blocks, tissue microarrays
(TMAs) were constructed, each consisting of 12 specimens
of 6-mm diameter on one slide. As previously described (29),
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Table I. Clinical and histopathological features of 97 patients.

Characteristics Data
Mean age (years) 66.3£11.9
Sex (male/female) 74/23
Lymph nodes metastasis (+/-) 33/64
Tumor diameter (mm) 47.8+28.2
Depth (M/SM/MP/SS/SE/SI) 25/26/8/25/9/4
Vessel infiltration (+/-) 50/47
Histology of tubular formation (+/-) 67/30

M, mucosa; SM, submucosa; MP, muscularis propria; SS, subserosa;
SE, serosa exposed; SI, serosa infiltrating (neighboring organ or
organs involved).

TMAs allow the relocation of multiple tissue samples from
conventional histologic paraffin blocks so that tissues from
multiple patients can be analyzed on the same slide.

In situ hybridization. In situ hybridization (ISH) was
performed on TMAs containing 3-ym consecutive sections
of formalin-fixed, paraffin-embedded (FFPE) samples.
Probes utilized were based on 5' digoxigenin (DIG)-labeled
ISH locked nucleic acid (LNA) technology (miRCURY-LNA
detection probe; Exiqon A/S, Vedbaek, Denmark). Slides
were prepared using the Ventana HX System BenchMark
(Ventana Medical Systems, Inc., Tucson, AZ, USA). We
used the following 5' DIG-labeled LNA probes for ISH:
hsa-miR-200c¢, 5'-TCCATCATTACCCGGCAGTATTA-3";
and non-target negative control sequence, 5'-GTGTAACA
CGTCTATACGCCCA-3'.

Immunohistochemistry. Immunohistochemistry (IHC) was
performed on TMAs containing 4-ym consecutive sections
of FFPE gastric tissue samples. After deparaffinization and
rehydration, endogenous peroxidases were blocked by incu-
bation in 0.3% hydrogen peroxide solution for 20 min. To
expose antigens, the sections were autoclaved in EDTA buffer
(pH 9.0) for 10 min and cooled for 30 min. After rinsing
in 0.05 M Tris-buffered saline containing 0.1% Tween-20
(pH 7.6), the sections were incubated with an affinity-purified
anti-ZEB1 antibody (clone: D80D3; dilution: 1:200; Cell
Signaling Technology) and anti-E-cadherin antibody (clone:
HECD-1; dilution: 1:1,000; Takara) for 3 h at RT. Samples
were then washed three times in PBS and incubated with
Dako secondary antibody for 15 min at RT. Horseradish
peroxidase-labeled polymer conjugated to a mixture of goat
anti-mouse and anti-rabbit immunoglobulin antibodies (Code:
K5007; prediluted; Dako, Glostrup, Denmark) was used as
the secondary antibody. 3,3'-Diaminobenzidine tetrachloride
(DAB) was used for color development and sections were
counterstained with hematoxylin.

Evaluation of tissue images. ISH- or IHC-stained slides
were examined by light microscopy using an Olympus BX50
microscope. Three different fields (x200) in each tissue
were randomly selected. Digital images of ISH and THC

were captured by the NY-D5000 super system (Microscope
Network; Nikon, Tokyo, Japan) and were printed by a true-
color printer (IPSiO SP C420; Ricoh, Tokyo, Japan). Positive
ISH results caused the cytoplasm to appear blue, whereas posi-
tive IHC results appeared brown. Nuclear immunostaining was
assessed for ZEB1, while cytomembranous immunostaining
was assessed for E-cadherin. Images were interpreted semi-
quantitatively by assessing the extent and intensity of staining
on the entirety of each tissue section present on the slides,
as previously described (30). Briefly, the total percentage of
positively-stained tumor cells was first determined. Then, the
percentage of weakly-, moderately- and strongly-stained cells
was determined, so that the sum of these categories equated
with the overall percentage of positivity. A final staining score
was then calculated as the sum of 1 x percentage of weak, 2 x
percentage of moderate, and 3 x percentage of strong staining
(maximum score=300).

Statistical analyses of data from human tissue studies.
Prior to statistical analyses, clinicopathlogical data as well
as tissue image results were dichotomized into two groups
of ‘high’ and ‘low’ levels, according to the median values.
Thus, the final score for staining of miR-200c was used to
define high-level expression (final score =201) and low-level
expression (final score <201). Likewise, the final score for
staining of ZEBI1 was used to define high-level expression
(final score =1) and low-level expression (final score <1), as
well as that of E-cadherin used to define high-level expres-
sion (final score =111) and low-level expression (final score
<111). Tumor diameter was dichotomized as either high-
level (diameter =40 mm) or low-level (diameter <40 mm).
High-age (=65 years old) and low-age (<65 years old)
groups were established according to convention, as were
advanced (depth =mp) and early (depth <mp) cancer groups.
Histologically, both a well/moderately differentiated tubular
adenocarcinoma group and a poorly differentiated adeno-
carcinoma group were established. Then, statistical analyses
including Chi-square test and multivariate analysis using
logistic regression models were performed using the SPSS
software package (verl7.0; SPSS). Results were considered
significant if the P<0.05.

Results

Quantitative analysis of miR-200c and target mRNA
expression in gastric carcinoma cell lines. We investigated
miR-200c expression in 6 gastric carcinoma cell lines by
qRT-PCR analysis. As shown in Fig. 1A, the expression level
of miR-200c descended in the following order (from high to
low): Kato-III > MKN-45 > NU-GC-4 > H-111-TC > HGC-27
> MKN-1. Of note, the latter 2 cell lines HGC-27 and MKN-1
expressed very low levels of miR-200c. We also investigated
the expression of particular target mRNAs, namely ZEB1
and ZEB2, along with E-cadherin, in the same cell lines. The
expression level of ZEB1 descended in the following order
(from high to low): HGC-27 > MKN-1 > NU-GC-4 > H-111-TC
> MKN-45 > Kato-III (Fig. 1B). Of note, the 2 cell lines in
which miR-200c expression level was very low exhibited the
greatest expression level of ZEBI. Similarly, the expression
level of ZEB2 descended in the following order (from high to
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Figure 1. The level of miR-200c and respective target mRNAs in gastric carcinoma cell lines. (A) Gastric carcinoma cell lines were arranged according to the
expression level of miR-200c. The expression levels of (B) ZEB1, (C) ZEB2 and (D) E-cadherin expression in gastric carcinoma cell lines arranged according
to the level of miR-200c expression.

low): HGC-27 > H-111-TC > NU-GC-4 > MKN-45 > MKN-1
> Kato-III (Fig. 1C). Here, one of the 2 cell lines in which
miR-200c expression level was very low exhibited the greatest
expression level of ZEB2. On the other hand, the expression
level of E-cadherin descended in the following order (from
high to low): H-111-TC > MKN-45 > NU-GC-4 > Kato-III >
MKN-1 > HGC-27 (Fig. 1D). Of note, the 2 cell lines in which
the expression level of miR-200c was very low exhibited the E-Cadherin
lowest expression level of E-cadherin. As shown in Table II,

an inverse correlation was observed between miR-200c and

ZEBI (P<0.05; by Spearman's rank correlation).

Kato-111
MEKN-45
NU-GC-4
MEN-1

ZEBI

ZEBI and E-cadherin protein expression in gastric carci-

noma cell lines. The expression of ZEB1 and E-cadherin

proteins was examined in the 6 human gastric carcinoma cell

lines mentioned thus far by western blot analysis. As shown in B-actin
Fig. 2, expression of ZEBI was only detected in HGC-27 and

MKN-1 cells, which exhibited the lowest expression level of Figure 2. Expression of ZEBI, E-cadherin and B-actin proteins in gastric
miR-200c determined by qRT-PCR analysis. Conversely, the  carcinoma cell lines, presented by western blot analysis performed on 10 pg
expression of E-cadherin was not detected in these 2 cell lines;  of the cell extract.
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Table II. Correlations between the average expression levels of miR-200c, ZEB1,ZEB?2 and E-cadherin in all cell lines estimated

by Spearman's rank correlation.

ZEB1 ZEB2 E-cadherin
Correlation coefficient P-value Correlation coefficient ~ P-value Correlation coefficient P-value
miR-200c -0.886 0.019 -0.429 0.397 0.429 0.397
ZEB1 0.600 0.208 -0.600 0.208
ZEB2 0.029 0.957
Bold indicates P<0.05.

Origin Metastasis Metastasis Metastasis Unknown Metastasis Metastasis
(pleural (liver) (lymph (lymph (lymph
effusion) node) node) node)

Original Poorly Poorly Poorly Tubular Poorly Tubular
differentiation (signet ring (poorly (signet ring (well (poorly {adeno-
cell type) differentiated) cell type) differentiated)  differentiated) squamous)
References 24-27 24-27 23,26 24,26 22,26 26, 27
Shape Round Intermediate Spindle

Spindle

. ..\" 1

Figure 3. Six gastric carcinoma cell lines arranged according to expression the level of miR-200c. This order is compared with the origin (primary cancer or
metastatic cancer), differentiation state (tubular or poorly differentiated), and shape (round/intermediate/spindle) of the cell lines.

instead, E-cadherin expression was detected in NU-GC-4 and
H-111-TC cell lines, although very weak expression was also
detected in Kato-III cells.

Interpretation of divergent expression levels of miR-200c,
ZEBI/2, and E-cadherin in different gastric carcinoma cell
lines. The results of qRT-PCR analyses and western blot
analysis were in agreement. Cell lines with a high expression
level of miR-200c exhibited low ZEB1/2 and high E-cadherin
expression, whereas those with a low expression level of
miR-200c exhibited high ZEB1/2 and low E-cadherin expres-
sion. Therefore, we investigated characteristics that illustrated
differences between the group of cell lines with high miR-200c
expression and those with low miR-200c expression. As shown
in Fig. 3, we first compared the tumor origin (primary or meta-
static tumor) of the cell lines. However, the tumor origin did
not clearly correspond to the levels of miR-200c expression, as
cell lines derived from metastatic tumors exhibited both low
and high miR-200c expression levels. Secondly, we compared

the histological differentiation state of the tumors from which
the cell lines were derived was compared. Although cell lines
from poorly differentiated tumors exhibited high miR-200c
expression, the results were inconclusive as one of the cell
lines with low miR-200c expression (HGC-27) was originally
from a poorly differentiated tumor. Thirdly, we revealed that
the morphology of the cell lines was well correlated with the
expression level of miR-200c. Cell lines with high miR-200c
expression (Kato-1II, MKN-45 and NU-GC-4) were round-
shaped, those with low miR-200c expression (HGC-27 and
MKN-1) were spindle-shaped, and those with intermediate
miR-200c expression (H-111-TC) exhibited a phenotype which
was a mid-way between round- and spindle-shaped (polygonal
or short spindle-shaped).

miR-200c expression patterns in gastric adenocarcinoma and
adjacent non-tumor tissues. In human tissue samples, positive
miR-200c expression, as determined by ISH, was denoted by
cytoplasmic granular blue staining. Most of the normal tubules
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Figure 4. Representative photomicrographs including in situ hybridization
and immunohistochemistry. (A and B) Staining with H&E and staining for (C
and D) miR-200c¢, (E and F) ZEBI and (G and H) E-cadherin in (A, C, E and
G) tubular adenocarcinoma and (B, D, F and H) poorly differentiated adeno-
carcinoma. Original magnification, x200. (A) Left side are normal glands,
right side is carcinoma. (B) Left side is carcinoma, right side is normal
foveolar epithelium. (C) Cytoplasmic granular staining in tubular adeno-
carcinoma was stronger than that found in normal glands. (D) Cytoplasmic
granular staining in poorly differentiated adenocarcinoma was weaker than
that observed in normal epithelium. (E) Nuclear immunostaining was nega-
tive in tubular adenocarcinoma. (F) Nuclear immunostaining was weak but
positive in poorly differentiated adenocarcinoma. (G) Cytomembranous
immunostaining in tubular adenocarcinoma was as strong as that found in
normal glands. (H) Cytomembranous immunostaining in poorly differenti-
ated adenocarcinoma was weaker than that observed in normal epithelium.

stained positive for miR-200c, whereas stromal tissue was not
stained. As shown in Fig. 4, miR-200c expression patterns in
gastric adenocarcinoma differed substantially between tubular
adenocarcinoma and poorly differentiated adenocarcinoma. In
tubular adenocarcinoma, miR-200c expression was observed
with an intensity level either stronger than or the same as
normal tubules. Conversely, in poorly differentiated adeno-
carcinoma, miR-200c expression was either not identified or
observed with weaker staining patterns than normal tubules.
The average staining score for miR-200c was 265+81.6 in
tubular adenocarcinomas, while it was 104+75.2 in poorly
differentiated adenocarcinomas.

ZEBI and E-cadherin expression patterns in gastric adeno-
carcinoma and adjacent non-tumor tissues. Positive ZEB1

miR-200c¢ T miR-200c |
¥ 2
ZEB1/2 | ZEB1/2 1
% %
E-Cadherin 1 E-Cadherin |
41— Morphology in vitro —17
Round cell Spindle cell

< Histology in vivo

Well differentiated

b 4

Poorly differentiated

Figure 5. Upregulation/downregulation of miR-200c affects cell morphology
and histology.

protein expression was denoted by nuclear staining. Overall
positivity of ZEB1 was relatively low in normal tubules and
gastric carcinomas. ZEB1 was almost negative in tubular
adenocarcinomas; however, positive expression of ZEBI,
although generally weak, was sporadically observed in poorly
differentiated adenocarcinomas. The average staining score
for ZEB1 was 0.84+2.93 in tubular adenocarcinomas, while it
was 5.8+8.6 in poorly differentiated adenocarcinomas. Positive
E-cadherin protein expression was indicated by cytomembra-
nous staining. Normal tubules and tubular adenocarcinomas
were strongly stained, while poorly differentiated adenocarci-
nomas were weakly stained (Fig. 4). The average staining score
for E-cadherin was 146+52 in tubular adenocarcinomas, while
it was 39+38.6 in poorly differentiated adenocarcinomas.

Interpretation of statistical analyses of human tissue studies.
Use of the Chi-square test revealed a correlation between
miR-200c and E-cadherin expression levels (P<0.001) and an
inverse correlation between miR-200c and ZEBI1 expression
levels (P<0.001) as well as between ZEBI1 and E-cadherin
expression levels (P<0.001). We further compared the
expression levels of miR-200c, ZEBI1 and E-cadherin with
clinicopathological factors (Table III). High expression levels
of miR-200c were correlated with older age (=65 years old)
(P=0.002) and tubular histology (P<0.001). High expression
levels of ZEB1 were correlated with poorly differentiated
histology (P<0.001) and advanced stage (P=0.040). High
expression levels of E-cadherin were correlated with older age
(=65 years old) (P=0.039) and tubular histology (P<0.001). In
the multivariate analysis (Table IV), among the clinicopatho-
logical factors significantly correlated with the expression
levels of miR-200c, ZEBI1 and E-cadherin, there was a signifi-
cant association between the expression level of ZEB1 and
advanced stage (P=0.031), as well as a significant correlation
between the expression level of ZEB1 and histology (P<0.001).

Discussion

In the present study, we revealed inverse correlations between
miR-200c and ZEBI in both cell lines and tissues, as well as
inverse correlations between ZEB1 and E-cadherin in tissues,
in gastric carcinoma. These well known correlations which
are associated with EMT (8) have been demonstrated both
in vitro and in vivo in several cancers including non-small cell
lung cancer and pancreatic cancer (15,16) and recently also in
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Table III. Correlations of the expression levels of miR-200c, ZEB1 and E-cadherin with the clinicopathological factors as deter-
mined by Chi-squared test.

miR-200¢ ZEB1 E-cadherin
High Low P-value High Low P-value High Low P-value
Sex 0474 0419 0.812
Male 37 37 18 56 35 39
Female 9 14 8 15 12 11
Age (years old) 0.002 0.063 0.039
=65 35 22 11 46 33 24
<65 11 29 15 25 14 26
LN metastasis 0.289 1.000 0.830
Positive 13 20 9 24 15 18
Negative 33 31 17 47 32 32
Histology <0.001 <0.001 <0.001
Tubular 45 22 9 58 45 22
Poor differentiation 1 29 17 13 2 28
Tumor size (mm) 0.224 0.360 0.312
>40 19 28 15 32 20 27
<40 27 23 11 39 27 23
Stage 0.310 0.040 0.840
Advanced 19 27 17 29 23 23
Early 27 24 9 42 24 2
Vessel invasion 0.157 0.259 0.840
Positive 20 30 16 34 25 25
Negative 26 21 10 37 22 25

LN, lymph node. Bold indicates P<0.05.

Table IV. Multivariate analyses of correlations between the clinicopathological factors and positive expression of miR-200c,
ZEB1 and E-cadherin.

miR-200c ZEB1 E-cadherin

Clinicopathological factors OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Sex 1.822 0.359 0.294 0.082 0.438 0.201
Male vs. female (0.505-6.568) (0.074-1.170) (0.124-1.553)

Age (years old) 2.742 0.071 0.505 0.261 1.085 0.882
>65 vs. <65 (0.916-8.202) (0.153-1.662) (0.370-3.184)

LN metastasis 1.038 0.959 0.347 0.125 0.458 0.280
Positive vs. negative (0.249-4.320) (0.090-1.342) (0.111-1.888)

Histology 0.023 <0.001 7.556 <0.001 0.025 <0.001
Tubular vs. poor differentiation  (0.003-0.182) (2.471-23.109) (0.005-0.137)

Tumor size (mm) 1.087 0.889 0.809 0.730 0.533 0.276
>40 vs. <40 (0.337-3.509) (0.242-2.703) (0.172-1.652)

Stage 1.073 0.923 5.522 0.031 2.197 0.260
Advanced vs. early (0.258-4.473) (1.166-26.148) (0.558-8.653)

Vessel invasion 0.484 0.354 0.998 0.998 2.182 0.306

Positive vs. negative

(0.105-2.240)

(0.227-4.378)

(0.489-9.732)

LN, lymph node; OR, odds ratio; CI, confidence interval. Bold indicates P<0.05.
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gastric cancer (21,31). However, this study is the first to have
demonstrated that this phenomenon was associated with the
morphology of cell lines and histological differentiation, the
latter as visualized by ISH, in gastric carcinoma.

qRT-PCR analysis of 6 cell lines in the present study
revealed that the expression level of miR-200c descended
in the following order: Kato-III > MKN-45 > NU-GC-4
> H-111-TC > HGC-27 > MKN-1. The expression level of
ZEBI or ZEB2 corresponded to the reverse order, and that of
E-cadherin corresponded to this order. Indeed, significantly
inverse correlations between miR-200c and ZEB1 were
obtained by Spearman's rank correlation. Our results are in
line with a previous study in which E-cadherin gene expres-
sion was present in MKN-45 cells but absent in HGC-27
cells (32), along with a recent study which revealed that
Kato-III, MKN-45 and NU-GC-4 cells had high expression
of E-cadherin and low expression of ZEBI, while MKN-1
cells had low expression of E-cadherin and high expression of
ZEBI (33). However, these authors did not mention any differ-
ences in cell morphology in their studies. In the present study,
western blot analysis coincided with qRT-PCR data, albeit
E-cadherin expression in Kato-III and MKN-45 cells was
almost absent contrary to positive expression as determined
by qRT-PCR analysis. This result was compatible with another
study that revealed that E-cadherin protein expression was
undetectable by western blot analysis, while it was detected
at the DNA and mRNA level by southern and northern blot
analysis, respectively, in Kato-III and MKN-45 cells (4). They
mentioned that the possibility of post-translational modifica-
tion or minor abnormalities in antibody-recognition sites may
be involved in this discrepancy.

We searched for key differences in the characteristics
between cell lines displaying divergent expression levels of
miR-200c which also corresponded to differences in the
expression levels of ZEB1/2 and E-cadherin. Although histo-
logical differences were conspicuous in the tissue studies
mentioned below, cell line groupings based on the expres-
sion of miR-200c and associated targets did not correspond
to histological differentiation of the derived tumors. Other
authors have also demonstrated that E-cadherin was ‘unex-
pectedly’ detected in cell lines that originated from poorly
differentiated gastric carcinomas (26). This may be due to
the fact that cell lines have generally been established from
tumors exhibiting heterogenous histology. Indeed, it has been
reported that histological difference in original tumors did not
influence the growth rate of various cell lines in gastric carci-
nomas (25). Instead, we established that cell lines with high
miR-200c expression (Kato-III, MKN-45 and NU-GC-4),
low miR-200c expression (HGC-27 and MKN-1), and inter-
mediate miR-200c expression (H-111-TC) exhibited round,
spindle, and intermediate, respectively, cell morphologies.
Although studies concerning cell morphology in association
with expression of miR-200 family members are scant, one
research group demonstrated that expression of miR-200c
was associated with round cell morphology whereas that of
miR-200a was associated with spindle cell morphology in
melanoma cell lines (34). The phenomenon where E-cadherin
(+) cells are round and E-cadherin (-) cells are spindle in shape
has been reported in esophageal cancer cells and, recently,
in colon cancer cells (35,36). Furthermore, it was formerly

reported that cell morphology of E-cadherin-deficient cell
lines was generally altered from the fibroblastic cell type to
the epithelial cell type by transfection with complementary
DNA that codes for E-cadherin (37). Therefore, the influence
of miR-200c and E-cadherin on cell morphology may be a
universal phenomenon.

In the tissue samples, miR-200c expression, as visualized
by ISH, was strongly expressed in tubular adenocarcinomas but
weakly expressed in poorly differentiated adenocarcinomas.
This result was in agreement with a recent study in which low
expression levels of each member of the miR-200 family were
associated with histological grade in gastric carcinoma tissues,
as assessed by qRT-PCR analysis (31). Analysis of non-small
cell lung cancer tissue also revealed that low miR-200c
expression levels were associated with poorly differentiated
histology (15). Assessment of endometrial carcinosarcoma
tissues revealed that members of the miR-200 family were
downregulated in the mesenchymal part of the tumor (38).
Therefore, it is likely that the expression of miR-200c is asso-
ciated with epithelial histology of tumors in general.

THC analysis revealed that tubular adenocarcinomas were
negative for ZEB1 and positive for E-cadherin, while poorly
differentiated adenocarcinomas were sporadically positive for
ZEBI1 and negative for E-cadherin. Notably, it has long been
pointed out that the level of E-cadherin is significantly lower
in poorly differentiated adenocarcinomas compared to differ-
entiated adnocarcinomas and non-neoplastic mucosa of the
stomach (4,32). The reason for this phenomenon was proposed
to be inactivation of the E-cadherin gene due to either a classic
two-hit mechanism or hypermethylation (32). In the present
study, we add EMT mediated by miR-200c as a possible causal
mechanism, since miR-200c and ZEBI1 expression levels, as
well as ZEB1 and E-cadherin expression levels, were inversely
correlated (P<0.001). Other authors have also demonstrated
an inverse correlation between ZEBI1 and E-cadherin mRNA
expression in gastric cancer tissue (33). Association of poorly
differentiated histology with high expression of ZEB1 and low
expression of E-cadherin, as determined by IHC, has also been
demonstrated in endometrioid carcinoma and non-small cell
lung cancers (6,7).

In addition to histology, older age was also correlated with
high expression levels of miR-200c and E-cadherin as assessed
by Chi-squared test. However, in terms of multivariate anal-
yses, age was not correlated with miR-200c and E-cadherin
expression, although histology remained correlated. These
results coincide with a well-known fact that poorly differenti-
ated scirrhous gastric carcinoma is more frequent in younger
patients (2,3). Conversely, a high expression level of ZEB1 was
correlated with advanced stage by multivariate analyses. As
other authors have also reported, gastric cancer patients with
high ZEB1 mRNA expression displayed significantly poorer
survival than those with low expression (33), ZEB1 may be
independently associated with advanced stage.

Concerning miR-200c expression in tumors in general,
a meta-analysis revealed that low expression of miR-200c in
primary cancer tissue from early-stage patients was signifi-
cantly associated with poor survival (39). Association of low
miR-200c expression with high propensity to metastasis, along
with highly invasive/aggressive ability, has been demonstrated
in several cancers including non-small cell lung cancer and
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pancreatic cancer (15,16). Recent studies have also demon-
strated that migration/invasion abilities of gastric cancer cells
were promoted by decreased expression of miR-200c, while
they were inhibited by ZEB1 siRNA (21,33). In addition, the
present study demonstrated an association of miR-200c¢ with
cell morphology and histological differentiation of the tumor.
Since it has been proposed that the ability of miR-200c to
regulate morphological plasticity may be important in rela-
tion to dissemination capacity in melanoma (34), we postulate
that downregulation of miR-200c primarily regulates cell
morphology by downregulation of E-cadherin through upreg-
ulation of ZEB1/2, with this morphological change causing
poorly differentiated histology (Fig. 5), producing enhanced
migration/invasion abilities, and finally leading to scirrhous
stromal reaction and poor prognosis (2,3).

In summary, using cell culture models and histological
assessment of gastric carcinoma, we demonstrated an inverse
correlation in the expression level between miR-200c and
ZEB1 in vitro and in vivo, as well as between ZEB1 and
E-cadherin in vivo. Low miR-200c expression was associated
with spindle cell morphology in vitro and poorly differenti-
ated histology in vivo; thus, this factor may be involved in the
carcinogenesis of scirrhous gastric carcinoma.
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