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TGF-B1 alters microRNA profile in human gastric cancer cells
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Objective: MicroRNAs (miRINAs) are important regulators that play a key role in tumorigenesis and tumor
progression. Transforming growth factor-B1 (T'GF-1) is involved in invasion and metastasis in many tumors.
In this study, we investigated the microRNAs (miRNA) profiles altered by TGF-B1 in gastric cancer (GC) cells.
Methods: We detected the expression profiles of miRNA by miRNA microarray and quantitative real-
time polymerase chain reaction. Migration and invasion, wound-healing assay, prediction of miRNA targets,
Western blot and qRT-PCR analysis were carried out to determine the role of one selected miRNA, namely
miR-193b, in affecting the biological behaviors of GC BGC823 cells.

Results: Among 847 human miRNAs in the microarray, three miRNAs (miR-27a, miR-29b-1 and miR-194)
were up-regulated and three (miR-574-3p, miR-193b and miR-130b) were down-regulated in BGC823 cells
treated with TGF-B1 compared with control. miR-193b suppressed the invasion and metastasis of GC cells
in vivo and in vitro, and down-regulated urokinase-type plasminogen activator (uPA) protein in GC cells.
Conclusions: TGF-B1 altered miRINA expression profile in BGC823 cells. Among the altered miRNAs,
TGF-B1 induced the down-regulation of miR-193b, which inhibited cell invasion and metastasis in vivo and
in vitro, and down-regulated uPA protein in GC cells.
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Introduction

Gastric cancer (GC) is the most common gastrointestinal
malignancy in East Asia, Eastern Europe, and parts of
Central and South America, and is the second leading cause
of cancer-related deaths (1). Local invasion and distant
metastasis are leading causes for the dismal outcome of GC
patients. Mechanisms associated with GC have attracted
numerous research attentions.

MicroRNAs (miRNAs) are a class of small (18-24
nucleotides), endogenous and non-coding RNAs that bind
to the 3'-untranslated region (3'-UTR) of the target mRNAs
so as to regulate protein expression by repressing translation
or by promoting degradation of the target mRNA, or by
enhancing translation at the posttranscriptional level (2).
Increasing evidences have indicated that miRNAs play
a key role in various biological processes, including cell
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differentiation, proliferation, apoptosis, stress resistance, fat
metabolism, tumorigenesis, and tumor metastasis (2-4).

"Transforming growth factor-B1 (TGF-1) is a member of the
TGF-P super-family that controls proliferation, differentiation,
embryonic development, angiogenesis, wound healing and other
functions in various cell types (5,6). TGF-P1 is overexpressed in
multiple tumors including GC compared with normal mucosa
tissues. Its expression is positively correlated with infiltrating
depth, lymph node metastasis and recurrence, and is negatively
correlated with prognosis of GC patents (7,8). Our previous
study indicated that TGF-B1 treatment could promote the high
metastasis potential in GC cell lines BGC823 and SGC7901 (9).
TGF-B1 and miRNAs could influence each other in the process
of pathogenesis (10-12).

In this study, we investigated the effect of TGF-B1 on
global miRNA expression profile in GC cell line BGC823.
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We selected one significantly down-regulated miRNA, miR-
193b, to explore its in vitro and in vivo roles in the invasion
and metastasis of human GC cells. We further searched for
miR-193b targets using bioinformatics analysis, quantitative
reverse transcription-polymerase chain reaction (QRT-PCR)
and Western blot analysis.

Materials and methods
Cell culture and TGF-f1 treatment

Human GC cell lines BGC-823 (poor differentiation),
SGC7901 (moderate differentiation) and MKN28 (well
differentiation) were purchased from Type Culture Collection
of the Chinese Academy of Sciences (Shanghai, China). Cells
were maintained in Dulbecco’s Modified Eagle’s Medium
(DMEM, Gibco-Invitrogen, Switzerland) supplemented with
10% fetal bovine serum, 50 IU/mL penicillin and 50 pg/mL
streptomycin. All cells were grown at 37 °C in a humidified
atmosphere containing 5% CO,. GC cell lines were rendered
quiescing by 24 hrs exposure to serum-free DMEM, which
can repress cellular synthetic materials and were stimulated

with TGF-p1 (10 ng/mL) for 24 or 36 hrs.

miRNA microarray

miRNA microarrays were purchased from CapitalBio
Corporation (Beijing, China), corresponding to Sanger
miRNA database V11 (http://microrna.sanger.uk). miRNAs
were enriched from total RNA-extracted cells with mirVana
miRNA Isolation Kit (Ambion, Foster City, CA, USA) and
were labeled with mirVana Array Labeling Kit (Ambion).
For miRINA profile analysis, labeled miRNAs from BGC823
treated with TGF-B1 for 0 h (BGC823/0 h), 24 hrs
(BGC823/24 hrs) and 36 hrs (BGC823/36 hrs) were hybridized
on each miRNA microarray consisting of 46,228 probes from
71 species and covered 847 human miRNAs. Each sample was
analyzed twice. Fluorescence scanning was detected using a
double-channel laser scanner (LuxScan 10K/A; CapitalBio,
China). The figure signals were transformed to digital signals
by image analysis software (LuxScan3.0; CapitalBio). Raw data
were normalized and analyzed by the significance analysis of
microassays software (SAM, version 2.1; Stanford University,
CA, USA) as described previously (13).

QRT-PCR for miRNA
QRT-PCR was used to validate the miRNA microarray
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results. Total RNAs were extracted from BGC823/0 h
cells and BGC823/24 hrs cells using Trizol reagent (Invitrogen)
according to the manufacturer’s protocol. Concentration and
purity of total RNAs were measured using a biophotometer
(Eppendorf, Germany). Reverse transcription was performed
using NCode VILO miRNA ¢DNA Synthesis Kit
(Invitrogen). Briefly, 1 pg total RNA, 4 pL 5x reaction mix,
2 pL 10x superscript enzyme mix and diethylpyrocarbonate
(DEPC) treated water up to 20 pL. were mixed. Reactions
were incubated in a DNAEngine peltier Thermal cycler
PTC-200 (Bio-Rad, USA) for 60 mins at 37 °C, 5 min at 95 °C,
and then held at 4 °C. All reverse transcriptase reactions,
including no-template controls, were run in duplicate. Real-
time PCR was performed using express SYBR GreenER
miRNA qRT-PCR Kit (Invitrogen) on 7,500 real-time
PCR system (ABI, USA). The r reaction mixtures (20 pL),
containing 10 pLL express SYBR GreenER qPCR SuperMix,
0.4 pL. miRNA-specific forward primer (Genecopoeia,
China), 0.4 pL universal gPCR Primer, 0.04 pL. ROX
reference dye, 2 pL ¢cDNA, and 7.16 pL DEPC-treated
water, were incubated at 50 °C for 2 mins and at 95 °C 2 mins,
followed by 40 cycles of 95 °C for 15 s and 60 °C for 1 min. All
quantitative PCR reactions, including no-template controls,
were performed in triplicate. The relative expression ratios
of miRNAs were determined with the crossing point as
the cycle number. U6 was used as endogenous control for
normalization.

siRNA transient transfection

siRNA duplex homologs of miR-193b mimics (193bM) and
miR-193b inhibitors (193bl) were synthesized by Gene-
Pharma Co. (Shanghai, China). siRNA duplexes of non-
specific sequences were used as negative control (NC) and
inhibitor negative control (INC). Non-transfected cells (M)
were examined in parallel. All siRNAs (193bM, 193bl, NC,
INC and M) were transfected using Lipofectamine 2000
reagent (Invitrogen) according to the manufacturer’s protocol.

Wound-bealing assay

Cells were plated and grown overnight to reach confluence
in a six-well plate. Monolayers of cells were wounded by
dragging a 10-pL pipette tip. Cells were washed to remove
cellular debris and allowed to migrate for 72 hrs. Images were
taken at 0 h and 72 hrs after wounding using an inverted

microscope.

www.thecjcr.org Chin J Cancer Res 2013;25(1):102-111



104

In vitro cell migration and invasion assay

Cell migration and invasion were measured by a 8 pm-pore
polycarbonate membrane, Millicell Hanging Cell Culture
Inserts, in a transwell apparatus (Millipore, USA), coated
with or without ECL Cell Attachment Matrix (Millipore).
BGC823 cells transfected with miRINA mimics or inhibitors
were plated 12 h after transfection in serum-free medium
(2x10* cells per transwell) and allowed to migrate toward
a 10% fetal bovine serum gradient for 6 hrs (migration) or
24 hrs (invasion). Cells that remained on the top of the
filter were removed by wiping with a cotton swab. Cells
that migrated to the bottom surface of the insert were fixed
in 100% methanol for 30 mins, stained in 0.1% crystal
violet for 20 mins, rinsed in phosphate buffered saline
(PBS) twice and examined microscopically. The number
of migrated cells was determined by counting from five
randomly selected microscopic fields at 200x magnification.
All experiments were performed in triplicate.

In vivo metastasis assay

Forty-eight Balb/c nude mice aged 4-6 weeks were
purchased from Shanghai Laboratory Animal Company
(Shanghai, China) and were randomly divided into six
groups (eight mice per group). Cancer cells (transfected
with 193bM, 193bl, NC, INC and M) were detached and
resuspended in PBS. Subsequently, 0.2 mL of suspension
containing 2x10° cells was injected into the abdominal
cavity of each animal. The mice were sacrificed after
4 weeks and the number of visible tumors in the liver
surface was counted with the naked eye. Representative
liver tumors were removed, fixed, embedded in paraffin,
sectioned into 4 pm layers, and stained with hematoxylin-
eosin for histological analysis. This study was approved
by the Institutional Animal Care and Use Committee of
Xiang-ya Medicine School, Central South University.

Bioinformatics analysis

Basic information of selected miRNAs was obtained from
miRBase (http://www.mirbase.org/search.shtml) for further
research. To investigate the significance of the selected
miRNAs, we screened potential targets by using TargetScan
5.1 (http://www.targetscan.org/) and Pictar (http://pictar.
mdc-berlin.de/), which identify miRNA binding sites, as
well as genes co-regulated by miRNAs in a coordinated
manner. We used Functional Annotation Bioinformatics
Microarray Analysis Tools from CapitalBio Corporation
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(http://www.capitalbio.com/zh-hans/support/MAS) to
classify the functions of the potential target genes predicted
by both TargetScan 5.1 and Pictar.

Semi-quantitative RT-PCR

The cDNA templates were used for amplification of a selected
potential target gene, urokinase-type plasminogen activator (uPA),
and B-actin (endogenous control). PCR primers were: uPA sense
5'-GGGAGATGAAGTTTGAGGTGGA-3' and uPA antisense
5'-GCCTTGGAGGGAACAGACGAG-3', B-actin sense
5'-CCCAGCACAATGAAGATCAAGATCAT-3", and B-actin
antisense 5'-ATCTGCTGGAAGGTGGACAGCGA-3'
(Sangon, China). PCR cycles were as follows: initial denaturation
at 94 °C for 3 min, followed by 30 cycles of 94 °C for 30 s, 59.8 °C
for 30 s, 72 °C for 1 min, and final extension at 72 °C for 5 mins.
PCR products were resolved on 1.5% agarose gels.

Western blot analysis

Cells were harvested and lysed in 100 pL. WIP lysis buffer
(Saichi, China). Equal amounts of protein extracted at the
time after treatment were separated on 12% polyacrylamide
and transferred to polyvinylidene difluoride (PVDF)
membranes. The membranes were blocked in Tris-buffered
saline containing Tween-20 [TBST; 0.2 mol/L NaCl,
10 mmol/L Tris (pH 7.4) and 0.2% Tween-20] with 3%
bovine serum albumin (BSA; Sigma, USA) for 2 h at room
temperature followed by incubation with primary antibodies
in TBST at 4 °C overnight. Primary antibodies used for
immunoblot analysis were anti-uPA (1:500; sc-14019, Santa
Cruz, USA) and anti-GAPDH (1:500; CNM1002, Jiamay
Biotech, China). Membranes were then washed three
times with TBST followed by incubation with horseradish
peroxidase-conjugated secondary antibody (1:2,000; 074-
1807, Jiamay Biotech) in TBST at room temperature
for 2 hrs. Bound antibody was detected using enhanced
chemiluminescence (ECL; Pierce, USA).

Statistical analysis

Data were expressed as x+s. The significance of differences
between all groups was evaluated by using one-way analysis
of variance (ANOVA) with a post hoc Student-Newman-
Keuls multiple comparisons test. Statistical analyses were
performed by using SPSS 13.0 Software (SPSS Inc.,
Chicago, IL, USA), and P<0.05 was considered as statistically
significant.
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Table 1 Signal ratio of 24 hrs to 0 h differentially expressed
miRNAs of BGC823 cells after treated with TGF-f1
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Table 2 Signal ratio of 36 hrs to 0 h differentially expressed
miRNAs of BGC823 cells after treated with TGF-f1

Differentially expressed miRNA Signal ratio 24 h/0 h

Differentially expressed miRNA Signal ratio 36 h/0 h

miR-502-3p 0.493
miR-574-3p 0.556
miR-30a 0.566
miR-30c-2 0.588
miR-34b 0.598
miR-193a-5p 0.624
miR-140-3p 0.631
miR-193b 0.633
miR-532-5p 0.640
miR-130b 0.651
miR-455-3p 0.653
miR-27a 1.508
miR-138-1 1.513
miR-29b-1 1.520
miR-194 1.605
miR-93 1.765
Results

miRNA profile alteration induced by TGF-f1 in BGC823

cells

The miRNA microarrays were used to analyze the miRNA
profile alteration between BGC823/0 h, BGC823/24 hrs
and BGC823/36 hrs cell lines treated with TGF-B1
(Figure 14). We defined differentially expressed genes as
no less than 1.5-fold change. There are 11 miRNAs down-
regulated and 5 miRNAs up-regulated in BGC-823/24 hrs
compared with BGC-823/0 h (Table 1). There are 11
miRNAs down-regulated and 10 miRNAs up-regulated in
BGC-823/36 hrs compared with BGC-823/0 h (Table 2).
The intersection of BGC-823/24 hrs and BGC-823/36 hrs
consisted of six miRNAs (miR-574-3p, miR-193b and miR-
130b down-regulated, miR-27a, miR-29b-1 and miR-194
up-regulated; Table 3). Three miRNAs (miR-193b, miR-
130b and miR-27a) were selected for further investigation
because which have the biggest differences in 24 and 36 hrs.
In addition, from the Table 1, we knew that there is no
different between 24 and 36 hrs for miR-193b. So, we just
checked the qRT-PCR results at 0 and 24 hrs, respectively.
qRT-PCR results revealed that miR-193b and miR-130b
were down-regulated and miR-27a was up-regulated in
BGC823 and SGC7901 cell lines (Figure 1B,C), which was
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miR-1308 0.431
miR-574-3p 0.510
miR-23a 0.560
miR-1275 0.580
miR-181b 0.584
miR-181c 0.589
miR-193b 0.599
let-7b 0.620
miR-130b 0.631
miR-92b 0.633
miR-1246 0.426
miR-212 1.500
miR-520c-5p 1.527
miR-29a 1.535
miR-301a 1.547
miR-224 1.573
miR-519¢c-5p 1.630
miR-27a 1.706
miR-29b-1 1.735
miR-192 2.001
miR-194 2.590

in accordance with miRINA microarray results. But these
changes were not observed in MKIN28 cell lines (Figure 1D).

miR-193b inbibits cell migration and invasion in vitro

To study the cellular function of miR-193b in GC, we
transfected 193bM, 193bI or siRNA duplexes with non-
specific sequences as NC and INC into BGC823 cells,
respectively. miR-193b levels were effectively elevated by
transfection of the mimics and were effectively decreased
by transfection of the inhibitors (Figure 2A4). In order to
investigate the effect of miR-193b on BGC823 cell migration
and invasion, an in vitro cell invasion assay was performed.
Cells that migrated through the ECL Cell Attachment
Matrix-coated membranes or non-coated membranes
towards serum-containing medium were counted (Figure 2B).
The inhibition of miR-193b significantly increased BGC823
cell migration compared with control (P<0.05). In addition,
the over-expression of miR-193b significantly suppressed the
migration and invasion of BGC823 cells through the filter
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Figure 1 miRNA alternation induced by TGF-B1 treatment (n=3). A. The miRNA microarray clustering results of BGC823/0 h, BGC823/24 hrs
and BGC823/36 hrs cell lines; B. qRT-PCR analysis of the relative expression levels of miR-193b, miR-130b and miR-27a in the same
sample used for microarrays; C. qRT-PCR analysis of relative expression levels of miR-193b, miR-130b and miR-27a in SGC7901 cell lines;
D. qRT-PCR analysis of relative expression levels of miR-193b, miR-130b and miR-27a in MKN28 cell lines. U6 RINA expression was used for

normalization. *P<0.05

Table 3 The same differentially expressed miRINAs of BGC823
cells after treated with TGF-B 1 for 24 or 36 hrs

Signal ratio
Differentially expressed miRNA
24 h/0h 36 h/0 h

miR-574-3p 0.556 0.510
miR-193b 0.633 0.599
miR-130b 0.651 0.631
miR-27a 1.508 1.706
miR-29b-1 1.520 1.735
miR-194 1.605 2.590

(P<0.05). Furthermore, the in vitro scratch wound-healing
assay showed that miR-193b over-expression significantly
suppressed BGC823 cell migration (P<0.05, Figure 2C),
whereas miR-193b inhibition significantly increased cell
wound repair (P<0.05, Figure 2C). Those results suggested
that miR-193b is a regulator of migration and invasion in
BGC823 cells.

© Chinese Journal of Cancer Research. All rights reserved.

miR-193b inbibits tumor invasion and metastasis in vivo

To address the potential effects of miR-193b on the iz
vivo invasion and metastasis of GC cells, equal numbers
of BGC823 cells transfected with 193bM, 193bl, INC or
NC respectively were injected into the abdominal cavity
of nude mice. The number of metastatic nodi dramatically
reduced in the nude mice group injected with the 193bM
transfected cells compared with NC group (Figure 34). The
number of metastatic nodi increased in the group injected
with the 193bl transfected cells compared to the INC group
(Figure 3B). These results showed that miR-193b can inhibit

tumor invasion and metastasis 7 vivo.

miR-193b targets prediction and bioinformatics analysis

Since miR-193b functioned as a tumor suppressor in GC,
we further searched the potential targets of miR-193b by
using web-based bioinformatics software. TargetScan and
Pictar predicted 142 and 208 potential miR-193b targets,
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Figure 2 Effect of miR-193b on i vitro invasion and metastasis of BGC823 cells. A. Relative expression of miR-193b normalized to U6

in BGC823 cells after 193b inhibitor or mimics transient transfection measured by real-time PCR (n=3); B. In vitro invasion and migration

assay. Representative fields of invasion and migration of BGC823 cells transfected with miR-193b-mimics or inhibitor on the membrane (left),

(x200 magnification). The invasive or migration cell number of BGC823 cells transfected with miR-193b-mimics is drastically decreased

than that transfected with negative control (n=10); C. Wound-healing assay. Left panel, representative images of BGC823 cells transfected

with mimies or inhibitors at 0 and 72 hrs after wound scratch. Right panel, graphical presentation of the percentage of wound healing, which
was counted as (0-72 hrs width of wound)/0 h width of wound (n=3). *P<0.05

respectively. To classify the functions of the potential targets,
we used Functional Annotation Bioinformatics Microarray
Analysis "Tools and found that most targets of miR-193b are
involved in signaling pathways such as MAP3K3, WN'T, P53,
Jak-STAT, GnRH, VEGE, ErbB, angiogenesis, cell cycle G1/
S check point, cell motility and adherens junction, which are
important for tumorigenesis (Figure 4A).

© Chinese Journal of Cancer Research. All rights reserved.

miR-193b down-regulated uPA protein in GC cells

We were interested in oncogenes potentially inhibited by
miR-193b and uPA attracted our attention. Western blot
demonstrated that uPA protein was up-regulated upon miR-
193b inhibition and down-regulated upon miR-193b mimic
(Figure 4B). qRT-PCR showed no significant uPA mRNA
changes upon miR-193b inhibition or mimic (Figure 4C).
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mimics; 193bM, BGC823-193b mimics; INC, negative control for BGC823-193b inhibitor; 193bI, BGC823-193b inhibitor
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Figure 4 miR-193b down-regulated uPA protein in GC cells. A. Pie chart of predicted target genes involved in different pathways analyzed
by Functional Annotation Bioinformatics Microarray Analysis Tools from CapitalBio Corporation; B. uPA protein expression levels were
increased upon transfection with 193bI and decreased upon transfection with 193bM compared with control; C. uPA mRNA levels have
no significant changes upon transfection with 193bI or 193bM compared with control. NC, negative control for BGC823-193b mimics;
193bM, BGC823-193b mimics; INC, negative control for BGC823-193b inhibitor; 193bI, BGC823-193b inhibitor

Discussion

Increasing evidence indicates that the TGF-B signaling
pathway may be regulated by several miRNAs, such as miR-
23a, miR-17-92 and miR-155 (14-19). In this study, we
discovered six differentially expressed miRINAs (miR-193b,

© Chinese Journal of Cancer Research. All rights reserved.

miR-574-3p, miR-130b, miR-27a, miR-29b-1 and miR-
194) in BGC823 cells using microRNA microarrays upon
TGF-B1 stimulation. All of these miRNAs are regarded as
tumor-related miRNAs (20-27) and relevant to invasion

and metastasis of GC. In our previous study, we observed
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high expression of TGF-B type II Ser/Thr receptor in
BGC823, SGC7901 and MKN28 cells (28). BGC823 and
SGC7901 were sensitive to TGF-p (29,30), while MKIN28
was resistant, which might be attributed to low binding
activity of type-I receptor of TGF-B (31) or mutation of
RUN-X3 (32). We further confirmed by real-time PCR
that disregulation of three miRNAs was coincident with
miRNA microarray after TGF-B1 pretreatment both in
BGCS823 and SGC7901, but there was no visible change in
MKN28. Meanwhile, BGC823 is a kind of cell with poor
differentiation, which is more representative. So, we most
used this kind of cells in this research. These results indicated
that the changes of these miRNAs may be regulated by the
TGF- pathway.

Among the miRNAs studies, miR-193b exhibited the
most dramatic downregulation, and miR-193b was therefore
selected for further study. miR-193b targets cyclin D1 (33) in
melanoma, repressing cell proliferation. Xu ez /. (34) found
that miR-193b regulated oncogenes cyclin D1 (CCND1)
and ETSI, and induced cell cycle arrest and inhibited the
invasion and migration of hepatoma cells. Li et a/. (35)
found that the down-regulation of miR-193b enhanced uPA
expression, and promoted tumor progression and invasion
in human breast cancer. However, two genes, CCND1
and ETS1, whether they are still direct target of miR-193b
in GC cell lines is unclear. At present, we are revealing
the relation between them. In this study, we found that
the over-expression of miR-193b reduced the capacity of
migration, invasion and metastasis of the GC cell BGC823
in vivo and in vitro.

uPA is a serine protease responsible for the conversion of
plasminogen into plasmin. It plays a major role in regulating
cancer cell motility, extracellular matrix invasion and
metastasis by degrading extracellular matrix proteins (36,37).
Overexpression of uPA is directly associated with tumor
growth, invasion and metastasis (38-41). In addition,
uPA expression and activity are positively correlated with
infiltration, metastasis and peritoneal metastasis in GC (42).
Interestingly, there is a binding site for hsa-miR-193b in uPA
3'-UTR that has been experimentally verified to be active in
human breast cancer. In addition, we infer miR-193b may be
influence the uPA translation rather than transcription (43).
In our study, uPA protein was up-regulated upon miR-193b
inhibition and down-regulated upon miR-193b mimic, but
no uPA mRNA change was seen upon miR-193b inhibition
or mimic. miR-193b down-regulated uPA protein in GC
cells. However, the specific relation between the uPA and
miR-193b was unclear. At present, the relation research is
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performing by siRNA methods.

Our finding shed light on the following questions: Is the
dysregulation of miR-193b through TGF-p pathway? Is uPA
a direct target of miR-193b? Does miR-193b inhibit the
invasion and metastasis of BGC823 cells by down-regulating
uPA? TGF-B, miRNAs and genes may constitute a gene-
miRNA network to contribute to GC progression. Further
research is necessary to completely answer the puzzles. At
present, we use miR-193b as a therapy target to find out
specific effect for downstream pathway. In addition, the
research that therapeutic delivery of miR-193b suppresses
tumorigenesis in GC mouse model is being performed.

In conclusion, our study demonstrated that TGF-B1
leads to a specific alternation of miRNA profile in BGC823
cell line. TGF-P1 induces the down-regulation of miR-
193b in BGC823 and SGC7901 cell lines. miR-193b
inhibits cell migration and invasion in vitro, as well as tumor
invasion and metastasis iz vivo. miR-193b down-regulates
uPA protein in GC cells.
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