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Abstract
Backgroud The aim of this study is to examine miRNA pro�ling and miR-1285-3p participates in 125I
seed irradiation of gastric carcinoma cell via the regulation of epithelial mesenchymal transition (EMT).

Methods An in vitro I-125 seed irradiation model was established, followed by the small RNA-Sequencing
to investigate the full spectrum of miRNAs that are response to I-125 seed implantation. Validation was
performed with quantitative real time PCR (qRT-PCR). qRT-PCR was also employed to measure miR-1285-
3p and EMT-related mRNAs expression. Western blotting assay was performed to test the expression of
EMT-related proteins. Luciferase reporter assay was conducted to con�rm the direct targeting of
SMAD2/3 and SMAD4 by miR-1285-3p.

Results A total of 1034 miRNAs were initially detected. Of these, 11 miRNAs were signi�cantly
differentially expressed between I-125 seed irradiation and control groups. Six miRNAs (hsa-miR-127-3p,
hsa-miR-1285-3p, hsa-miR-296-5p, hsa-miR-421, hsa-miR-495-3p, and hsa-miR-548am-3p) were up
regulation and �ve miRNAs (hsa-miR-17-5p, hsa-miR-193b-5p, hsa-miR-23b-5p, hsa-miR-483-5p, hsa-miR-
92a-1-5p) were down regulation between I-125 seed irradiation treatment and control groups. EMT is
involved in gastric cancer cells treatment with I-125 seed implantation, and downregulation of miR-1285-
3p can repress EMT through its targeting of SMAD pathway, which make miR-1285-3p a novel target of I-
125 therapeutic intervention for human gastric cancer.

Conclusions This study revealed that miR-1285-3p inhibited EMT by targeting SMAD pathway in 125I
seed irradiation of gastric carcinoma. 

Background
Gastric carcinoma (GC) is one of the most aggressive types of tumors [1] and the second leading cause
of cancer-associated mortality as the gastrointestinal infectious disease in eastern Asia [2, 3]. Various
therapeutic strategies are currently available for GC patients, including surgery, chemotherapy, and
radiotherapy. For early-stage gastric cancer, surgical resection remains a standard therapeutic approach.
Besides surgical resection, endoscopic submucosal dissection has also been served as a common
treatment for early-stage IA gastric cancer [4, 5]. Currently, surgery, chemotherapy and radiotherapy are
therapeutic strategies for GC patients. In the USA and Europe, postoperative chemoradiotherapy could be
an effective treatment for GC patients for controlling tumor progression in advanced gastric cancer [6-8].
Radioactive iodine-125 (I-125) seed implantation could be an effective and safer therapeutic strategy for
advanced or unresectable gastric cancer [9]. Due to the high precision and fewer complications, I-125
seed implantation has been used in treatment of advanced gastric cancer [10]. In our previous study, we
found that I-125 seed irradiation induces up-regulation of the genes associated with apoptosis and cell
cycle arrest and inhibits growth of gastric cancer xenografts [11]. Although several molecular
mechanisms of I-125 seed implantation have been introduced, the inhibitory effect of I-125 remains not
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clearly[12-14]. Therefore, it is crucial to understand the molecular mechanism and it will be bene�cial to
achieve optimal outcomes of the I-125 seed implantation.

To investigate the complexity of the cellular response to I-125 seed implantation, microRNAs (miRNAs or
miRs) were considered as the potential molecules involved in the mechanism of I-125 implantation of GC.
miRNAs are short non-coding RNAs given their broad effect on post-transcription, translational repression
[15, 16]. Over the past decades, miRNAs play a key role in a variety of cancer types [17-20]. More recently,
using small RNA sequencing (RNA-Seq) technique could isolate and sequence small RNA species, such
as miRNAs with unprecedented sensitivity and dynamic range. In the present study, we established an I-
125 seed irradiation model in vitro, followed by the small RNA-Seq to investigate the full spectrum of
miRNAs that are response to I-125 seed implantation.

Methods

Cells and cell culture
The gastric cancer cell line, BGC-823 was provided by the Cell Bank of the Chinese Academy of Sciences
(Shanghai, China). Cells were cultured in RPMI-1640 medium supplemented with 10% (v/v) fetal bovine
serum (FBS, Gibco, Rockville, MD, USA) and 1% antibiotics at 37˚C in a humidi�ed incubator under 5%
CO2 condition.

I-125 seed irradiation model in vitro
Type-6711 I-125 seeds were kindly provided by Ningbo Jun-An Pharmaceutical Technology Co. Ltd.
(Ningbo, Zhejiang, China). I-125 seed irradiation model was performed according to a previous report[10].
Brie�y, the seeds were 0.8 mm in diameter, 4.5 mm long, with a surface activity of 15.1-16.8 MBq, a
hal�ife of 59.6 d, and average energy of 27.4–35.5 Kev. Liquid para�n was laid on the bottom of a 6-cm
diameter cell culture dish. Eight I-125 seeds were evenly embedded within recesses (4.5 mm × 0.8 mm)
around a 35-mm diameter circumference, with one I-125 seed placed in the center of the 6-cm dish, in
order to obtain a relatively homogeneous dose distribution at the surface of the cell culture dish. A 6-cm
culture dish was placed on the in-house I-125 irradiation model during the experiment. 1 X 105 cells of
BGC-823 cell line were seeded into the 6-cm culture dish and incubated for 96 h under constant cell
culture conditions. All the culture dishes were rotated clockwise at speci�c time points to ensure even
irradiation of the cells. The cells were divided into two different groups, I-125 seed irradiated group and
control group (with no I-125 treatment).

MicroRNA pro�ing by small RNA-sequencing
Total RNA was isolated using the miRNeasy mini kit (Qiagen, Shanghai, China), according to the
manufacturer’s instructions. The quantity and quality of RNA were assessed using the NanoDrop ND-
1000 instrument (Nanodrop Technologies, Wilmington, USA) and the Bioanalyser 2100 system (Agilent
Technologies, CA, USA) using the Agilent RNA 6000 Nano and small RNA kits (Agilent Technologies),
respectively, according to the manufacturer’s instructions. The libraries for small RNA-sequencing were
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prepared using the TruSeq small RNA library kit from Illumina with 50ng of total RNA. The reverse
transcription and PCR ampli�cation (with bar-coded primers) were used to ligate RNA and 3' and 5' RNA
adapters, according to the manufacturer's use. The Pippin Prep System was used to separate the PCR
products into 147 nt and 157 nt fractions. High throughput sequencing service was provided by CloudSeq
Biotech (Shanghai, China). The libraries were denatured as single-stranded DNA molecules, captured on
Illumina �ow cells, ampli�ed in situ as clusters and �nally sequenced for 50 cycles on Illumina HiSeq
sequencer following the manufacturer's instructions. Raw data were generated after sequencing, image
analysis, base calling, and quality �ltering on Illumina sequencer. Firstly, Q30 was used to perform quality
control. The adaptor sequences were trimmed and the adaptor-trimmed-reads (>= 15nt) were left by
Cutadapt software (v1.9.3). Then, trimmed reads from all samples were pooled, and miRDeep2 software
(v2.0.0.5) was used to predict novel miRNAs. The trimmed reads were aligned to the merged human pre-
miRNA databases (known pre-miRNA from miRBase plus the newly predicted pre-miRNAs) using
Novoalign software (v3.02.12) with at most one mismatch. The numbers of mature miRNA mapped tags
were de�ned as the raw expression levels of that miRNA. The read counts were normalized by TPM (tag
counts per million aligned miRNAs) approach. Differentially expressed miRNA between two groups were
�ltered through Fold change and P-value using the two tailed, homoscedastic t-test. miRNA targets were
performed by popular miRNA target prediction softwares, miRNA-targets networks were plotted by
cytoscape software (v2.8.0), and the GO and KEGG pathway analysis were performed based on the top
10 differentially expressed miRNA target genes.

RNA isolation, cDNA synthesis and quantitative RT-PCR
analysis
For validation of the results of microRNA pro�ing by small RNA-sequencing, quantitative RT-PCR was
performed. Total RNA was extracted from cell cultures using TRIzol reagent (Invitrogen/Thermo Fisher
Scienti�c, Inc., Shanghai, China), according to the manufacturer's instructions. Total RNA concentration
and integrity were examined using an Agilent Bioanalyzer (Agilent Technologies, Inc., Santa Clara, CA,
USA). Subsequently, 500 ng of total mRNA per sample was reverse transcribed into cDNA using the High
capacity cDNA Reverse Transcription kit (Applied Biosystems/Thermo Fisher Scienti�c, Inc.). For
detection of miRNA expression, miDETECT A Track™ qRT-PCR Kit (RiboBio Co., Ltd, Guangzhou, China)
was used and RNU6 small nuclear RNA was used to normalize miRNA expression levels. For detection of
mRNA expression, a standard TaqMan PCR kit procedure on an ABI-7500 system (Applied
Biosystems/Thermo Fisher Scienti�c, Inc.) according to the manufacturer's instructions. The mRNA levels
were normalized to endogenous β-actin (Applied Biosystems). Primers and probes were shown in Table 1.
Relative fold expression and changes were calculated using the 2-ΔΔCt method [21].
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Table 1
Differentially expressed microRNAs identi�ed by next generation sequencing

miRNA Information Statistics & Regulation

mature-
miRNA

pre-
miRNA

mature-sequence Fold
Change

P-
value

FDR Regulation

hsa-miR-
17-5p

hsa-mir-
17

CAAAGUGCUUACAGUGCAGGUAG 2.074 0.029 0.630 down

hsa-miR-
193b-5p

hsa-mir-
193b

CGGGGUUUUGAGGGCGAGAUGA 7.000 0.049 0.630 down

hsa-miR-
23b-5p

hsa-mir-
23b

UGGGUUCCUGGCAUGCUGAUUU 1.750 0.000 0.000 down

hsa-miR-
483-5p

hsa-mir-
483

AAGACGGGAGGAAAGAAGGGAG 3.569 0.033 0.630 down

hsa-miR-
92a-1-5p

hsa-mir-
92a-1

AGGUUGGGAUCGGUUGCAAUGCU 5.600 0.007 0.630 down

hsa-miR-
127-3p

hsa-mir-
127

UCGGAUCCGUCUGAGCUUGGCU -2.033 0.036 0.630 up

hsa-miR-
1285-3p

hsa-mir-
1285-1

UCUGGGCAACAAAGUGAGACCU -2.000 0.000 0.000 up

hsa-miR-
1285-3p

hsa-mir-
1285-2

UCUGGGCAACAAAGUGAGACCU -2.000 0.000 0.000 up

hsa-miR-
296-5p

hsa-mir-
296

AGGGCCCCCCCUCAAUCCUGU -2.667 0.038 0.630 up

hsa-miR-
421

hsa-mir-
421

AUCAACAGACAUUAAUUGGGCGC -1.750 0.000 0.000 up

hsa-miR-
495-3p

hsa-mir-
495

AAACAAACAUGGUGCACUUCUU -7.714 0.034 0.630 up

hsa-miR-
548am-
3p

hsa-mir-
548am

CAAAAACUGCAGUUACUUUUGU -3.333 0.020 0.630 up

Luciferase activity assay
Human SMAD6-3' UTR containing the putative target site for miR-1285-3p was ampli�ed by PCR and
inserted into the pmiR-RB-REPORT (RiboBio Co., Ltd, Guangzhou, China), as well as the mutation. The
cells were transiently transfected with the wild type or mutant reporter plasmids, miR-1285-3p mimic, and
NC mimic using Lipofectamine 3000 (Thermo Fisher Scienti�c, Inc. Shanghai, China). Luciferase activity
was measured 48 hours after transfection using the dual-luciferase assay system (Promega Co., Ltd,
Bejing, China). Three independent experiments were performed in triplicate.

Western blot analysis
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Total protein was extracted from the cells RIPA lysis buffer. Protein concentrations were measured using
a BCA Protein Assay Kit (Beyotime Biotechnology, Shanghai, China). 50 µg of extracted protein were
assayed with SDS-polyacrylamide gels (containing a 12% separating gel and a 5% stacking gel). The
protein was subsequently transferred onto a polyvinyl di�uoride (PVDF) membrane (Roche Applied
Science, Shanghai, China). The membranes were stripped and probed with the following primary
antibodies: anti-GAPDH (Kangchen Biotechnology, Shanghai, China), anti-SMAD6 (Abcam, Shanghai,
China), anti-E-Cadherin (BD Transduction Laboratories, Beijing, China), anti-Vimentin (Abcam, Shanghai,
China), and anti-alpha-SMA (Abcam, Shanghai, China). Quanti�cation of Western blots was processed
with ImageJ software.

Statistical analysis
Statistical analysis was performed using PRISM version 5.0 software (GraphPad, San Diego, CA, USA).
qPCR data are presented as the mean ± standard error of the mean (SEM). Statistical signi�cance was
determined using an unpaired t-test and the One way analysis of variance (ANOVA), followed by Tukey
post hoc. A P ≤0.05 was considered statistically signi�cant. Statistical analysis of sequencing and
bioinformatics results are discussed in the relevant sections.

Results

Results of microRNA Expression Pro�ling by small RNA-
sequencing
To study the full spectrum of miRNAs involved in I-125 seed irradiation, gastric cancer cell line, BGC-823
was assayed after treatment with or without (no seeds as a control) irradiation. Small RNA- sequencing
was performed and a total of 1034 miRNAs were initially detected. Of these, 11 miRNAs were signi�cantly
differentially expressed between I-125 seed irradiation and control groups. Six miRNAs (hsa-miR-127-3p,
hsa-miR-1285-3p, hsa-miR-296-5p, hsa-miR-421, hsa-miR-495-3p, and hsa-miR-548am-3p) were up
regulation and �ve miRNAs (hsa-miR-17-5p, hsa-miR-193b-5p, hsa-miR-23b-5p, hsa-miR-483-5p, hsa-miR-
92a-1-5p) were down regulation between I-125 seed irradiation treatment and control groups (Table 1).

qRT-PCR was then used to validate the results of small RNA-Sequencing. The qRT-PCR results
demonstrated an increase in the expression of hsa-miR-127-3p (5.50±0.24-fold), hsa-miR-1285-3p
(3.45±0.22-fold), hsa-miR-296-5p (4.63±0.18-fold), hsa-miR-421 (5.70±0.25-fold), hsa-miR-495-3p
(2.39±0.07-fold), and hsa-miR-548am-3p (3.52±0.08-fold) in the I-125 treatment group compared to I-125
no treatment group, whereas the expression of hsa-miR-17-5p (4.49±0.09-fold), hsa-miR-193b-5p
(2.70±0.16-fold), hsa-miR-23b-5p (5.60±0.22-fold), hsa-miR-483-5p (3.71±0.20-fold), hsa-miR-92a-1-5p
(4.43±0.28-fold) decreased, respectively (Figure 1). These data were consistent with the small RNA-
Sequencing results.

Then, we performed a computational approach to predict the miRNA target genes. The prediction of
miRNA target genes was performed with the following three different miRNA target prediction algorithms:
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PicTar, miRanda v5 and TargetScan v5.1. Each algorithm has a de�nite rate of both false positive and
false negative predictions. Based on these database searches, the genes with target sites for all of three
co-expressed miRNAs were identi�ed as a potential cooperative target gene set. Then, these results were
integrated into the gene network analysis using the software Medusa (Figure 2).

Weakened EMT and SMAD pathway after GC cells treated
with I-125
In I-125 treated GC cells, the expression of EMT markers and the key factors of SMAD pathway were
signi�cantly different from no I-125 treatment. The expression of E-cadherin was signi�cantly
upregulated at the protein levels compared with that in the normal controls. We also found the expression
of Vimentin, alpha-SMA, SMAD2/3, and SMAD4 were more reduced in the I-125 treated cells than that in
the normal controls (Figure 3).

miR‐1285-3p regulated EMT of I-125 treated GC cells by
targeting SMAD pathway
To understand the mechanisms by which miR-1285-3p regulated EMT of I-125, several miRNA target
prediction algorithms, including Microcosm (http://www.ebi.ac. uk/enright-
srv/microcosm/htdocs/targets/v5/), starBase (http://starbase.sysu.edu.cn/), Pictar (http://pictar.mdc-
berlin.de/) and TargetScan (http://www.targetscan.org/) were used to identify the potential target genes
of miR-1285-3p. A total of 9 target genes were predicted by all four prediction algorithms used in the
present study (Table 2). Among these genes, SMAD2/3, SMAD4 was also demonstrated to be targeted by
miR-1285-3p from experimental data in the DIANA TarBase v7.0 database (http://diana.imis.athena-
innovation.gr/DianaTools/index.php?r=tarbase/), and therefore we focused on SMAD pathway. To
determine whether SMAD pathway was a genuine target of miR-1285-3p, a set of functional experiments
was performed. First, miR-1285-3p mimic was transfected into BGC-823, and SMAD2/3, SMAD4
expression was determined at both the mRNA and protein levels. The expression of SMAD2/3, SMAD4
was downregulated following miR-1285-3p mimic overexpression (Figure. 4A and 4B). To further con�rm
that miR-1285-3p could directly bind to SMAD2 or SMAD3 or SMAD4 and inhibit their expression, a
luciferase reporter plasmid was generated with wild-type or mutant sequence of the SMAD2 or SMAD3 or
SMAD4 predicted mRNA target fragment. The reporter constructs were co-transfected with miR-1285-3p
mimics or negative control oligonucleotides into cells for 48 h, and then luciferase activity was measured
in the transfected cells. The results con�rmed that the reporter construct with wild‐type targeting
sequence of SMAD2 or SMAD3 or SMAD4 mRNA caused a signi�cant decrease in luciferase activity in
cells transfected with miR-1285-3p, whereas the reporter construct with mutant sequence of SMAD2 or
SMAD3 or SMAD4 produced no change in luciferase activity. These results suggested that miR-1285-3p
could bind to SMAD2 or SMAD3 or SMAD4 directly and inhibit their expression (Figure. 4C).



Page 8/18

Table 2
List of the 9 predicted target genes for

miR-1285-3p.
Gene name Gene Ensembl ID

SMAD2 ENST00000262160

SMAD3 ENST00000327367

SMAD4 ENST00000398417

SMURF1 ENST00000361368

MAPK3 ENST00000403394

TGIF2 ENST00000373874

E2F7 ENST00000416496

S100A3 ENST00000368713

MAPK13 ENST00000373766

The inverted regulation of miR-1285-3p on EMT
To further investigate the role of miR-1285-3p in repressing EMT in the I-125 seed irradiation model in
vitro, protein levels of vimentin and alpha-SMA were detected. The expression of both vimentin and
alpha-SMA proteins was downregulated after the BGC-823 cells were treated with the miR-1285-3p
inhibitor (inhibitor NC as control, P < 0.05, Figure. 5A). Moreover, the BGC-823 cells were treated with
transforming growth factor-beta2 (TGF-beta2) and a miR-1285-3p inhibitor. In the TGF-beta2 group,
alpha-SMA and vimentin were high expressed relative to the group without TGF-beta2 treatment,
suggesting an increased EMT level induced by TGF-beta2. By contrast, downregulation of miR-1285-3p
decreased the alpha-SMA expression and vimentin expression (Figure. 5B). MiR-1285-3p could
downregulate the levels of EMT induced by TGF-beta2 in the I-125 seed irradiation model.

Discussion
Understanding of the functions of miRNAs on EMT in radiotherapy could provide the means for
discovering novel therapies for gastric carcinoma. In the present study, miR-1285-3p was observed to be
upregulated in I-125 seed irradiation model in vitro, and miR-1285-3p targeted SMAD pathway and
inhibited EMT when the GC cells were treated with I-125 seed irradiation. We used small RNA-sequencing
to study the full spectrum of miRNAs that are expressed in I-125 seed irradiation model in vitro. We
demonstrate, for the �rst time, that I-125 seed irradiation is characterized by unique miRNA expression
signatures and use small RNA sequencing pro�es of GC cells to identify novel putative oncogenic or
tumor suppressive miRNAs in the context of human gastric carcinoma.
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According to several reports, continuous low-dose-rate irradiation by I-125 seeds is critical in apoptosis
induction and cell-cycle arrest [22, 23]. We have also found 125I seed irradiation induces up-regulation of
the genes associated with apoptosis and cell cycle arrest and inhibits growth of gastric cancer xenografts
[11]. That study revealed that 125I seed irradiation could signi�cantly induce the up-regulation of
apoptosis- and cell cycle-related genes in human gastric cancer xenografts. And some of the up-
regulation might be attributed to 125I-irradiation induced demethylation in gene promoter regions.

As we know, the primary tumour is generally well operable, as a result gastric cancer related mortality is
caused by distant metastases, not by the primary tumour. It is therefore important to gain insight into the
process of gastric cancer dissemination. One of the most important steps is the acquisition of motility
and invasive properties by cancer cells, associated with epithelial-mesenchymal transition (EMT) [24].
Epithelial plasticity is regulated by various pathways, the transforming growth factor (TGF)-β pathway
being a well-studied inducer of EMT and gastric cancer invasion and metastasis [25].

Several miRNAs have been implicated as modulators of EMT in gastric cancer. Zhou, X et al. found that
miR-200c inhibits TGF-beta-induced-EMT to restore trastuzumab sensitivity by targeting ZEB1 and ZEB2
in gastric cancer [26]. Huang, J et al. reported that miR-302b inhibits tumorigenesis by targeting EphA2
via Wnt/ beta-catenin/EMT signaling cascade [27]. miR-616-3p promotes angiogenesis and EMT in
gastric cancer via the PTEN/AKT/mTOR pathway [28]. miR-630 inhibits EMT by regulating
Wnt/betacatenin pathway in gastric cancer cells [29].

Recently, upregulation of hsa-miR-1285 was demonstrated in bronchoalveolar lavage �uid samples from
patients with lung cancer and downregulation in plasma level of stage-I lung cancer patients. miR-1285-
5p functions as a tumor promoter in the development of non-small-cell lung carcinoma by targeting
Smad4 and CDH1[30]. miRNA-1285 inhibits malignant biological behaviors of human pancreatic cancer
cells by negative regulation of YAP1 [31]. In our present study, we found that I-125 seed implantation
induced the expression of miR-1285-3p and inhibit the activation of SMAD pathway, which is the critical
pathway in EMT. We will continue our study on the potential therapeutic role of miR-1285-3p to increase
the effect of I-125 seed implantation therapy.

Conclusions
In conclusion, we identi�ed that EMT is involved in gastric cancer cells treatment with I-125 seed
implantation, and downregulation of miR-1285-3p can repress EMT through its targeting of SMAD
pathway, which make miR-1285-3p a novel target of I-125 therapeutic intervention for human gastric
cancer.

Abbreviations
GC
Gastric carcinoma
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EMT
Epithelial mesenchymal transition
miR
microRNA
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Figure 1

Validation of selected microarray data by quantitative reverse transcription polymerase chain reaction.
Relative expression levels of selected microRNAs (miRNAs) were determined by quantitative reverse
transcription polymerase chain reaction (qRT-PCR). Values are mean± standard deviation (SD) and
expressed relative to internal control (U6; n=3 for each group, * P<0.05, Student t test).
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Figure 2

Results of gene network analysis. A computational approach was performed to predict the miRNA target
genes with three different miRNA target prediction algorithms: PicTar, miRanda v5 and TargetScan v5.1.
Each algorithm has a de�nite rate of both false positive and false negative predictions. Based on these
database searches, the genes with target sites for all of three co-expressed miRNAs were identi�ed as a
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potential cooperative target gene set. Then, these results were integrated into the gene network analysis
using the software Medusa.

Figure 3

Expression of EMT markers in I-125 treated cells and normal controls. (A) Changes in protein expression
as determined by Western blot. Expression of E-cadherin was higher in I-125 treated cells than in the
normal control (P < 0.05, n=3). However, the expression of vimentin, alpha-SMA, SMAD2/3 and SMAD4
were lower in the I-125 treated cells than in the normal control (P < 0.05, n=3). (Left, data from the gels;
Right, normalization to GAPDH). Signi�cant differences between the I-125 treated cells and normal
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control are indicated by an asterisk (*P < 0.05). (B) Results of the immuno�uorescence analysis. I-125
treated cells demonstrated high E-cadherin expression and little or no expression of vimentin and alpha-
SMA. In contrast, E-cadherin was down-regulated, and vimentin and alpha-SMA were up-regulated in the
normal control.

Figure 4
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miR-1285-3p directly targets SMAD pathway. (A) Effect of miR-1285-3p mimic overexpression on the
endogenous SMAD2, SMAD3, and SMAD4 mRNA levels (n=3). (B) Effect of miR-1285-3p mimic
overexpression on the endogenous SMAD2, SMAD3, and SMAD4 protein levels (n=3). (C) Luciferase
reporter construct was made by cloning the human SMAD2 or SMAD3, or SMAD4 mRNA sequence into
Reporter system. Wild-type or mutant SMAD2 or SMAD3, or SMAD4 mRNA fragments were also ampli�ed
and cloned into the luciferase reporter. BGC-823 cells were co-transfected with the reporter constructs
bearing the wild type and mutant SMAD2 or SMAD3, or SMAD4 sequences, and with miR-1285-3p mimics
or negative control oligonucleotides. After 48 h, luciferase activity was measured and normalized to
Renilla luciferase activity. Data are presented as the mean ± standard error of the mean (*P < 0.05). MUT,
mutant.

Figure 5

Upregulation of miR-1285-3p repressed EMT. (A) Protein expression levels of the EMT markers. The
protein expression of vimentin and alpha-SMA was decreased when the BGC-823 cells were transfected
with the miR-1285-3p mimic in I-125 treatment conditions (*P < 0.05, mimic NC as control, N = 2). (B)
BGC-823 cells were treated with TGF-beta and a mimic of miR-1285-3p. In the presence of TGF-beta, EMT
was induced with the increased protein levels of vimentin and alpha-SMA, as well as SMAD2 and SMAD3,
and SMAD4 (*P < 0.05, I-125 treatment without TFG-beta as control, N=2), while the miR-1285-3p mimic
repressed vimentin and alpha-SMA (P < 0.05, mimic NC as control, N = 2). NC, negative control


