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Gastric cancer (GC) is one of the most common malignancies worldwide and has high

morbidity and mortality rates. It is essential to elucidate the molecular events of GC

proliferation and invasion, which will provide new therapeutic targets for GC. The

inactivation of transforming growth factor-b receptor 2 (TGFbR2) correlates with can-

cer cell growth and metastasis, but the mechanisms underlying the downregulation of

TGFbR2 expression remain unknown. MicroRNAs (miRNAs) act as post-transcrip-

tional regulators and play a key role in the development of cancers. Bioinformatics

analysis and luciferase reporter assays have shown that miR-155 directly binds to the

30-UTR of TGFbR2 mRNA. In this study, we found that the TGFbR2 protein levels,

but not mRNA levels, were downregulated in GC tissues, and the levels of miR-155

were significantly increased in GC tissues. We deduced that miR-155 was inversely

correlated with TGFbR2 in GC cells. In vitro studies showed that overexpression of

miR-155 in SGC7901 inhibited the expression of TGFbR2 and then promoted GC cell

proliferation and migration, whereas miR-155 inhibitor showed opposite effects. In

addition, the tumor-suppressing function of TGFbR2 was verified by using siRNA and

TGFbR2 overexpressing plasmids. The results showed that miR-155 promotes cell

growth and migration by negatively regulating TGFbR2. Thus, miR-155-regulated

TGFbR2 as a potential therapeutic target in GC.
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1 | INTRODUCTION

Gastric cancer is one of the most common malignancies worldwide,

with the fourth highest morbidity rate and the third highest

mortality rate.1,2 The incidence rate of GC in Asia is above the

worldwide average; furthermore, China accounts for nearly half of

the cases in Asia.3 Gastric cancer is the third most common cancer

in China.4 Despite important progress in the diagnosis and treat-

ment of GC in recent years, the poor prognosis for GC patients

remains because of the cancer’s capacity to proliferate and metas-

tasize.3 Our aim is to find effective methods to prevent the growth

and metastasis of GC. To do so, it is necessary to identify the neo-

plastic etiopathogenesis of GC and clarify the molecular
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miRNA, microRNA; NC, negative control; qRT-PCR, quantitative RT-PCR; TGFbR2,
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mechanisms underlying tumor metastasis. Analysis of the signaling

pathways in GC cells provides novel biomarkers for valid molecular

targeted therapy.

Transforming growth factor-b receptor 2 is involved in many bio-

logical processes, such as cell differentiation, cell growth, apoptosis,

and cell migration.5 Acting as a tumor suppressor, TGFbR2 partici-

pates in tumor growth and migration because of genetic mutation or

promoter methylation, which has been reported in colorectal cancer,

esophageal, and prostate cancers.6-9 Furthermore, TGFbR2 as a can-

cer inhibitor is downregulated in GC, which is associated with

increased tumorigenicity.10 Although the inactivation of TGFbR2 has

been discovered in cancer, the molecular mechanisms connected

with TGFbR2 in GC have not been investigated.

MicroRNAs are small non-coding RNAs of 19-25 nucleotides in

length that post-transcriptionally regulate gene expression.11-13 They

play vital roles in regulating the translation and degradation of

mRNAs by binding the 30-UTRs of mRNAs. The biological functions

of miRNAs that regulating gene expression include cell proliferation,

cell apoptosis, stress tolerance, and fat metabolism.14 Aberrant

expression of miRNAs has been found in several cancers, which play

novel roles as anti-oncogenes or oncogenes, depending on the func-

tion of the target genes.15-17 Previous studies showed that aberrant

expression of many miRNAs promote proliferation and metastases in

GC.18-20 However, the molecular events are not fully understood.

In the present study, we identified specific targeting sites for

miR-155 in the 30-UTR of the TGFbR2 gene by using bioinformatics

prediction. Experimental confirmation studies then illustrated that

the negative regulation TGFbR2 by miR-155 promoted the growth

and invasion of GC.

Our findings indicate that miR-155, as a novel therapeutic target,

provides a potential new treatment for GC.

2 | MATERIALS AND METHODS

2.1 | Patients and tissue samples

This study was approved by the Ethics Committee of Tianjin Medical

University Cancer Institute and Hospital (Tianjin, China). All patients

provided written informed consent to participate in the study. We

obtained 5 pairs of human GC tissue and matched adjacent normal

gastric tissues from GC patients who were undergoing gastrostomy

at the Tianjin Medical University Cancer Institute and Hospital. None

of the patients received antitumor therapy before surgery. All GC

tissue and normal gastric tissues were confirmed histologically. The

pathological type of GC was confirmed to be adenocarcinoma. Tis-

sue fragments were frozen in liquid nitrogen immediately after surgi-

cal excision. Total protein and RNA from tissue samples were

extracted and stored at �80°C.

2.2 | Animals

Male nude mice (BALB/c-nu, 6-8 weeks old) were purchased from

the Model Animal Center of Nanjing University (Nanjing, China).

They were housed in a pathogen-free animal facility with access to

water and food and allowed to eat and drink ad libitum. All of the

experimental procedures were carried out in accordance with proto-

cols approved by the Institutional Animal Care and Research Advi-

sory Committee of Tianjin Medical University Cancer Institute and

Hospital.

2.3 | Cell lines and cell cultures

The human gastric adenocarcinoma cell lines SGC7901 and MGC803

were obtained from the Shanghai Institute of Cell Biology, Chinese

Academy of Sciences (Shanghai, China). The cells were cultured in

DMEM (Gibco, Carlsbad, CA, USA), supplemented with 10% FBS

(Gibco) and 1% penicillin/streptomycin (Solarbio, Beijing, China). All

of the cells were incubated in an atmosphere of 5% CO2 at 37°C.

2.4 | Immunohistochemistry assay

Gastric cancer tissues and matched adjacent normal gastric tissues

were fixed in 4% paraformaldehyde and embedded in paraffin. The

tissues were sliced into 4-lm-thick sections. All slides were dewaxed

twice with dimethylbenzene and rehydrated in a graded series of

ethanol. Antigen retrieval was achieved by soaking the sections in

10 mmol/L citrate buffer (pH 6.0), then heating them to 220°C at

high pressure for 3 minutes. To block endogenous peroxidase activ-

ity, the slides were soaked in 3% hydrogen peroxide for 20 minutes.

The tissue slides were treated with anti-human TGFbR2 mAb (1:50,

sc-400; Santa Cruz Biotechnology, CA, USA), then incubated over-

night in a humidified chamber at 4°C. On day 2, the slides were

washed in PBS 3 times and secondary antibodies were added drop-

wise to slides for 40 minutes at 37°C. After washing again with PBS

3 times, sections were stained by diaminobenzidine and counter-

stained with hematoxylin. The sections were then dehydrated and

coverslipped. Quantitative analysis was carried out by quantifying

the fluorescence intensity from 6 sections.

2.5 | RNA extraction and RT-PCR

Total RNA was extracted from the cultured cells and tissues using

TRIzol reagent (Invitrogen, Carlsbad, CA, USA). In order to detect the

quantity of the miRNA, we used TaqMan miRNA probes (Applied

Biosystems, Foster City, CA, USA) according to the manufacturer’s

protocol. RNA was reverse transcribed into cDNA by using AMV

reverse transcriptase (TaKaRa, Dalian, China) and a stem-loop RT pri-

mer (Applied Biosystems). The reaction conditions were: 16°C for

30 minutes, 42°C for 30 minutes, and 85°C for 5 minutes. Using a

TaqMan PCR kit, RT-PCR was carried out on ABI 7300 Sequence

Detection System (Applied Biosystems). After the reactions were

complete, the CT data were collected by using fixed threshold set-

tings, and the mean CT was calculated from triplicate PCRs. A com-

parative CT method was used to compare each condition to the

control reactions. U6 snRNA was used as an endogenous control;

the mRNA levels of TGFbR2 were normalized to the endogenous
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control gene GAPDH. The relative amount of gene normalized to

control was calculated with the equation 2�DCT, in which

DCT = CT gene�CT control. All of the reactions were run in tripli-

cate. The sequences of the primers for TGFbR2 and GAPDH were

as follows: GAPDH sense, 50-A

GAAGGCTGGGGCTCATTTG-30; GAPDH antisense, 50-AGGGGCCAT

CCACAGTCTTC-30; TGFbR2 sense, 50-GTAGCTCTGATGAGTGCAAT

GAC-30; and TGFbR2 antisense, 50-CAGATATGGCAACTCCCAGTG-30.

2.6 | MicroRNA target prediction and Luciferase
reporter assay

The miRNA target prediction and analysis were performed with

the algorithms from TargetScan (http://www.targetscan.org/), Pic-

Tar (http://pictar.mdc-berlin.de/), and miRanda (http://www.mic

rorna.org/). To test the binding specificity of miR-155 to the target

gene TGFbR2, luciferase reporter assays were carried out as fol-

lows. The entire 30-UTRs of human TGFbR2 were amplified from

human genomic DNA using PCR. The PCR products were inserted

into the luciferase reporter plasmid, which were designed by

Genescript (Nanjing, China). Two micrograms of firefly luciferase

reporter plasmid, 2 mg b-galactosidase vector, and equal doses

(200 pmol) of mimics, inhibitors, or scrambled negative control

RNA were transfected into the prepared cells. At 24 hour post-

transfection, cells were analyzed using the Dual Luciferase Assay

Kit (Promega, Madison, WI, USA) following the manufacturer’s

instructions. Each sample was prepared in triplicate, and the entire

experiment was repeated independently 3 times on different days.

2.7 | Cell transfection

SGC-7901 cells were seeded in a 6-well or other sized plate, and

transfection was carried out after 24 hours. The TGFbR2 overex-

pression plasmid (pcDNA TGFbR2) and corresponding negative con-

trol plasmid (pcDNA NC) were designed and synthesized by

GenePharma (Shanghai, China), and 2 lg plasmid were transfected

into every single well. Cells were transfected with miR155-5p mimics

or miR155-5p inhibitors as scrambled negative control, using Lipofec-

tamine 2000 (Invitrogen, Life Technologies) and Opti-MEM Reduced

Serum Medium (Gibco, Life Technologies) following the manufac-

turer’s instructions. For overexpression and knockdown of miRNA,

100 pmol miRNA mimics and inhibitors were transfected into each

well, respectively. Then 100 pmol siRNAs (Santa Cruz Biotechnology)

and scrambled negative control RNA were transfected into each well.

The cells were harvested 24 or 48 hours after transfection for isola-

tion of total RNA or at 48 hours for Western blot analysis.

2.8 | Protein isolation and Western blot analysis

The expression of TGFbR2 was assessed by Western blot analysis

and GAPDH was used as an internal control. Total proteins were

extracted from tissues and cultured cells that were solubilized in lysis

buffer supplemented with a protease and phosphatase inhibitor

cocktail on ice. Proteins were separated by 10% SDS-PAGE and then

transferred to PVDF membranes (Roche, Mannheim, Germany). The

membranes were incubated for 2 hour with 2% BSA at room tem-

perature for 1 hour and incubated overnight at 4°C with primary

anti-TGFbR2 (1:200; Santa Cruz Biotechnology) and anti-GAPDH

(1:5000; Santa Cruz Biotechnology). Subsequently, the membranes

were washed and incubated with appropriate secondary antibodies.

The immune complexes were visualized with an ECL Prime Western

Blot Detection System (Thermo, EHVEGFACL, Carlsbad, CA, USA).

2.9 | Cell proliferation assay

SGC-7901 cells were seeded on 24-well plates and transfected with

miR-155 mimics, inhibitors, TGFbR2 siRNA, and the relevant nega-

tive controls. A Cell-light EdU DNA cell kit (Ribobio, Guangzhou,

China) was used to measure the cell proliferation ability at 24 hour

post-transfection, following the manufacturer’s instructions. Cells

were incubated with 50 lmol/L EdU for 5 hours and fixed within

4% paraformaldehyde for 30 minutes at room temperature. The cells

were washed with PBS twice and treated with 0.5% Triton X-100

for 10 minutes. Subsequently, the cells were incubated in the dark

with Apollo (Ribobio) for 30 minutes and in Hoechst 33342 (Ribobio)

for a further 30 minutes. All of the staining was carried out in tripli-

cate.

2.10 | Cell migration assay

The migration ability of SGC-7901 cells transfected with miR-155

mimics, inhibitors, TGFbR2 siRNA, and the relevant negative controls

were measured by wound healing assays and Transwell assays. SGC-

7901 cells were seeded on 12-well plates. When densities of the

transfected cells were approximately 90%, each well was scratched

with a 10-lL pipette tip to create 2 empty linear regions. The cells

were then cultured in DMEM without FBS in the humidified incuba-

tor. We observed and photographed the cells at 0 hour, 6 hours,

18 hours, and 24 hours after scraping. The distance of the wound

zone was measured in at least 3 randomly selected fields using a

phase contrast microscope and the cells were digitally photographed

and compared with the control group.

Transwell migration assays were undertaken using Costar

Transwell chambers (8-lm pore size; Corning, Corning, NY, USA).

Approximately 105 cells were seeded in the upper chamber of

the wells with 200 lL serum-free growth medium (105 cells/well

of 8.0-lm pore polycarbonate membrane insert). The lower

chambers were filled with 700 lL medium containing 10% FBS in

order to induce cell migration. After incubation at 37°C in 5%

CO2 for 24 hours, non-migratory cells on the upper surface of

the membrane were removed slightly by cotton swabs. The mem-

branes were fixed with methanol and stained with a two-step

staining set. All assays were carried out in triplicate. To minimize

the bias, at least 3 randomly selected fields were counted with

2009 magnification under a microscope, and the average number

was taken.

620 | QU ET AL.

http://www.targetscan.org/
http://pictar.mdc-berlin.de/
http://www.microrna.org/
http://www.microrna.org/


2.11 | Establishment of tumor xenograft in nude
mice

SGC7901 cells treated with control lentivirus or miR-155 overex-

pressing lentivirus or TGFbR2 overexpressing lentivirus were injected

s.c. into nude mice (1 9 107 cells/mouse). Mice were killed after

4 weeks, and the weight and diameter of tumors were recorded.

2.12 | Statistical analyses

All statistical analyses were undertaken using SPSS 20.0 (IBM, Chicago,

IL, USA) to analyze the data. The results are described as the means �
SE and analyzed by using Student’s t-test. Statistical significance is

shown by *P < .05, **P < .01, and ***P < .001. Transwell migration

assay images are representative of at least 3 experiments. Quantitative

RT-PCRs, Western blot analyses, luciferase reporter assays, and cell

viability, proliferation, and migration assays were carried out in tripli-

cate, and each experiment was repeated several times.

3 | RESULTS

3.1 | Transforming growth factor-b receptor 2
expression decreases in human GC tissue specimens

It has been reported that TGFbR2 is downregulated in multiple cancer

types, but the expression pattern in GC has not been fully elucidated.

In order to analyze the expression characteristics of TGFbR2 protein

in GC, 5 pairs of GC patient tissues and corresponding adjacent non-

cancerous tissues were subjected to immunohistochemistry, Western

blot, and qRT-PCR analyses. As shown in h Figure 1, the TGFbR2 pro-

tein was dramatically upregulated in GC tissues compared with the

normal adjacent non-cancerous tissues. Immunohistochemical assays

showed that the expression characteristic of TGFbR2 is positive cyto-

plasm staining, and results revealed higher expression levels in GC tis-

sues than in non-cancerous tissues (Figure 1F), which agreed with the

results of Western blot analysis. However, there was a slight decline in

TGFbR2 mRNA levels in GC tissues compared to non-cancerous tis-

sues (Figure 1C). These results indicate that the expression of TGFbR2

is mainly dependent on post-transcriptional regulators in GC.

3.2 | Identification of TGFbR2 as a potential
downstream target of miR-155

The underlying molecular mechanisms of downregulation of TGFbR2

protein expression are largely unknown in GC. MicroRNAs play a signif-

icant role in post-transcriptional genes by cleaving specific mRNA or

translational repression. We utilized 3 public bioinformatics tools to

predict the theoretical potential target of miR-155 and the binding sites.

Then we found that miR-155 can potentially bind a region in the 30-

UTR of TGFbR2 mRNA (Figure 1D). Furthermore, the region that miR-

155 directly targets is highly conserved, and the complementary base-

pairing reactions are shown in Figure 2A. One predicted hybridization

is observed between miR-155 and the 30-UTR of TGFbR2.

3.3 | Upregulation of miR-155 in GC tissues and
validation of TGFbR2 as a direct target of miR-155

Low expression of TGFbR2 proteins were explored in GC tissues. In

order to validate the actual relationship between miR-155 and

TGFbR2 in GC, we further analyzed the levels of miR-155 in GC and

NC tissues by real-time PCR. Compared with the adjacent non-can-

cerous tissues, a significant decrease of miR-520b/e was observed in

GC tissues. As expected, miR-155 was clearly increased in GC tis-

sues and decreased in the paired NC tissues (Figure 1E). Therefore,

miR-155 is most likely the directly regulator of TGFbR2 in GC cells.

In order to investigate whether miR-155 could bind to the puta-

tive binding sites in the 30-UTR of TGFbR2, we undertook a lucifer-

ase assay. As shown in Figure 2B, the relative luciferase activity of

the reporter gene in SGC7901 cells cotransfected with p-MIR-

TGFbR2 and miR-130 mimics was markedly inhibited compared with

the control (cotransfected with p-MIR-TGFbR2 and miRNA NC).

There was no difference in the relative luciferase activity of the

reporter gene between SGC7901 cells cotransfected with mutated

p-MIR-TGFbR2 and miR-155 mimics or miRNA NC. These data veri-

fied that miR-155 directly binds the 30-UTR of TGFbR2 mRNA and

suppresses TGFbR2 expression.

3.4 | MicroRNA-155 regulates TGFbR2 expression
in GC cells

There was an inverse relationship between the miR-155 and TGFbR2

expression levels in GC tissue. To further clarify the relationship

between miR155 and TGFbR2 in GC, miR-155 mimics or inhibitors

were transfected into the SGC7901 cell line. After 24 hours, the rela-

tive levels of miR-155 and the expression of TGFbR2 protein and

mRNA were detected using qRT-PCR or Western blot analysis. Trans-

fection of miRNA mimics significantly increases miR-155 levels, while

inhibitors clearly down-regulate miR-155 in cells (Figure 2C). As shown

in Figure 2D,E, the overexpression of miR-155 by transfection of mim-

ics led to the clear suppression of TGFbR2 protein, and the transfec-

tion of miR-155 inhibitors enhanced the expression of TGFbR2 in

SGC7901 cells. In contrast, TGFbR2 mRNA was not changed with the

transfection of mimics or inhibitors (Figure 2F). Moreover, we

repeated the above experiments in another GC cell line (MGC803) to

validate the robustness of the test. As expected, miR-155 also

repressed TGFbR2 expression (Figure 2D,G), and the TGFbR2 mRNA

was not changed with the transfection of mimics or inhibitors (Fig-

ure 2H). These data indicated that miR-155 is an important post-tran-

scriptional regulator that negatively regulates TGFbR2 expression in

GC cells. The EdU proliferation incorporation assay was used to mea-

sure the proliferation of SGC-7901 cells.

3.5 | MicroRNA-155 promotes cell proliferation and
migration

We next analyzed the biological consequences of the miR-155-dri-

ven repression of TGFbR2 expression in vivo. MicroRNA-155
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mimics, miR-155 inhibitors, or NCs were transfected into the

SGC7901 cell line. The EdU proliferation assay was used to measure

the proliferation of SGC-7901 cells. The results showed high levels

of proliferation of SGC7901 cells transfected with miR-155 mimics

and low levels of proliferation of SGC7901 cells transfected with

miR-155 inhibitors compared with the NC groups. In contrast, the

proliferation rate in SGC7901 cells transfected with miR-155 inhibi-

tors showed a sharp decrease compared to the corresponding NC

inhibitor group (Figure 3). Based on these results, we concluded that

miR-155 as an oncogene promotes the proliferation of SGC7901

cells.

To detect whether miR-155 affects cell migration, we under-

took wound healing and Transwell invasion assays (Figure 3A)

using SGC-7901 cells transfected with miR-155 mimics, inhibitors,

or NC. In the wound healing assay, overexpression of miR-155

markedly accelerated cell migration at the edges of the scratch

wound of SGC7901 cells, whereas downregulation of miR-155

suppressed cell migration (Figure 3E). In accordance with the

results of the wound healing assay, the Transwell invasion assay

showed a higher ratio in migration of SGC7901 cells transfected

with miR-155 mimics, whereas inhibition of miR-155 caused a

decrease in cell migration. Taken together, results suggested that

the function of miR-155 promotes GC cell proliferation and

migration.

3.6 | Effects of TGFbR2 overexpression and
silencing in SGC7901 cells

The biological function of TGFbR2 was explored by overexpression

or silencing of TGFbR2 using plasmid or siRNA, respectively. The

siRNA sequence that targets human TGFbR2 cDNA was used to

knock down the expression of TGFbR2, and the plasmid that

expresses the ORF of TGFbR2 was designed to overexpress

TGFbR2. As shown in Figure 4, the expression levels of TGFbR2

protein was dramatically decreased in SGC7901 cells transfected

with TGFbR2 siRNA compared with the control. Conversely, trans-

fection with plasmid increased TGFbR2 protein expression (Fig-

ure 4C). Then the silencing and overexpressing efficiencies were

assessed by qRT-PCR for TGFbR2 protein and mRNA (Figure 4B,D).

To further investigate the function of TGFb2 in cell proliferation and

migration, EdU proliferation, wound healing, and Transwell invasion

assays were used to assess SGC7901 cells transfected with TGFbR2

siRNA or plasmid. The EdU assay results (Figure 5) showed a higher

proliferation rate of SGC7901 cells transfected with TGFbR2 plasmid

F IGURE 1 Inverse correlation between
transforming growth factor-b receptor 2
(TGFbR2) and microRNA-155 (miR-155) in
gastric cancer (GC) tissues. A, Western blot
analysis of TGFbR2 protein expression in
GC tissues and paired non-cancerous
tissues (NC) (n = 5). B, Quantitative
analysis of (A). C, Quantitative RT-PCR
analysis of TGFbR2 mRNA levels in GC
and NC tissues (n = 5). D, Predicted
binding region of miR-155 in the mRNA of
TGFbR2. CDS, coding sequence. E,
Relative levels of miR-155 in GC and NC
tissues (n = 5). F, Immunohistochemistry
assays of TGFbR2 expression in GC and
NC tissues (n = 6). **P < .01
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than NC control, whereas siRNA targeting TGFbR2 promoted prolif-

eration. Subsequently, the downregulation of TGFbR2 significantly

promoted SGC7901 cell migration (Figure 5A,E). The results indi-

cated that TGFbR2 acts as a tumor suppressor; its downregulation

can promote the proliferation and migration in GC cells.

3.7 | In vivo role of miR-155 and TGFbR2 in gastric
cancer

We evaluated the function of miR-155 and TGFbR2 in the growth of

human GC cell xenografts in nude mice. The SGC7901 cells were treated

with lentivirus particles to rapidly produce high intracellular levels of

mature miR-155 or TGFbR2, and cells were harvested and injected s.c.

in the armpit of mice (Figure 6A). It was observed that the tumor sizes

and weights were clearly increased in the miR-155-OE group compared

with the control group, whereas the tumor growth was strongly inhibited

in the TGFbR2-overexpressing group (Figure 6B,C). The expression of

miR-155 and TGFbR2 in tumors was measured. MicroRNA-155 was

raised 10-fold and TGFbR2 mRNA was raised 7-fold in the correspond-

ing groups (Figure 6D-F). Immunohistochemical staining revealed lower

TGFbR2 levels in tumors from the miR-155-overexpressing group,

whereas tumors from the TGFbR2-overexpressing group showed

increased TGFbR2 (Figure 6G). The tumor-implanted experiment offers

a strong confirmation that the miR-155–TGFbR2 pathway effectively

regulates tumor growth in GC, and implies that inhibition of miR-155 is a

potential novel method for anti-GC tumor therapy.

F IGURE 2 MicroRNA-155 (miR-155)
regulates transforming growth factor-b
receptor 2 (TGFbR2) expression in gastric
cancer (GC) cells. A, Description of the
base-pairing interaction between miR-155
and TGFbR2 mRNA. B, Luciferase reporter
assay. SGC7901 cells were cotransfected
with firefly luciferase reporters containing
either WT or mutant TGFbR2 30-UTR with
miR-155 mimics and inhibitors (n = 3).
inhibitors.NC, control inhibitors;
mimics.NC, control mimics. C,
Relative levels of miR-155 in SGC7901
cells transfected with mimics or inhibitors
by quantitative RT-PCR analysis (n = 3). D,
Suppression of TGFbR2 expression by
miR-155 in SGC7901 and MGC803 cells
(n = 3). E, Quantitative analysis of (D)
(n = 3). F, Quantitative RT-PCR analysis of
TGFbR2 mRNA in SGC7901 cells
transfected with miR-155 mimics or
inhibitors by quantitative RT-PCR analysis
(n = 3). G, Quantitative analysis of (D)
(n = 3). H, Quantitative RT-PCR analysis of
TGFbR2 mRNA in MGC803 cells
transfected with miR-155 mimics or
inhibitors by quantitative RT-PCR analysis
(n = 3). **P < .01; ***P < .001

F IGURE 3 Oncogenic microRNA-155 (miR-155) promotes cell proliferation and migration of SGC7901 gastric cancer cells. A, Transwell
assays show that miR-155 promotes cell migration in SGC7901 cells (n = 3). B, Quantitative analysis of (A) (n = 3). C, 5-Ethynyl-2-deoxyuridine
(EdU) assays show that miR-155 enhances cell proliferation of SGC7901 cells (n = 3). D, Quantitative analysis of (C) (n = 3). E, Validation of
miR-155-mediated cell migration by wound healing assay (n = 3). **P < .01
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4 | DISCUSSION

MicroRNAs are involved in a series of tumorigenic processes, includ-

ing cell proliferation, apoptosis, migration, and invasion. As reported

in previous studies, many miRNAs are aberrantly expressed in GC

tissues, serum, and cells, and these alterations are connected with

the occurrence, progression, and prognosis of cancer.21,22 As post-

transcriptional regulators, miRNAs affect the expression of a large

number of targeted mRNAs that encode proteins. Thus, it is essential

to identify the pathway connecting miRNAs with their target genes

and regulated proteins. Novel potential molecular therapy can then

be developed to target cancer.

MicroRNA-155 has been found to be upregulated and act as a

tumor promoter in cancer tissues and cell lines,23,24 including gastric

cancer;25,26 however, its function and the relevant pathways con-

cerned with TGFbR2 have not been sufficiently elucidated. In this

study, an inverse correlation was found between miR-155 and

TGFbR2 after measuring the expression levels of miR-155 and

TGFbR2 in GC tissues and paired peritumoral gastric tissues. How-

ever, the mRNA level of TGFbR2 only slightly declined in GC tissues.

Subsequently, we found that miR-155 directly binding the region in

the 30-UTR of TGFbR2 was highly conserved. Furthermore, overex-

pression of miR-155 led to a decrease in the protein levels of

TGFbR2, while miR-155 inhibitors enhanced TGFbR2 expression

in vitro. These results illustrated that miR-155 acts as a direct

upstream regulator of TGFbR2. Biological functional experi-

ments showed that elevated expression of miR-155 or silencing of

TGFbR2 enhanced proliferation and migration of SGC7901 cells.

Suppression of miR-155 expression or plasmid-mediated TGFbR2

overexpression inhibited proliferation and migration in vitro. There-

fore, miR-155 as an oncogene directly regulated expression of

TGFbR2 and promoted cancer progression in GC. Our findings could

serve to identify new molecular alterations while enriching the

miRNA profiling of human GC. This novel pathway provided poten-

tial targets by repressing miR-155 or enhancing TGFbR2 expression

for the treatment of GC. MicroRNA-155 is primarily expressed

within lymphocytes and functions as an important regulator of the

immune system.27 In the immune system, miR-155 is unique in its

ability to shape the transcriptome of activated myeloid and lymphoid

cells controlling diverse biological functions ranging from

F IGURE 4 Effects of transforming growth factor-b receptor 2 (TGFbR2) silencing and overexpression in SGC7901 gastric cancer cells. A,
Western blot assay of TGFbR2 protein expression in SGC7901 cells transfected with TGFbR2 siRNA or control (si.NC). B, Quantitative RT-PCR
analysis of the relative levels of TGFbR2 protein and TGFbR2 mRNA in SGC7901 cells transfected with siRNA. C, Western blot assay of
TGFbR2 protein expression in SGC7901 cells transfected with plasmid (n = 3). D, Quantitative RT-PCR analysis of the relative levels of
TGFbR2 protein and TGFbR2 mRNA in SGC7901 cells transfected with plasmid (n = 3) **P < .01

F IGURE 5 Overexpression or silencing of transforming growth factor-b receptor 2 (TGFbR2) regulates cell proliferation and migration in
gastric cancer (GC) cells. A, Transwell assays show that silencing of TGFbR2 enhances cell migration, whereas overexpression of TGFbR2
inhibits cell migration in SGC7901 cells (n = 3). B, Quantitative analysis of (A) (n = 3). C, 5-Ethynyl-2-deoxyuridine (EdU) assays show that
silencing of TGFbR2 promotes cell proliferation of GC cells, whereas overexpression of TGFbR2 inhibits cell proliferation (n = 3). D,
Quantitative analysis of (C) (n = 3). E, Validation of TGFbR2-mediated cell migration by wound healing assay. pcDNA.NC, control plasmid;
pcDNA TGFbR2, overexpression plasmid (n = 3). **P < .01
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inflammation to immunological memory. Previous studies have illus-

trated that miR-155 played an oncogene role in GC, which is in

accord with the present study. We also noticed that several miRNA

profiling studies reported a downregulated alteration of miR-155 in

GC.28

The function of TGFbR2 in tumorigenesis is controversial. Previous

research showed that TGFbR2 acted as a tumor inhibitor and was

downregulated in cancer.29 In this study, TGFbR2 also functioned as a

tumor suppressor and its levels were decreased in GC tissue. How-

ever, the other research showed that TGFbR2 acted as a proto-onco-

gene; its expression was dramatically increased in non-small-cell lung

cancer tissues compared with non-neoplastic tissues, and overexpres-

sion of TGFbR2 was a significant risk factor for decreased overall sur-

vival and disease-free survival in non-small-cell lung cancer patients.30

The inconsistent expression of miR-155 and TGFbR2 might be

explained by the differences in tumor classification, tumor staging, or

immune functions. We should further address the biological functions

of miR-155 and TGFbR2 in GC in future studies.

It was validated that TGFbR2 was a direct target of miR-155 in

this study. Previous research reported that multiple downstream tar-

gets are regulated by miR-155 in GC, such as c-myc, SMAD1, signal

transducer and activator of transcription 1, calcium binding protein

39, CXC chemokine receptor 4, and carbonic anhydrase 9,26,31 all of

which played vital roles in the evolution and progression of GC.

These pathways indicated that one miRNA could target multiple

genes, and 1 gene could also be regulated by more than 1 miRNA.

In conclusion, the present study showed that the upregulation of

miR-155 promoted GC progression by suppressing the expression of

TGFbR2, and promoted proliferation and migration of GC cells. Fur-

thermore, interferon regulatory transcription factor 2 is a direct

downstream target of miR-155 in GC. This novel pathway could pro-

vide a potential target for the treatment of GC.

F IGURE 6 Effects of the microRNA-
155–transforming growth factor-b receptor
2 (miR-155/TGFbR2) pathway on gastric
cancer tumor growth in vivo. A, Graphic
description of the in vivo experiments. B,
Morphology of the tumors from tumor-
implanted nude mice (n = 6). Scale
bar = 1 cm. C, Weight of tumors excised
from mice implanted with control
SGC7901 cells, miR-155-overexpressing
(OE.miR-155) or TGFbR2-overexpressing
(OE.TGFbR2) SGC7901 cells (n = 6). D,
Relative levels of miR-155 in tumors
(n = 6). E, Relative levels of TGFbR2 in
tumors (n = 6). F, Western blot analysis of
TGFbR2 in tumors (n = 6). G,
Immunohistochemistry assays of TGFbR2
expression in tumors (n = 6). ***P < .001
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