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Abstract: Worldwide, gastric cancer (GC) is one of the deadliest malignant tumors of the 

digestive system. Moreover, microRNAs (miRNAs) of exosomes harbored within cancer cells 

have been determined to induce inflammatory conditions that accelerate tumor growth and 

metastasis. Interestingly, the oncogenic role of bone marrow mesenchymal stem cells (BM-

MSCs) in the modulation of immunosuppression, tumor invasion, and metastasis was discovered 

to be partly mediated through the secretion of exosomes. In this article, high expression of 

miRNA-221 (miR-221) in exosomes of the peripheral blood was determined to be positively 

correlated with the poor clinical prognosis of GC, especially with respect to tumor, node, and 

metastases stage. Therefore, the expression of miR-221 in exosomes of the peripheral blood 

may be an important detection index for GC. Proliferation, migration, invasion, and adhesion 

to the matrix of GC BGC-823 and SGC-7901 cells were significantly enhanced by exosomes 

that originated from BM-MSCs that were transfected with miR-221 mimics. In conclusion, 

extracted exosomes from BM-MSCs transfected with miR-221 oligonucleotides can act as high-

efficiency nanocarriers, which can provide sufficient miR-221 oligonucleotides to influence the 

tumor microenvironment and tumor aggressiveness effectively. Notably, the use of a miR-221 

inhibitor with an excellent restraining effect in exosomes provides therapeutic potential for GC 

in future clinical medicine.
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Introduction
Gastric cancer (GC) is one of the most common malignant neoplasms of the digestive 

system worldwide. A 2015 study reported 679,100 newly diagnosed GC cases in China, 

which account for 15.8% of the total number of newly diagnosed cancer patients. 

Worse still, 498,000 deaths occurred as a result of GC, and these accounted for 17.7% 

of all deaths from malignant tumors.1 Although the morbidity and mortality of GC 

have declined globally in recent years, this is not the case in China due to inadequate 

living conditions, dietary habits, and low efficiency of early diagnosis.2 Clinically, 

surgical resection is still the most effective therapeutic method for the treatment of 

GC. However, the prognosis of GC is not optimistic due to frequent metastasis to the 

lymph nodes and distant sites.

As a class of single-stranded RNAs that are 18–27 nucleotides in length, microRNAs 

(miRNAs) have been found to perform irreplaceable regulatory roles in many organ-

isms. Some specific genes are modulated by miRNAs during the processes of RNA 

transcription, translation, and posttranslational modification.3 Therefore, research 

on miRNAs has become a hot topic worldwide, especially in cancer research.4,5 
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It was reported that miR-610 can suppress osteosarcoma 

oncogenesis via the targeting of TWIST1 expression.6 

The proliferation and metastasis of stem cell-like cells in 

colorectal cancer are notably suppressed by miR-1280.7 

These research findings indicate the significant regulatory 

roles of miRNAs in driving cancer initiation and develop-

ment. Notably, the facilitating role of miRNA-221 (miR-221) 

in cancer cell proliferation, migration, and drug resistance 

has been widely recognized in recent years. For example, 

CD44 expression in hepatocellular carcinoma is regulated by 

miR-221 through the PI3K-AKT-mTOR pathway.8 Addition-

ally, miR-221 can promote non-small-cell lung carcinoma 

by targeting TIMP2.9 Hence, the expression of miR-221 may 

be a potential detection index in cancer, and miR-221 may 

serve as a therapeutic target.

In recent years, the increasingly important roles of bone 

marrow mesenchymal stem cells (BM-MSCs) in malignant 

neoplasms have garnered worldwide attention. Through 

modulation of the immune system and the secretion of 

some active factors used in the matrix formation of tumor 

cells, BM-MSCs participate in the constitution of the tumor 

microenvironment.10,11 Interestingly, the biological function 

of MSCs is performed through the secretion of small vesicles 

termed exosomes.12 As a type of membrane vesicle, exosomes 

are secreted by the exocytosis of multivesicular bodies.13–15 

They are generally defined according to their spherical and 

unilamellar morphology, size (average diameter 30–100 nm), 

and the expression of specific biomarkers such as tetraspa-

nins (CD9, CD63, and so on).16,17 Biological molecules that 

range from proteins and lipids to nucleic acids, including 

miRNA, mRNA, and other noncoding RNAs, are enriched in 

exosomes. Notably, the expression of miR-221 in exosomes 

was found to be frequently upregulated in GC-MSCs and 

some cancer tissues, and this increased expression is strongly 

associated with lymph node metastasis, venous invasion, and 

tumor, node, and metastases (TNM) stage.18,19 The regula-

tory role of miRNAs in exosomes has been determined to 

be an important mechanism in cancer development,20 drug 

resistance,21 metastasis,22,23 and immune response.24

In our previous research, BM-MSCs were successfully 

isolated and identified as a favorable cell model for cancer 

research.25 Herein, miR-221 expression in exosomes from 

the peripheral blood was discovered to be highly associated 

with the TNM stage in GC. BM-MSC-derived exosomes 

that were transfected with miR-221 oligonucleotides were 

extracted for this study and were characterized by Brownian 

motion. The oncogenic roles of exosomal miR-221 in cell 

proliferation, migration, invasion, and adhesion to the matrix 

were repeatedly demonstrated through in vitro experiments. 

The extracted exosomes may possess adequate miR-221 

oligonucleotides to further influence the biological proper-

ties of GC. miR-221 expression in exosomes may be an 

important tumor biomarker and may serve as a therapeutic 

target in the future.

Materials and methods
cell culture
Human BM-MSCs were isolated, identified, and preserved 

in our laboratory.25 The human GC cell line BGC-823 was 

purchased from Boster (Wuhan, China), and the SGC-

7901 cell line was kindly provided by Professor Hailong 

Xie from the University of South China. BM-MSCs 

were cultured in RPMI-1640 (Thermo Fisher Scientific, 

Waltham, MA, USA) supplemented with 15% (v/v) fetal 

bovine serum (FBS; Thermo Fisher Scientific), 100 units/mL 

penicillin (Thermo Fisher Scientific), and 100 µg/mL strep-

tomycin (Thermo Fisher Scientific). BGC-823 and SGC-

7901 cells were cultivated in Dulbecco’s Modified Eagle’s 

Medium (DMEM; Thermo Fisher Scientific) supplemented 

with 10% (v/v) FBS. The FBS used in cell culture was ultra-

centrifuged at 100,000×g for 16 hours to remove exosomes. 

All cells were cultured at 37°C in a humidified cell incubator 

with 5% CO
2
.

isolation and characterization 
of exosomes
The supernatants of cultured cells and peripheral blood 

were collected after centrifugation at 4°C for 5 minutes, 

and the exosomes were extracted using the ExoQuick-TC™ 

Exosome Precipitation Solution (System Biosciences, Palo 

Alto, CA, USA) according to the manufacturer’s instruc-

tions. Briefly, supernatants were centrifuged at 10,000×g 

for 30 minutes to remove cell debris. The quick extraction 

solution EXOTC10A-1 (System Biosciences) was added 

to the filtered solution at a 1:5 ratio and was stored at 4°C 

for at least 12 hours. Then, the mixture was centrifuged at 

1,500×g for 30 minutes, and the exosomes precipitated at the 

bottom of the tubes. The extracted exosomes were dissolved 

in phosphate-buffered saline (PBS) and stored at -80°C. 

Protein in the exosomes was extracted using RIPA lysis 

buffer (Thermo Fisher Scientific), and protein expression 

of the typical markers CD9 and CD63 was examined by 

Western blotting. The size and concentration of exosomes 

were identified through an analysis of Brownian motion on 

a Microtrac S3500 analyzer (Microtrac, Montgomeryville, 

PA, USA).
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nanoparticle tracking analysis
Exosomes derived from BM-MSCs were diluted with 

PBS at a 1:1,000 ratio, mixed so that a single particle was 

formed, and injected into the Microtrac S3500 instru-

ment with a syringe to avoid small air bubbles. Brownian 

motion of exosomes was observed, and the size distribution 

and concentration of exosomes were recorded for further 

analysis.

Transfection of mir-221 oligonucleotides
The oligonucleotides of miR-221 mimics, miR-221 inhibi-

tor, and negative control (NC) were synthesized and puri-

fied at Sangon Biotech (Shanghai, China). BM-MSCs were 

seeded in 6-well plates (Corning Incorporated, Corning, NY, 

USA) at 50%–60% confluence and were cultured overnight. 

The cells were then transfected with 100 nM miRNA using 

Lipofectamine® 2000 (Thermo Fisher Scientific) according 

to the manufacturer’s instructions. After transfection for 

48 hours, miR-221 expression was evaluated by quantitative 

real-time polymerase chain reaction (qRT-PCR). Table 1 lists 

the miRNA sequences.

exosome treatment in the gc cell lines 
Bgc-823 and sgc-7901
BGC-823 and SGC-7901 cells (~5×105) were seeded in a 

6-well culture plate at 50%–60% confluence. Then, 2 µg 

exosomes (equivalent to those collected from ~5×106 BM-

MSCs) per well, based on the protein concentration deter-

mined by a bicinchoninic assay (BCA; Sangon Biotech), 

were added to GC cells in the 6-well plate. After cultiva-

tion for 24 hours, exosomes were resuspended in PBS and 

added to the cells at a final concentration of 200 µg/mL. The 

expression level of miR-221 in the cancer cells was analyzed 

12 hours later by qRT-PCR.

Pcr
Total RNA of cells was extracted using TRIzol (Thermo 

Fisher Scientific) and was treated with RNase-free DNase 

(Promega, Madison, WI, USA) at 37°C for 1 hour to remove 

genomic DNA. Reverse transcription-PCR of the RNA 

and qRT-PCR for specific genes were performed using 

the All-in-One™ miRNA qRT-PCR Detection System 

(GeneCopoeia, Rockville, MD, USA) according to the 

manufacturer’s instructions. The specific primer for miR-221 

was AGC TAC ATT GTC TGC TGG GTT TC. The U6 gene 

was used as the internal reference for qRT-PCR, the specific 

primer for which was purchased from GeneCopoeia.

From January 2016 to April 2016, patients with a 

pathological diagnosis of GC at Hunan Cancer Hospital 

and Affiliated Cancer Hospital of Xiangya Medical School 

were recruited for this study. Peripheral blood samples 

of 40 GC patients and 20 normal controls were collected. 

Exosomes in the peripheral blood were extracted using the 

ExoQuick-TC™ Exosome Precipitation Solution (System 

Biosciences) according to the manufacturer’s instructions. 

Total RNA of exosomes in the peripheral blood was extracted 

using TRIzol. The expression level of miR-221 of exosomes 

was examined by qRT-PCR.

Western blotting
Cell lysates were obtained with RIPA lysis buffer (Thermo 

Fisher Scientific) on ice, were centrifuged at 4°C for 

15 minutes, and were quantified using a BCA kit. Proteins 

were run on a sodium dodecyl sulfate (SDS)-polyacrylamide 

gel electrophoresis gel according to a standard protocol and 

were transferred to a polyvinylidene difluoride membrane 

(Merck Millipore, Billerica, MA, USA). The following anti-

bodies were used according to the manufacturer’s instructions: 

CD9 (CST, Danvers, MA, USA), CD63 (CST), and β-actin 

(Sigma-Aldrich Co, St Louis, MO, USA). Specific protein 

bands were detected using the Chemiluminescent Substrate 

System (Thermo Fisher Scientific).

MTT assay
Cells in the logarithmic phase were seeded in a 96-well 

plate at a density of 1×104 cells per well. After cultivation 

at 37°C for 24 hours in a humidified incubator with 5% CO
2
, 

the culture medium was changed to 100 µL conditioned 

medium, which contained different types of exosomes. 

To determine the cell viability, 10 µL of 5 mg/mL MTT 

solution (Sangon Biotech) was added to the culture medium 

and was incubated with the GC cells for 4 hours. Next, the 

culture medium was carefully removed, and 150 µL dimethyl 

sulfoxide (Sangon Biotech) was added to each well. After 

shaking for 20 minutes, the optical density (OD) value at 

490 nm was measured using a microplate reader (Thermo 

Fisher Scientific). The viability of the GC cells was tested 

24 hours after they were seeded. All experiments were 

repeated three times.

Table 1 sequences of synthesized mir-221 oligonucleotides

Oligonucleotides Sequences (5′ to 3′)

mir-221 mimics agc Uac aUU gUc Ugc Ugg gUU Uc

mir-221 inhibitor gaa acc cag cag aca aUg Uag cU

negative control UUc Ucc gaa cgU gUc acg UdTdT

Abbreviation: mir-221, microrna-221.
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Wound-healing assay
Cells in the logarithmic phase were seeded in a 6-well plate 

at 50%–60% confluence. After culture for 24 hours, the cells 

underwent serum starvation in the culture medium without 

FBS for another 24 hours. The wound-healing assay was 

performed with a standard 10-µL pipette tip and in cells that 

were 80% confluent. Then, the cells were further cultivated 

in serum-free medium for 24 hours. Images of the wound-

healing process were captured every 12 hours using an 

inverted light microscope.

Transwell assay
GC cell invasion and migration experiments were conducted 

using Matrigel-coated and non-coated 24-well chambers 

with 8.0-µm PET membrane pores (Corning Incorporated), 

respectively. Briefly, 650 µL culture medium with 10% FBS 

as the chemoattractant was added to the lower Transwell 

chamber. Then, 100 µL serum-free DMEM with 1×105 cells 

was added to the upper chamber. After culture for 24 hours, 

the transmigrated cells were fixed in methyl alcohol, stained 

with 0.2% (m/v) crystal violet (Sigma-Aldrich Co), and 

rinsed in PBS (Thermo Fisher Scientific). Images of the 

transmigrated cells were captured under an upright light 

microscope. Stained cells were further dissolved using  

500 µL of 1% mass/volume (m/v) SDS, and the number of 

transmigrated cells was qualitatively determined through the 

measurement of the OD value at 546 nm.

adhesion assay
A 96-well plate was coated with 30 µL of 40 µg/mL 

collagen I (Thermo Fisher Scientific) in PBS for 12 hours, 

then rinsed with PBS, and dried at room temperature. After 

serum starvation for 8 hours, the cells were detached after 

incubation with 10 mM EDTA for 10 minutes, after which 

the cells were washed with DMEM to remove the EDTA, 

and resuspended at a density of 2×105 cells/mL in DMEM 

with 0.1% (m/v) bovine serum albumin (TaKaRa, Tokyo, 

Japan). For the cell-substratum adhesion assay, 100 µL of cell 

suspension was added to the coated wells. After incubation 

at 37°C for 20 minutes, the non-adherent cells were removed 

with 100 µL DMEM in a total of four washes. The adherent 

cells were further cultured in DMEM supplemented with 10% 

(v/v) FBS at 37°C for 4 hours. The number of adherent cells 

was determined by MTT assays.

ethics approval
This study was approved by the Institutional Review Board 

of Hunan Cancer Hospital affiliated with Xiangya Medical 

School. All human tissue samples were obtained with 

written informed consent and were approved for use by the 

Ethics Committee of Hunan Cancer Hospital and the Affili-

ated Cancer Hospital of Xiangya Medical School.

statistical analysis
SPSS 19.0 statistical software (IBM Corporation, Armonk, 

NY, USA) was used for all statistical analyses. Student’s 

t-test and one-way analysis of variance were used in the 

statistical analysis. Graphs were generated using GraphPad 

Prism 5.0 (GraphPad Software, La Jolla, CA, USA). Results 

were expressed as the mean ± standard deviation. Differ-

ences were considered statistically significant at *(P,0.05), 

**(P,0.01), and ***(P,0.001).

Results
mir-221 expression level in exosomes 
from peripheral blood is positively 
correlated with poor clinical prognosis 
of gc
From January 2016 to April 2016, exosomes in peripheral 

blood samples of 40 GC patients and 20 normal controls 

were extracted for this study. The specific expression of CD9 

and CD63 in the exosomal lysate of representative samples 

indicated the successful isolation of exosomes from periph-

eral blood (Figure 1A). RNA present in the extracted exo-

somes was extracted to analyze the expression of miR-221. 

According to the results of qRT-PCR assays, the miR-221 

expression level in exosomes from the peripheral blood of 

GC patients was significantly higher (2.5-fold) than that 

in the peripheral blood of controls (Figure 1B). Therefore, 

the miR-221 expression in exosomes from the peripheral 

blood was significantly upregulated in GC. Although no 

significant difference was observed with respect to gender, 

age, tumor location, and tumor size, the expression level of 

miR-221 was closely associated with the TNM stage of GC 

in clinical samples (Table 2). Therefore, miR-221 expression 

in exosomes of the peripheral blood may have some signifi-

cant clinical value. According to these results, we speculated 

that the upregulated expression of exosomal miR-221 may 

play an important role in the proliferation, migration, and 

invasiveness of GC cells.

characteristics of exosomes
To verify our findings, BM-MSCs were transfected with dif-

ferent miR-221 oligonucleotides, as shown in Table 1. After 

transfection for 48 hours, exosomes from BM-MSCs were 
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extracted for further study. As they are biological markers 

of exosomes, CD9 and CD63 protein expression was tested 

by Western blotting, which indicated successful extraction 

of exosomes of BM-MSCs (Figure 2A). According to the 

analytical results of Brownian motion, the diameter spread of 

exosomes was basically consistent with normal distribution 

(Figure 2B). Specifically, the diameter of the exosomes 

primarily ranged from 20 to 120 nm, and the concentration 

of exosomes with a diameter of 71 nm was observed to 

have a peak value. After transfection with miR-221 mimics 

and an inhibitor for 48 hours, the miR-221 expression level 

was correspondingly changed in BM-MSCs (Figure 2C). 

Compared with the NC group, the expression of miR-211 

in exosomes was significantly upregulated over 150-fold 

after transfection with miR-221 mimics. Moreover, the 

expression of miR-211 in the inhibitor group was critically 

inhibited by ~99% compared with the expression in the NC 

group. These results indicated that miR-221 expression can 

be effectively modulated through in vitro transfection.

mir-221 of exosomes extracted from 
BM-Mscs can accelerate gc cell 
proliferation
To evaluate the role of miR-221 in exosomes in the regu-

lation of cancer properties, the extracted exosomes were 

added to the culture medium of the GC cells BGC-823 and 

SGC-7901. After they were cultured for 12 hours, miR-221 

expression in GC cells was determined by qRT-PCR. Com-

pared with that of the NC group, the expression of miR-221 

in BGC-823 and SGC-7901 cells increased ~15- and 13-fold, 

respectively, in the group transfected with mimics, while the 

expression of miR-221 was reduced 15% and 10% in BGC-

823 and SGC-7901 cells, respectively, that were transfected 

with the inhibitor (Figure 3A). These results indicated that 

the extracted exosomes may contain sufficient transfected 

miR-221 oligonucleotides, which can enter GC cells and fur-

ther affect miR-221 expression. Similar to liposome-mediated 

transfection, exosomes may act as nanocarriers to influence 

gene expression. To confirm the efficiency of exosome 

transfection, the protein expression of PTEN and p27, which 

are direct targets regulated by miR-221,19,26,27 was examined 

by Western blotting. Compared with the NC group, the 

expression levels of PTEN and p27 were downregulated by 

oligonucleotides of miR-221 mimics, while their expression 

levels were upregulated by oligonucleotides of the miR-221 

inhibitor (Figure 3B); this suggests the high efficiency of exo-

some transfection. Moreover, the proliferation of BGC-823 

and SGC-7901 cells as examined by MTT was enhanced after 

culture with miR-221 mimics (Figure 3C). In comparison, 

cell proliferation was attenuated after treatment with the miR-

221 inhibitor. In conclusion, the transfected exosomes may 

act as natural nanocarriers that contain sufficient miR-221 

oligonucleotides that can further influence GC cell prolifera-

tion. These results also indicated the therapeutic potential of 

exosomal miR-221 in future clinical medicine.

mir-221 in exosomes extracted from 
BM-Mscs effectively promotes gc 
cell migration, invasion, and adhesion 
to the matrix
Wound-healing assays were conducted to evaluate the 

effect of miR-221 in the regulation of GC cell migration. 

β

Figure 1 The expression of mir-221 in exosomes of the peripheral blood is closely associated with the prognosis of gc.

Notes: (A) The expression of the biomarkers cD9 and cD63, as examined by Western blotting, indicated the successful extraction of exosomes from the peripheral blood. 

β-actin was used as the internal reference. (B) From January 2016 to april 2016, peripheral blood samples were obtained from 40 gc patients and 20 normal controls who 

were recruited for this research. mir-221 expression in exosomes of the peripheral blood of gc patients, as assessed by qrT-Pcr, was generally higher than that of the 

normal controls. U6 was used as the internal control.

Abbreviations: mir-221, microrna-221; gc, gastric cancer; qrT-Pcr, quantitative real-time polymerase chain reaction.
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Although no obvious difference was observed at 12 hours, 

the rate of wound healing in BGC-823 and SGC-7901 cells 

was accelerated in the miR-221 mimics groups at 24 hours 

(Figure 4A and B). In comparison, the rate of wound healing 

was attenuated in the inhibitor groups. These results were 

further validated by Transwell assays. Compared with that of 

the NC groups, the number of BGC-823 and SGC-7901 cells 

that had transmigrated was significantly increased 2.23- and 

1.75-fold, respectively, after culture with exosomes that were 

transfected with miR-221 mimics. However, the number of 

BGC-823 and SGC-7901 cells that had transmigrated was 

decreased 0.6- and 0.8-fold, respectively, after culture with 

exosomes transfected with an inhibitor (Figure 4C and D). 

These results indicated that miR-221 of exosomes can effec-

tively promote GC cell migration.

The role of exosomal miR-221 in the regulation of cell 

invasion was evaluated using coated Transwell chambers. 

It is clear that the invasion ability of BGC-823 and SGC-

7901 cells was significantly upregulated after culture with 

exosomes transfected with miR-221 mimics (Figure 4E). 

In contrast, the invasion ability of GC cells was significantly 

suppressed after culture with exosomes transfected with the 

miR-221 inhibitor. These results indicated that the extracted 

exosomes from transfected BM-MSCs can further influence 

the invasion ability of GC cells and that miR-221 in exosomes 

promotes the invasiveness of GC cells.

The assessment of the ability of exosomal miR-221 to 

regulate adhesion of GC cells to the matrix was conducted 

using adhesion assays. Consequently, threefold of BGC-823 

cells cultured with exosomes that were treated with miR-221 

mimics successfully adhered to the matrix compared with 

the number in the NC group (Figure 4F). Similar results 

were observed in SGC-7901 cells. In contrast, the number 

of adherent GC cells was significantly decreased after 

culture with exosomes transfected with miR-221 inhibitor. 

In conclusion, exosomes with high expression of miR-221 

can effectively promote GC cell migration, invasion, and 

adhesion to the matrix. Therefore, a sufficient amount of 

miR-221 mimics and inhibitor existed in exosomes and 

effectively contributed to the oncogenic activity of GC 

cells. These upregulated biological properties of GC cells 

triggered by miR-221 mimics transfected into exosomes 

may be a new mechanism that explains the frequent metas-

tasis of GC. According to these results, it is not difficult to 

understand why the high expression of exosomal miR-221 

in peripheral blood is positively correlated with the poor 

clinical prognosis of GC.

Table 2 correlation of gc clinicopathologic features and mir-

221 expression of exosomes in peripheral blood (n=40)

Parameters Cases Relative level 

to U6

P-value

sex 0.80

Male 22 2.46 (0.60–4.20)

Female 18 2.48 (1.10–5.30)

age 0.47

,60 19 2.22 (1.00–4.20)

$60 21 2.69 (0.60–5.30)

cea grading 0.46

normal 18 2.47 (0.60–4.20)

high 22 2.46 (1.10–5.30)

ca19-9 grading 0.73

normal 31 2.41 (0.60–5.30)

high 9 2.67 (1.10–4.20)

crP grading 0.49

normal 25 2.37 (0.60–5.30)

high 15 2.62 (1.50–4.20)

Tumor location 0.25

gastric fundus and cardiac 7 2.32 (1.50–4.20)

gastric body 11 2.26 (1.10–4.10)

gastric antrum 22 2.39 (0.60–5.30)

Tumor size 0.59

,4.0 cm 20 2.57 (0.60–5.30)

$4.0 cm 20 2.37 (1.00–4.20)

lauren type 0.94

intestinal type 19 2.44 (1.10–4.20)

Diffuse type 9 2.41 (1.50–4.10)

Mixed type 12 2.55 (0.60–5.30)

Borrmann type 0.82

i 3 2.63 (1.50–4.10)

ii 17 2.35 (0.60–5.30)

iii 20 2.54 (1.00–4.20)

Presence of vascular and nerve invasion 0.16

no 16 2.14 (1.10–3.40)

Yes 24 2.68 (0.60–5.30)

histological grade 0.48

Well differentiated 2 3.25 (3.20–3.30)

Moderately differentiated 6 2.33 (1.00–4.20)

Poorly differentiated 28 2.37 (0.60–4.20)

Undifferentiated 4 2.93 (1.50–5.30)

T staging 0.83

T1 5 2.20 (1.50–2.60)

T2 11 2.36 (0.60–5.30)

T3 21 2.60 (1.10–4.20)

T4 3 2.30 (2.20–2.40)

n staging 0.32

n0 8 2.01 (0.60–2.60)

n1 8 2.34 (1.10–3.30)

n2 13 2.50 (1.00–4.20)

n3 11 2.85 (1.50–5.30)

M staging 0.15

M0 38 2.37 (0.60–5.30)

M1 2 4.20 (4.20, 4.20)

TnM stage 0.02

i 5 1. 82 (0.60–2.60)

ii 15 2.33 (1.00–4.20)

iii 18 2.56 (1.20–5.30)

iV 2 4.20 (4.20, 4.20)

Abbreviations: TnM, tumor, node, and metastasis; mir-221, microrna-221; 

gc, gastric cancer; crP, c-reactive protein; cea, carcinoembryonic antigen.
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Discussion
As clinically relevant cells, MSCs (especially BM-MSCs) are 

believed to be responsible for constituting an immunosup-

pressive microenvironment and a mesenchymal niche for 

the maintenance of cancer stem cells, tumor growth, angio-

genesis, and metastasis. However, some specific MSCs also 

play a role in cancer resistance. For example, MSCs derived 

from adipose tissue and umbilical cord/cord blood can inhibit 

blood, breast, and digestive system cancer cell prolifera-

tion and tumor growth in vitro and in vivo.3,28 Therefore, 

recognition of the biological properties of MSCs may help 

us to develop more effective methods for cancer therapy.

As a subgroup of extracellular vehicles, exosomes were 

found to mediate long distance intercellular communica-

tion without direct cell-to-cell contact.29,30 Combined with 

the absolute predominance in biocompatibility, exosomes 

are considered to be natural nanocarriers that can be used 

in clinical applications, such as drug delivery.29,30 Some 

specific mRNAs, regulatory miRNAs, lipids, and proteins 

in exosomes each perform distinctly important roles in the 

promotion of cancer epithelial–mesenchymal transition and 

drug resistance.31,32 Notably, some oncogenic miRNAs, 

which are harbored in exosomes that originate from cancer 

cells, have been found to induce inflammatory conditions 

that accelerate tumor growth and metastasis.33 For example, 

exosomal miR-221 can induce tumor progression and 

temozolomide resistance in glioma by targeting DNM3.34 

The exosome-mediated transfer of miR-222 increases the  

malignancy of melanoma.35 These findings provide future 

research directions with respect to miRNAs and exosome-

based diagnostics and therapies for malignant neoplasms.

In this article, a high expression level of miR-221 in 

exosomes from the peripheral blood was determined to 

have positive correlation with the poor clinical prognosis 

of GC. It appears that miR-221 in exosomes plays a critical 

role in GC development and metastasis, and may serve as a 

β

Figure 2 characterization of exosomes that originated from BM-Mscs.

Notes: (A) Protein expression of cD9 and cD63 according to Western blotting indicated the successful extraction of exosomes from BM-Mscs. β-actin was used as the 

internal reference. (B) The particle size (nm) of exosomes from BM-Mscs after transfection with mir-221 mimics was assayed by nanoparticle tracking analysis. (C) after 

transfection with mir-221 mimics or inhibitor for 48 hours, the mir-221 expression level was assessed by qrT-Pcr and was correspondingly changed in BM-Mscs. U6 was 

used as the internal control. The difference was considered statistically significant at ***(P,0.001).

Abbreviations: BM-Mscs, bone marrow mesenchymal stem cells; mir-221, microrna-221; qrT-Pcr, quantitative real-time polymerase chain reaction.
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Figure 3 mir-221 in exosomes that originated from BM-Mscs promotes gc cell proliferation.

Notes: (A) mir-221 expression in Bgc-823 and sgc-7901 cells, which was determined by qrT-Pcr, was increased in the mimics group but reduced in the inhibitor 

group. U6 was used as the internal reference. (B) The corresponding expression of PTen and p27, as examined by Western blotting in gc cells cultured with exosomes, 

suggested the feasibility of exosome transfection. (C) Viability of BGC-823 and SGC-7901 cells, as determined by MTT, was significantly enhanced in the miR-221 mimics 
group compared with the miR-221 inhibitor group. The difference was considered statistically significant at ***(P,0.001).

Abbreviations: mir-221, microrna-221; BM-Mscs, bone marrow mesenchymal stem cells; gc, gastric cancer; qrT-Pcr, quantitative real-time polymerase chain 

reaction.

β
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Figure 4 mir-221 in exosomes that originated from BM-Mscs promotes gc cell migration, invasion, and adhesion to the matrix.

Notes: (A–D) gc cell migration ability, which was evaluated by wound-healing and Transwell assays, was enhanced after culture with exosomes transfected with mir-221 

mimics, while cell migration was restrained in cells cultured with exosomes that were transfected with mir-221 inhibitor. histograms show the OD value of the Bgc-823 

and sgc-7901 cells that transmigrated in the Transwell assays and that were stained with crystal violet. (E) gc cell invasion ability, which was evaluated by Transwell assays, 

was upregulated after culture with exosomes transfected with mir-221 mimics, while invasion ability was downregulated in cells cultured with exosomes transfected with 

mir-221 inhibitor. histograms show the OD value of the invasive Bgc-823 and sgc-7901 cells that were stained with crystal violet. (F) adhesion to the matrix of gc cells, 

as tested by adhesion assays, was significantly higher in the cells cultured with exosomes transfected with miR-221 mimics than in the cells cultured with exosomes transfected 
with the mir-221 inhibitor. histograms show the OD value of adherent Bgc-823 and sgc-7901 cells, as shown by MTT assay. The difference was considered statistically 

significant at *(P,0.05), **(P,0.01), and ***(P,0.001).

Abbreviations: mir-221, microrna-221; BM-Mscs, bone marrow mesenchymal stem cells; gc, gastric cancer; OD, optical density.

detection index for neoplasms. The extracted exosomes with 

different miR-221 expression levels were identified to have 

significant regulatory roles in GC cell proliferation, migra-

tion, invasion, and adhesion. These results led us to further 

research in which we revealed the detailed mechanism of 

the function of miR-221 in exosomes. Our research also 

indicated that, through the in vitro transfection of exosomes, 

sufficient miR-221 oligonucleotides can exist in exosomes, 
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which can further transform the biological characteristics of 

GC cells. The remarkable effect of exosomes treated with 

miR-221 inhibitor provides evidence for the potential use 

of this approach for gene therapy in GC. Additional experi-

ments will be performed to reveal the detailed mechanisms 

of exosomal miR-221 in the promotion of GC development 

and metastasis.

Considering the moderate developments in the detection 

of markers in the blood, miRNAs in the peripheral blood 

will be useful as diagnostic markers.36–38 Moreover, exo-

somes secreted from cancer lesions may contribute to the 

formation of the tumor microenvironment, which facilitates 

frequent metastasis to lymph nodes and distant sites. Hence, 

miR-221 expression in exosomes from the peripheral blood 

may better reflect the potential risk for GC and other malig-

nant neoplasms in certain individuals. The timely detection 

of exosomal miR-221 may be very valuable for the early 

diagnosis of GC. In addition, exosomes in the peripheral 

blood can be developed as nanocarriers that regulate the 

in vivo expression of miR-221. The controlled expression of 

miR-221 in exosomes of the peripheral blood may be helpful 

for the mitigation and treatment of GC in the future.
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