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Abstract
Background/Aims: The malignant biological behavior of gastric cancer(GC) is not only 
determined by cancer cells alone, but also closely regulated by the microenvironment. 
Fibroblasts represent a large proportion of the components in the tumor microenvironment, 
and they promote the development of disease. Currently, accumulating evidence suggests 
that exosomes can function as intercellular transport systems to relay their contents, especially 
microRNAs(miRNAs). Methods: First, we detected the highly-expressed level of miR-27a in 
exosomes isolated from gastric cancer cells by qRT-PCR. MiR-27a –over-expressed models 
in vitro and in vivo were established to investigate the transformation of cancer-associated 
fibroblasts observed by Western blotting, and the malignant behavior of gastric cancer cells 
using the methods CCK8 and Transwell. Moreover, the downregulation of CSRP2 in fibroblasts 
was used to evaluate the promotion of malignancy of gastric cancer using the methods CCK8 
and Transwell. Results: In this study, we found a marked high level of miR-27a in exosomes 
derived from GC cells. miR-27a was found to function an oncogene that not only induced the 
reprogramming of fibroblasts into cancer-associated fibroblasts(CAFs), but also promoted the 
proliferation, motility and metastasis of cancer cells in vitro and in vivo. Conversely, CAFs with 
over-expression of miR-27a could pleiotropically increase the malignant behavior of the GC 
cells. For the first time, we revealed that CSRP2 is a downstream target of miR-27a. CSRP2 
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downregulation could increase the proliferation and motility of GC cells. Conclusion: Thus, 
this report indicates that miR-27a in exosomes derived from GC cells has a crucial impact on 
the microenvironment and may be used as a potential therapeutic target in the treatment of 
GC.

Introduction

Gastric cancer (GC) ranks as the fourth most common type of malignant tumor in 
morbidity and the second leading cause of cancer death in the world [1, 2]. Although treatment 
strategies have substantially developed over the years, the prognosis for GC remains to be 
improved [3-5]. To find new targets and treatments, it is crucial to have insights into the 
malignant biological characteristics of GC.

Mounting evidence has elucidated that malignant biological behaviors of tumors are 
determined by the complex structures of malignant cancer cells and their microenvironment 
[6]. The tumor microenvironment is mainly composed of extracellular matrix(ECM), immune 
cells, blood vessels, cytokines and, importantly, non-epithelial cells such as fibroblasts [7, 8]. 
Among these, cancer-associated fibroblasts (CAFs) exert a profound negative impact on the 
host [9] and create a niche for cancer cells to promote their malignant behaviors [10, 11]. 
The mutual interactions and formation of communication networks between cancer cells 
and their microenvironment have already been reported [12, 13], while the exact mechanism 
of the regulation of GC cells by the microenvironment remains unclear.

Exosomes are vesicles by which cells can communicate with one other exchanging 
mRNA, DNA, protein, and microRNAs (miRNAs) [14]. Previous studies have demonstrated 
that each exosome carries approximately 121 miRNAs [15]. MiRNAs derived from exosomes 
could promotes varieties of malignant behaviors [16]. To date, it has only been a few studies 
on miRNAs that are transported in exosomes derived from cancer cells and their consequent 
functions on the transformation into CAFs. In our preliminary studies, we identified that 
specific miRNAs in GC, such as miR-27a, miR-20a and miR-34a, were abundant in exosomes 
derived from GC cells, while miR-1 and miR-423-5p showed the opposite trend [17]. Among 
these miRNAs, the high and stable expression of miR-27a derived from exosomes is closely 
related to poor prognosis according to our investigation of the clinical information [18].

Therefore, our data showed that the high level of miR-27a in the exosomes released from 
GC cells could have an impact on the regulation of the microenvironment and transformation 
of CAFs. Thus, miR-27a could be used as a new potential target molecule for gastric cancer 
therapy.

Materials and Methods

Cell culture
The gastric cancer cell line SGC-7901 was purchased from the Cell Resource Center, Peking Union 

Medical College (Beijing, China) and cultured in RPMI-1640 medium (Gibco, USA). The human skin fibroblast 
cell line CCC-HSF-1 was obtained from Life Science College of Wuhan University and maintained in DMEM 
medium (Gibco, USA). Both media were supplemented with 10% FBS in a humid atmosphere incubator with 
5% CO2 at 37˚C.

Real-time reverse transcription-polymerase chain reaction and western blotting
For total RNA of exosomes extraction, RNA was isolated using the Total RNA Purification Kit (Norgen, 

Cat. 17200) in accordance with the directions from 200 μL of frozen exosome in PBS. The volume of the 
obtained RNA solution was 60 μL. Total RNA, for CSRP2 messenger RNA (mRNA) expression quantification, 
was extracted from cell lines with Trizol reagent (Invitrogen, Carlsbad, CA) in the light of the manufacturer’s 
instructions. cDNA was prepared from 500 ng of total RNA using the Primescript RT Master Kit (Takara, 
Otsu, Japan). Applied Biosystems SYBR Green Gene Expression Assays were performed using an Applied 
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Biosystems 7500 Real-Time PCR System. The 2-∆∆CT method was applied to estimate relative gene transcript 
levels standardized to the β-actin reference gene. The expression levels of miR-27a and CSRP2 mRNA were 
normalized to that of the U6 snRNA and β-actin distinctively, by using the comparative CT method. The 
primer sequences were as follows:

5’CTGACTGAGAAAGAAGGCGAAATC’3 and
5’ TGCTGGCTGTTTCACAGTAGTGA’3 for CSRP2, or
5’ CCCGCCTCCGACTCAAAATG’3 and
5’ CTGGCCATAACCGTAGCCTT’3 for CSRP2
Cells were seeded in 6-well-plate for protein extraction with RIPA buffer (Solarbio, Beijing, China) 

in the presence of protease inhibitor cocktail. Separated proteins (25 µg/lane) were lysed in 10% SDS–
PAGE and transferred to a PVDF membrane on request. After blocked for 1h with 5% BSA, the blots were 
incubated at 4˚C overnight with the following antibodies: CD63 (Santa Cruz), Rabbit-anti-α-SMA (Abcam, 
ab5694) (1/1000), mouse-anti-β-actin (ZSGB-BIO, China) (1/1000), CSRP2(Abcam, ab65946) (1/1000), 
GAPDH (Santa Cruz, sc-20357) (1/1000). Afterwards, the blots were reacted with a peroxidase-conjugated 
secondary antibody for 1 hour at room temperature, followed by detection of the proteins with ECL 
reagents (Pierce). And quantification of protein levels was performed using image J software. As secondary 
antibodies, we used: goat-anti-mouse IgG, goat-anti-rabbit and donkey-anti-goat IgG (all from ZSGB-BIO, 
China) (1/2000).

Phenotypic assays (cell proliferation, migration, invasion and wound-healing assays)
Cells were seeded in 96-well plates coated with 10 μL of CCK-8 (Dojindo Japan) per well and treated 

distinctively, incubated at 37°C for 4 h in a humidified CO2 incubator. Afterwards, the absorbance was 
measured at a wavelength of 450 nm.

Cell migratory and invasive abilities were assessed by Transwell (Corning Life Sciences, Bedford, MA, 
USA) and Matrigel invasion (BD Biosciences) respectively. For migration assays, cells were harvested and re-
suspended in serum-free 1640 medium and subsequently deposited onto an 8 μm pore size polycarbonate 
membrane Transwell insert. For invasion assays, cells were placed on the 8 μm pore size polycarbonate 
membrane Transwell insert coated with 40 μL of Matrigel matrix (1:7 diluted with serum-free medium). 
Cells migrated to the underside of the membrane were fixed and stained with 0.1% crystal violet and were 
enumerated by counting four random fields per well.

For wound-healing assays, 3.0×105 of fibroblasts were seeded into 6-well plates. An artificial gap was 
created on the confluent cell monolayer with a plastic tip and the images of the wound area were captured 
in the following 24h.

Immunofluorescence
GC cells were fixed with 4% paraformaldehyde for 20 mins, permeabilized with 0.1% Triton X-100 for 

10 mins at room temperature prior to blocking in 5% BSA for 30 mins. α-SMA was detected by reacting with 
antibody (1:100) overnight at 4°C, which followed by Alexa Fluor 488-conjugated secondary antibodies at 
1:200 for 1 h in the dark. Coverslips were mounted on glass slides using ProLong® Diamond AntifadeMountant 
with DAPI (Life Technologies, USA) mounting medium prior to imaging with a fluorescence microscope.

miRNA microarray analysis
Microarray analyses were performed on exosomes using miRNA Labeling Reagent and Hybridization 

Kits (Agilent Technologies) and human miR Microarray Kits (Agilent Technologies). A total of 100 ng of total 
RNA from each sample was treated with phosphatase and then labeled with Cyanine 3-pCp. The labeled RNA 
was purified using Micro Bio-spin columns(Bio-Rad) and was subsequently hybridized to a human miRNA 
microarray slide at 55°C for 20 h. After hybridization, the slides were washed with Gene Expression Wash 
Buffer(Agilent) and scanned on an Agilent Microarray Scanner using Agilent Scan Control version A.7.0.1

miR-27a expression plasmid construction and stable transfection
According to the sequence of miR-27a (5’-TTCACAGTGGCTAAGTTCCGC-3’) documented in the miRNA 

Registry database, oligonucleotides encoding miR-27a were sub-cloned into BamH I and Xho I restriction 
sites of pGLVH1/GFP/Puro (GenePharma Co., Ltd, Shanghai, China), as well as the negative control group 
(5’-UUCUCCGAACGUGUCACGUTT-3’), the inhibitor group (5’-GCGGAACUUAGCCACUGUGAA-3’), and the 
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inhibitor NC group (5’-CAGUACUUUUGUGUAGUACAA-3’). The transfer plasmid and pGLVH1/miR-27a/
GFP/Puro and lentiviral packaging vectors psPAX2 and pMD2.G were transfected into 293T cells, and the 
lentiviral particles were collected. HSF-1 cells were then stably transfected with the lentiviral particles and 
then screened for GFP expression using flow cytometry.

CSRP2 knockdown and stable transfection
The loss of CSRP2 expression was achieved by transfecting HSF-1 cells with CSRP2-specific siRNAs 

(siCSRP2; target sequence:5’-GGGCATCAAACCAGAGAGTGT-3’). Non-targeting siRNAs were used as controls. 
The transfected cells were maintained in culture for 48 h prior to subsequent analyses.

Isolation and identification of SGC-7901 Exosomes
Exosomes were obtained from cell culturing media with ExoQuick-TC Precipitation Solution (System 

Bioscience) according to manufacture instruction. Briefly, exosomes from cell cultures were collected by 
ultracentrifugation at 110, 000 g for 2h at 4 °C after pre-cleaning the media by two successive centrifugations 
and filtration through a 0.22 μm filter. Afterwards, 10mL of the media, after centrifuged at 3000g for 
15mins, were mixed with 2mL of ExoQuick Solution. Subsequently, the pellets were suspended in PBS after 
centrifugation. Protein concentration in exosomes was estimated through absorbance at 562 nm with a BCA 
protein assay kit (Pierce). Furthermore, CD63 (Santa Cruz) in exosomes was detected with Western blot 
analysis as mentioned above.

Transmission electron microscopy.
The exosome-enriched pellets were suspended in 50 μL of PBS, fixed with 4% paraformaldehyde 

and 4% glutaraldehyde in 0.1M phosphate buffer(pH7.4) at incubation temperature and kept at 4˚C until 
analysis by TEM. A drop of each exosome sample was placed on a carbon-coated copper grid and immersed 
in 2% phosphotungstic acid solution(pH7.0) for 30s.The preparations were examined with a transmission 
electron microscope at an acceleration voltage of 80kV.

Cytokine Array
HSF-1 cells were treated with distinct exosomes from gastric cancer cells or transfected with miR-

27a or NC for 24 h. Supernatants were collected and examined for differential cytokine expression using 
the Human Cytokine Array G5 (RayBiotech) per the manufacturer’s instructions using the Image Quant TL 
software (GE Healthcare Life Sciences).

Luciferase assay
SGC-7901 cells were seeded in a 24-well plate and co-transfected with luciferase reporter constructs 

encoding the wild-type 3’UTR region of CSRP2 (WT-CSRP2) or a mutated CSRP2 3’UTR region (MU-CSRP2) 
and miR-27a mimic or miR-27a mimic-NC using Lipofectamine 2000 (Invitrogen, California, USA). Luciferase 
activities were measured using a Dual-Luciferase Reporter Assay Kit (Beyotime Biotechnology, Shanghai, 
China) according to the manufacturer’s protocol.

Animal studies
Four- to six-week-old female BALB/c nude mice were maintained in a barrier facility on HEPA-filtered 

racks. SGC-7901 cells, together with miR-27a- or NC-transfected HSF-1 cells were trypsinized, washed twice 
in PBS, re-suspended at 2x107 cells/ml in PBS and mixed 1:1, and then injected intraperitoneally into the 
right flanks of BALB/c nude mice. Primary tumors were measured in 3 dimensions (a, b and c), and tumor 
volume was calculated as abcx0.52. Tumors were harvested from the flanks of mice. All animal studies were 
conducted under an approved protocol in accordance with the principles and procedures outlined in the 
NIH Guide for the Care and Use of Laboratory Animals and was approved by Animal Care. Mice (approval 
2016080) were approved by the Animal Care and Use Committee of Tianjin Medical University Cancer 
Institute and Hospital, China.
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Fig. 1. Characterization and isolation of exosomes. (A) Electron micrograph expressed exosomes isolated 
from gastric cancer cells. (B) Western blotting analysis showed exosome-enriched medium with high 
expression of exosome marker CD63. (C) Concentration of exosome was estimated by BCA kit. (D) qRT-
PCR showed diverse levels of miRNAs in GC cells. (E)qRT-PCR of miR-27a expression was in different 
concentrations of exosomes.

Statistical analysis
All the data are representative of 3-6 independent experiments. The data were expressed as the mean ± 

S.E. of at least three separate experiments. Statistical significance was considered at P < 0.05 using Student’s 
t-test. In this study, GraphPad Software (San Diego, CA, USA) was used to conduct the analyses.

Results

Characterization and isolation of exosomes
After being isolated from the sera of gastric cancer patients, exosomes were characterized 

by TEM (Fig. 1A), and the expression of the exosome marker CD63 was estimated by western 
blotting (Fig. 1B). The significant expression of CD63 was observed in the exosomes. The 
concentration of exosomal proteins was determined using a BCA kit (Fig. 1C), and there was 
a remarkable difference between exosomes and PBS. By analyzing the purified exosomes 
released from gastric cancer cells using qRT-PCR, we observed that miR-27a, miR-20 and 
miR-34a were present at a high level, while miR-1 and miR-423-5p showed the opposite 
trend (Fig. 1D). Moreover, the level of miR-27a was significantly high in these exosomes (Fig. 
1E), suggesting that exosomes transport miR-27a.

GC cells, exosomes and miR-27a induce transformation into CAFs
Initially, SGC-7901 cells were chosen from 4 of the gastric cell lines, because SGC-

7901 cells secret more exosomes comparatively (Fig. 2A). To explore the distinct functions 
of exosomes, miR-27a and GC cells in the transformation of fibroblasts into CAFs, we 
conducted a series of experiments on 3 groups of HSF-1 cells by incubating them with GC 
cells or exosomes derived from GC cells or by transfecting with miR-27a over-expression 
constructs. Then, we conducted western blotting to analyze the expression of α-SMA, a well-

 

Figure	1	Characterization	and	isolation	of	exosomes.	

 
Figure	2	Cancer	cells,	exosomes	and	miR-27a	induce	transformation	into	CAFs.	
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recognized marker of CAFs, in HSF-1 cells. The results revealed that the level of α-SMA was 
significantly increased in all 3 treatment groups (Fig. 2B-D), compared to that in the negative 
control group. Furthermore, the expression of α-SMA in miR-27a-over-expressed group was 
markedly higher compared to that in the negative control group. By down regulating the 
expression of miR-27a using miR-27a inhibitor transferring lentiviral plasmid, the expression 

Fig. 2. Cancer cells, exosomes and miR-27a induce transformation into CAFs. (A) Western blotting showed 
the expression of CD63 in 4 kinds of cell lines. Western blotting analysis of expression levels of α-SMA in 
HSF-1 cells by incubating them with GC cells (B) or exosomes derived from GC cells (C) or by transfecting 
with miR-27a over-expression constructs (D). (E) The expression of α-SMA in HSF-1 cells showed by 
western blotting after co-incubated with miR-27a-over-expressed or miR-27a-lacking-expressed exosomes, 
respectively.(F)Cell immunofluorescence analysis performed the expression of α-SMA in isolated fibroblasts 
with miR-27a highly expressed.

 

Figure	1	Characterization	and	isolation	of	exosomes.	

 
Figure	2	Cancer	cells,	exosomes	and	miR-27a	induce	transformation	into	CAFs.	

Fig. 3. Upregulation of 
miR-27a facilitates the 
proliferation, migration and 
invasion of fibroblasts in 
vitro. (A) The expression 
of miR-27a in HSF-1 
cells after transfection 
verified by qRT-PCR. (B)
MiR-27a over-expression 
significantly accelerated 
the growth rate of HSF-1 
cells as demonstrated by 
the CCK-8 proliferation 
assay. P<0.05(C)Fibroblasts 
with high level of miR-
27a promoted the ability 
of migration and invasion 
by Transwell migration 
and invasion assay. (D)
Fibroblasts showed stronger 
ability of migration by wound healing test.

 

Figure	3	Upregulation	of	miR-27a	facilitates	the	proliferation,	migration	and	invasion	

of	fibroblasts	in	vitro.	

 

Figure	4	miR-27a-over-expressed	CAFs	effect	the	GC	cells	over	proliferation	and	motility	

in	vitro	and	in	vivo.	
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of α-SMA was much lower than the miR-27a inhibitor group. (Fig. 2E). We further confirmed 
these results by immunofluorescence to detect the expression pattern of α-SMA in miR-27a-
over-expressed HSF-1 cells and negative control cells (Fig. 2F), and our findings showed that 
GC cells, exosomes, and miR-27a play a vital role in the conversion of fibroblasts to CAFs in 
gastric cancer.

Upregulation of miR-27a facilitates the proliferation, migration and invasion of fibroblasts 
in vitro
To investigate the impact of miR-27a on the transformation of fibroblasts to CAFs, HSF-1 

cells were transfected with lentiviral plasmids containing pre-miR-27a, and the expression of 
miR-27a was confirmed by means of qRT-PCR (Fig. 3A). The CCK8 assay was used to evaluate 
the proliferative capacity of the fibroblasts (Fig. 3B, p<0.05). miR-27a over-expression 
significantly promoted the growth of HSF-1 cells, and the difference between the miR-27a-
over-expressed and NC-miR groups became increasingly noticeable with time. In addition, 
we also investigated whether miR-27a influenced the migration and invasion of fibroblasts 
(Fig. 3C). It was clear that after 6 h of incubation, the fibroblasts over-expressing miR-27a 
were more migratory than the fibroblasts in the NC group. After 48 h, the extent of invasion 
of both groups of fibroblasts showed a similar trend as described above. To further verify 
the ability of migration, we carried out wound healing assays (Fig. 3D). It was found that 
fibroblasts transfected with miR-27a over-expressing constructs showed a higher degree of 
motility.

Fig. 4. miR-27a-over-expressed CAFs effect the GC cells over proliferation and motility in vitro and in vivo. 
(A) SGC-7901 cells co-incubating with miR-27a over-expressed and NC-miR HSF-1 for 24h increasingly 
promoted the growth rate analyzed by CCK-8 assays. P<0.05 (B) SGC-7901 cells cultured in the media of 
miR-27a transfected and NC-miR HSF-1 for 24h significantly increase the proliferation measured by CCK-8 
assays.p<0.05 (C, D) HSF-1 cells transfected with lentiviral plasmid containing pre-miR-320a or NC were 
injected into nude mice. After 22-day period, the tumors were excised. Representative tumors and the 
variation of tumors were on display. And representative H&E and immune-histochemical staining for lung 
metastasis showed the group of hyper-expressed miR-27a promoted the capability of metastasis.

 

Figure	3	Upregulation	of	miR-27a	facilitates	the	proliferation,	migration	and	invasion	

of	fibroblasts	in	vitro.	

 

Figure	4	miR-27a-over-expressed	CAFs	effect	the	GC	cells	over	proliferation	and	motility	

in	vitro	and	in	vivo.	
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miR-27a-over-expressing CAFs effect the proliferation and motility of GC cells in vitro and 
in vivo
To further investigate the exact effects of CAFs on gastric cancer cells, we carried out 

a series of experiments to verify the mutual impact of CAFs and SGC-7901 cells. First, SGC-
7901 cells seeded in 6-well plates and growing at logarithmic phase were divided into two 
groups and incubated with miR-27a-transfected HSF-1 cells or conditioned media from these 
cells for 24 h before subsequent functional analyses. The CCK-8 assay was implemented 
to measure the proliferation of the treated SGC-7901 cells. It was revealed that SGC-7901 
cells co-cultured with miR-27a-over-expressing HSF-1 cells grew more rapidly compared 
with the cells co-cultured with NC-transfected HSF-1 cells (Fig. 4A). The GC cells cultured in 
conditioned media from miR-27a-transfected HSF-1 cells exhibited a similar and even more 
profound trend (Fig. 4B).

Furthermore, we explored the influence of co-culture of the two cell types on motility. 
The GC cells exhibited a striking increase with regards to migration and invasion after being 
co-cultured with miR-27a-over-expressing HSF-1 cells or with conditioned media from these 
cells (Fig. 4E).

In a.ddition, to investigate the effect of miR-27a in vivo on the tumorigenicity of gastric 
cancer, we injected luciferase-labelled HSF-1 cells transfected with miR-27a or miR-NC 
combined with SGC-7901 cells into the abdominal cavities of immune-deficient BLAB/c mice. 
Consequently, after 22 days, the mean size of the tumor nodules of the miR-27a-transfected 
group was significantly larger than that of the other group (Fig. 4C). Furthermore, as evidence 
of the effect of miR-27a on the of metastatic capacity of GC cells in vivo, we found that mice 
injected with miR-27a-transfected fibroblasts experienced lung metastasis as shown by the 
results of hematoxylin and eosin (H&E) and immune-histochemical staining (Fig. 4D).

CSRP2 is a direct target of miR-27a in GC cells
To understand the underlying mechanism by which miR-27a promotes the progression 

of gastric cancer, bioinformatics tools were used to predict the potential targets of miR-27a. 
Among those, CSRP2, which has been found to play a role as a suppress or of oncogenic 
transformation of fibroblasts [19], was chosen for further investigation. A predicted binding 
site was confirmed in the 3’untranslated region(UTR) of CSRP2 mRNA (Fig. 5A). To determine 
whether CSRP2 is a direct target of miR-27a, we performed a luciferase-reporter assay 
with vectors containing wild-type or mutated 3’UTR of CSRP2(WT-CSRP2 or MU-CSRP2, 
respectively) (Fig. 5B). It was found that CSRP2 could be directly regulated by miR-27a, and 
the expression of CSRP2 was inversely correlated with that of miR-27a.

Fig. 5. CSRP2 is a direct 
target of miR-27a in 
GC cells. (A) Predicted 
binding site in the 3’-
UTR region of CSRP2. 
(B) An miR-27a mimic or 
inhibitor and a luciferase 
vector encoding the wild-
type or mutant CSRP2 
3’UTR region were co-
transfected into HSF-1 
cells, and the relative 
luciferase acitivity was 
measured.***p<0.01. (C) 
CSRP2 protein expression 
after transfected with 
miR-27a, NC, inhibitor and inhibitor NC was analyzed by western blotting. (D) Relative mRNA level of CSRP2 
performed by qRT-PCR after transfected with miR-27a, NC, inhibitor and inhibitor NC.p>0.05.

 

Figure	5	CSRP2	is	a	direct	target	of	miR-27a	in	GC	cells.	

 

Figure	6	Downregulation	of	CSRP2	induces	the	transformation	of	fibroblasts	into	CAFs	

and	promotes	the	progression	of	gastric	cancer.	

http://dx.doi.org/10.1159%2F000493218


Cell Physiol Biochem 2018;49:869-883
DOI: 10.1159/000493218
Published online: 5 September, 2018 877

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

© 2018 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb

Wang et al.: Exosomal MiR-27a Promotes the Transformation of Cancer Associated 

Fibroblasts

Moreover, western blot analysis confirmed the downregulation of CSRP2 in the miR-
27a-over-expressing HSF-1 cells. In contrast, the inhibitor-transfected group with a loss of 
miR-27a expression exhibited an upregulation of CSRP2 (Fig. 5C). However, the mRNA level 
of CSRP2 stayed almost constant after the cells were transfected with miR-27a or inhibitor 
as seen from the results of qRT-PCR (Fig. 5D).

Downregulation of CSRP2 induces the transformation of fibroblasts into CAFs and promotes 
the progression of gastric cancer
To explore whether the downregulation of CSRP2 has an impact on the transformation 

of fibroblasts into CAFs, we knocked down the expression of CSRP2 with short interfering 
RNA(siRNA) along with a NC group for comparison. We conducted western blotting to 
confirm that the expression of CSRP2 was downregulated in the si-CSRP2 group compared 
with that in the NC group (Fig. 6A). Meanwhile, we observed an elevated expression of α-SMA 
by western blot analysis in the si-CSRP2 group (Fig. 6A).

In addition, we investigated the proliferation of HSF-1 cells by means of the CCK-8 assay 
after knocking down the expression of CSRP2 (Fig. 6B). It was revealed that the growth rate 

Fig. 6. Downregulation of CSRP2 induces the transformation of fibroblasts into CAFs and promotes the 
progression of gastric cancer. (A) Western blotting showed the expression of α-SMA and CSRP2 after 
transfected with si-RNA of CSRP2 and the NC group. (B-C) CSRP2-knockdown promoted HSF-1 cells 
proliferation, migration and invasion as demonstrated by the CCK-8 proliferation assays (B) and Transwell 
assays (C) (D)CCK-8 proliferation assays revealed the discrepancy between SGC-7901 cells co-incubated 
with the HSF-1 cells in a loss of CSRP2 expression and NC group. ****p<0.01( E) CCK-8 proliferation assays 
showing the difference after co-culturing with the medium of si-CSRP2 transfected HSF-1 cells or negative 
control. ****p<0.01 (F) The motility of GC cells affected by CAFs, with CSRP2 knocking down, not only with 
the CAFs, but the medium containing varieties of cytokines performed by transwell assays. (G-H) Volume of 
tumors in CSRP2-knockdown/NC groups. p<0.05 (I)  Western blotting showed the transformation of CAFs 
by overexpressed miR-27a targeting wild type/mutation type CSRP2.

 

Figure	5	CSRP2	is	a	direct	target	of	miR-27a	in	GC	cells.	

 

Figure	6	Downregulation	of	CSRP2	induces	the	transformation	of	fibroblasts	into	CAFs	

and	promotes	the	progression	of	gastric	cancer.	
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of the fibroblasts was promoted by the downregulation of CSRP2 in comparison with growth 
rate in the NC group.

Furthermore, to verify the effect on the motility of HSF-1 cells by downregulation of 
CSRP2, we performed the experiment by Transwell assays. The results showed an obvious 
difference in the migration and invasion of cells in the si-CSRP2 group compared to those in 
the control group (Fig. 6C).

Furthermore, we investigated the effect of CAFs on GC cells. After incubating SGC-7901 
cells with HSF-1 cells with CSRP2 downregulation or the conditioned medium from these 
cells, it was observed that the treatment group and the negative control group were strikingly 
different in the results obtained from CCK-8 proliferation (Fig. 6D, E) and Transwell assays 
(Fig. 6F), which suggested that CAFs could in turn affect the proliferation, migration and 
invasion of GC cells.

In addition, we performed in vivo experiments that combines SCG-7901 cells and HSF-1 
cells with CSRP2-knockdown/NC. Each group included 5 nude mice. Finally, the group with 
CSRP2-knockdown resulted in more malignant behaviors in the tumor volume (Fig. 6G-H) 
which explained the down-expression of CSRP2 in fibroblast could promote the progression 
of gastric cancer.

Moreover, we conduct Western blotting illustrating that miR-27a directly targeted 
CSRP2. It was indicated that the overexpression of miR-27a could down-regulating the 
expression of wild type CSRP2, resulting in the promotion of transformation of CAFs. But 
this phenomenon was not found in mutation type CSRP2 (Fig. 6I).

Fig. 7. Differentially expressed genes between fibroblasts co-incubating with or without exosomes 
containing miR-27a. (A) Heat map presentation of the expression profile of genes. Each row represents a 
sample while each column represents a gene. The above 3 rows were fibroblasts cultured with exosomes 
containing miR-27a, while the below 3 rows were negative control. (B) Expression of each gene was validated 
by qRT-PCR and shown by heat map. (C) Volcano plot analysis of microarray data on differentially expressed 
genes between treatment and control group. The vertical red lines correspond to a 2.0-fold up and down 
regulation, while the horizontal red line represents a P-value of 0.05. Statistical significance was defined 
as fold change≥2.0 and P-value≤0.05. (D) Difference expression of some cytokines between treatment and 
control group. p<0.05.

 
Figure	 7	 Differentially	 expressed	 genes	 between	 fibroblasts	 co-incubating	 with	 or	

without	exosomes	containing	miR-27a.	
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Differentially expressed 
genes between 
fibroblasts incubated 
with or without 
exosomes containing 
miR-27a
We next performed 

microarray analysis to 
reveal the gene expression 
profiles of CAFs incubated 
with exosome carrying miR-
27a. First, the SGC-7901 
cells were divided into two 
groups and transfected with 
miR-27a-over-expression 
or miR-NC constructs. 
Heat maps (Fig. 7A, B) 
showed that there was a significant difference in gene expression between treatment and 
control groups. Volcano plot analysis (Fig. 7C) was used to visualize the fold change and 
statistical difference in the expression profiles for the fibroblasts cultured with exosomes 
after normalization to the control group. Afterwards, Kyoto Encyclopedia of Genes and 
Genomes(KEGG) analysis was performed to determine the role of exosomes containing 
miR-27a in the transformation to CAFs (Table 1). It was found that the interaction between 
cytokines and their corresponding receptors represented the largest proportion of all 
pathways at approximately 6.1%, which was followed by the NOD-like receptor signaling 
pathway and pathways in cancer, among others. To validate and further explore the findings, 
cytokine arrays were used, and the results showed that many cytokines, including TNF-β, 
SDF-1 and FGF-4, markedly differentially expressed between the treatment and control 
groups, suggesting that cytokines play a critical role in the tumor microenvironment (Fig. 
7D).

Discussion

The aim of the present study was to clarify the crucial functions of exosomes carrying 
miRNAs in the transformation of CAFs as well as in the progression of gastric cancer.

It is already well recognized that the occurrence and progression of cancer are not simply 
dependent on cancer cells but also rely to a large extent on the tumor microenvironment [20, 
21]. The components of the tumor microenvironment may also affect patients survival [22]. 
It had already demonstrated that demonstrated the new roles of hedgehog signaling pathway 
in the hBMSCs-derived exosomes induced tumor progression [23]. Among the predominant 
factors in the tumor microenvironment, are fibroblasts that can be transformed into CAFs 
under certain conditions [24]. CAFs play an important role in promoting cancer by secreting 
cytokines such as PDGF, TGF-β, VDGF and CXCL12[25-29]. Therefore, it is crucial to elucidate 
the precise mechanisms of the transformation of fibroblasts into CAFs by cancer cells.

While most studies on miRNA have placed emphasis on tumor cells, little is known 
about the role of miRNAs in the tumor-associated microenvironment. Previous studies 
have demonstrated that exosomes, which retain miRNAs in a stable form, serve as efficient 
transport mechanisms to deliver signals between cells [30]. In our preliminary experiments, 
we detected the expression of certain miRNAs that was altered in the exosomes derived from 
GC cells and finally chose miR-27a, which was abundant in these exosomes and was associated 
with prognosis in GC, for subsequent experiments. Thus, we hypothesized that exosomes 
rich in miR-27a can affect the tumor microenvironment in gastric cancer, especially by 

Table 1. KEGG analysis on the role of pathways in fibroblasts 
surrounded by exosomes with up-regulation of miR-27a

Term Count % P Value 
Pop 

Hits 

Pop 

Total 

Fold 

Enrichment 
Bonferroni Benjamini FDR 

Cytokine-cytokine receptor 

interaction 
25 6.097560976 1.46E-07 262 5085 3.416871293 1.79E-05 1.79E-05 1.69E-04 

NOD-like receptor signaling pathway 12 2.926829268 7.63E07 62 5085 6.930940482 9.31E-05 4.66E-05 8.79E-04 

Pathways in cancer 20 4.87804878 0.001602614 328 5085 2.183527997 0.177721188 0.063143589 1.82973014 

Chemokine 

Signaling pathway 
14 3.414634146 0.001881305 187 5085 2.680952022 0.205256141 0.055815655 2.144777795 

Toll-like receptor signaling pathway 8 1.951219512 0.021392051 101 5085 2.836424488 0.928506567 0.409998344 22.03994435 

ECM-receptor interaction 7 1.707317073 0.028315338 84 5085 2.98415493 0.969932842 0.442366663 28.15922743 

Hematop-oi etic cell lineage 7 1.707317073 0.031323923 86 5085 2.914755978 0.979403848 0.425735066 30.67901923 

ABC transporters 5 1.219512195 0.032632106 44 5085 4.069302177 0.982534394 0.397061581 31.74927519 

TGF-beta 

Signaling 

pathway 

7 1.707417073 0.032903776 87 5085 2.881253035 0.983122743 0.364619999 31.96963383 

Complement and coagulation 

cascades 
6 1.463414634 0.041606262 68 5085 3.113900796 0.99439773 0.404562199 38.69394479 

Focal adhesion 11 2.682926829 0.051410247 201 5085 1.959743536 0.998402031 0.443097794 45.5386196 

Cytosolic DNA-sensing pathway 5 1.219512195 0.065115273 55 5085 3.255441741 0.999729303 0.49567907 53.94062152 

Arachidonic acid metabolism 5 1.219512195 0.68680034 56 5085 3.197308853 0.999830149 0.487132487 55.92268222 

Hypertrophic cardiomyopathy(HCM) 6 1.463414634 0.086018933 85 5085 2.5227754764 0.99982847 0.543337242 64.49872975 
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reprogramming fibroblasts into CAFs. Nevertheless, there could be other miRNAs infecting 
the transformation together, which need further exploration in our current study.

In line with the genetic heterogeneity between normal fibroblasts and CAFs [31, 32], 
we first examined the effect on the transformation of fibroblasts to CAFs by miR-27a, 
exosomes and conditioned media from GC cells. We demonstrated that the acquisition of 
a CAF-like phenotype in fibroblasts could be induced by tumor cells through exosome-
mediated delivery of miR-27a, which not unexpected since exosomes have been shown 
to deliver miRNAs into cells and play a role in their transformation [33]. Furthermore, 
various properties of the fibroblasts were affected by miR-27a over-expression including 
proliferation and motility, suggesting that miR-27a is probably used as a signal by tumor 
cells to convert the microenvironment into a pre-tumoral niche. To further investigate 
the underlying mechanism, microarray and cytokine array analyses were performed, and 
the results suggested that cytokines may have a regulatory role in the reprogramming of 
fibroblasts affected by exosomes carrying miR-27a, which require further validation. As 
shown in the graph presented in Fig. 4E, we observed a sharp contrast between the two 
groups regarding the expression of certain cytokines, indicating their crucial functions in 
the transformation of fibroblasts into CAFs. Among those cytokines, hepatocyte growth 
factor(HGF) was the most differentially expressed. By binding with its tyrosine kinase 
receptor MET, HGF promotes cell proliferation, angiogenesis and invasion in various cancer 
types [34-37]. It has been reported that HGF is an important factor secreted by CAFs, and it 
acts as an important mediator of tumor-promoting effects of gastric CAFs [38], suggesting 
that gastric cancer is probably an excellent model for studying the therapeutic effect of HGF/
MET. Moreover, Stromal cell-derived factor-1(SDF-1), which signals via its cognate receptor 
CXCR4 and is expressed on the surface of carcinoma cells, directly boosts the proliferation of 
the carcinoma cells and can stimulate neoangiogenesis by recruiting circulating endothelial 
progenitor cells (EPCs) into the tumor stroma [39, 40]. In addition, the establishment of 
the self-sustaining TGF-β and SDF-1 autocrine signaling gives rise to tumor-promoting 
CAFs during tumor progression. This autocrine-signaling mechanism may be an attractive 
therapeutic target to block the evolution of tumor-promoting CAFs [41].We also observed 
a reduced expression of oncostatin M(OSM) in the group over-expressing miR-27a. OSM, an 
interleukin-6-family cytokine, induces cell growth inhibition, differentiation, and apoptosis 
in a variety of cancers including lung cancer, breast cancer and melanoma [42-44].It has 
been shown that the loss of OSMR expression occurs frequently in peptic cancers such as 
colorectal, gastric and pancreatic cancer, but rarely in cancers of other organs. In addition, 
this phenomenon has been shown to be an early event in colorectal carcinogenesis [45], 
which makes OSM/OSMR a potential target to be used in diagnosis and therapy.

Furthermore, we investigated the existence of a positive feedback loop to see whether 
CAFs could in turn affect the GC cells. In our tests, it was revealed that miR-27a-over-
expressed fibroblasts as well as conditioned medium derived from these cells could increase 
the proliferation and motility of GC cells in vivo and in vitro.

Intriguingly, to elucidate the mechanism of miR-27a, we discovered a sequence in the 
3’-UTR region of CSRP2 mRNA that is complementary to miR-27a. Recently, it has been 
reported that CSRP2, which is highly expressed in breast cancer [46]and B-cell acute 
lymphoblastic leukemia(ALL)[47], promotes the progression and metastasis of cancer and 
functions as an oncogene. Nevertheless, there are few studies on the relationship between 
CSRP2 and miRNAs as well as their effects on tumorigenesis in gastric cancer. To the best of 
our knowledge, we reported for the first time that miR-27a could directly target to the CSRP2 
by binding to its 3’-UTR and reducing its protein levels without affecting the level of mRNA. 
Furthermore, our results demonstrated that the reprogramming of fibroblasts into CAFs and 
the capacity of proliferation and motility of these cells were improved by the knockdown 
of CSRP2. These results were further confirmed by co-incubation of GC cells with CSRP2-
silenced fibroblasts or their medium, suggesting that CAFs secrete cytokines that can affect 
the progression of GC cells, which required further exploration.
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Therefore, GC cell-derived exosomes with high levels of miR-27a can transform 
fibroblasts into CAFs. Additionally, CSRP2 may perform as a downstream target of miR-27a, 
and its expression is inversely proportional to that of miR-27a in gastric cancer. Additionally, 
miR-27a-over-expressed or CSRP2-silenced fibroblasts can accelerate the progression of GC.

Abbreviations
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