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Abstract. Microvesicle biogenesis is a highly regulated 
process. Aberrant release of microvesicles from cancer cells 
have been associated with their invasiveness and prognosis. 
However, the mechanism of aberrant release remains poorly 
understood. Herein, we found that hepatocellular carcinoma 
cells shed more microvesicles than normal hepatocytes and 
miR-200a were shown to inhibit the release of microvesicles 
in hepatocellular carcinoma cells. Then, we confirmed that 
miR-200a might target Gelsolin and change cytoskeleton 
to regulate microvesicles secretion. Further miR-200a may 
inhibit the proliferation of adjacent cells by inhibiting the 
release of microvesicles. Collectively, our findings indicate 
that miR-200a regulated the microvesicle biogenesis involved 
in the hepatocellular carcinoma progression.

Introduction

Microvesicles (MVs) are small vesicular structures 
(30-1,000 nm in diameter) that are formed and shed directly 
from the surfaces of cells under physiological and patho-
logical conditions (1). They play vital roles in intercellular 

communication. Many studies suggest that de-regulated 
biogenesis of MVs is responsible for several diseases, espe-
cially cancers such as hepatocellular carcinoma (HCC) (2).

The formation of MVs involves tightly regulated processes. 
There are generally two types of MVs depending on the 
membrane vesicles from which they are derived, microparticles 
(100-1000 nm) and exosomes (30-100 nm). Microparticles bud 
from micro-domains within the plasma membrane (known 
as lipid rafts), then are loaded with the specific cargo and 
are finally released into the extracellular environment (3). In 
contrast, the biogenesis of exosomes uses the multivesicular 
body (MVB) sorting pathway, in which proteins and lipids 
are initially destined for degradation in lysosomes. The 
biogenesis of MVs results in dramatic morphological changes 
in the cells. RhoA signaling, which is responsible for actin-
cytoskeletal rearrangements and cell morphology, is able 
to stimulate the formation of MVs in different cancer cell 
lines (4). An increase of the intracellular Ca2+ has also been 
shown to promote the formation of MVs (5,6). Gelsolin (GSN) 
is a potent actin-severing protein that removes the capping 
proteins and regulates the assembly and disassembly of the 
actin filaments (F-actin) (7). The breakdown of actin filaments 
by GSN depends on the cytosolic Ca2+ concentration (8). 
Ca2+ serves as a rapid activator for GSN and assists GSN in 
participating in the regulation of cell cytoskeleton and vesicle 
secretion. However, thus far, the molecular aspects associated 
with the regulation of gene expression of GSN, especially at 
post-transcriptional level, have not been clearly elucidated.

MVs can transport several types of cargo including 
proteins, lipid, and nucleic acids (mRNA, microRNA, and 
DNA) to recipient cells to regulate the functional or behavioral 
aspects of the recipient cells. The biological function of MVs 
appears to be dependent on the content transported by them. 
Our previous study suggested that overexpression of miR-483 
in HL7702 cells might lead to an intercellular transfer of 
miR-483 between HL7702 and LX-2 cells (9). Chen et al also 
confirmed that miR-214 could be transferred by exosomes 
from hepatocytes to hepatic stellate cells and be involved in 
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fibrogenesis (10). however, it is unclear whether microRna 
regulates the secretion of MVs.

Increased mv levels have been reported in patients with 
HCC and might serve as a potential biomarker for the diag-
nosis and prognosis of HCC (2,11). Kogure et al have shown 
that hCC-derived mvs can carry a specific subset of miRnas 
that can be internalized by other cells to regulate trans-
forming growth factor-β (TGF-β)-activated kinase-1 (TAK1) 
expression and enhance transformed cell growth in recipient 
cells (12). Furthermore, the expression of miRNAs in serum 
exosomes could be a potential diagnostic marker for HCC. 
Serum exosomal miR-21 expression in patients with HCC has 
been reported to be higher than healthy volunteers (13). In the 
past decade, extensive and in-depth studies on microRNAs 
in liver diseases, especially in HCC, have been conducted. 
miR-21, miR-122, miR-200, and miR-221 have been reported 
to be de-regulated in HCC progression and implicated in 
cancer cell proliferation and metastasis (14-17). Nevertheless, 
whether de-regulated microRNA could regulate the secretion 
of MVs in HCC is unclear.

In this study, we proposed that miR-200a could inhibit 
the secretion of MVs derived from liver cancer cell lines and 
regulate the proliferation of the adjacent cells. Herein, we 
first identified the amount of mvs released from normal liver 
cell lines and HCC cells. Second, we explored the effect of 
miR-200a on the secretion of MVs. Subsequently, GSN was 
predicted and identified as the functional target of miR-200a. 
Finally, the upregulation of miR-200a was able to regulate the 
proliferation of the adjacent cells. To the best of our knowl-
edge, this is the first study to propose that microRna regulates 
the secretion of MVs. The results of this study can help in 
understanding the functions of microRNA and the secretion 
of MVs in liver diseases.

Materials and methods

Cell culture. The human HCC cell line HepG2 and Huh7 and 
human normal hepatocyte cell line HL7702 were conserved 
in our laboratory. HCC cell lines and normal hepatocyte cell 
line were cultured in Dulbecco's modified eagle's medium 
and RPmI-1640 medium (Invitrogen, Carlsbad, Ca, uSa), 
respectively, supplemented with 10% fetal bovine serum and 
1% penicillin/streptomycin in a humid atmosphere containing 
5% CO2 at 37˚C.

Transfection and luciferase assay. Cells were seeded in 6-well 
plates and transfected with miR-200a or miR-483 mimics, or 
non-targeting control (NC) (GenePharma Co., Ltd., Shanghai, 
China) using Lipofectamine-2000 (Invitrogen). The nC was 
synthetic scrambled double oligonucleotide, non-targeting 
against any mRNA. Protein and mRNA expression levels 
were analyzed 48-h post-transfection. For the MV isolation, 
we used 10-cm plates to do the transfection. The luciferase 
assay was performed in heK-293T cells. Briefly, we generated 
two Luc-M 3'-uTR constructs, including the potential biding 
sequence (gSn-WT-uTR) and mutated the potential biding 
sequence (GSN-MuT-uTR). Cells were seeded in 24-well 
plates and co-transfected with 100 ng Luc-GSN 3'-uTR 
reporter vector, 40 ng TK and 30 nM miR-200a mimics and 
incubated overnight. Luciferase activity was measured using 

the Dual-Glo Luciferase assay system (Promega, Madison, 
WI, uSa).

Isolation of MVs and electron microscopy. MVs were puri-
fied from cell culture medium as previously described (18). 
Cell culture medium was centrifuged at 300 x g for 10 min, 
at 1200 x g for 10 min, and then at 10,000 x g for 30 min. 
The supernatant was ultracentrifuged at 110,000 x g for 2 h at 
4˚C. Pelleted mvs were resuspended in culture medium and 
sent to the Center for Electron Microscopy, Harbin Medical 
university for transmission electron microscopy (TEM) 
analysis.

MVs labeling and flow cytometry. MVs were labeled with 
PE anti-human CD9 (#312105, BioLegend, London, uK) for 
30 min at room temperature in the dark according to the manu-
facturer's instructions. CD9 is a specific molecular marker for 
exosomes (19). After incubation with CD9, the samples were 
immediately analyzed using flow cytometry. The procedure 
was carried out as previously described (20). To establish a 
mv gate, we used size-calibrated fluorescent beads with a size 
of 1 µm (#L2778, Sigma, St. Louis, MO, uSA). The upper limit 
of the MV gate was established using the 1 µm beads, while 
the lower limit was set by the medium (Fig. 1B). We defined 
MVs as particles within the MV gate, which had positive 
staining for CD9. The formula, number of events of defined 
mvs/number of cells used for the mvs isolation, was used for 
mv quantification.

Quantitative real-time PCR. Total RNA was extracted using 
TRIzol reagent (Invitrogen). Reverse-transcribed complemen-
tary DNA was synthesized with random primers or microRNA 
specific stem-loop primers (applied Biosystems, Foster City, 
CA, uSA). Subsequently, the cDNA was subjected to real-time 
PCR on a 7500 real-time PCR system (Applied Biosystems). 
The 2-∆∆Ct method was used to calculate the relative expression 
levels of the genes of interest. GAPDH and u6 were used as 
internal controls. The primer sequences used were as follows: 
GSN sense: 5'-CAGACAGCCCCTGCCAGCACCC-3', anti-
sense: 5'-GAGTTCAGTGCACCAGCCTTAGGC-3'; GAPDH 
sense: 5'-AGCCTCCCGCTTCGCTCTCT-3', antisense: 
5'-GCGCCCAATACGACCAAATCCGT-3'; miR-200a sense: 
5'-GGCGTAACACTGTCTGGTAA-3', antisense: 5'-CGTAT 
CCAGTGCGTGTCGTG-3'; u6 sense: 5'-GCTTCGGCAG 
CACATATACTAAAAT-3', antisense: 5'-CGCTTCACGAAT 
TTGCGTGTCAT-3'.

Cell indirect co-culture and MTT assay. For the indirect 
co-culture assay, polycarbonate membrane inserts in multi-
dishes (Nunc, Beijing, China) were used. The HepG2 or Huh7 
cells transfected with carboxyfluorescent labeled miR-200a 
mimics or NC were seeded in the upper transwell inserts, 
and the HL7702 cells were seeded in the lower 3.5-cm plates. 
HepG2 or Huh7 cells expressing green fluorescence was 
visualized directly by fluorescence microscopy and at least 
twenty fields were recorded per experiment. The formula - % 
transfection efficiency = (number of cells stained with fluores-
cent positive-green/total number of cells per field) was used to 
calculate the transfection efficiency. The hepg2 or huh7 cells 
with transfection efficiency exceeding 70% was used in the 
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indirect co-culture experiment. After transfection, we changed 
the culture medium with medium containing CD9 in the upper 
transwell inserts. The CD9+ HL7702 cells were observed by 
fluorescence microscopy and we calculated the percentage of 
CD9+ hL7702 cells by choosing ten fields for each experiment. 
Cell viability was assessed using the MTT assay. To each well 
of cells 100 µl of 5 mg/ml solution of 3-[4,5-dimethylthiazol-
2-yl]-2,5-diphenyltetrazolium bromide (MTT) was added and 
incubated at 37˚C for 4 h and then lysed in 700 µl of dimethyl 
sulfoxide (DMSO) at room temperature for 15 min. The 
absorbance of each well at a wavelength of 492 nm was read 
on a spectrophotometer. Three independent experiments were 
performed in quadruplicate.

Western blotting. Total proteins from cells were extracted 
using RIPa buffer. Cellular protein extracts were separated 
in a 10% SDS-polyacrylamide gel and electrophoretically 
transferred onto a PDVF membrane (Millipore, Bedford, 
MA, uSA). Membranes were blocked with 5% non-fat dried 
milk and incubated with antibodies against GSN (Santa Cruz 
Biotechnology, Santa Cruz, CA, uSA) and GAPDH (Cell 
Signaling Technology, Danvers, ma, uSa) overnight at 4˚C. 
After washing with PBST, the membranes were incubated 
with horseradish peroxidase-linked secondary antibody. The 
proteins were visualized using ECL chemiluminescence and 

detected by X-ray film. Bands were quantified with Imagej 
(national Institutes of health, Bethesda, mD, uSa).

F-actin staining. The F-actins in fixed cells were stained by 
CytoPainter F-actin Staining kit (Abcam) according to the 
manufacturer instructions. The cells were rinsed with PBS 
and fixed with 4% paraformaldehyde for 30 min at room 
temperature followed by permeabilizing with 0.1% Triton 
X-100 in PBS for 5 min. The cells were rinsed in PBS and 
1X red fluorescent phalloidin conjugate working solution was 
added at room temperature for 45 min.

Statistical analysis. All experiments were repeated at least 
three times before statistical analysis. All experimental data 
are shown as the mean ± SEM. Differences between samples 
were analyzed using the two-tailed Student's t-test. Statistical 
significance was accepted at P<0.05.

Results

Hepatocellular carcinoma cells release more microvesicles 
than normal hepatocytes. MVs are one of the key vectors of 
intercellular communication and transport regulatory mole-
cules from donor cells to recipient cells. Our previous study 
suggested that hepatocytes might secrete MVs containing 

Figure 1. HepG2 and Huh7 cells release more MVs than HL7702 cells. MVs were isolated from the supernatant of cultured cells through ultra centrifugation. 
(A) Representative image of isolated MVs observed by transmission electron microscopy. Small 40- to 90-nm vesicles are indicated with arrows. (B) 
Construction of mv gates of flow cytometry using size-calibrated fluorescent beads (left) and medium (right). The solid square (P1) is the total mv gate. (C) 
mvs released from liver cell lines (hepg2, huh7, and hL7702 cells) measured by flow cytometry. (D) Statistical analysis of mv release. hepg2 and huh7 
cells secreted more MVs than HL7702. ※P<0.05.
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miR-483 and transferred the MVs to hepatic stellate cells (9). 
However, the amount of MVs released by normal hepatocytes 
and hepatocellular carcinoma cells remains unclear. The pres-
ence of exosomes was confirmed by several criteria including 
i) appearance as 50-90 nm bi-membrane vesicles assessed 
by electron microscopy ii) complementary biochemical 
(immuno blotting), mass spectrometry, and imaging techniques 
to identify exosomal proteins including tetraspanins (CD9, 
CD63), Alix, TSG101 and ESCRT (12,13). 

In our study, we chose CD9 for exosomal identification 
because CD9 is a well-characterized marker of exosomes and 
is highly expressed on the surface of exsomes. MVs extracted 
from the media of HCC cells, HepG2, were visualized by 
transmission electron microscopy (TEM) (Fig. 1A). The results 
showed that most MVs from supernatants were membrane 
particles with a diameter of approximately 50 nm. The size 
and ultrastructural morphology suggested that the extracted 
MVs were predominantly exosomes (21). To quantify the MVs 
released from HCC cells, the number of MVs from different 
liver cell lines was determined by flow cytometry after labeling 
with PE-conjugated CD9 antibody (Fig. 1C). The MV levels of 
HepG2 and Huh7 cells were higher than that of normal liver 
cell line, HL7702 (Fig. 1D). Considering that MVs derived 
from cancer cells are capable of transferring oncogenic cargo 
to recipient cancer cells (3), this result suggested that high 
level of cellular MV secretion might be associated with the 

abnormal cell behavior growing out of control in liver cells. 
Further studies were conducted to determine the mechanism 
of the de-regulation of MV levels.

Overexpression of miR-200a suppresses the secretion of HCC 
cell-derived microvesicles. We have previously showed that 
miR-483 might be transported by mvs to influence adjacent 
cells (9). other microRnas with significantly differential 
expression in HCC, such as miR-200a, are downregulated in 
HCC (22). Herein, we aimed to determine whether miR-483 
or miR-200a could be involved in the mv biogenesis. We 
initially analyzed miR-200a expression pattern in TCGA data 
and found that miR-200a expression was significantly low 
(Fig. 2a). We subsequently identified the expression levels of 
miR-483 and miR-200a by qRT-PCR. miR-483 expression 
was >3-fold higher, and miR-200a expression was 2-fold lower 
in HepG2 and Huh7 cells, compared with HL7702 (Fig. 2B), 
which is also in accordance with previous studies (22,23). 
Further, we tested the effect of ectopic miR-483 or miR-200a 
expression on liver cell MV secretion. The results showed that 
miR-200a overexpression was able to inhibit the release of 
MVs from liver cancer cell lines (Fig. 2C and D). miR-200a 
inhibitor treatment did not have a significant effect on mv 
release, which might be caused by the low expression level of 
endogenous miR-200a in HCC cells. Nevertheless, the number 
of MVs derived from HL7702 showed no differences between 

Figure 2. miR-200a inhibits the release of MVs from HepG2 and Huh7 cells. (A) hsa-miR-200a expression level of 48 HCC tissues from TCGA database was 
significantly lower compared with corresponding non-tumor normal tissues. P<0.0001. (B) miR-200a expression level was downregulated in hepg2 and huh7 
cells compared with hL7702 cells, while miR-483 was upregulated. (C) miR-200a suppressed the release of mvs derived from hepg2 and huh7 cells by flow 
cytometry. (D) Statistical analysis of MV release. miR-200a inhibited the MV release from HepG2 and Huh7 cells. *P<0.05.
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the miR-200 overexpression group and negative control group. 
This might be due to the de-regulated expression of miR-200a 
in liver cancer cells. However, miR-483 did not affect the MV 
release in liver cells. Collectively, these results suggested that 
miR-200a overexpression could suppress the release of MVs 
in liver cancer cells.

miR-200a inhibits the release of MVs of HCC cells by 
functionally regulating GSN. Many studies have shown 
that miR-200a could regulate the proliferation, migration, 
and epithelial-mesenchymal transition (EMT) of cancer 
cells (16,24-26). These reports revealed the functional targets 
of miR-200a, such as ZeB1/ZeB2, DeK, SPag9, and ePha2. 
To identify the target of miR-200a in the secretion of MVs, we 
used bioinformatics tools (miRanda and PicTar) to predict the 
potential target of miR-200a, which might be involved in the 
stability of cell membrane (Fig. 3A). Among these potential 
targets, GSN has been reported to play an important role in 
regulating the assembly and disassembly of actin filament 
(F-actin). Actin-cytoskeletal rearrangements have been impli-
cated in the release of MVs (4,27,28). Additionally, we found 
that GSN expression was upregulated in HCC by analyzing 

TCGA data (Fig. 4A). mRNA and protein levels of GSN were 
investigated after transfection with miR-200a mimics or nega-
tive control sequences by qRT-PCR and western blotting. The 
results suggested that miR-200a could inhibit the expression 
of GSN gene (Fig. 3B and C). Next, we proved that miR-200a 
directly targeted the 3'-uTR of GSN using the dual luciferase 
reporter assay (Fig. 3D). Further, the lack of GSN induced by 
miR-200a overexpression resulted in marked stabilization of 
the polymerized actin networks, as shown by F-actin staining 
in hCC cells (Fig. 4B). In summary, we assumed that a miR-
200a-GSN-F-actin pathway might promote the release of liver 
cancer cell MVs.

Function of GSN is dually controlled by miR-200a and 
calcium. In the presence of micromolar Ca2+ concentrations, 
GSN is activated to bind and sever assembled actin fila-
ments (29). To determine whether GSN could be regulated 
by both miR-200a and Ca2+, we treated the cells with 1 mM 
CaCl2 for 30 min to increase the intracellular Ca2+ concentra-
tion. We observed more short actin filaments in the presence 
of Ca2+ (Fig. 4B). However, overexpression of miR-200a 
resulted in considerably more polymerized and elongated actin 

Figure 3. GSN is the direct target of miR-200a involved in cytoskeleton regulation. (A) The base-pairing interaction of miR-200a seed sequences and GSN, 
as predicted by bioinformatics analysis. (B) GSN mRNA level measured by quantitative real-time PCR (normalized to GAPDH) and (C) GSN protein level 
measured by western blotting (normalized to gaPDh) at 48 h after transfection with miR-200a mimic or nC in hepg2/huh7 cells. (D) Luciferase assay. 
heK293T cells were co-transfected with a luciferase construct fused with the wild-type (WT) or mutanted 3'-uTR of gSn and miR-200a mimic or nC. 
(E) The relative luciferase activity was detected. *P<0.05.
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filame nts. To further confirm whether high level of cellular 
Ca2+ concentrations could recover the function of GSN in 
miR-200a mimic-transfected cells. We added 1 mm CaCl2 for 
30 min after transfection of miR-200a mimics for 48 h and 
observed the cytoskeletal change. We observed the stabiliza-
tion of the polymerized actin networks and more elongated 
actin filaments, following the ectopic expression of miR-200a 
and CaCl2 treatment. Collectively, we assumed that in normal 
cells miR-200a is the predominant regulator of GSN function 
and governs the secretion of MVs, while in abnormal cells the 
expression of miR-200a is inhibited and high level cellular 
Ca2+ activates GSN and leads to the release of more MVs 
(Fig. 4C). Take together, the results suggested that the function 
of GSN was controlled by miR-200a and calcium.

Overexpression of miR-200a inhibits the proliferation of 
adjacent cells. It has been reported that mvs derived from 
cancer cells can promote the proliferation of other cancer cells 
and enable normal fibroblasts and epithelial cells to have the 
transformed characteristics of cancer cells (30). To further 
explore the role of hypothetic miR-200a-GSN-F-actin pathway 
in normal liver cells, we performed indirect co-culture experi-
ments in HL7702 cells (Fig. 5A). The HepG2 or Huh7 cells 

transfected with carboxyfluorescent labeled miR-200a mimics 
or NC were seeded in the upper transwell inserts, and the 
HL7702 cells were seeded in the lower 3.5-cm plates. After 
transfection, we changed the culture medium with medium 
containing CD-9 in the upper transwell inserts. We observed 
that CD-9 labeled MVs could be found in the HL7702 cells, 
which suggested that MVs could be transported from HepG2 
or Huh7 cells to HL7702 cells in the lower 3.5-cm plates of 
indirect co-culture experiments. 

We also observed the existence of fluorescently labelled 
mir-200a in the HL7702 cells, which suggested that miR-200a 
may serve as the cargo of MVs and be transported into the 
HL7702 cells (Fig. 5B). Further, we calculated the percent-
ages of CD9+ HL7702 cells in the lower plates and found 
that approximately 9% of HL7702 cells were CD9-positive. 
Later, the cell viability of HL7702 cells in the lower 3.5-cm 
plates were measured by MTT assay and the proliferation of 
HL7702 cells cocultured with miR-200a mimic-transfected 
huh7 cells was inhibited (Fig. 5C). We assumed that miR-
200a might inhibit the release of HCC cell MVs and effect 
the proliferation of adjacent cells. In summary, mvs could be 
an important vector for intercellular communication among 
cancer cells.

Figure 4. Function of GSN is regulated by miR-200a and calcium. (A) GSN expression level of 50 HCC tissues from TCGA database was higher compared with 
corresponding non-tumor normal tissues. P<0.05. (B) Representative images of hepg2 cell F-actin staining. overexpression of miR-200a resulted in much 
more polymerized actin filaments. In the presence of Ca2+, the final average length of actin filaments was shorter. Treating cells with miR-200a and Ca2+, more 
polymerized actin filaments were observed. magnification, x400. (C) Roles of miR-200a and Ca2+ in regulating GSN function, in normal cells miR-200a may 
be the predominant regulator of GSN function and governs the secretion of MVs, while in abnormal cells the expression of miR-200a is inhibited and high 
level cellular Ca2+ activates GSN and leads to the release of more MVs.
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Discussion

It is widely recognized that almost all human cancer cells and 
normal cells are able to generate MVs. However, the amounts 
of MVs generated by the cells are different. The higher grade 
and more aggressive cancer cells generate higher number of 
MVs compared with the lower grade and less aggressive cancer 
cells (31). However, the cellular mechanism of the increased 
MV release in cancer cells is not clearly understood.

In this study, we demonstrated that hCCs secreted more 
mvs than normal hepatocytes by using flow cytometry. We 
further confirmed that miR-200a was downregulated in 
HCC cells, which were reported to be correlated with tumor 
progression, metastasis, and poor prognosis. Furthermore, we 
found that miR-200a overexpression in HepG2 and Huh7 cells 
could inhibit the MV secretion possibly by targeting GSN.

Previous studies have demonstrated that peripheral blood 
MV levels are elevated in HCC patients and tumor-derived 
exosomes promote tumor progression and tumor cell migra-
tion (2,32). Wei et al reported that exosomes derived from 
HCC cells promoted growth, migration, and invasion of 
parental cells (33). Our results showed that liver cancer cells 

could release more MVs and regulate the proliferation of 
adjacent cells. Considering the fundamental role of MVs in 
cancer, more researchers have begun to focus on the biogenesis 
of MVs. Vps4A and Annexin A2 were reported to function in 
affecting migration and invasion of HCC cells by regulating 
the secretion of cancer-derived MVs (33,34). 

Given the importance of microRNA in HCC progres-
sion, we assumed that microRNA might be associated with 
increased mvs release in cancer cells. We found that miR-
200a was able to inhibit the release of MVs in liver cancer 
cells. To the best of our knowledge, this is the first study to 
demonstrate that the microRNA miR-200a, can regulate the 
production of liver cancer-derived MVs. miR-200a over-
expression could lead to actin remodeling by suppressing GSN 
expression and cause dramatic morphological changes, which 
might be a potential pathway to affect the MV secretion. 
gSn was first discovered as a Ca2+-dependent actin filament 
severing and capping protein (8). GSN also plays crucial roles 
in many different physiological and pathological processes, 
such as apoptosis, familial amyloidosis of the Finnish type, 
inflammation, alzheimer's disease, and even cancer-high 
expression level of GSN was observed in a subset of non-small 

Figure 5. overexpression of miR-200a inhibits the proliferation of adjacent hL7702 cells. (a) Illustration of indirect co-culture. (B) after the hepg2 and huh7 
cells were transfected with carboxyfluorescent (Fam) labeled miR-200a mimics, the media of hepg2 and huh7 cells were labeled with CD9. The CD9 (red) 
and miR-200a mimics (green) were observed in HL7702 cells. (C) The proliferation of HL7702 cells in the lower 3.5-cm plates were measured by MTT. The 
proliferation of HL7702 cells were inhibited at 36 h (*P=0.048) and 48 h (*P=0.033).
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cell lung cancers, and a gradual increase of GSN occurred with 
an increase in the tumor grade (35). It is of great significance to 
explore the mediators of GSN expression. Besides the activity 
and promoter regulation of GSN (36), the regulation of GSN 
expression at post-transcriptional level has not been reported. 
We first revealed that 3'-uTR of gSn can be targeted by 
microRNA, miR-200a, and resulted in the decreased expres-
sion of GSN and the changes to cell cytoskeleton.

With the formation of mvs, several cargoes are loaded into 
the MVs, which are released when they arrive at the recipient 
cells. The function of MVs relies on the cargoes they carry. 
However, in our study, we did not address whether miR-200a 
could affect the loaded cargo of cancer cell-derived MVs, 
which is vital to the understanding of MV function and needs 
to be further investigated. In addition, we suggested that 
miR-200a could serve as cargo of MVs and be transferred to 
recipient cells. Considering the selective packaging of cargo 
into MVs, whether the packaging of miR-200a into MVs 
and the release of miR-200a targeting to recipient cells are 
of specificity needs further investigation. moreover, it would 
be of significance to know whether miR-200a-gSn pathway 
serves as a general mechanism for MV release. Gelsolin over-
expression and silencing would provide direct link between 
gelsolin and mv secretion. In future, further studies will be 
conducted to determine the mechanism of MV biogenesis, 
selective cargo loading and mv traffic.

In summary, our results suggested that regulating the secre-
tion of MVs by microRNA-target pathway is feasible for further 
tumor treatment. Second, we improved the understanding of 
how gSn expression is regulated. Increased cytosolic Ca2+ could 
rapidly activate the activity of GSN, while miR-200a can act as 
a post-transcriptional regulator for GSN. Third, GSN serving as 
a novel target of miR-200a may provide an additional mecha-
nism explaining the role of miR-200a in emT. These findings 
may contribute to a better understanding of MV biogenesis and 
the identification of new therapeutic targets for cancer.
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