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Mesenchymal stem cells were affected  
by up-regulation of miRNA-21 in vitro
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Abstract: Background: The expression of miRNA-21 was high in cells that were derived from MSCs, but, the role of 
miRNA-21in the MSCs was unknown. Material/Methods: In this study, flow cytometry, which was used to identify 
the surface-associated antigens of MSCs. The 10 μmol/l 5-azacytidine was used to induce MSCs to differentiate 
to cardiomyocyte-like cells. Immunofluorescence, that was for detected the expression of troponin I (cTnI). The 
samples were assigned to 3 groups: the blank group, the miRNA-21 mimic group, and the negative control (NC) 
group. The proliferation of MSCs was detected by methyl thiazolylte-trazolium (MTT), the apoptosis of MSCs was 
analyzed by flow cytometry, Western-blot, which was used to identify the expression of cTNI and myoD in the MSCs. 
Results: The proliferation of MSCs was increased, because of the over expression of miRNA-21; But, the apoptotic 
rate of the MSCs were slower in MIRNA-21 group, on account of the expression of miRNA-21 was higher than that 
of in the NC and CK groups. The expression of cTNI in miRNA-21 group was higher than that of in the NC and CK 
groups. Conclusions: The results also suggested that, the up-regulation of miRNA-21 enhanced proliferation of 
MSCs, reducing the apoptosis of MSCs. MiRNA-21 promotes the differentiation of MSCs, which may pave the way 
for the treatment directed toward restoring miRNA-21 function for myocardial ischemia.
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Introduction

The bone marrow-derived cells, mesenchymal 
stem cells (MSCs) were confirmed to differenti-
ate into cells, such as: osteoblasts, chondro-
cytes, adipocytes, cardiomyocyte-like cells and 
et al. [1-3]. MSCs could secrete vascular endo-
thelial growth factor (VEGF) and other factors 
[4]. MSCs not only could differentiate into car-
diomyocyte-like cells, but also supply large 
amounts of angiogenic and other factors. So, 
MSCs have the cardioprotective effects in the 
treatment of myocardial ischemia [5-7].

MicroRNAs (miRNAs) are a class of non-coding 
small RNA (21-25 nucleotides) involved in regu-
lation of cell behavior either through inhibition 
of mRNA translation or promoting mRNA degra-
dation [8]. MiRNAs are important regulators in 
diverse biological processes not only in cell 
development, proliferation, differentiation but 
also in controlling the gene expression [10-12]. 
Recent reviews reported the role of microRNAs 
in mesenchymal stem cell differentiation [9, 
13-16]. It is also known that transient modula-

tion of microRNAs is useful for rapid induction 
of osteogenesis from mesenchymal stem cells 
and it is a useful scheme for cell based therapy 
[17]. So, all the above information suggested 
that microRNAs are involved in stem cells main-
tenance and differentiation.

MiRNA-21 has been mapped at 17q23.2, where 
it overlaps with the gene encoding vacuole 
membrane protein 1 (VMP1) [11]. Some reports 
that miRNA-21 has an important role in MSCs 
Derived Osteoblast Cells, Chondrocytes Cells 
and Adipocytes Cells. But the number of stud-
ies related to the role of miRNA-21 in MSCs is 
still very limited [8, 18, 19], especially, in the 
process of MSCs differentiation into cardiomyo-
cyte-like cells. So, we wanted to survey the up-
regulation of miRNA-21 affect to MSCs.

Materials and methods

Animals 

The Clean Sprague-Dawley (SD) rats were weig- 
hing between 250 to 300 g. The rats came from 

http://www.ijcep.com


MiRNA-21 affected mesenchymal stem cells

28 Int J Clin Exp Pathol 2018;11(1):27-37

the Experimental Animal Center of Shanghai 
Jiaotong University School of Medicine, Shang- 
hai, China (production license No: scxk (hu) 
2004-0001; using license No. syxk (hu) 2003-
2009). The present study was reviewed and 
approved by the University Institutional Animal 
Care and Use Committee, the animals were as 
the same as in our previous study [42].

Reagents 

DMEM (Low-glucose Dulbecco’s modified Ea- 
gle’s medium) and FBS (fetal bovine serum) 
came from Hyclone, MTT (Thiazolyl blue) was 
obtained from Sigma-Aldrich Chemical Cor- 
poration, two dimethyl sulfoxide (DMSO) was 
obtained from Gibco, The cardiac-specific anti-
bodies (cTNI), CD45 was FITC-conjugated goat 
anti-rat antibodies, CD90 was PE-conjugated 
rabbit anti-rat antibodies and CD29 was APC-
conjugated rabbit anti-rat antibodies, they were 
purchased from Abcam. PGMLV-MA2 Expres- 
sion Vector kit with EmGFP and other correlat-
ing reagents were purchased from Qiagen. In 
the study, all of the reagents and instruments 
for immunofluorescence, western blot analysis, 
MTT, Construction of the expression lentivirus, 
flow cytometry and Immunofluorescence were 
purchased from Gibco, Invitrogen, Fermentas, 
Thermo Scientific and Sigma-Aldrich Chemical 
Corporation, respectively. 

Cell culture 

Bone marrow cells were isolated from the long 
bones (tibia and femur) of SD rats and cultured 
in DMEM containing 10% FBS, 100 units/ml 
penicillin, and 100 μg/ml streptomycin for 24 h 
to generate BMSCs. BMSCs were harvested 
using 0.125% trypsin and plated at 1:3. BMSCs 
were cultured on tissue culture plastic or cover-
slips in DMEM for 24 h with 10 µmol/l 5-aza-
cytidine. Then, the culture medium was repla- 
ced every 2 days.

In order to keep the cell surface molecules bet-
ter, the cells were detached using accutase for 
flow cytometry.

Labeling of MSCs

Before the MSCs with DAPI were harvested, in 
the culture medium of MSCs, the DAPI solution 
was added, at a final concentration of 50 mg/
ml for 30 min [20], then, the excess unbound 
DAPI must to be removed.

Flow cytometry 

Briefly, 3×105 cells/mL were treated with LCB 
(20, 40 and 80 µM) for 48 h, washed twice with 
ice-cold PBS, then stained by 5 µL of CD45 
monoclonal antibody, CD90 monoclonal anti-
body and CD29 monoclonal antibody and 5 µL 
of propidium iodide (PI) for 10 min. Then, the 
data were analyzed using Summit software 
(Cytomation, Inc, Fort Collins, CO, USA); the 
whole process was performed using a flow 
cytometer (BD, NJ, USA).

Immunofluorescence microscopy 

The MSCs were fixed in 4% formal-dehyde for a 
20 min incubation, permeabilised for 10 min in 
0.3% Triton X-100, blocked in 5% donkey serum 
at room temperature for 30 min, and probed 
with the primary antibodies diluted in 5% don-
key serum in PBS for 2 h at room temperature 
(RT) or overnight at 4°C. Then, the cells were 
incubated with the secondary antibody (the 
anti-bodies for cTNI) for 30 min. Finally, cover-
slips were sealed with nail polish. Immunofluo- 
rescent stains were analyzed at high resolution 
with a Zeiss laser scanning confocal micro-
scope, LSM-780. Z-stacks of images were pro-
cessed and 3D-reconstructed with Imaris soft-
ware (version 7.00, Bitplane). Imaris, Photoshop 
and Illustrator (Adobe) software was used for 
image processing in compliance with Nature’s 
guide for digital images. All quantifications were 
done with ImageJ, Imaris and Volocity software 
on high-resolution confocal images.

Western blot analysis 

Proteins were separated on a polyacrylamide 
gel before transfer to a PVDF membrane. The 
blotting membrane was blocked with bovine 
serum albumin and incubated with primary 
antibodies followed by incubation with HRP-
coupled goat anti-rabbit IgG H&L (1:5000, 
Abcam, ab6721) or HRP-coupled rabbit anti-
goat IgG H&L (1:5000, Abcam, ab6741), respec-
tively. The proteins were detected using 
SuperSignal® West Dura Extended Duration 
Substrate (Thermo Scientific, Prod # 34075).

Construction of the expression lentivirus vector 
of miRNA-21 

The pre-miRNA-21sequence was according to 
the miRBase accession no. MI0000850. The 
corresponding shRNA primer sequence was as 
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follows: 4145hsa-miR-21-F (XhoI): CCGCTCGAG 
TTGTTTTGCTTGGGAGGAAAATAAACA; and 41- 
45hsa-miR-21-R (BamHI): CCG GGATCC CAAT- 
GCAGCTTAGTTTTCCTTTATTTATTTGTG. The cor-
responding restriction enzymes digest the XhoI 
and BamHI. The Vector Cloning kit was used for 
restructuring; the shRNA oligonucleotide was 
inserted into the shRNA expression vector 
(Invitrogen), and the cells were transfected with 
plasmids infected with E. coli DH5. The oligo-
nucleotides were annealed and cloned into the 
PGMLV-MA2 vector (LV-miRNA-21).

Transfection 

The protocol was the same as in our previous 
study [42]. As a ratio of 1:5, a plasmid express-
ing GFP together with a plasmid expressing 
shRNA specific for GFP co-transfected the 293T 
cells, with FuGENE® transfection reagent.

Lentiviral vector production 

The protocol was the same as in our previous 
study [42].

The 293T cells were transfected by using the 
calcium-phosphate method [21-23]. Then re- 
combinant lentiviruses were produced. After 
48 and 72 h, we got the infectious lentiviruses 
[21-23]. Through ultracentrifugation (2 h at 
50,000×g) and subsequently purified on a 
sucrose 20% gradient (2 h at 46,000×g), re- 
combinant lentiviruses were concentrated [16]. 
Vector concentrations were analyzed as previ-
ously described [24]; the activity of the viral 
titer was measured (5×108 TU/ml). 

Transfection of MSCs with LV-miRNA-21 

The MSCs were successfully transfected with 
LV-miRNA-21 or LV-GFP.

MTT cell proliferation assay 

The protocols for MTT assays were as previ-
ously described [25]. Each well was added with 
medium containing 0.25 mg/ml MTT. Cells 
were incubated at 37°C for 20 min; following, 
0.2 ml DMSO/well taken the place of the medi-

Figure 1. Characterization of Mesenchymal stem cells (MSCs) culturing in vitro. (A) Morphological observation of rat 
MSCs after culturation for 3 d 100×. The cells were spindle shaped with one nucleus. (B) Morphological observa-
tion of rat MSCs after culturation for 7 d 100×. (C) Morphological observation of rat MSCs after culturation for 10 
d 100×. The cells looked like long spindle-shaped fibroblastic cells and began to form colonies. Respectively, (D-F) 
were behalf of surface-associated antigens (CD90, CD29 and CD45) of MSCs were dedected by flow cytometry. 
Surface-associated antigens of MSCs were positive for CD90 (D), CD29 (E), and negative for CD45 (F). The percent-
age of CD90 and CD29 is about 99%. But, the percentage of CD45 is only about 1%.
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um. Then, the MTT dye conversion was deter-
mined, and using DMSO as the blank control.

Detection of MSCs apoptosis by flow cytometry 

Apoptosis analysis was conducted by flow 
cytometry using the Annexin V-FITC double 
staining. Briefly, 3×105 cells/mL were treated 
with LCB (20, 40 and 80 µM) for 48 h. 
Afterwards, cells were washed twice with ice-
cold PBS, and then stained by 5 µL of Annexin 
V-FITC and 5 µL of propidium iodide (PI) for 10 
min. The stained cells were analyzed using a 
flow cytometer (BD, NJ, USA).

Statistical analysis 

Images were analyzed by image programmer 
software. Statistical analyses were performed 
using paired t-tests and the means ± standard 
deviation (SD), using SPSS and GraphPad Prism 
5 Demo software. 

Figure 2. Characterization of Mesenchymal stem cells (MSCs) induced by 5-azacytidine in vitro. MSCs of (A-C) were 
culturing for 3 days after treatment with 5-azacytidine; MSCs of (D-F) were culturing for 7 days after treatment with 
5-azacytidine; MSCs of (G-I) were culturing for 14 days after treatment with 5-azacytidine. (A, D, G) were in CK (nor-
mal) group; (B, E, H) were in NC (control) group; (C, F, I) were in miRNA-21 group. (D-F) Morphological observation 
of rat MSCs after been treated by 5-azacytidine for 7 d 100×. The cells had enlarged and had assumed ball-like or 
stick-like morphologies. (G-I) Morphological observation of rat MSCs after treated by 5-azacytidine for 14 d 100×. 
2 weeks later, the cells connected with adjoining cells. The cells in miRNA-21 group were enlarger in volume, and 
more much in quantity than the cells in NC (control) group and CK (normal) group. This characterization of MSCs in 
MIRNA-21group was more significantly than its in NC group and CK group.

Figure 3. Cell proliferation was detected by MTT as-
say: Cell proliferation was detected by MTT assay at 
the end of 1, 2 and 3 week. When the 3 groups of 
cells (NC, CK and MIRNA-21 group) were cultured for 
1, 2 and 3 weeks under the same conditions, the 
proliferation of the cells in the MIRNA-21 group was 
increased compared with the other 2 groups; this 
difference was statistically significant (*P=0.025; 
P<0.05). 
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Results

Characterization of MSCs 

The MSCs present a small population of single 
cells, were spindle-shaped with a single nucle-
us after 3 days in primary culture (Figure 1A). 
The cells resembled long spindle-shaped fibro-
blast cells and began to form colonies after 7 to 
10 days (Figure 1B and 1C). 

The surface antigen [31], such as CD90 (Figure 
1D) and CD29 (Figure 1E) were positive in 
MSCs and CD45 was negative (Figure 1F).

We saw that the morphology of MSCs were 
changed after induced by 5-aza, the cells were 

be enlarged in volume, and increased in quan-
tity; showing a long spindle shape. After 14 
days, the cells connect to each other, arrayed 
trend to uniformity. This Characterization of 
MSCs in MIRNA-21 group was more significant-
ly than its in NC (control) group and CK (normal) 
group (Figure 2).

MiRNA-21 accelerated the proliferation of 
MSCs 

The 3 groups of cells (MIRNA-21, CK and NC 
group) were cultured for 1, 2, and 3 weeks. MTT 
assay, which used to detected the proliferation 
of the cells at the end of 1, 2, and 3 weeks. As 
shown in Figure 3, the proliferation of MSCs 
was increasing because of the over expression 

Figure 4. Cell apoptosis of mesenchymal stem cells (MSCs) in the 3 groups (NC, CK and MIRNA-21 group) detected 
by flow cytometry. The 3 groups of cells (NC, CK and MIRNA-21 group) were cultured for 1, 2 and 3 weeks under 
the same conditions. The cell cycle was analyzed by flow cytometry. The apoptotic rate of the cells in the MIRNA-21 
group was slower than that of cells in NC and CK group; the percentage of apoptotic cells in the MIRNA-21 group 
was approximately 3.094±0.050% at 1 week, 2.278±0.045% at 2 weeks, 2.125±0.035% at 3 weeks. The per-
centage of apoptotic cells in the NC was approximately 4.429±0.027% at 1 week, 2.425±0.045% at 2 weeks, 
3.888±0.019% at 3 weeks; and the percentage of apoptotic cells CK group was approximately 3.383±0.025% at 1 
week, 2.395±0.023% at 2 weeks, 3.133±0.013% at 3 weeks, respectively. The difference between the MIRNA-21 
group and the NC and CK groups was statistically significant (P=0.031, P=0.020, respectively; P<0.05).
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Figure 5. Expression of cardiac structural proteins (aTNI) and CD90 by MSCs after treatment with 5-azacytidine for 
1 week in vitro, determined by immunofluorescence. (A, E, I) Positive staining for cTnI protein of MSCs (red fluo-
rescence; magnification, ×200). (C, G, K) Positive staining for CD90 of MSCs (green fluorescence; magnification, 
×200). (B, F, J) DAPI-labeled nuclei of MSCs (blue fluorescence; magnification, ×200). (D) Merged image of (A, C); 
(H) Merged image of (E, G); (L) Merged image of (I, K) (magnification, ×200). (A-D) in CK group; (E-H) in NC group; 
(I-L) in MIRNA-21 group. MSCs, mesenchymal stem cells; cTnI, cardiac troponin I.

Figure 6. Expression of cardiac structural proteins (aTNI) and CD90 by MSCs after treatment with 5-azacytidine for 
2 weeks in vitro, determined by immunofluorescence. (A, E, I) Positive staining for cTnI protein of MSCs (red fluo-
rescence; magnification, ×200). (C, G, K) Positive staining for CD90 of MSCs (green fluorescence; magnification, 
×200). (B, F, J) DAPI-labeled nuclei of MSCs (blue fluorescence; magnification, ×200). (D) Merged image of (A, C); 
(H) Merged image of (E, G); (L) Merged image of (I, K) (magnification, ×200). (A-D) in CK group; (E-H) in NC group; 
(I-L) in MIRNA-21 group. MSCs, mesenchymal stem cells; cTnI, cardiac troponin I.
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of miRNA-21; however, the proliferation of the 
cells in the NC group and the normal group 
were not altered and similar.

MiRNA-21 slowed the apoptosis of MSCs 

The 3 groups of cells (MIRNA-21, CK and NC 
group) were cultured for 1, 2, and 3 weeks. The 
apoptosis of MSCs was detected by flow cytom-
etry. The apoptotic rate of the cells in the 
MIRNA-21 group was slower than that of the 
cells in the NC and CK groups (Figure 4).

MiRNA-21 improved the MSCs differentiation 
into cardiomyocyte-like cells 

Immunofluorescence assays was used to de- 
tected cTnI and CD90 after 1, 2 and 3 weeks 
following MSC exposure to 5-azacytidine in 
vitro. The cTnI was indicated after MSCs were 
induced to differentiation into cardiomyocyte-
like cells by 10 µmol/l 5-azacytidine. But the 
expression of CD90, the special surface anti-
gen of stem cells, was null along with the 
expression of cTNI that was more and more. 
The expression of cTNI in miRNA-21 group was 

higher than that of in the NC and CK groups 
(Figures 5-7). This to say that MiRNA-21 
improved the MSCs differentiation into cardio-
myocyte-like cells. And after MSCs differentiat-
ing into cardiomyocyte-like cells, MSCs lost its 
Characterization of stem cell.

Western blot analysis for indenting the expres-
sion of cTNI and myOD in the MSCs. The expres-
sion of cTNI in miRNA-21 group was higher than 
that of in the NC and CK groups (Figure 8). As 
the cells were cultured in vitro for 1, 2 and 3 
weeks, the expression of cTNI in miRNA-21 
group was more and more higher than that of in 
the NC and CK groups (Figure 8); But, the 
expression of myOD in each group was slower 
and slower, especially, the expression of myOD 
in miRNA-21 group was notably slower than 
that of in the NC and CK groups. So, we can say 
that MSCs differentiate into cardiomyocyte-like 
cells and muscle cells, but, most of them dif-
ferentiate into cardiomyocyte-like cells. After 
two weeks later, under effects of miRNA-21, 
MSCs differentiate into cardiomyocyte-like 
cells, there were majority of expression of cTNI. 
After three weeks later, under effects of miRNA-

Figure 7. Expression of cardiac structural proteins (aTNI) and CD90 by MSCs after treatment with 5-azacytidine for 
3 weeks in vitro, determined by immunofluorescence. (A, E, I) Positive staining for cTnI protein of MSCs (red fluo-
rescence; magnification, ×200). (C, G, K) Positive staining for CD90 of MSCs (green fluorescence; magnification, 
×200). (B, F, J) DAPI-labeled nuclei of MSCs (blue fluorescence; magnification, ×200). (D) Merged image of (A, C); 
(H) Merged image of (E, G); (L) Merged image of (I, J) (magnification, ×200). (A-D) in CK group; (E-H) in NC group; (I-L) 
in MIRNA-21 group. MSCs, mesenchymal stem cells; cTnI, cardiac troponin I.



MiRNA-21 affected mesenchymal stem cells

34 Int J Clin Exp Pathol 2018;11(1):27-37

21, the only expression of cTNI in the process 
of MSCs differentiation. In that, miRNA-21 

stimulated the MSCs differentiation into cardio-
myocyte-like cells.

Figure 8. Expression levels of cTNI and myOD protein detected by western blot analysis. A. The expression level of 
cTNI protein in MIRNA-21 group was higher than that of in NC and CK group after 1 week later; But, the expression 
level of myOD protein was lower than that of in NC and CK group (*P<0.05). B. The expression level of cTNI protein in 
MIRNA-21 group was higher than that of in NC and CK group after 2 weeks later; But, the expression level of myOD 
protein was lower than that of in NC and CK group (*P<0.05). C. The expression level of cTNI protein in MIRNA-21 
group was higher than that of in NC and CK group after 3 weeks later; But, the expression level of myOD protein was 
lower than that of in NC and CK group (*P<0.05). From one week to three weeks, we could see that the expression 
level of myOD protein was lower and lower, then to null; But, the epression levels of cTNI protein was higher and 
higher.
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Discussion

The first, Friedenstein described the MSCs in 
1968 [26]. MSCs were reported that be able to 
proliferate and differentiate in vitro [27-29]. 
However, the ratio of MSCs in bone-marrow is 
only 0.001-0.01%. Ficoll density gradient sepa-
ration, the first time used by Wakitani et al. [30] 
to isolate MSCs from rat bone marrow. MSCs 
could differentiate into cardiomyocyte lineages 
in vivo and in vitro [32-34]. These MSCs could 
be developed into cardiomyocyte-like cells [35-
37]. In the present study, we use immunofluo-
rescent staining and western blot detected the 
expression of cTnI in cardiomyocyte-like cells.

The effect of miRNA-21 following MSCs differ-
entiation was examined, because that the 
mechanisms of cell-based therapies have re- 
mained to be elucidated, and the ratio of MSCs 
in bone-marrow is very low.

MiRNAs are a class of small non-coding RNAs 
whose mature products are 22 nucleotides 
long miRNAs; They negatively regulate gene 
expression by inducing translational inhibition 
or transcript degradation. MiRNAs are impor-
tant regulators in all sorts of biological process-
es including cell development, proliferation, dif-
ferentiation and controlling the gene expres-
sion [10-12]. Recently, many reports also have 
explored the role of microRNAs in mesenchy-
mal stem cell differentiation [9, 13-16]. It is 
known that transient modulation of microRNAs 
is useful for induction of osteogenesis from 
mesenchymal stem cells and it is a useful 
scheme for cell based therapy [17]. So, recent, 
the information suggested that microRNAs are 
involved in stem cells maintenance and differ- 
entiation. 

MiRNA-21 has been mapped to chromosome 
17q23.2, where it overlaps with the protein-
coding gene VMP1 (or TMEM49). Recent stud-
ies demonstrated that the expression of genes 
encoding several tumour suppressor proteins 
such as phosphatase and tensin homolog on 
chromosome ten (PTEN), tumour suppressor 
gene tropomyosin 1 (TPM1), maspin, progra- 
mmed cell death 4 (PDCD4), matrix metallopro-
teinases inhibitors RECK and TIMP3 are target-
ed by miRNA-21. It has been known that miRNA-
21 is involved in differentiation of many types 
of MSCs derived cells, but the number of stud-
ies related to the role of miRNA-21 in MSCs is 
still very limited [8, 18, 19]. In this study, we 

discovered the effect of miRNA-21 in the pro-
cess of MSCs differentiating into the cardio-
myocyte-like cells.

By targeting the mRNA encoding sprouty homo-
log 1 (Spry1) which negatively regulates the 
osteogenic differentiation of MSCs. The differ-
entiation of MSCs to osteoblast was promoted 
by miRNA-21 [38]. Thus the above report sug-
gested that miRNA-21 can be used for osteopo-
rosis and other inflammatory bone diseases as 
novel therapeutic strategies [38]. Besides, dur-
ing the first 4 days of adipogenesis and osteo-
genesis, up-regulation of miRNA-21 resulted in 
the activity of ERK-MAPK signaling pathway 
increased and its downregulation of miR-
NANA-21 decreased the pathway. The report 
showing that miRNA-21 is involved in various 
pathological and physiological processes espe-
cially on determining the fate of stem cell [19]. 
The growth differentiation factor 5 (GDF-5) was 
identified as the direct target for miRNA-21  
during the regulation of chondrogenesis [39]. 
MiRNA-21 plays a vital role in human adipose-
derived mesenchymal stem cells (hADSCs), 
which can be used as therapeutic tools in 
regenerative medicine and tumour biology [40]. 
Since miRNA-21 is up-regulated in many types 
of MSCs derived stem cells, their unique molec-
ular signatures can be used as prognosis and 
therapeutic targets. Consistent evidence sug-
gested that miRNA-21 is an important onco-
gene, which acts as a significant part in the 
regulation of stem cell behavior. 

In our study, we also discovered that miRNA-21 
accelerated the proliferation of MSCs, slowed 
down the apoptosis of MSCs and enhanced the 
MSCs differentiating into the cardiomyocyte-
like cells. It has been revealed that overexpres-
sion of miRNA-21 in hADSCs inhibits the tumour 
growth and contrastingly, the inhibition of 
miRNA-21 increases the tumour growth in the 
same cells [40]. The finding suggests that 
miRNA-21 plays a novel and important role in 
mesenchymal stem cells [41]. So, we can con-
clude that miRNA-21 considered to be as a 
powerful biomarker which is directly used as a 
therapeutic target. But, more investigation is 
still required.
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