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Abstract. The ability to reprogram induced pluripotent stem 
(iPS) cells from somatic cells may facilitate significant advances 
in regenerative medicine. MicroRNAs (miRNAs) are involved 
in a number of core biological processes, including cardiogen-
esis, hematopoietic lineage differentiation and oncogenesis. An 
improved understanding of the complex molecular signals that 
are required for the differentiation of iPS cells into endothelial 
cells (ECs) may allow specific targeting of their activity in 
order to enhance cell differentiation and promote tissue regen-
eration. The present study reports that miR‑199a is involved in 
EC differentiation from iPS cells. Augmented expression of 
miR‑199a was detected during EC differentiation, and reached 
higher levels during the later stages of this process. Furthermore, 
miR‑199a inhibited the differentiation of iPS cells into smooth 
muscle cells. Notably, sirtuin 1 was identified as a target of 
miR‑199a . Finally, the ability of miR‑199a to induce angiogen-
esis was evaluated in vitro, using Matrigel plugs assays. This 
may indicate a novel function for miR‑199a as a regulator of 
the phenotypic switch during vascular cell differentiation. The 
present study provides support to the notion that with an under-
standing of the molecular mechanisms underlying vascular cell 
differentiation, stem cell regenerative therapy may ultimately be 
developed as an effective treatment for cardiovascular disease.

Introduction

In 2006, Takahashi and Yamanaka  (1) reported the direct 
reprogramming of murine embryonic fibroblasts (MEFs) 
into pluripotent stem cells, following the introduction of four 

transcription factors (octamer‑binding transcription factor 4, 
sex‑determining region Y box‑2, Kruppel‑like factor 4 and 
cMyc). Subsequently, a number of laboratories have derived 
induced pluripotent stem cells from somatic cells. The identifi-
cation of a method with which to reprogram induced pluripotent 
stem (iPS) cells from somatic cells (2) may facilitate advances 
in regenerative medicine. In contrast to embryonic stem cells, 
iPS cells may be administered without raising ethical or allo-
immune concerns. iPS cells have exhibited the potential to 
differentiate into a number of cell lineages, including CD34+ 
progenitor cells (3), cardiomyocytes (4) and endothelial cells 
(ECs) (5). They have the capacity for unlimited growth and 
self‑renewal, and are able to differentiate into all types of 
mature tissue cells. In recent years, accumulating evidence has 
indicated that iPS cells may differentiate into ECs in vitro or 
in vivo (6,7).

ECs line the blood vessels of the circulatory system, and 
form the barrier between the circulating blood and the rest of the 
vessel wall. The endothelium is a dynamic and heterogeneous 
organ with secretory, metabolic, synthetic and immunological 
functions . Impaired EC function may result in hypertension, 
thrombosis, inflammation and atherosclerosis (8). Repair and 
regeneration of vascular cells, in particular of ECs, has been a 
research focus for a number of years. However, in the context 
of human disease, the use of adult progenitor or vascular 
stem cells has certain limitations, such as the identification 
and availability of appropriate, and effective cell‑types (9). 
Recently, the ability to derive ECs from pluripotent stem cells 
has extended the scope of regenerative medicine (10,11).

MiRNAs, an emerging class of highly conserved, non‑coding 
small RNAs, regulate gene expression at the post‑transcriptional 
level by inhibiting the translation of protein from mRNA or by 
promoting the degradation of mRNA. MiRNAs are involved 
in a number of core biological processes (12‑15), including 
cardiogenesis, hematopoietic lineage differentiation and onco-
genesis. Certain specific miRNAs that regulate endothelial 
cell functions and angiogenesis, have been described (16,17). 
For example, Let7‑f, miR‑27b and miR‑130a have been identi-
fied as proangiogenic miRNAs. Others, such as miR‑221 and 
miR‑222, have been shown to inhibit in vitro endothelial cell 
migration, proliferation and angiogenesis (16).
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SirT1 is a member of the a NAD+-dependent class III group 
of histone deacetylases and has been reported to be involved 
in a variety of biological systems and cellular functions (18).
Recent data also suggests that SirT1 is a critical mediator in 
the regulation of various development genes during stem cell 
differentiation (19) and is important role in different cellular 
differentiations, including endothelial progenitor cells (20), 
hematopoietic cells  (21) and osteoblasts  (22,23). Several 
previous studies have demonstrated the regulation of miRNAs 
in a myriad of vascular biological events. However, how they 
control EC fate commitment and the mechanisms involved  
in these differentiation processes remain to be elucidated. 
Therefore, the present study aimed to determine the possible 
roles of miRNAs in the differentiation processes in iPS cells.

Materials and methods

Materials. Cell culture media, serum and cell culture supple-
ments were obtained from the American Type Culture 
Collection (ATCC; Manassas, VA, USA), Millipore, Invitrogen 
Life Technologies (Carlsbad, CA, USA) and PAA. Antibodies 
against rabbit anti‑VE‑cadherin (1:1,000; cat. no. Ab33168), 
and rabbit anti‑SM22 (1:1,000; cat. no. ab14106) were obtained 
from Abcam. An antibody against mouse anti‑smooth muscle 
actin (SMA; 1:1,000; cat. no. A5228) was purchased from 
Sigma‑Aldrich (St. Louis, MO, USA). Antibodies against 
rabbit anti‑Sirt1 (1:1,000; cat. no. sc‑15404), goat anti‑CD31 
(1:500’ cat. no. sc‑1506) and rabbit anti‑GAPDH (1:1,000; 
cat. no. sc‑25778) were obtained from Santa Cruz Biotechnology, 
Inc. (Dallas, TX, USA). The secondary antibodies for western 
blotting were obtained from Dakocytomation and Abcam.

iPS cell culture and differentiation. Mouse iPS cells were gener-
ated in our laboratory, as previously described (24). Mouse iPS 
cells were cultured on gelatin‑coated flasks (PBS containing 
0.04% of gelatin from bovine skin; Sigma‑Aldrich) in Dulbecco's 
modified Eagle's medium (DMEM; ATCC) supplemented with 
10% fetal bovine serum, 100 IU/ml penicillin and 100 µg/ml 
streptomycin (Invitrogen Life Technologies); 10 ng/ml recom-
binant human leukemia inhibitory factor (Millipore); and 
0.1  mM/0.05mM  2‑mercaptoethanol (Invitrogen Life 
Technologies) in a humidified incubator, supplemented with 
5% CO2. Cells were passaged every 2 days at a ratio of 1:6. 
Differentiation of iPS cells was induced by seeding the cells on 
type IV mouse collagen (5 µg/ml)‑coated dishes in differentia-
tion medium (DM) that contained α‑MEM supplemented with 
10% FBS (Invitrogen Life Technologies), 0.05 mm 2‑mercap-
toethanol, 100 units/ml penicillin, and 100 µg/ml streptomycin 
in the presence of 50 ng/ml vascular endothelial growth factor 
(VEGF) for the time points indicated.

miR‑199a transient transfection. Manipulation of miR‑199a 
levels in iPS cells that had differentiated with or without 
VEGF for 4 days, and cultured to 60‑70% confluence, was 
performed using Pre‑199b, or the non‑targeting control 
(Pre‑ctrl; Ambion AB). Inhibition of miR‑199a was performed 
using the locked nucleic acid (LNA) inhibitor of miR‑199a, 
LNA‑199b, or a negative control (LNA‑ctrl; Exiqon). All 
transfections were performed using Lipofectamine™ 
RNAiMAX (Invitrogen Life Technologies), at a final concen-

tration of 50 nM, according to the manufacturer's instructions. 
In order to detect miRNA, total RNA was isolated using 
the miRVana miRNA isolation kit (Ambion), according to 
the manufacturer's instructions. Total and miRNA‑specific 
cDNA was generated using the TaqMan® MicroRNA Reverse 
Transcription kit (Ambion), and miRVana quantitative 
RT‑PCR primer sets for miRNAs (Ambion). The polymerase 
chain reaction (PCR) reaction was directly monitored using 
the ABI PRISM 7000 Sequence Detection System (Applied 
Biosystems, CA). Briefly, cDNA was produced from enriched 
miRNA using the TaqMan MicroRNA RT kit. U6 RNA was 
used as an endogenous control.

Reverse transcription‑PCR (RT‑PCR). RT‑PCR and 
quantitative PCR (qPCR) were performed as described 
previously (25). Total RNA was extracted using the RNeasy 
Mini kit (Qiagen, Shanghai, China), according to the manu-
facturer's instructions. Reverse transcription for RNA (2 µg) 
was performed using an Improm-IITM RT kit (Promega, 
Madison, WI, USA) with RNase inhibitor (Promega), and 
Random primers (Promega). cDNA was analyzed by PCR 
using 20 ng cDNA in a 50 µl reaction volume containing 
primers and Ex-Taq DNA polymerase (Takara, Dalian, 
China). The PCR conditions were as follows: 32 cycles of 
94˚C for 60 sec, 58˚C for 60 sec and 72˚C for 90 sec.

qPCR. Relative gene expression was determined by qPCR, 
using 2  ng of cDNA (relative to RNA amount) for each 
sample with the SYBR Green Master Mix in a 20‑µl reac-
tion. Ct values were measured using an ABI Prism 7000 
sequence detector (Applied Biosystems, Foster City, CA, 
USA). 18S ribosomal RNA was used as the endogenous 
control, against which the quantities of RNA in each sample 
were normalized. For each sample, PCR was performed 
in duplicate in a 96‑well reaction plate (Eppendorf, twin.
tec real time PCR plates). The gene was considered unde-
tectable beyond 35 cycles. The following primer sets were 
used: Forward: 5'‑CCAGTAAGTGCGGGTCATAA‑3' 
and reverse: 5'‑CCGAGGGCCTCACTAAACC‑3' for 18S, 
forward: 5'‑AAGAAACCGCTGATCGGCA‑3' and reverse: 
5'‑TCGGAAGAATTGGCCTCTGTC‑3' for VE‑cadherin, 
forward: 5'‑CAAACAGAAACCCGTGGAGAT‑3' and 
reverse: 5'‑ACCGTAATGGCTGTTGGCTTC‑3' for CD31, 
forward: 5'‑CGGGCAATTTCCATTGGCTTCTCA‑3' and 
reverse: 5'‑GGCCACACGAAGCTCGTTATAG‑3' for SMA 
and forward: 5'‑GATATGGCAGCAGTGCAGAG‑3' and 
reverse: 5'‑AGTTGGCTGTCTGTGAAGTC‑3' for SM22.

Immunoblotting. Cells were harvested and washed with cold 
PBS, re‑suspended in lysis buffer (25 mM Tris‑Cl, pH 7.5; 
120 mM NaCl; 1 mM EDTA, pH 8.0; and 0.5% Triton X100), 
supplemented with protease inhibitors (Sigma‑Aldrich) and 
lysed by ultra‑sonication (twice, for 6 sec each time; Bradson 
Sonifier 150; Bradson, St. Louis, MO, USA) in order to obtain 
whole cell lysates. The protein concentration was determined 
using the Biorad Protein Assay Reagent. Whole lysate (50 µg) 
was applied to SDS‑PAGE gels and transferred to Hybond PVDF 
membranes (Amersham Pharmacia Biotech, St. Albans, UK), 
followed by a standard western blotting procedure. The bound 
primary antibodies were detected by the use of horseradish 
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peroxidase‑conjugated secondary antibody and the ECL detec-
tion system (GE Health). The band density was semiquantified 
using ImageJ v 1.45S software (NIH, Bethseda, MA, USA).

Luciferase reporter assay. For the luciferase reporter assays, 
3x104 iPS cells were seeded into collagen‑coated wells in a 
12‑well plate in differentiated media (DM). After 72 h, cells 
were transfected with luciferase plasmids under the control 
of the Sirt1 3'UTR Lenti‑reporter‑Luc Vector (ABM), in 
addition to the Pre‑199b, 199b inhibitor and controls. Briefly, 
0.33 µg/well of the reporter plasmids were cotransfected with 
the Pre‑199b, 199b inhibitor and controls (2 µl/well) using 
jetPRIME® (Polyplus‑transfection SA), according to the 
manufacturer's instructions. pGL3‑Luc Renilla (0.1 µg/well) 
was included in all transfection assays as an internal control. 
Luciferase and Renilla (Promega Corporation) activity assays 
were detected at 48 h following transfection using a standard 

protocol (2). The relative luciferase unit (RLU) was defined as 
the ratio of luciferase activity to Renilla activity, with that of 
the control set as 1.0.

In vitro tube formation assay. iPS cells were differentiated 
in the absence of VEGF for 4  days, and then transfected 
with Pre‑199a or Pre‑ctrl. In vitro angiogenesis assays were 
conducted after 48 h, as described previously  (2,24). Cell 
suspensions, containing 4x104 transfected cells, were placed 
on top of the 50 µl/well Matrigel (10 mg/ml; BD Matrigel 
Basement Membrane Matrix, A6661; BD Biosciences, Franklin 
Lakes, NJ, USA) in 8‑well chamber slides (BD Biosciences). 
Rearrangement of cells and the formation of capillary‑like 
structures were observed at 6‑12 h.

Statistical analysis. Data are expressed as the mean ± standard 
error of the mean, and were analyzed using GraphPad Prism 5 

Figure 1. Effect of miR-199a in EC differentiation from iPS cells. Mouse iPS cells were seeded on Collagen IV‑coated dishes and cultured in differentiated 
media supplemented with 50 ng/ml VEGF. (A) The expression of miR-199a was found to be upregulated during EC differentiation, as demonstrated by 
RT‑qPCR. (B) iPS cells were forced to differentiate towards ECs for 4 days and then efficiently transfected with either miR-199a precursor molecules (pre-
miR-199a) or an miR-199a inhibitor (anti-miR-199a), which resulted in significant miR-199a upregulation and repression, respectively. (C) On day 7, the cells 
were harvested and further RT‑qPCR analysis demonstrated that miR-199a increased the mRNA (D) and protein (E) and (F) expression of the endothelial 
markers, CD144 and CD31. Data are presented as the mean ± SEM. n=3. *P<0.05. RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; 
SEM, standard error of the mean; miRNA, microRNA; EC, endothelial cell; iPS cells, induced pluripotent stem cells; VEGF, vascular endothelial growth 
factor; pneg, mimic negative control; P199a, miR‑199b mimic; Aneg, inhibitor negative control; A199b, miR‑199b inhibitor.
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software (GraphPad Software, Inc., La  Jolla, CA, USA) 
with two‑tailed Student's t‑test for two groups or pairwise 
comparisons. P<0.05 was considered to indicate a statistically 
significant difference.

Results

MiR‑199a is involved in EC differentiation from iPS cells. The 
expression of miR‑199a was found to be upregulated during 
EC differentiation from iPS cells on days 0 to 8 (Fig. 1A). In 
order to examine the effect of miR‑199a on EC differentia-
tion, a chemically synthesized miR‑199a inhibitor or Pre‑199b 
(mimic) were administered. iPS cells were forced to differen-
tiate towards ECs for 4 days and were efficiently transfected 
with either miR‑199a precursor molecules (pre‑miR‑199a) 

or an miR‑199a inhibitor (anti‑miR‑199a), resulting in 
significant miR‑199a upregulation and repression, respec-
tively  (Fig. 1B and C). Furthermore, the miR‑199a mimic 
increased the mRNA (Fig. 1D) and protein (Fig. 1E and F) 
expression of the endothelial markers, CD144 and CD31. By 
contrast, the miR‑199a inhibitor decreased the expression of 
EC markers. These initial observations suggest the involve-
ment of miR‑199a in EC differentiation from iPS cells.

MiR‑199a acts as a phenotypic switch in vascular cell differen‑
tiation. Subsequent experiments demonstrated that miR‑199a 
concomitantly suppressed the mRNA and protein expression 
of the smooth muscle cells (SMC) markers, SMA and SM22, 
when iPS cells were induced to differentiate towards vascular 
progenitor cells, by seeding the cells on Collagen  IV and 
culturing them in DM in the absence of VEGF. By contrast, 

Figure 2. miR-199a may act as a phenotypic switch in vascular cell differ-
entiation. iPS cells were seeded on collagen IV-coated dishes, and cultured 
with differentiated media in the absence of VEGF for 4 days. They were then 
forced to differentiate towards vascular progenitor cells. (A) Overexpression 
of miR-199a suppressed the mRNA (A) and protein (B) expression of the SMC 
markers, SMA and SM22, as demonstrated by reverse transcription‑quan-
titative polymerase chain reaction and western blotting, respectively. The 
miR-199a inhibitor favored the induction of the SMC markers. Data are 
presented as the mean ± SEM. n=3. *P<0.05. miRNA, microRNA; iPS cell, 
induced pluripotent stem cell; VEGF, vascular endothelial growth factor; 
SMC, smooth muscle cell; pneg, mimic negative control; P199a, miR‑199b 
mimic; Aneg, inhibitor negative control; A199b, miR‑199b inhibitor.

Figure 3. miR-199a induced angiogenesis in vitro. iPS cells were seeded on 
collagen IV-coated plates and cultured in differentiated media in the absence 
of VEGF for 4 days. Then the miR-199a mimic or control were introduced 
to the cells by transfection. After 2 days, the cells were subjected to Matrigel 
assays plugs in vitro. (A) Upper panel: miR-199a formed vascular structures 
within a 4‑6 h in the in vitro Matrigel assays, compared with the control where 
less defined vascular structures were observed. Lower panel: Additional 
experiments were performed, using the miR-199a inhibitor. The miR-199a 
inhibitor suppressed the formation of vascular structures  in the in vitro 
Matrigel plugs assays, compared with the control cells. (B) Quantification of 
results in (A). Data are presented as the mean ± SEM. n=3. *P<0.05. miRNA, 
microRNA; iPS cell, induced pluripotent stem cell; VEGF, vascular endothe-
lial growth factor; pneg, mimic negative control; P199a, miR‑199b mimic; 
Aneg, inhibitor negative control; A199b, miR‑199b inhibitor.
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the miR‑199a inhibitor favored the induction of the SMC 
markers (Fig. 2A and B). These results indicate an association 
between miR‑199a and SMC differentiation, and it is hypoth-
esized that miR‑199a may act as a phenotypic switch during 
vascular cell differentiation.

MiR‑199a induces angiogenesis in vitro. In order to evaluate 
the role of miR‑199a in angiogenesis, the levels of miR‑199a 
were modulated either by overexpression using an miR‑199a 
mimic, or by knockdown using an miR‑199a inhibitor. In 
brief, mouse iPS cells were seeded on collagen IV‑coated 
plates and cultured in DM in the absence of VEGF. The 
miR‑199a mimic or control were then introduced to the 
cells by transfection. After 4 days, the cells were subjected 
to Matrigel assays plugs in vitro. The results demonstrated 
that in the presence of the miR‑199a mimic, the differentiated 
cells had formed vascular structures within a few hours, in 
comparison with the control cells, in which where few or no 
defined vascular structures were observed (Fig. 3A and B). 
Further experiments were performed in the presence of 
the miR‑199a inhibitor. These cells were then subjected to 
Matrigel plugs assays in vitro. The results demonstrated that 
the formation of vascular structures was suppressed in cells 

treated with the miR‑199a inhibitor, in comparison with the 
control cells.

MiR‑199a targets Sirt1. In order to further investigate the 
mechanisms underlying the regulation of EC differentiation 
by miR‑199a, potential mRNA targets of miR‑199a were 
scrutinized. Sirt1 emerged as one of the primary targets of 
miR‑199a in several computational algorithmic databases, 
including Targetscan (www.targetscan.org), pictar (www.pictar.
mdc‑berlin.de) iand miRanda (www.microrna.org), and two 
highly conserved binding sites for miR‑199a have also previ-
ously been identified within the Sirt1 3'UTR (26). The results 
of the present study supported this hypothesis, as the Sirt1 gene 
and protein expression was significantly downregulated or 
upregulated following overexpression or inhibition of miR‑199a 
in the differentiating iPS cells (Fig. 4A and B), respectively. 
This indicated that Sirt1 is regulated, directly or indirectly, by 
miR‑199a. In order to investigate this possibility, the 3'UTR 
of Sirt1, which contained the binding sites for miR‑199a, was 
cloned into a luciferase reporter. The results from the miRNA 
reporter assay demonstrated that the activity of luciferase from 
the construct, containing the Sirt1 3'UTR, was significantly 
downregulated following miR‑199a overexpression (Fig. 4C). 
This data has provides clear evidence that Sirt1 is a target of 
miR‑199a. 

Discussion

iPS‑derived ECs may be used to treat damaged vessels, to 
avoid restenosis and to develop tissue‑engineered vascular 
grafts, which are significant challenges for regenerative medi-
cine (27). To date, studies have demonstrated the regulation 
by miRNAs of a myriad of vascular biological events (28). By 
studying the non‑coding RNAs and their regulatory signal-
ling, it is possible to improve understanding of the molecular 
mechanisms that govern cell fate specification. The present 
study, aimed to elucidate the molecular mechanisms under-
lying the differentiation of iPS cells into ECs, and to identify 
miRNAs and their respective targets involved in this process, 
in order to aid the development of novel strategies for the 
treatment of vascular diseases, such as atherosclerosis; for the 
enhancement of neovascularization following ischemia; and 
for the prevention of atherosclerotic inflammation.

miR‑199a is well‑conserved in different species (29), and 
has been identified by diverse high‑throughput screenings 
in a number of animal models of disease. The functions of 
miR‑199a vary between systems. For example, miR‑199a is 
involved in cardiomyocyte protection by rapid downregula-
tion under hypoxic conditions and prompts hypoxia inducible 
factor 1α (HIF1a) expression (30). miR‑199a has also been 
shown to be involved in stem cell differentiation (29), with 
differences in the expression of miR‑199a detected prior to and 
following stem cell differentiation. For example, following the 
differentiation of human embryonic stem cells into pancreatic 
islet‑like cells, miR‑199a expression was found to be upregu-
lated (31). Studies in ovarian cancer stem cells have shown that 
the two subtypes of epithelial ovarian cancer stem cells, exhibit 
distinct expression patterns of miR‑199a (32). However, there 
is insufficient evidence to demonstrate how miR‑199a controls 
commitment to EC differentiation or the mechanisms involved 

Figure 4. miR-199a targeted Sirt1. miR-199a suppressed the mRNA (A) and 
protein (B) expression of Sirt1 during EC differentiation derived from iPS 
cells. The miR-199a inhibitor induced the expression of Sirt1. (C) iPS cells 
were forced to differentiate towards ECs for 4 days. Cotransfection of miR-
199a or inhibition with the luciferase plasmid of the 3'UTR of Sirt1 was then 
performed. After 48 h, the cells were subjected to luciferase analysis, which 
demonstrated that the 3'UTR of Sirt1 is a direct target for miR-199a. Data 
are presented as the mean ± SEM. n=3. *P<0.05. miRNA, microRNA; Sirt1, 
sirtuin 1; EC, endothelial cell; iPS cell, induced pluripotent stem cell; UTR, 
untranslated region; pneg, mimic negative control; P199a, miR‑199b mimic; 
Aneg, inhibitor negative control; A199b, miR‑199b inhibitor.
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in these processes. To the best of our knowledge, the current 
study reports for the first time, that miR‑199a is involved in 
EC differentiation from iPS cells. The expression of miR‑199a 
was shown to be upregulated during EC differentiation, and 
an abundant expression of miR‑199a was detected in the later 
stages of this process. Notably, miR‑199a was demonstrated to 
target Sirt1. miR‑199a has already been described as a poten-
tial regulator of Sirt1, in two independent studies. In the first, 
miR‑199a was shown to promote migration and tube formation 
of human cytomegalovirus‑infected endothelial cells via the 
downregulation of Sirt1 and eNOS (33). The second study 
found that downregulation of miR‑199a repressed HIF1a and 
Sirt1 expression, and reinforced hypoxia preconditioning in 
cardiac myocytes  (34). In accordance with these previous 
findings, the present study provides clear evidence that Sirt1 
is an mRNA target of miR‑199a and that miR‑199a negatively 
regulates this target gene during EC differentiation from iPS 
cells. This hypothesis is supported by several lines of experi-
mentation. Firstly, Sirt1 gene and protein expression levels 
were negatively regulated by miR‑199a, as demonstrated 
in the experiments involving miR‑199a overexpression and 
inhibition. Secondly, overexpression of miR‑199a significantly 
upregulated Sirt1 3'UTR activity, while this upregulation was 
abrogated when the miR‑199a binding sites were mutated.

Notably, in the present study, miR‑199a exhibited the 
potential to induce angiogenesis, using Matrigel plug assays. 
In previous studies, ECs derived from pluripotent stem cells 
were incorporated into the microvasculature of ischemic 
tissue, thereby enhancing perfusion and improving func-
tion (35,36). Currently, the potential of iPS cells to differentiate 
towards therapeutic cells is based on directed empiricism, 
while they are entirely dependent on combinations of growth 
factors, media and matrices to favor differentiation into the 
desired lineage. With regard to vascular regeneration, it is 
important to gain an improved understanding of epigenetic 
alterations, transcriptional activity and microRNA patterns 
associated with the differentiation processes, in order to 
efficiently generate therapeutic cells. Refined experimental 
protocols are required to reliably guide iPS cells to a vascular 
lineage  (37,38). The bioengineered vessels derived from 
these vascular cells, and their incorporation of into bypass 
grafts or stents, are anticipated future directions in stem cell 
research (39‑41).

In addition, inhibition of miR‑199a resulted in the robust 
induction of SMC marker expression. In 2007, Ferreira 
et al (42) reported that vascular progenitor cells isolated from 
human embryonic stem cells, gave rise to EC‑ and SMC‑like 
cells, and formed vascular networks in vivo, providing strong 
evidences that ECs and SMCs are derived from a common 
progenitor. Therefore, it is possible that a molecular switch 
may regulate vascular cell differentiation, and may maintain 
the balance of these two cell lineages during development, 
disease‑repair and cell differentiation. Therefore, the present 
findings may suggest a unique role miR‑199a as a vascular cell 
phenotypic switch.

In conclusion, the present study has demonstrated a 
novel role for miR‑199a in the differentiation of ECs from 
iPS cells, and has provided strong evidence that miR‑199a 
negatively regulates its target gene, Sirt1, during EC differen-
tiation. Furthermore, the current data support the hypothesis 

that miR‑199a inhibits the differentiation of iPS cells into 
SMCs, which indicates that miR‑199a may act as a poten-
tial regulator of the phenotypic switch during vascular cell 
differentiation. Finally, the induction of angiogenesis by 
miR‑199a, was evaluated using Matrigel plug assays. These 
findings significantly increase the current understanding of 
the molecular mechanisms underlying EC differentiation, 
and may benefit future research into regenerative medicine 
and aid the development of the clinical application of this 
therapy.
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