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eNOS expression and activity, is essential for pre-
venting thrombotic and atherogenic processes2. It 
has been shown that vascular endothelial growth 
factor (VEGF) inhibition induces a decrease in 
eNOS expression and thus in NO production3, and 
that this phenomenon is linked to the induction 
of hypertension, one of the most common dose-li-
miting toxicities of VEGF inhibitors4. Previous 
studies have demonstrated an association between 
specific eNOS polymorphisms and hypertension5. 

Endothelial progenitor cells (EPCs) are precur-
sors of vascular endothelial cells6. EPCs origina-
te from bone marrow with similar angioblast and 
umbilical vein endothelial cells, which together 
belong to a subgroup of hematopoietic stem cel-
ls7. There are two sources of EPCs that can be de-
tected in vitro, early and late EPCs. While early 
EPCs display a linear growth structure termed 
spindle-shaped, late EPCs form cobblestone-like, 
oval shaped structures8,9. EPCs not only take part 
in vascularization during embryonic development, 
but also participate in postnatal vascularization 
and reparative processes post-trauma10. Therefo-
re, EPCs hold extensive prospects for vascular tis-
sue engineering and possible clinical application 
in coronary artery disease and wound healing8.

A disintegrin and metalloproteinase (ADAM) 
represent a protein family possessing both metal-
loproteinase and disintegrin domains. Recently, 
the ADAM protein family has emerged as a key 
participant in a diverse array of biological and pa-
thological processes11,12. A disintegrin and metallo-
proteinase with thrombospondinmotif-1 (ADAM-
TS-1) is a new member protein of the ADAM 
family, which was originally identified by diffe-
rential display analysis as a gene highly expressed 
in the murine colon cachexigenic tumor13. Howe-
ver, some research suggested ADAMTS-1 play an 

Abstract. – OBJECTIVE: MicroRNAs (miR-
NAs) are small non-coding RNAs (18-25nt) that 
regulate gene expression mainly through af-
fecting post-transcriptional modification. In 
this research, the human peripheral blood-de-
rived endothelial progenitor cells were isolat-
ed to research the inter-coordination of miR-
142, ADAMTS-1, VEGF and eNOS through gene 
over-expressed in EPCs.

MATERIALS AND METHODS: Endothelial pro-
genitor cells (EPCs) were isolated from human 
peripheral blood, and demonstrate the interac-
tion of miR-142 and targets (ADAMTS-1) in vitro.

RESULTS: The results showed that miR-142 
could promote the productivity of NO through 
inhibited ADAMTS-1 expression (inhibitor of 
VEGF), activated function of VEGF and eNOS in 
human EPCs. This finding suggests that miR-142 
and eNOS may have cooperative effect in ves-
sel tone and play an important role in the angio-
genesis.

CONCLUSIONS: In our research, we demon-
strated that the miR-142 can promote eNOS ex-
pression through down-regulated ADAMTS-1 
expression (inhibitor of VEGF) in human EPCs, 
these results provide a new insight in microR-
NA regulation of vessel tone and angiogenesis.
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Introduction

Endothelial nitric oxide synthase (eNOS) is a 
constitutively expressed gene in endothelial cells 
involved in the production of nitric oxide (NO), 
which plays a central role in maintaining endothe-
lial cell functional integrity, regulating hemody-
namics, and establishing collateral circulation1. 
Adequate NO production, consequent to adequate 
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inhibitor of VEGF in the progress of physiology 
and pathology11,14. MicroRNA-142 plays an im-
portant role in angiogenesis and cell infiltration 
of cancer, but the regulated mechanism is poorly 
understood. In this research, the human peripheral 
blood-derived endothelial progenitor cells were 
isolated to research the inter-coordination of miR-
142, ADAMTS-1, VEGF and eNOS through gene 
over-expressed in EPCs.

Materials and Methods

Materials and Reagents
Peripheral blood was sampled from healthy vo-

lunteers. This study was approved by the Resear-
ch Ethics Committees of Tianjin Medical Univer-
sity. Informed and written consent was obtained 
from each volunteer. 

Isolation and Culture of Endothelial 
Progenitor Cells

Peripheral blood-derived mononuclear cells 
were harvested using 1.077 g/ml Percoll solution 
(Amersham. Pharmacia Biotech, Uppsala, Swe-
den). The Percoll solution was slowly added into 
a centrifuge tube followed by 5 ml of peripheral 
blood and the tube was centrifuged at 400 g for 
20 min. The white nebulous layer was collected 
and washed twice using DMEM (Gibco, Carl-
sbad, CA, USA) and centrifuged at 200 ×g for 5 
min. The cell suspension containing the majority 
of the EPCs was obtained using flow cytometry 
employing an anti-CD34 antibody (Cambridge, 
MA, USA). Cells were seeded on fibronectin-co-
ated plastic plates in EGM-2MV medium (Lon-
za, Allendale, NJ USA) and cultured at 37 °C in 
5% CO2. Half of the medium was replaced after 
3 days and was then fully replaced once every 3 
days. When the cultured cells reached 70–80% 
confluence, they were removed from culture di-
shes using 0.25% (w/v) trypsin and subcultured 
at a 1:3 ratio.

Expression of Genes by Recombinant 
Adenoviruses

Recombinant adenoviruses were generated by 
using AdEasy technology15,16. The coding regions 
of ADAMTS-1 was PCR-amplified and cloned 
into an adenoviral shuttle vector, the pre-miR-142 
sequence was synthesized by Sangon Biotech 
(Shanghai, China), cloned into an adenoviral vec-
tor, and then used to recombine adenoviruses in 
HEK293 cells. The resulting adenoviruses desi-

gnated as AdVEGF also express GFP as a marker 
for monitoring infection efficiency. Analogous 
adenovirus only expressing monomeric GFP (Ad-
GFP) was used as a control.

Immunofluorescence
Surface antigen of EPCs was detected by im-

munofluorescence (IF) staining. The EPCs were 
fixed in 4% paraformaldehyde (St. Louis, MO, 
USA) for 20 min, then blocked for 15 min with 
methanol containing 0.1% Triton X-100 (Sig-
ma-Aldrich, St. Louis, MO, USA), and then in-
cubated in a goat serum working solution for 30 
min to block nonspecific binding. The EPCs were 
then incubated at room temperature for 1 h with 
primary antibodies including CD34, CD133 and 
KDR (Santa Cruz Biotechnology, Santa Cruz, CA, 
USA). The EPCs were incubated with secondary 
antibodies conjugated with FITC (goat anti-mou-
se IgG and goat anti-rat IgG, Boster, Beijing, 
China). For negative control, phosphate buffered 
saline (PBS) was used to replace the primary an-
tibodies. Finally, nuclei were labeled by incuba-
tion with 4,6 diamidino-2-phenylindole (DAPI)( 
Sigma-Aldrich, St. Louis, MO, USA). The cells 
were examined by a phase contrast fluorescence 
microscope (Olympus, Tokyo, Japan).

RNA Isolation and PCR Analysis
RNA was extracted from EPCs using a Trizol 

reagent (Invitrogen, Carlsbad, CA, USA). Total 
RNA was reverse transcribed, followed by 30 
PCR cycles using RNA PCR kit ver 3.0 (Taka-
ra, Dalian, China). Information of gene-specific 
primer pairs was listed in Table I. PCR was per-
formed in 50 μl of mixture containing 10 μl of 
5×PCR Buffer (Takara, Dalian, China), 28.5 μl of 
ddH2O, 0.25 μl of Ex-Taq (Takara, Dalian, China), 
0.5μl of forward and reverse primers, and 1.5 μl of 
template cDNA. The cycling conditions consisted 
of one initial 2-min cycle at 94 °C, followed by 
30 30-s cycles at 94 °C (denaturation), one 30-sec 
cycle at 50-60 °C (annealing), and one 2-min cycle 
at 72 °C (extension). PCR products were detected 
by 2.5% agarose gel electrophoresis. Real-time 
PCR was performed in a 20 μl mixture containing 
10 μl SYBR Premix Ex Taq buffer (Takara, Da-
lian, China), 0.4 μl ROX Reference Dye, 0.8 μM 
each of forward and reverse primers (Table I), 1 
μl template cDNA and 7 μl ddH2O. The cycling 
conditions consisted of initial 10 sec at 95°C fol-
lowed by 40 cycles of two-temperature cycling: 5 
sec at 95 °C (for denaturation) and 34 sec at 60 °C 
(for annealing and polymerization). Each expe-
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riment was performed in duplicates in a 96-well 
plate and repeated three times. Gene expression 

was detected on an ABI 7500 real-time PCR sy-
stem (ABI, Foster City, CA, USA). miRNAs were 
isolated from cells using microRNA isolation kit 
(Applied Biosystems, Foster City, CA, USA) ac-
cording to the manufacturer’s instructions. cDNA 
synthesis was carried out with the High Capacity 
cDNA synthesis kit (Applied Biosystems, Foster 
City, CA, USA) using 2 ng of RNA as a template. 
The miRNA sequence-specific reverse transcrip-
tion PCR primers for miR-124 and endogenous 
control U6 were purchased from Ambion (Austin, 
TX, USA). Real-time PCR analysis was carri-
ed out using Applied Biosystems 7500 real-time 
PCR system. The gene expression threshold cycle 
(CT) values of miRNAs from each sample were 
calculated by normalizing with internal control 
U6 and relative quantitation values were plotted. 
The expression level was calculated by the 2-ΔΔCt 
method to compare the relative expression.

Western Blot
The cells were lysed for total protein extraction. 

The protein concentration was determined by 
the bicinchoninic acid (BCA) method (Beyoti-
me, Beijing, China), and 15 μg of protein lysates 
were subjected to sodium dodecyl sulfate polya-
crylamide gel electrophoresis (SDS-PAGE). The 
electrophoresed proteins were transferred to 0.2 

Table I. Comparison of intra-operative and postoperative 
bleeding volume (ml). 

Gene Primer  Sequence 

ADAMTS-1 F 5 TCTTCCTTGACGGTGCTTCC 3’
 R 5 TCTTCCTTGACGGTGCTTCC 3

VEGF F 5’ ACGGTCCCTCTTGGAATTGG 3’
 R 5’ CGGCCGCGGTGTGTCTA 3’

eNOS F 5’ TCCGGAAGGCTTTTGATCCC 3’
 R 5’ AAACGGACACTAAGGCAGCA 3’

VEGFR2 F 5’ CGGTCAACAAAGTCGGGAGA 3’
 R 5 CAGTGCACCACAAAGACACG’ 3’

PI3K TCTCCTCCTCCTCCTGCTTC
 TCTCCTCCTCCTCCTGCTTC

GAPDH GCTCCCTCTTTCTTTGCAGC
 CCATGAGTCCTTCCACGATACC

AKT TCTCCTCCTCCTCCTGCTTC
 TCTCCTCCTCCTCCTGCTTC

miR142 GATATTTAATGTACATAAATAT

Figure 1. Special gene characteristics of human peripheral blood-derived EPCs at different passages. Immunofluorescence staining 
results showed that human peripheral blood-derived EPCs were positive for the CD34, CD133, and KDR. (Magnification 100X).
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μm polyvinylidene fluoride) (PVDF) membranes 
(Millipore, St Charles, MO, USA), which were 
blocked in 5% non-fat milk and incubated overni-
ght at 4 °C with diluted antibodies against VEGF 
(1:1000, Cell Signaling Technology, Danvers, 
MA, USA) , ADAMTS-1 (1:1000, Cell Signaling 
Technology, USA) and eNOS (1:200, Santa Cruz 
Biotechnology, Santa Cruz, CA, USA). The mem-
branes were then incubated with the HRP-conju-
gated secondary antibody (1:1000, Santa Cruz 
Biotechnology, Santa Cruz, CA, USA). After 3 
items of washings with phosphate buffer solu-
tion with Tween-20 (PBST), the membranes were 
probed using ultra-enhanced chemiluminescence 
Western blotting detection reagents. Glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH) 
was used as internal control.

Statistical Analysis
Statistical analyses of the data were perfor-

med with a one-way ANOVA followed by the 
Tukey-Kramer honestly significant difference 
(HSD) test for the three sets of results. A p-value 
of less than 0.05 was considered significant. Sta-
tistical analyses were done with a JMP Statistical 
Discovery Software (SAS Institute, Cary, NC).

Results

Special Genes Expression in Human 
Peripheral Blood-Derived EPCs

The isolated peripheral blood-derived mononu-
clear cells were round or irregular, which began to 
adhere and grow after 48 h. The cells proliferated 
quickly, displaying obviously karyokinesis and dif-
ferent morphology including fusiform, triangular or 
irregular shape after 5 days. CD133, CD34 and KDR 
are the specific markers of EPCs. In this research, 
we examined the expression of these specific mar-
kers in human peripheral blood-derived EPCs and 
found that the cells expressed these three makers.

The interaction of miR-142 and 
ADAMTS-1 in Human Peripheral 
Blood-Derived EPCs

miRNA target genes are likely to have relati-
vely long and conserved 3′UTR 17. We noticed 
that ADAMTS-1 has a long evolutionarily con-
served 3′UTR, so we used the TargetScan algo-
rithm 18 to search for miRNAs that could poten-
tially regulate ADAMTS-1. The miR-142 has 
the same putative target binding sites in ADAM-
TS-1 in the human genome (Figure 2). So, we 

over-expressed miR-142 in EPCs and observed 
the protein level of the target gene. The resulting 
adenoviruses designated as Ad-pre-miR-142/
Ad-ADAMTS-1 also express GFP as a marker 
for monitoring infection efficiency. Expression 
of GFP was observed after transfected 72h using 
fluorescence microscope. The results demon-
strated that the GFP were positive in EPCs. To 
determine the expression of miR-142 in human 
peripheral blood-derived EPCs, we detected 
the mRNA level of miR-142 in EPCs after tran-
sfection using Real-time PCR. And to determine 
the expression of ADAMTS-1 in EPCs, we de-
tected the protein level of ADAMTS-1 in EPCs 
after transfection using Western blotting, as 
shown in Figure 2, mRNA level of miR-142 and 
protein levels of ADAMTS-1 were significantly 
elevated respectively after transfection. Protein 
expression of ADAMTS-1 was performed on 
ADAMTS-1 transfected cells according to Ima-
ge J tools comparative method (Figure 2).

The Expression of Downstream 
Genes After Over-Expressed miR-142 
and ADAMTS-1 in Human Peripheral 
Blood-Derived EPCs 

Real time PCR was used to detect the gene 
expression of downstream genes, including 
VEGFR2, PI3K, Akt and eNOS. The PI3K si-
gnaling pathway is one of the major signalling 
pathways that have been identified as important 
in the production of eNOS. The result demon-
strated that after transfected miR-142, the spe-
cific downstream genes, including VEGFR2, 
PI3K, Akt, and eNOS, were expressed and gene 
expression level showed a time-lapse increa-
se in human peripheral blood-derived EPCs, 
but after transfected ADAMTS-1, the level of 
downstream genes showed a time-lapse decrea-
se in EPCs (Figure 3). 

Level of NO After Transfected miR-142 
and ADAMTS-1 in Human Peripheral 
Blood-Derived EPCs

In mammals including humans, NO is an impor-
tant cellular signaling molecule involved in many 
physiological and pathological processes. eNOS is 
primarily responsible for the generation of NO in the 
vascular endothelium, a monolayer of flat cells lining 
the interior surface of blood vessels, at the interface 
between circulating blood in the lumen and the re-
mainder of the vessel wall. The level of eNOS was 
significantly elevated after transfected miR-142 and, 
then, the concentration of NO will be tested using 
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a spectrophotometer. The concentration of NO in 
cell culture medium were detected after one week of 
miR-142 and ADAMTS-1 transfection respectively 
using a spectrophotometer. The results demonstrated 
that concentration of NO had significant difference 
after transfected miR-142.

 

Discussion

NO is a gaseous molecule with an astonishin-
gly wide range of physiological and pathophy-

siological activities, including the regulation of 
vessel tone and angiogenesis in wound healing, 
inflammation, ischemic cardiovascular diseases 
and malignant diseases. Recent data19 have re-
vealed the predominant role of endothelial nitric 
oxide synthase (eNOS), an endothelial-cell-speci-
fic isoform of NO producing enzyme, in both an-
giogenesis (the development of new blood vessels 
derived from existing vessels) and vasculogenesis 
(blood vessel formation de novo from progenitor 
cells). Also, successes in gene therapy, together 
with the recent development of an eNOS-speci-

Figure 2. The target site of miRNA-142 and 
up-regulation of miR-142 in pre-miR-142 tran-
sfected human peripheral blood-derived EPCs. 
A, The miR-142 complementary sites with 3’UTR 
of ADAMTS-1. B, Human peripheral blood-deri-
ved EPCs were transfected with adenoviruses as 
described in the Methods, and the expression of 
miR-142 was quantified by Real-time PCR. C, Ef-
fect of miR-142 on protein level of ADAMTS-1, 
VEGF, and eNOS. D, E and F Quantification of 
ADAMTS-1, VEGF and eNOS in human peri-
pheral blood-derived EPCs transfected with miR-
142, GFP or Control for 72 h.
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fic inhibitor, suggest that the modulation of eNOS 
might be a potent new strategy for the control of 
pathological neovascularization. 

MicroRNAs are small non-coding RNA that 
exhibit a high degree conservation of structure 
and function in plant and animal. They exist in 
two forms of pre-miRNAs and mature miRNAs, 
and only the mature miRNAs-mediated by the 
two RNase III endonucleases Dicer and Drosha20 
play a key biological role. The mature miRNAs 
inhibit protein translation by binding the 3’-UTR 
of target mRNA partly, while they induce target 
mRNA cleavage through binding mRNA with per-
fect complementarity21. A target gene analysis of 
miRNAs may lead to better understanding of the 
mechanisms by which miRNAs mediate prolife-
ration and apoptosis in cells. ADAMTS-1 is a so-
luble matrix metalloprotease molecule that inhibi-
ts angiogenesis by mechanisms that may relate to 
direct sequestration of VEGF or by activating the 
release of anti-angiogenic thrombospondin-deri-
ved peptides22. VEGF is an endothelial-specific 
growth factor that induces angiogenesis, i.e., the 
sprouting of capillaries from preexisting vessels 
in vivo. eNOS is an essential molecule in media-
ting VEGF -induced angiogenesis and endothelial 
function via production of NO. Moreover, the 
protein level of eNOS is up-regulated in response 
to VEGF. 

The miR-142 has previously been shown to 
be expressed in murine BM, spleen, and thy-
mus and was especially high in B cells and 
T-cell subsets 23.Recent studies have reported 
that miR-142, which is located at chromoso-
me 17q22, is important in the tumorigenesis of 
hepatocellular carcinoma and esophageal squa-
mous cell carcinoma24. However, the function 
of miR-142 in endothelial cells is largely unk-
nown. In this research, targets of miR-142 were 
analyzed using TargetScan tools; ADAMTS-1 
were selected and demonstrated which was re-
gulated by miR-142 via complementary sequen-
ce in 3’UTR. This region is highly homologous 
between human and mouse, suggesting an evo-
lutionarily conserved regulatory mechanism for 
controlling miR-142 expression. A recent stu-
dy provided some evidence that miR-142 ove-
rexpression in hepatocellular carcinoma cells 
exerts an anti-tumor effect, which is likely re-
lated to the capacity of this microRNA to target 
the 3′UTR region of ADAMTS-1 mRNA24. In 
our research, we demonstrated that the miR-
142 can promote eNOS expression through 
down-regulated ADAMTS-1 expression (inhi-
bitor of VEGF) in human EPCs, these results 
provide a new insight in microRNA regulation 
of vessel tone and angiogenesis.

Figure 3. Up-regulation of ADAMTS-1(target of miR-142) 
in transfected human peripheral blood-derived EPCs. A, Hu-
man peripheral blood-derived EPCs were transfected with 
adenoviruses as described in the Methods, and the expression 
of ADAMTS-1 mRNA was quantified by Real-time PCR. B, 
Transfected effect on protein level of ADAMTS-1, VEGF and 
eNOS. C, D and E, Quantification of ADAMTS-1, VEGF and 
eNOS in human peripheral blood-derived EPCs transfected 
with ADAMTS-1, GFP or Control for 72 h.
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Figure 5. The concentration of 
NO after transfected miR-142 in 
human peripheral blood-derived 
EPCs. The concentration of NO 
was detected using a spectropho-
tometer. The results demonstra-
ted that the concentration of NO 
had a significant difference after 
transfected miR-142.

Figure 4. Gene expression of PI3K signaling pathway detected in continuously cultured human peripheral blood-derived EPCs. 
VEGFR-2 is a special marker for the endothelial cell line, and it is a mechanotransducer for flow-mediated PI3K-Akt-eNOS activa-
tion and NO-dependent vasodilation in vivo. Phosphoinositide 3-kinase (PI3K) and its downstream serine/threonine protein kinase 
Akt (protein kinase B) mediate phosphorylation of eNOS at Ser1179 (based on the bovine eNOS sequence and equivalent to human 
eNOS-Ser1177). Expression of VEGFR-2, PI3K, Akt and eNOS were no significantly changed in the normal human peripheral blo-
od-derived EPCs. However, following overexpression of miR-142, expression increased over time.
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Conclusions

In this study, we analyzed the role of miR-142 
in the eNOS expression of human EPCs. The 
results demonstrated that miR-142 could pro-
mote the productivity of NO through inhibited 
ADAMTS-1 expression (inhibitor of VEGF), 
the activated function of VEGF and eNOS in 
human EPCs. This finding suggests that miR-
142 and eNOS may have cooperative effect in 
vessel tone and play an important role in the 
angiogenesis.
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