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Although extensive investigation has been made on miR-29a in relation to malignancies, only a little 
information has been provided about the angiogenic property of this miRNA so far. Herein, we sought 
to investigate the role of miR-29a in regulating cell cycle and angiogenic phenotype of endothelial cells.
The results showed that miR-29a is highly expressed and upregulated by hypoxia-mimicking reagents in 
human umbilical vein endothelial cells (HUVEC). Consistent with this preliminary finding, introduction of 
exogenous agomiR-29a , or Antagomir-29a altered cell cycle progression and promoted, or repressed the 
proliferation and tube formation of HUVEC, respectively. Furthermore, by using luciferas e reporter assay,
the expression of HBP1, a suppressor transcription factor was directly regulated by miR-29a through 30-
UTR. Increased or decreased HBP1 protein level was associated with the inhibition or overexpression of 
miR-29a, respectively. We conclude that miR-29a has a significant role in regulating cell cycle, prolifer- 
ation and angiogenic properties of HUVEC, and this function is likely mediated through HBP1 protein at 
the post-transcription al level. As a novel molecular target, miR-29a may have a potential value for the 
treatment of angio genesis-associated diseases such as cardiovascular diseases and cancers.

� 2013 Elsevier Inc. All rights reserved.
1. Introduction angiogen esis are not clearly clarified. Therefore, the roles of miR- 
MiRNAs (miRNAs) are highly conserved, single-stran ded, non- 
coding small RNAs, which regulate gene expression at the post- 
transcriptio nal level by inhibiting protein translation from mRNA 
or by promoting degradation of mRNA. Some specific miRNAs are 
related to hypoxia and involved in hypoxia-depen dent modifica-
tion of angiogenic property of endothelium [1,2]. Accumulatin g
evidence indicates that miRNAs can modulate various aspects of 
angiogenesis , such as proliferation , migration, and morphogenes is 
of endothelial cells [3]. Although extensive investigatio n has been 
made on miR-29a in relation to malignancie s [4–7], only a little 
information has been provided about the angiogen ic property of 
this miRNA so far. MiR-29a has been found to be highly expressed 
in endothelium [8], however, its functions in endothelium and 
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29a in angiogen esis deserve to further study. Recently, a clinical 
study showed that plasma miR-29a levels of myocardial infarct pa- 
tients were significantly upregulated during the first 1–5 days [9].
As a novel molecular target, miR-29a may have a potential value 
for treatment of angiogenesis-a ssociated diseases.

Tumor suppressor protein HBP1 (HMG box-containi ng protein- 
1) is a transcrip tional repressor that binds to the promoter region 
of target genes. HBP1 inhibited Wnt signaling and regulated cell 
prolifera tion in breast cancer cells [10], and it was upregulated in 
miRNA-d eficient endothelial cells and predicted to be a target of 
miR-29a by using computational prediction algorithm such as Tar- 
getScan, Pictar and miRbase [11].

In this study, we investiga te: (1) whether miR-29a expression in 
endotheli um is regulated by hypoxia; (2) whether miR-29a directly 
targets HBP1 expression and regulates angiogenic properties of hu- 
man endothelial cells.
2. Methods 

2.1. Cell culture 

Human umbilical venous endothelial cells (HUVEC) were pur- 
chased from KeyGEN Biotech (Nanjing, China), and were main- 
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tained in RPMI-1640 medium supplemented with 2% FBS and anti- 
biotics [12].
2.2. Hypoxia inducement 

Hypoxia inducement was carried out by incubating cells with 
Cobalt chloride (CoCl2, Yeyuan Company , Shanghai, China) or 
Deferoxamine Mesylate (DFO; Calbiochem, Merk, Germany) at dif- 
ferent concentr ation for 20 h[2]. Then, cells were harvested and to- 
tal RNA was isolated for miRNA quantification analysis.
Table 1
MiRNAs microarray profile of HUVECs.
2.3. Plasmid construction 

pmiR-RB-Re port-HBP1 which contains the hRluc (Renilla lucif- 
erase) gene subject to regulation of 30-UTR (1132 bp) of HBP1 
mRNA was created by inserting the whole length 30-UTR of human 
HBP1 mRNA into pmiR-RB-Re port double luciferase report vector 
(Ribobio Co, Guangzhou, China). Briefly, the human HBP1 30-UTR
fragment was obtained from the human genome DNA using PCR 
technique with primers (template: GenBank accession no.
NM_012257 ):

HBP1-F: 50 -CCGCTCGA GACCAGGATGC TTATGTTCTT-3 0

HBP1-R: 50-GAATGCGGCC GCCAATCAGTAGA CGTCAGAGAT-3 0.
After the sequence was verified by restrictio n enzyme digestion 

and sequencing, the fragment was subcloned into pmiR-RB-Repo rt.
Another reporter plasmid pmiR-RB-Re port-VEGF which con- 

tains whole length 30-UTR (1901 bp) of VEGFA mRNA was also cre- 
ated with similar procedure. The human VEGFA 30-UTR fragment 
was obtained from the human genome DNA using PCR technique 
with primers (template: GenBank accession no. NM_00117163 0):

VEGFA-F: 50 CCGCTCGAGGC CGGGCAGGA GGAAGGA 30

VEGF A-R : 50 GAATGCG GCCG CTTTAAGAT AT AT CTG TAT TTCTTTG 30
Probe_ID Averaged signal Probe_ID Averaged signal 

let-7a 1080.38 miR-1975 4701.08 
let-7b 854.26 miR-1977 98.78 
let-7c 403.75 miR-1978 70.86 
let-7d 418.33 miR-1979 12,216.99 
let-7e 399.88 miR-200b 88.92 
let-7f 578.61 miR-20a 58.60 
let-7g 63.92 miR-21 3517.42 
let-7i 812.77 miR-210 65.99 
miR-100 295.60 miR-22 62.60 
miR-103 114.16 miR-221 296.81 
miR-106a 83.58 miR-222 803.28 
miR-106b 77.32 miR-23a 486.17 
miR-107 128.29 miR-23b 150.80 
miR-125a-5p 295.34 miR-24 199.34 
miR-125b 294.53 miR-25 299.40 
miR-1268 70.42 miR-26a 638.97 
miR-1275 63.53 miR-29a 316.15 
miR-1280 1300.27 miR-30b 54.01 
miR-1308 130.42 miR-30c 53.51 
miR-146a 199.31 miR-30d 50.56 
miR-151-3p 66.17 miR-320a 1828.82 
miR-151-5p 291.11 miR-320b 774.10 
miR-155 83.74 miR-320c 1275.44 
miR-15b 116.65 miR-320d 252.32 
miR-16 134.27 miR-361-5p 173.16 
miR-17 74.25 miR-423-5p 277.46 
2.4. Transfection 

For overexpres sion of miR-29a, Agomir-2 9a (Ribobio Co.,
Guangzhou, China), a kind of thio-, cholesterol-m odified miRNA 
mimic (double-stranded RNAs) was used to transfect HUVECs,
and Agomir-C o., which was similar to Agomir-29a but with a
scramble seeding sequence , was used as control.

Agomir-29a sequences used are: hsa-29a-Agom ir sequence 
(Agomir-29a):

UAGCACCAUCUGAAAUCGGU UA 
hsa-miR-29 a-Agomir scramble control (Agomir-Co.,):
UGACAACCUCUGAAAUCGGU UA 
For inhibition of miR-29a, a specific inhibitor, Antagomir-29a 

(Ribobio Co., Guangzhou, China) is used and Antagomir Negative 
Control (Antagomir-Co.,) was also used as control.

Briefly, cells in wells of 96-well/6 -well plates were grow to 50–
70% confluence. Agomir/Antago mir at final concentration of 
100 nM were used to transfect the cells in the presence of Lipofec- 
tin Reagent (Invitrogen) accordin g to the manufactur er’s protocol.
Transfection efficiency in our system was evaluated by Cy3-labeled 
Agomir-Contr ol (Ribobio Co., Guangzhou, China).
miR-181a 63.89 miR-638 714.68 
miR-182 812.22 miR-663 113.07 
miR-1826 13,060.51 miR-720 2287.82 
miR-183 116.02 miR-762 107.19 
miR-185 55.40 miR-92a 1219.34 
miR-191 361.51 miR-92b 245.87 
miR-1915 139.00 miR-93 102.15 
miR-1974 2712.38 miR-99b 160.51 

The expression of 694 miRNA transcripts were detected in cultured HUVECs, and 68 
relative highly expressed miRNAs (signal intensity larger than 50) were shown in 
the table.
2.5. RNA isolation and miRNA microarray analysis 

Cells were collected , washed and lysed with 700 ll Qiazol lysis 
reagent (Qiagen). Total RNA isolation, quality control, labeling,
hybridizatio n and miRNA microarray analysis were performed by 
LC Sciences (Houston, TX, USA). Data were analyzed by first sub- 
tracting the background and then normalizing to the signals using 
a LOWESS filter.
2.6. RNA purification and qRT-PCR assay for miRNA expression 

Total RNAs were purified using RNAiso Plus (TaKara) as manu- 
facturer’s protocols. miRNAs were assayed by real-time reverse 
transcrip tase polymera se chain reaction (qRT-PCR). The cDNAs 
were produced from total RNA with Reverse Transcriptio n Kit 
(Takara, Dalian, China) and miRNA specific Bulge-loop™ miRNA 
RT primers (Ribobio Co., Guangzhou, China). Human U6 snRNA 
was used as endogenous control for data normalization. Real-time 
PCR was performed on the ABI Prism 7500 Sequence Detection Sys- 
tem (Applied Biosystems) using an SYBR Green I Real-Time PCR kit 
(TaKara, Dalian, China). The relative expression levels of miRNAs 
were calculated and quantified by using the 2�Ct method after nor- 
malization by expression of endogenous control [13].
2.7. Enzyme-li nked immunosorben t assay (ELISA) for HIF1 protein 

Levels of HIF1 a protein in HUVECs were determined using the 
Human HIF-1 a ELISA Assay Kit (Shanghai Yili Co., Shanghai, China)
accordin g the manufac turer’s instructions . The Means of OD values 
in 450 nm were used as represents of HIF1 a protein expression.
2.8. Cell proliferation assay 

Cell proliferation was assessed using Cell Counting Kit-8 (Dojin-
do Laboratories , Japan) as the manufacturer’s protocol. At each 
time point of 24, 48, 64 and 72 h after Agomir/Antago mir transfec- 
tion, 10 ll of cell proliferation reagent WST-8 solution was added 
to each well of a 96-well plate and the cells were incubated 0.5–



Fig. 1. Expressions of 15 relatively high-expressed miRNAs in HUVECs (A) and the effect of hypoxia on miR-29a expression in HUVECs (B–E). Expressions of 15 relatively 
high-expressed miRNAs in HUVECs were assayed by qRT-PCR. Data represent Means of value in 3 samples (A). To study the effect of hypoxia on miR-29a expression in 
endothelial cells, miR-29a and HIF-1 a expression in HUVECs with or without chemical mimics CoCl 2 (0, 5, 25, 62.5 lM) or DFO (0, 125, 250 lM) treatment were analyzed by 
qRT-PCR and ELISA method. CoCl 2 or DFO treatment noticeably increased expression of both HIF-1 a and miR-29a (B–E). Data represents Mean ± SE of three independent 
experiments, ⁄P < 0.05, ⁄⁄P < 0.01 vs. Control.
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1 h in a CO 2 incubator. Absorbance at 450 nm (OD value) was mea- 
sured by a microplate reader, and absorbance at 630 nm was used 
as reference. The average OD values were used as represents of the 
total cell numbers of each group.
2.9. In vitro tube network formation assay 

For tube network formatio n assay, each well of 96-well plates 
was pre-coated with 50 ll of Matrigel (BD Bioscienc es Discovery 
Labware, Bedford, MA, USA) and allowed to polymerize for 
30 min at 37 �C. Then, cells were seeded on Matrigel-co ated wells 
at a density of 2 � 104 cells per well in RPMI-1640 medium con- 
taining 1% FBS at 37 �C. Cells started to form tubes at 4 h. Tube for- 
mation was optimal after 8 h. The tube images were taken at 7–8 h
with a digital camera attached to an inverted phase-contrast 
microscope. Total tube length in each well was measured and cal- 
culated using image software (IPP).
2.10. Cell cycle analysis 

HUVECs in wells of 6-well plate were transfected with Agomir- 
29a/Antagom ir-29a and incubated for 48 h. Then, the cells were 
harvested for Flow Cytometr y analysis. Briefly, Cells were fixed in 
70% ethanol, suspended in PBS, and incubate d with RNase A
(0.5 lg/ll) for 30 min at 37 �C. Then, the cells were stained with 
propidium iodide on ice for 1 h and subsequent ly measure d with 
FACScan Flow Cytometr y (Becton Dickinso n, San Jose, Calf, USA).
The percentage of cells in the G1, S, and G2 phases were analyzed 
by using the Motif LT Softwre.
2.11. Luciferase reporter assay 

Cells in wells of a 96-well plate were grown to 50–60% conflu-
ence and co-transf ected with 0.1 lg pmiR-RB-Repo rt-HBP1 (or
pmiR-RB- Report-VEGF) and 100 nM Agomir-29a/A ntagomir-29a 
in the presence of Lipofectin Reagent (Invitrogen). Then, cells were 
lysed for luciferase assay using Dual-Luciferase Reporter Assay Sys- 
tem (Promega). The ratio of Renilla luciferase activity to Firefly
luciferase activity in each sample was served as a normalized lucif- 
erase activity and expresse d as fold-induction.
2.12. Western Blot for HBP1 protein 

HUVECs in 6-well plates were trypsinized and washed with PBS.
Then, the cells were lysed by 70 ll of ice-cold RIPA Cell Lysis Buffer.
Cell lysates (10 lg protein) were separated on 12% SDS–PAGE gel 
and electroblotted onto a nitrocellulos e membran e. Membrane 
was blocked and detected with rabbit anti-HBP1 polyclonal anti- 
body (ab83402, Abcam Inc, USA) and a horseradish peroxidase- 
conjugat ed secondar y antibody . b-actin was used as endogen ous 
control.



Fig. 2. Effect of miR-29a on cell cycle (A–C) and proliferation (C–F) of HUVECs. HUVECs were transfected with Agomir-29a or Antagomir-29a and subjected to propidium 
iodide (PI) flow cytometry analysis. Overexpression of miR-29a by agomir-29a accelerated G1 to S cell cycle transition, while inhibition of miR-29a by Antagomir-29a increase 
G2 population and reduced S phase population. (A) Representative Flow Cytometry images of three independent experiments. (B) Comparison of cell cycle populations in each 
group. Data represents Mean ± SE of three independent experiments, ⁄P < 0.05, ⁄⁄P < 0.01 vs. Blank-Co. & P < 0.05 vs. Agomir-Co, # P < 0.05 vs. Antagomir-Co. To show 
transfection efficiency of Agomir, Cy3-labeled Agomir-Control was used to transfect HUVECs by lipofectin and observed under phase-control microscope (C, left) or 
fluorescence microscope (C, right). Proliferation of Agomir-29a/Antagomir-29a transfected cells or CoCl 2 treated cells were analyzed by CCK-8 at different time point during 
24–72 h. (D) Relative cell proliferation levels of HUVECs transfected with Agomir-29a, Agomir-control (Agomir-Co) and Blank-control (Blank-Co). (E) Relative cell 
proliteration levels of HUVECs after transfection of Antagomir-29a, Antagomir-control (Antagomir-Co) or Blank-control (Blank-Co). ⁄P < 0.05, ⁄⁄P < 0.01 vs. Agomir-Co; #
P < 0.05, # # P < 0.01 vs. Blank-Co. (F) Relative cell proliferation levels of HUVECs treated with different concentration of CoCl 2, ⁄P < 0.05, ⁄⁄P < 0.01 vs. Control of the same time 
point.
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2.13. Statistical analysis 

Data are expressed as Mean ± SE. Comparison of the means was 
performed using unpaired Student’s t-test and P < 0.05 was consid- 
ered statistically significant.
3. Results 

3.1. MiR-29a expression was abundant in HUVECs 

To investiga te the role of miRNAs in angiogenesis , the miRNA 
expression profile in HUVECs was examine d by miRNAs array,
and 68 relative high-expressed miRNAs were shown (Table 1).
Expressions of 15 miRNAs were further evaluated by qRT-PCR.
The results showed that miR-21, miR-720, miR-29a, miR-16,
miR-92a, miR-320 and let-7 family are abundant in HUVECs 
(Fig. 1A). Among them, miR-29a was predicted to target several 
mRNAs of important angiogenesis-rel ated gene, including HBP1 
and VEGF, etc.
3.2. MiR-29a expression was upregulat ed by hypoxia treatment in 
HUVECs

To study the effect of hypoxia on miR-29a expression in endo- 
thelial cells, we performed qRT-PCR analysis using HUVECs with 
or without DFO or CoCl 2 treatment. DFO or CoCl 2 treatment notice- 
ably increased both miR-29a and HIF-1 a expression in a dose- 
depende nt manner (Fig. 1B–E). These data suggest that miR-29a 
expression can be stimulated by hypoxia.

3.3. MiR-29a regulated cell cycle in HUVECs 

To investigate whether miR-29a regulated cell cycle of endothe- 
lial cells, Cell cycles of Agomir-29a or Antagomi r-29a-transfec ted 
HUVECs were analyzed by flow cytometr y fluorescence activated 
cell sorter (FACS). The results showed that G1 phase population 
of Agomir-29a- transfected cells was decreased, while S phase pop- 
ulation was increased, compared with that of Agomir-Co., groups,
as well as Blank-Contr ol groups (Fig. 2A and B), while inhibition 
of miR-29a by Antagomir-29a decreased S phase population and 
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increased G2 phase population, compare d with that of Antagomi r- 
Control and Blank-Contr ol groups. These data suggested that ele- 
vated miR-29a expression might accelerate G1 to S phase shift in 
endothelial cells, while inhibition of miR-29a might lead to a G2 
phase arrest.

To determine transfection efficiency of Agomir-29a (or Antago- 
mir-29a) in our system, Cy3-labeled Agomir-C ontrol was used to 
transfect the endothelial cells in the presence or absence of Lipo- 
fectin. The results showed relatively high transfection efficiency
of Agomir (or Antagomir-29a ) in HUVEC (Fig. 2C).
3.4. MiR-29a regulated proliferation of HUVECs 

To determine whether miR-29a overexpress ion mimics hy- 
poxia-promote d prolifera tion and angiogen esis in endothelial 
cells, cell proliferations of Agomir-29a- transfected cells or trea- 
ted with CoCl 2 were assayed by CCK8 assay. Either miR-29a 
Fig. 3. Effect of miR-29a on tube network formation in HUVECs. HUVECs were transfec
cells in suspension were seeded on wells that precoated with Matrigel. Tube network form
experiments. (B) Total tube length was measured with image analysis software and norm
P < 0.01 vs. Antagomir-Co.
overexpress ion by Agomir-29a or treated with CoCl 2 significantly
promote d cell proliferation of HUVECs at 48–72 h (Fig. 2D and 
F). To further confirm the effect of miR-29a on cell proliferation 
in HUVECs, cell proliferation of Antagomir-29a -transfected cell 
was also assessed by CCK8 assay (Fig. 2E). MiR-29a inhibition 
by Antagomir-29a significantly suppressed cell prolifera tion of 
HUVECs at 48–72 h.
3.5. MiR-29a promoted tube network formation of HUVECs 

To investigate the influence of miR-29a on angiogenic proper- 
ties of endothelial cell, the tube network formation on Matrigel 
of Agomir-29a/Anta gomir-29a transfected HUVECs was examined.
The results showed that overexpression of miR-29a promoted tube 
network formatio n of HUVECs (Fig. 3A, B), It was suggested that 
elevated miR-29a in endothelial cells might activate endotheli al 
cells and promote angiogenesis.
ted with Agomir-29a/Agomir-Co or Antagomir-29a /Antagomir-control. After 48 h,
ations were measured after 6–8 h. (A) Representative images of three independent 
alized to that of Blank-Co group. ⁄P < 0.01 vs Blank-Co, # P < 0.01 vs. Agomir-Co, &



Fig. 4. miR-29a target identification. Luciferase reporter constructs (pmiR-RB-Report-HBP1) containing the 30-UTR of HBP1 mRNA and Agomir-29a or Antagomir-29a were 
used to transfect HUVECs for 48 h, and the cells were lysed for luciferase assay. Some groups of cells transfected with only Agomir-29a/Agomir-Co or Antagomir-29a/ 
Antagomir-Co were lysed and subjected to Western Blot analysis. (A) Relative luciferase activities of Agomir-29a-transfected cells. Agomir-29a: cells transfected with 
Agomir-29a; Agomir-Co: transfected with Agomir-control, Blank-Co: medium only; ⁄P < 0.01 vs. Agomir-Co; # P < 0.01 vs. Blank-Co. Data represent Mean ± SE of three 
independent experiments; (B) HBP1 protein level of cells transfected with Agomir-29a, Agomir-Co and Blank-Co; (C and F) Intensity of each protein band was quantified by 
Quantity One Software. The results were standardized against the levels of b-actin and presented as the relative intensity. The experiments were repeated there times;
⁄P < 0.05 vs. Agomir-Co (or Antagomir-Co), # P < 0.01 vs. Blank-Co. (D) Relative luciferase activities of Antagomir-29a-transfected cells. Antagomir-29a: cells transfected with 
Antagomir-29a; Antagomir-Co: transfected with Antagomir-control; ⁄P < 0.01 vs. Antagomir-Co; (E) HBP1 protein level of cells transfected with Antagomir-29a, Antagomir- 
Co.

148 Z. Yang et al. / Biochemical and Biophysical Research Communications 434 (2013) 143–149
3.6. HBP1 expression was directly regulated by miR-29a 

To determine whether HBP1 is a direct target of miR-29a in 
endothelial cells, pmiR-RB-Repo rt-HBP1 luciferase reporter which 
contains 30-UTR of HBP1 mRNA was used to examine the effect 
of miR-29a on mRNA expression of HBP1. In the meantim e, HBP1 
protein expression was also assayed by Western Blot. Overexpres- 
sion of miR-29a by Agomir-29a led to remarkable inhibition of 
both HBP1-3 0UTR reporter luciferase and HBP1 protein expression 
(Fig. 4A–C), while inhibition of miR-29a by Antagomir-29a induced 
remarkable increase of both HBP1-3 0UTR reporter luciferase and 
HBP1 protein expression (Fig. 4D–F). Meanwhile, overexpress ion 
or inhibition of miR-29a by Agomir-29a/ Antagomir-29a did not 
remarkably influence luciferase express of VEGF-3 0UTR reporter 
(data not shown). These results suggested that miR-29a might 
directly regulate HBP1 expression at the post-transcr iptional level.
4. Discussion 

As a crucial pathogenic component of major cardiovascu lar dis- 
eases and tumor microenvironm ent, hypoxia plays an important 
role in activation of endothelial cells and angiogenesis [14]. Endo- 
thelium-rel ated miRNAs such as miR-210 have been reported to be 
upregulated by hypoxia and involved in modification of angiogenic 
property of endotheli um [15]. Our results showed that miR-29a 
expression can be induced by a hypoxia-mim icking reagent in a
dose-depend ent manner in HUVECs. These data support the novel 
notion that miR-29a may be stimulated by hypoxia in 
endothelium .
We further investiga ted the effects of alteration of miR-29a 
expression on cell cycle, proliferation and angiogen ic properties 
in endothelium. The results showed that G1 to S cell cycle transi- 
tion of HUVECs can be accelerated by miR-29a overexpress ion. En- 
forced expression of miR-29a in endotheli um remarkabl y
promote d cell proliferation and tube network formation on Matri- 
gel. Previous study showed that miR-29a promoted progenitor cell 
prolifera tion by expediting G1 to S cell cycle transition [16], and 
miR-29a expression was upregulated in a metastatic breast cancer 
cell line [17]. MiR-29a transgenic mice led to expanded CD5 + B-cell
population and developmen t of indolent CLL (chronic lymphocy tic 
leukemia) phenotype [18]. Our results indicated that the functions 
of miR-29a in endothelial cells were similar to that of hematopoi- 
etic progenitor cells. In human osteoblast, miR-29a increased Wnt 
signaling by targeting some negative regulators of Wnt signaling 
[19], which also supported the promotive effect of miR-29a on cell 
prolifera tion, at least in some types of cells.

HBP1 is a transcriptio nal repressor and has been shown to neg- 
atively regulate the cell cycle. In human breast cancer, a correlation 
between HBP1 under-expressi on and poor prognosis has been de- 
scribed [10]. HBP1 represses some growth regulatory genes such as 
cyclin D1, c-myc, etc., and is an inhibitor of G1 progression [20].
Previous studies have demonstrat ed that HBP1 negatively regu- 
lates p47phox of the NADPH oxidase complex, a signaling messen- 
gers in driving angiogenesis [11]. Lowering of cellular miRNA 
content by Dicer knockdown can lead to elevated HBP1 expression 
and impaired angiogen ic response in endotheli al cells, while 
knockdow n of HBP1 restored the angiogenic response of miRNA- 
deficient endothelial cells [11]. Our study showed that inhibition 
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of miR-29a by specific Antagomir led to remarkable increase of 
both 30UTR reporter luciferase and protein expression of HBP1,
while overexpress ion of miR-29a remarkably suppressed HBP1 
expression, leading to a shift of G1 to S phase population, which 
suggested that the role of miR-29a in regulatin g angiogenic prop- 
erties of endotheli um was partially attributed to targeting HBP1.
Angiogenesi s is essential in the developmen t, progression and 
metastasis of solid tumors. MiR-29a has been proved to be associ- 
ated to metastasis of some human carcinomas such as breast car- 
cinoma, colorectal carcinoma [17,21]. Other targets may be 
involved in regulative role of miR-29a in angiogenesis such as 
tristetrapro lin (TTP), which can inhibit Ras-depe ndent tumor angi- 
ogenesis by inducing VEGF mRNA degradat ion. Overexpressi on of 
miR-29a suppressed the expression of TTP and led to EMT (epithe-
lial-mesenc hymal transition) and metastasis [17]. In view of the 
important role of VEGF in angiogenesis, we also analyzed the reg- 
ulative effect of miR-29a on 30UTR of VEGF, however, our results 
did not showed any significant influence of miR-29a on the lucifer- 
ase expression of VEGF 30UTR reporter .

In different kinds of cancer cells, miR-29a can act as oncogeni c
miRNA or tumor suppressor, depending on the context [4]. As a
single miRNA can bind to multiple targets whereas single gene 
may be regulated by multiple miRNAs, further studies need to clar- 
ify the complex interactio ns between the endotheli um-related 
miRNAs and their targets during angiogenesis. The role and mech- 
anism of miR-29a in tumor angiogenesis in vivo need to be clarified
further.

In conculusion, miR-29a has a significant role in regulating cell 
cycle, prolifera tion and angiogen ic properties of HUVEC, and this 
function is likely mediated through HBP1 protein at the post-tran- 
scriptional level.
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