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Abstract

Blood outgrowth endothelial cells (BOEC) are derived from a subpopulation 
of circulating endothelial precursor cells (EPC). Several studies have shown 
that BOECs display a gene-expression profile that is very similar to that of 
HUVEC. Here, we show that miRNA profiles of BOEC and HUVEC are also 
very similar. Both miR-21 and miR-126 are highly expressed in HUVEC and 
BOEC. To uncover novel downstream targets of these well-characterized 
miRNAs we assessed their effect on endothelial cell barrier function using 
specific antimiRs. No major effects were observed on endothelial cell 
proliferation following down-modulation of miR-21 and miR126. Also, the 
response to histamine-induced loss of endothelial cell barrier-function 
was similar for miR-21 and miR-126 depleted cells when compared to 
cells treated with control antimiRs. We performed a proteomic screen 
which revealed 184 proteins that were more than two-fold upregulated 
in cells depleted for miR-126 when compared to control cells. Potential 
targets regulated by miR-126 include the sodium/potassium transporting 
ATPase subunit alpha and the resident endoplasmic reticulum proteins 
endoplasmin and putative heat shock protein HSP90β. We also observed 
upregulation of coatomer α and β involved in retrograde transport along 
the secretory pathway. Depletion of miR-21 resulted in a more than 2-fold 
increased expression of 178 proteins. These included actin-related protein 
3 (arp3) and cortactin, suggesting that miR-21 modulates cytoskeletal 
rearrangements in endothelial cells. Overall, our findings emphasize the 
impact of the abundantly expressed miRNAs miR-21 and miR-126 on the 
proteome of BOEC. 
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Introduction

Endothelial cells control vascular homeostasis and provide a highly dynamic 
barrier that separates blood components from the underlying tissues [1]. 
Vascular endothelial cells play a crucial role in directing leukocytes to sites 
of inflammation in the underlying tissues [2] and are also critically involved 
in binding platelets under shear stress through the release of large von 
Willebrand factor strings from Weibel-Palade bodies [3]. Neovascularization 
involves proliferation and differentiation of endothelial cells in response to 
growth factors such as vascular endothelial growth factor (VEGF) [4]. Over 
the past 10 years microRNAs (miRNAs) have emerged as key regulators of 
mRNA translation [5]. MiRNAs comprise a group of highly conserved small 
non-coding RNA molecules of around 23 bp in size that by virtue of their 
binding to their target mRNA inhibit protein translation or even induce 
mRNA degradation [6]. A single miRNA can bind to multiple target mRNAs 
allowing for coordinated regulation of gene expression under surveillance 
of a complex networks of miRNAs [7]. MiRNAs are often expressed in a 
tissue and cell-type specific manner and execute their role in a cluster of 
several miRNAs that are expressed under control of the same promoter 
[6]. Pre-miRNAs are processed in the nucleus by RNA endonuclease 
Drosha and translocated to the cytosol where they are cleaved by Dicer, 
a key endonuclease involved in the maturation of miRNAs [5,8]. Dicer is 
necessary for normal cellular function and it is reported that Dicer null 
mice die at embryonic day 7.5 [9]. Also tissue-specific deletion of Dicer has 
been shown to result in functional abnormalities [10]. Silencing of Dicer in 
endothelial cells resulted in dramatic changes in the expression profile of 
angiogenesis-related genes [11,12]. Over the past few years it has been 
well-established that miRNAs are key regulators of angiogenesis [13-15]. 
An important role for miR-126 as a suppressor of metastasis has been 
documented through its ability to suppress the recruitment of endothelial 
cells to metastatic cells through its modulating effect on interferon growth 
factor binding protein 2 (IGFBP2) and the receptor tyrosine kinase  MERTK 
[16]. MicroRNA profiles of a variety of endothelial cells have been analyzed 
[11-13,17,18]. Recently, miRNA profiling of endothelial precursor cells 
(EPC) derived from diabetic patients revealed down-regulation of miR-21, 
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miR-126, miR-27a, miR-27b and miR-130 [19,20]. Here, we determined 
expression levels of miRNAs in blood outgrowth endothelial cells (BOEC) 
[21]. This analysis showed that the miRNA profile of BOEC is highly similar 
to that of human umbilical vein endothelial cells (HUVEC). Assessment of 
barrier function and cell migration using electric cell-substrate impedance 
sensing (ECIS) did not reveal significant differences between miR-21 and 
miR-126 silenced and control BOEC. We further investigated the impact 
of the two highly expressed miR-21 and miR-126 on the proteome of 
BOEC. Our results showed that silencing of miR-21 and miR-126 resulted 
in an altered expression of proteins that contribute to cytoskeletal 
rearrangement, protein folding and vesicle transport in the early secretory 
pathway.  
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Materials and methods

Reagents

Collagen type I was obtained from BD Biosciences (Bedford, MA, USA). 
L-cysteine was from Sigma Aldrich (Zwijndrecht, the Netherlands). Fetal 
calf serum (FCS) was purchased from Hyclone (ThermoScientific). DNase 
I amplification grade (Invitrogen, Carlsbad, CA, USA). TaqMan microRNA 
Reverse Transcription Kit was obtained from Applied Biosystems  
(Foster City, CA, USA). Dithiotreitol (DTT) and Halt Protease Inhibitor 
Cocktail were from Thermo Scientific (Rockford, IL, USA). Glycerol 
and bromophenol blue were from Merck (Darmstadt, Germany). The 
electric cell-substrate impedence sensing system (ECIS) and ECIS 8W10E 
cultureware were from IBIDI (Munchen, Germany). NuPAGE® Novex  
pre-cast gradient (4-12%) Bis-Tris mini gels were from Invitrogen (Carlsbad, 
CA, USA).

Cell culture and transfections

BOECs were isolated from peripheral blood from healthy donors as 
described previously [21]. Cells were cultured in endothelial growth 
medium-2 medium supplemented with growth factors (Lonza, Verviers, 
Belgium) and 18% FCS (EGM-18) in collagen type I (50 μg/ml) coated 
flasks. Cells were cultured up to passage 7-8 and subsequently used for 
experiments. For analysis of BOEC characteristics in different experimental 
set-ups, cells were seeded in 6-wells plates and cultured overnight to 70% 
confluence. Cells were transfected with chemically engineered antisense 
Locked Nucleic Acid (LNA)-oligonucleotide (antimiRs) with high affinity 
for its complementary strand, to silence miRNA-126 and 21 (Exiqon, 
Vedbaek, Denmark). As a negative control the miRCURY LNA microRNA 
Antisense Control (Exiqon, cat. no. 199004-00) was used. Transfections 
were performed using INTERFERin reagent from Polyplus (Illkirch, France) 
according to the manufacturer’s instructions. Cells were incubated 
overnight with transfection reagent and a final concentration of 62.5 nM 
antimiRs. Medium was refreshed after 24 hours and cells were cultured to 
confluence in 72 hours. Confluent monolayers of antimiR-treated BOECs 
were used for all experiments.
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MicroRNA microarray profiling of BOEC and HUVEC

BOEC and HUVEC were cultured as described in the section above. Small 
RNAs were isolated from 80 cm2 flasks (corresponding to 2-5 X 106 cells) 
culture dishes using the mirVana miRNA isolation kit (Invitrogen). BOEC 
from 2 healthy donors and HUVEC derived from 2 different umbical cords 
were used for isolation of miRNA. Microarray based miRNA profiling 
was performed at MAD: Dutch Genomics Service & Support Provider, 
Swammerdam Institute of Life Sciences, University of Amsterdam. 
SurePrint Human miRNA Microarrays, Sanger miRbase (release 12.0),  
15 K, Agilent Technologies, Santa Clara, CA, USA) were used for this analysis. 
Data were processed essentially as described previously [22]. Raw data 
were read using the beadarray package (version 1.12.1) (Bioconductor) 
[23].  MiRNAs were excluded from the analysis when their log2 expression 
was less than median expression levels on the array.

Quantification of miRNA silencing using qRT-PCR

Cells were plated in parallel in every experiment to assess the level of 
miRNA in antimiR-treated BOEC. Confluent silenced BOEC were washed 
with PBS and RNA was isolated using the Qiagen miRNeasy mini kit 
according to the manufacturer’s instructions (Qiagen, Hilden, Germany). 
NanoDrop2000 (ThermoScientific) was used to quantify and measure the 
260/280 absorbance ratio. RNA samples were first treated with DNAse I to 
remove residual genomic DNA. Subsequently reverse transcriptase (RT)-PCR 
was performed for each specific miRNA using TaqMan microRNA Reverse 
Transcription Kit following the manufacturer’s protocol to obtain cDNA 
(TaqMan, Life Technologies. RNU 48 and U6 were used as housekeeping 
genes [24]. Quantitative real-time PCR (qRT-PCR) was performed using 
LightCycler 480 Probes Master reaction mixtures from Roche (Mannheim, 
Germany). Cycling conditions were 95°C for 10 minutes, followed by  
40 cycles of 95°C for 15 seconds and 60°C for 60 seconds, ending at 40°C 
for 10 minutes using a StepOnePlus device (Applied Biosystems  Foster City, 
CA, USA) and data were analyzed using StepOne Software v2.1. The level of 
silencing of the miRNAs was calculated and results were normalized against 
the control silenced antimiRs and corrected for levels of housekeeping 
genes. The relative expression was determined using the formula 2-ΔΔCt. 
MiRNA silencing in BOEC used for all experiments resulted in residual 
microRNA expression levels of less than 5%. 
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Wound healing electric cell-substrate impedance sensing (ECIS) assays

Confluent miRNA silenced BOEC were collected and 1x105 cells were 
seeded in collagen type I coated 8-well ECIS electrode arrays pre-treated 
with L-cysteine. Cells were seeded in duplicate wells and a functional 
wound healing experiment was performed according to the instruction of 
the manufacturer. In short, cells were cultured to confluence, after which 
a wound was created by applying an electroshock of 30 kV for 15 seconds 
to remove the cells in contact with the gold film electrode. Cell migration 
to close the wound was monitored for 8 hours. Subsequently cells were 
stimulated with histamine. Recovery of cell-cell barrier function was 
monitored. Impedance as a measure for cell spreading and adhesion was 
measured continuously at 30 kHz and data-points were collected during 
the entire experiment. Data were analyzed and normalized resistance 
was calculated using the ECIS software (Applied Biophysics). Results were 
compared between miRNA silenced BOEC and control BOEC transfected 
with scrambled antimiRs. Data for analysis of wound healing were 
normalized for the lowest measured resistance at the time of wounding 
per well. The mean normalized impedance of duplicates was determined 
at different time-points and analyzed for significance. Statistical analysis 
was performed at different time-points using 2-way ANOVA; p<0.05 was 
considered significant.

Proteomics of antimiR-treated cells 

Confluent antimiR-treated BOEC were lysed for 1 minute on ice using  
2x SDS-PAGE sample buffer containing 0.1 M DTT, Halt Protease Inhibitor 
Cocktail, 4% SDS, 0.02% bromophenol blue and 20% glycerol in a Tris 
buffer. Cells were collected using a cellscraper and the lysate was sheared 
through a 21 G needle to fragment the genomic DNA and homogenize 
the sample. Lysates were denatured for 5 minutes at 95 °C and separated 
on a 1 mm NuPAGE® Novex pre-cast gradient (4-12%) Bis-Tris mini gel 
(200 V, 120 mA). The gel was washed and stained with Imperial Protein 
Stain (Thermo Scientific). The sample lanes on gel were divided into  
10 pieces and processed for in-gel digestion with trypsin. Mass 
spectrometry identification and selection of peptides was performed as 
described previously [25]. All MS/MS samples were analysed with Sequest 
(XCorr only) (Thermo Fisher Scientific, San Jose, CA, USA) and X!Tandem 
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(The GPM, thegpm.com, Cyclone) using “uniprot-organism_9606_AND_
keyword_kw-0181.fasta” database. Both databases were searched with a 
fragment ion mass tolerance of 0.80 Da and a parent ion tolerance of 20 
PPM. Other selection criteria were that all cysteines were alkylated and 
oxidation of methionines was set as a variable modification. The identified 
number of peptides per protein was normalized for the total number of 
identified spectra per experiment. To identify altered protein expression 
levels we analyzed the peptide data with Scaffold software (version 4.0.4) 
(Proteome Software Inc., Portland, OR). Peptide identifications were 
accepted when 95.0% probability by the Peptide Prophet algorithm was 
determined [26] with Scaffold delta-mass correction and when a minimum 
of 2 peptides per comparison were obtained. Proteins that contained 
similar peptides and could not be differentiated based on MS/MS analysis 
alone were grouped. Proteins sharing significant peptide evidence were 
grouped into clusters. Proteins were annotated with GO terms from NCBI. 
Proteins displaying at least a 2-fold upregulation between antimiR-miRNA 
silenced and control BOEC incubated with miRCURY LNA™ microRNA 
Inhibitor Negative Control A were selected for further analysis.
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Results

MicroRNA profile of BOEC and HUVEC

To gain insight into which microRNAs are highly expressed in human blood 
outgrowth endothelial cells (BOECs), a microarray was performed on BOECs 
isolated from 2 healthy donors. HUVEC derived of 2 umbilical cords were 
included as a reference in this study. As expected, miRNA profiles of BOEC 
and HUVEC revealed considerable overlap (Figure 1). The highest expressed 
miRNA in both BOEC and HUVEC was miR-21. MiR-126 has been described 
before as a tissue-specific microRNA, expressed only in endothelial cells 
[13,27]. In both the BOECs and HUVEC miR-126 was indeed expressed 
at relatively high levels. Apart from miR-21 and miR-126, a number of 
other highly expressed miRNAs were found which included miR-22,  
miR-27a, miR-24, let7a and miR-23a. The majority of miRNAs was expressed 
at similar levels in BOEC and HUVEC. Interestingly, the expression level 
of let-7a was higher in BOEC when compared to HUVEC (Figure 1). Let7a 
is a member of the let-7 cluster; the levels of these miRNAs are highly 
regulated during development and cellular differentiation. The observed 
increase of let-7a and also let-7b in BOEC when compared to HUVEC may 
therefore be caused by the different origin of these two phenotypically 
related populations of endothelial cells. 

Figure 1. MicroRNA profile of BOEC and HUVEC. Small RNAs were isolated from BOEC of 2 healthy 

donors and of HUVEC isolated from 2 umbilical cords. Microarray based miRNA profiling was 

performed to identify the expression levels of microRNAs in endothelial cells. Data is presented as 

mean from 2 donors with standard deviation.
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Figure 2. Migration and proliferation of miRNA silenced BOEC. AntimiR-21 and -126 and control 

antimiR treated BOEC were electrically wounded thereby removing cells from the electrode. 

Subsequent coverage of the electrode in time provides a measure for cell migration and 

proliferation, which was assessed by monitoring electrical impedance using ECIS. (A) Comparison 

of the increase in normalized mean electrical impedance observed for miRNA-21 and miRNA-126 

silenced BOEC and control-treated BOEC following electrical wounding. (B) Cell migration of control 

antimiR-treated BOEC (C) miRNA-126 silenced BOEC and (D) miRNA-21 silenced BOEC. Data are 

presented as a means plus and minus standard deviation (indicated in grey). 
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Silencing miRNA-21 or miRNA-126 does not significantly alter cell 
migration or recovery from histamine-induced barrier dysfunction 

We further explored the role of the abundantly expressed miR-21 and  
miR-126 in endothelial cell physiology. First, we investigated endothelial cell 
migration after electrical wounding by monitoring the increase in electrical 
impedance as a function of time in endothelial cells treated with miR-21, 
miR-126 and control antimiRs. Following electrical wounding a rapid recovery 
was observed in cells treated with control antimiR (Figure 2A). Already 
after 3 hours the normalized impedance returned to plateau values. The 
proliferation rate of BOEC treated with antimiRs specific for miR-21 and 
miR-126 was not significantly different from that observed for the control 
(Figure 2B, C and D). A slightly higher value of normalized impedance was 
observed for miR-126 treated cells but this was not statistically different 
from the control treated cells. Subsequently, we assessed whether  
miR-21 and miR-126 affect the extent and/or recovery of histamine-
induced perturbation of endothelial barrier function. Incubation of cells 
transfected with control antimiRs with histamine resulted in an immediate 
decline in electrical resistance (Figure 3). Already within several minutes 

a rapid recovery of endothelial cell barrier function was observed as 
revealed by the increase in electrical impedance (Figure 3). Recovery 
of barrier function following histamine-treatment displayed a biphasic 
kinetics with a rapid initial recovery of barrier function followed by a 

Figure 3. Recovery after histamine 

induced disruption of barrier function of 

miRNA silenced BOEC. MiRNA silenced 

BOEC and control antimiR treated BOEC 

were stimulated with 100 μM histamine 

to transiently disrupt endothelial cell 

barrier function. Recovery of barrier 

function was assessed by measuring 

electrical impedance using ECIS. Data 

are presented as a means plus and 

minus standard deviation (indicated by 

grey error bars).  
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second phase in which the increase in electrical impedance was much 
slower (Figure 3). After 40 minutes full recovery of endothelial cell barrier 
function was obtained for both miR-21 and miR-126 silenced BOEC as well 
as BOEC treated with control antimiRs. No significant differences in rate 
of recovery of endothelial cell barrier function were observed between 
antimiR-21, 126 and control antimiR-treated cells. 
                                                                                                                                                                                                                                                                                                            

Figure 4. Changes in protein expression levels of miRNA silenced BOEC. Mass spectrometry was 

used to determine protein levels of antimiR-21, -126 and control silenced BOEC. Quantification of 

protein expression was performed by comparing the number of peptides identified for a single 

protein under different experimental conditions. On the x-axis individual proteins are depicted 

whereas on the y-axis fold-induction of protein expression is displayed. 
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Proteomics approach indicates altered expression of proteins in miRNA 
silenced BOEC

We used a proteomics approach to identify potential targets of miRNA-21 
and miRNA-126 in BOEC. The proteome of miRNA-silenced BOEC 
was compared to scrambled antimiR-treated BOEC employing mass 
spectrometry. The number of peptides obtained for individual proteins 
was compared between different experimental conditions. An increased 
number of peptides of a protein in miRNA silenced BOEC, when compared 
to the control antimiR treated BOEC, indicated an increased expression 
level of this protein due to the silencing of miR-21 or miR-126. In  
miR-126 silenced BOEC we identified 184 proteins that were more than  
2 fold upregulated and 129 proteins that were at least 2 fold downregulated 
(Figure 4). A total of 622 proteins were identified in miR-126 silenced BOEC. 
Since miRNAs inhibit mRNA translation, the silencing of miRNA would 
result in upregulated protein expression. The upregulated proteins could 
potentially be direct targets of the silenced miRNAs. Proteins upregulated 
more than 5 fold in miRNA-126 silenced BOEC are listed in Table 1. 

Table 1. Upregulated proteins in miRNA-126 silenced BOEC. Protein expression levels of 

miRNA-126 silenced BOEC were compared to that of control antimiR treated BOEC. Proteins 

which were upregulated at least 5 fold in BOEC treated with antimiRs specific for miR-126 when 

compared to control treated cells are listed and are potentially considered to be direct targets of 

miRNA-126. 
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Several proteins were upregulated involved in quality control within the 
endoplasmic reticulum (endoplasmin and heat shock protein HSP90β) and 
the early secretory pathway (coatomer subunit alpha and beta) (Table 
I). For miRNA-21 silenced BOEC 570 proteins were identified of which 
178 were more than 2 fold upregulated and 163 proteins were at least  
2 fold downregulated. The highly upregulated proteins (at least 5 fold) of 
miRNA-21 silenced BOEC are listed in Table 2. These included actin related 
protein 3 and Src substrate cortactin suggesting that miR-21 contributes to 
cytoskeletal re-arrangements in endothelial cells. 

Table 2. Upregulated proteins in miRNA-21 silenced BOEC. Protein expression levels of miRNA-21 

silenced BOEC were compared to that of control antimiR treated BOEC. Proteins which were 

upregulated at least 5 fold in BOEC treated with antimiRs specific for miRNA-21 when compared 

to control treated cells are listed and are potentially considered to be direct targets of miRNA-21.
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Discussion

In this study we performed miRNA profiling of BOEC and compared the 
obtained profiles to that of HUVEC. In accordance with previous findings, 
miR-21 and miR-126 are highly expressed in endothelial cells [11,13,18,28]. 
Also miR-22, miR-27a and members present within the let-7 cluster have 
been previously identified in endothelial cells [11,18]. The miRNA profile of 
BOEC is virtually identical to that obtained for HUVEC. These results confirm 
earlier studies which indicate that BOEC (also designated late outgrowth 
endothelial cells or endothelial colony forming cells) are phenotypically 
similar to vascular endothelial cells [29]. MiRNAs from the let-7 cluster, 
in particular hsa-let-7a, appear to be expressed at higher levels in BOEC 
when compared to HUVEC (Figure 1).  Processing of the primary miRNA 
transcript of hsa-let-7a is controlled by the developmentally regulated RNA 
binding protein Lin28 [30-33]. Lin28 is expressed during early development 
in pluripotent stem cells and its expression is down-regulated during 
differentiation of for instance embryonic stem cells [33]. Downregulation 
of Lin28 expression upon differentiation alleviates inhibition of pre-let-7 
processing resulting in elevated levels of miRNA-let-7 in differentiated 
cells. The high level of let-7 in both BOEC and HUVEC is in agreement 
with the terminal differentiation of these populations of endothelial 
cells. The elevated levels of let-7a and to a smaller extent also let-7b and  
let-7f in BOEC when compared to HUVEC suggests that BOEC represent a 
population of fully differentiated endothelial cells in accordance with their 
phenotypic properties and gene expression profile [21,34-36].
In agreement with previous studies high levels of miR-21 are observed in 
endothelial cells [11,18]. A small reduction in angiogenic and proliferative 
properties of retinal microvascular endothelial cells was observed following 
inhibition of miR-21 [18]. Interestingly, cardiac stress responses were 
unaltered in miR-21 null mice [37]. MiR-21 was shown to be upregulated 
following both unidirectional and oscillatory shear stress [38,39]. 
Interestingly, overexpression of pre-miR-21 in endothelial cells reduced 
tube formation and migration of transfected HUVEC [40]. In our studies 
we did not observe an effect of miR-21 silencing on the migration of BOEC 
(Figure 2). We cultured BOEC in medium containing both VEGF and bFGF, 
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however Guduric-Fuchs et al. used retinal microvascular endothelial cells, 
cultured in medium containing insulin, heparin and 10% porcine serum 
[18]. Under our experimental conditions miR-21 depletion did not affect the 
proliferation rate of BOEC or the rate of recovery from histamine-induced 
loss in barrier function (Figure 2 and 3), suggesting that miR-21 does not 
have a pronounced effect on junction stability. A number of proteins were 
strongly upregulated following miR-21 depletion (Table 2). Interestingly, 
the actin-nucleation-promoting factor cortactin as well as as it binding 
partner actin-related protein 3 were upregulated in miR-21 depleted cells, 
suggesting a role for miR-21 in the regulation of cellular migration and 
invasion [41]. Serpin H1 (also known as HSP47), is a chaperone involved 
in the assembly of collagen microfibrils in the endoplasmic reticulum [42] 
and was upregulated in miR-21 and miR-126-deficient endothelial cells. A 
deficiency of SerpinH1 has been linked to a severe form of osteogenesis 
imperfecta that results from aberrant assembly of collagen fibrils [43]. 
A large number of reports have shown that miR-126 controls angiogenesis 
and vascular integrity. Genetic ablation of miR-126 in mice compromises 
vascular integrity resulting in extensive hemorrhages during embryonic 
development [28]. Interestingly, miR-126 deficient mice that survived 
beyond the embryonic stage did not display these vascular abnormalities, 
indicating that miR-126 exerts its function during vascular development 
[28]. Using target-prediction tools Fish and co-workers revealed that  
miR-126 regulates expression of Sprouty-related EVH1-domain containing 
protein SPRED1 and the phosphoinositol-3 kinase regulatory subunit 
2 (PI3KR2), two negative regulators of the VEGF-signalling pathway in 
endothelial cells [13]. We did not observe upregulation of expression 
of SPRED1 and PI3KR2 following down-regulation of miR-126 (Table 1). 
Sodium/potassium-transporting ATPase subunit alpha-1 (ATP1A1) was 
upregulated more than 10-fold in our study suggesting a role for miR-126 
in regulation of vascular tone [44]. Also endoplasmin, the putative heat 
shock protein HSP 90-beta and coatomer subunit alpha and beta were 
upregulated (Table I). Both endoplasmin, HSP 90-beta and 26S proteasome 
non-ATPase regulatory subunit 2 have been implicated in protein folding 
and stress responses in the endoplasmic reticulum [45]. Coatomer subunit 
alpha and beta are part of coat protein complex I (COPI) that regulates 
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retrograde transport between Golgi-stacks and ER [46]. These findings raise 
the possibility that alterations in miR-126 levels modulate biosynthetic 
and degradation pathways within the endoplasmic reticulum. 
Recent studies have shown that miR-126 acts as a tumour suppressor 
[47,48]. Depletion of miR-126 resulted in recruitment of endothelial cells 
to metastatic breast cancer cells [16]. The miR-126 targets interferon 
growth factor binding protein 2 (IGFBP2), cytoplasmic phosphatidylinositol 
transfer protein 1 (PITPNC1) and the tyrosine-protein kinase Mer (MERTK) 
were implicated in the endothelial cell recruitment of metastatic cells 
through signaling events that involved the IGF1-receptor [16]. MiR-126, 
expressed specifically in endothelial cells, has been shown to regulate the 
expression of stromal cell-derived factor-1 (SDF-1), which regulates the 
recruitment of vascular progenitor cells to sites of vascular injury [49]. 
Together, these findings emphasize the role of miR-126 in maintaining 
vascular homeostasis under both physiological and pathophysiological 
conditions. Our findings show potential regulation of expression of a 
large number of other proteins by miR-126. The physiological relevance 
of candidate proteins regulated by miR-126 and miR-21 for endothelial 
cell function identified in this study needs to be established in follow-up 
studies. 
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