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MicroRNAs (miRNAs) are small non-protein-
coding RNAs that function as negative gene
expression regulators. In the present study, we
investigated miRNAs role in endothelial cell
response to hypoxia. We found that the
expression of miR-210 progressively increased
upon exposure to hypoxia. miR-210 over-
expression in normoxic endothelial cells
stimulated the formation of capillary-like
structures on Matrigel and VEGF-driven cell
migration. Conversely, miR-210 blockade via
LNA-anti-miRNA transfection inhibited the
formation of  capillary-like structures
stimulated by hypoxia and decreased cell
migration in response to VEGF. miR-210 over-
expression did not affect endothelial cell growth
in both normoxia and hypoxia. However, anti-
miR-210 transfection inhibited cell growth and
induced apoptosis, both in normeoxia and in
hypoxia. We determined that one relevant
target of miR-210 in hypoxia was Ephrin-A3,
since miR-210 was necessary and sufficient to
down-modulate its expression. Moreover,
luciferase reporter assays showed that Ephrin-
A3 was a direct target of miR-210. Ephrin-A3
modulation by miR-210 had significant
functional consequences: indeed, the expression
of an Ephrin-A3 allele that is not targeted by
miR-210, prevented miR-210-mediated
stimulation of both tubulogenesis and
chemotaxis. We conclude that miR-210 up-
regulation is a crucial element of endothelial
cell response to hypoxia, affecting cell survival,
migration and differentiation.

Hypoxia occurs during several physio-
phathological circumstances such as rapid tissue
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growth, acute and chronic ischemia, organ and
tumor development, and at high altitude (1).
Diminished oxygen concentration induces an
articulate program of responses aimed at relieving
tissue hypoxia and removing irreversibly damaged
cells (2,3). These responses include endothelial
cell (EC)* proliferation, migration  and
angiogenesis, but also growth arrest and apoptotic
cell death: the nature of the outcome depends on
numerous parameters, including cell histological
origin and genotype, as well as the severity and the
duration of the hypoxic stress. Thus, it is of pivotal
importance  understanding  the  molecular
mechanisms triggered by cell exposure to low
oxygen tension.

Little is known about the role played by
microRNA (miRNA) in EC response to hypoxia
(4). miRNAs are 21-23 nucleotide RNA molecules
that regulate the stability or the translational
efficiency of target messenger RNAs (5,6). The
biogenesis of miRNAs begins with a primary
transcript, termed the pri-miRNA and the
combined action of Drosha and Dicer
ribonucleases generates the mature miRNA
species. This product is loaded into the RNA
induced silencing complex (RISC), where it
mediates the translational inhibition of target
mRNA, albeit the opposite effect has been
described as well (7). miRNAs have diverse
functions, including the regulation of cellular
differentiation, proliferation and apoptosis (5).
While it is clear that miRNAs have essential
functions in mammalian biology, few miRNA
genes have been functionally linked to specific
cellular pathways. In this study, we show that
miR-210 is a key player of EC response to low
oxygen tension and identify Ephrin-A3 as a
relevant target of miR-210 in hypoxic conditions.
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EXPERIMENTAL PROCEDURES

Cell cultures. Human umbilical vein EC
(HUVEC; Clonetics) were grown in EGM-2 (Bio-
Whittaker)  containing 2%  FBS. U20S
osteosarcoma cell line and Phoenix-ampho cells
(American Type Culture Collection) were grown
in Dulbecco’s modified Eagle’s medium (DMEM)
containing 10% FBS. The induction of acidosis
and hypoxia is described in Supplementary
materials.

Apoptosis and cell cycle analysis. See on-line
Supplemental materials.

miRNA and mRNA quantification. Total RNA
was extracted using TRIzol (Invitrogen). Small
RNA and mRNA fractions were enriched using the
PureLink miRNA Isolation Kit and Micro-to-Midi
isolation kit (Invitrogen), respectively, according
to the manufacturer instructions. miRNA levels
were analyzed using the TagMan Real Time PCR
(qPCR) method (1 ng/assay), and quantified with
ABI Prism 7000 SDS (Applied Biosystems).
Primers for 157 miRNA, 28 positive and negative
controls and the reagents for reverse transcriptase
and gPCR reactions, were all obtained from
Applied Biosystems. Relative expression was
calculated using the comparative Ct method (2
[deltalidelialCty (8 Different samples were normalized
to miR-16 expression. For miRNA profiling,
miRNAs were assayed in a 96-well format and
samples were also normalized to the median Ct
value, obtaining almost identical results. mRNAs
levels were analyzed using the SYBR-GREEN
gPCR method (1-3 pg/assay, Ambion, see
Supplemental data for details). Northern blottings
are described in on-line Supplemental materials.
Adenoviral infection. See on-line Supplemental
materials.

Small Interfering RNA-mediated Gene
Silencing. Small interfering RNAs (siRNA)
targeting HIFla, HIF2a or a scramble sequence
(Santa Cruz) were transfected into HUVEC,
according to manufacturer instruction (see
Supplemental materials for details).

miRNA down-modulation and over-expression.
Locked Nucleic Acid oligonucleotides against
miR-210 or a control scramble sequence (Exiqon)
were transfected by siRNA Transfection Reagent
(Santa Cruz) in 40% confluent HUVEC
(4x10°/cm®) at the final concentration of 40 nM.
After 16 hours, cells were re-fed with fresh
medium and experiments were performed 24 hours
later. Alternatively, cells were incubated with
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fresh medium for 2 hrs and then shifted to hypoxic
conditions. miRIDIAN miR-210 Mimic or a
control scramble sequence (Dharmacon) were
transfected using the same protocol. To obtain
stable miR-210 over-expressing cells, HUVEC
were infected by retroviral vectors bearing pre-
miR210 sequence (See on-line Supplemental
materials.)

Capillary-like formation assay and chemotaxis.
See on-line Supplemental materials.

miRNAs target prediction. Bioinformatic
prediction of target genes and miRNA binding
sites was performed using 4 different programs:
MiRanda (http://www.microrna.org, april 2005
version) TargetScan (http://www.targetscan.org,
version 3.1 november 2006), Sanger MirBase
(http://microrna.sanger.ac.uk, version 4) PicTar
(http://pictar.bio.nyu.edu, version 2006) (9-11).
Only common targets were considered for
experimental analysis.

Immunofluorescence. see on-line Supplemental
materials.

Luciferase assay. For reporter construct
generation and luciferase assay, see on-line
Supplemental materials

Statisticals analysis. Variables were analyzed by
both Student’s t test and one way ANOVA and a
of p < 0.05 was deemed statistically significant.
Values are expressed as tstandard error (SE).

RESULTS

miR-210 induction by hypoxia. In order to assess
whether hypoxia regulates miRNA expression in
EC, Human Umbelical Vein EC (HUVEC) were
exposed to 1% oxygen for different time periods.
To control that cells responded to low oxygen
tension, cell proliferation was measured. As
expected, hypoxia induced cell death and growth
arrest, as assessed by growth curves (Fig. S1A)
and by the rate of DNA synthesis with BrdUrd
incorporation (Fig. S1B and C) (1-3). Low
molecular weight RNA was extracted and miRNA
expression profile at each time-point was
determined (Table S1 and S2). To normalize
different samples, we used miR-16 expression, that
previous experiments showed was not regulated by
hypoxia (Fig. S2A).

As found in different experimental systems (4),
miR-210 levels were strongly induced by hypoxia:
miR-210 increased as early as 4 hrs after hypoxia
induction, it was more than 35 fold higher than
normoxic control at 48 hrs and miRNA up-
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regulation was maintained for the next 72 hrs (Fig.
1A). miR-150 and 328 were up-regulated as well,
albeit to a lower extent and with slower kinetics
(Fig. S2B and C).

When miR-210 regulation by hypoxia was further
investigated, it was found that its activation was
inversely proportional to O, tension (Fig. S3A).
Moreover, upon HUVEC re-oxygenation after 24
hrs of hypoxia, miR-210 levels remained high for
the next 8§ hrs and slowly declined thereafter,
indicating the maintenance of this adaptive
response (Fig. 1A). Finally, miR-210 induction by
hypoxia was confirmed by northern blotting (Fig.
1B).

Hypoxia is associated to increased oxidative stress
and acidosis (12-14). Thus, it was assessed
whether either oxidative stress or acidification in
the absence of hypoxia were sufficient to induce
miR-210 positive modulation (Fig. S3B). We
found that HUVEC exposure to 400 uM H,0, for
8 and 24 hrs did not induce miR-210 modulation;
similarly, cell culture at both pH 6.6 and 7.0 for 24
and 48 hrs did not increase miR-210. In keeping
with these data, a buffered medium that prevented
hypoxia-induced acidosis (15) did not inhibit miR-
210 activation by hypoxia. Finally, we found that
glucose supplementation did not prevent miR-210
induction by hypoxia (Fig. S3C) and that this event
was not endothelium specific (Fig. S4).

Many hypoxia effects are mediated by HIF
transcription factor (1-3). To analyze the role of
HIF in the induction of miR-210 by hypoxia in
EC, the expression of HIFla and HIF2a was
knocked-down (KD) by the transfection of specific
siRNAs. While the KD of both HIF isoforms was
highly effective (Fig. S5A and B), only HIFla
RNAi decreased the induction of miR-210 by
hypoxia significantly (Fig. S5C). In keeping with
this observation, HIFla over-expression was
sufficient to induce miR-210 expression in the
absence of hypoxia (Fig. S5D and E).

We conclude that miR-210 displays a rapid and
dose dependent induction in response to hypoxia
and its up-regulation is maintained over time.
Neither oxidative stress nor acidosis appear to play
a role in this event and, in keeping with previous
observations (4), HIF1a is necessary and sufficient
for miR-210 activation.

miR-210 expression stimulates capillary-like
formation and cell migration. One main feature
of hypoxia is the stimulation of angiogenesis (3).
Several aspects of angiogenesis can be studied in
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vitro taking advantage of EC ability to form
capillary-like structures once plated on Matrigel or
other extracellular components (16). To this aim,
HUVEC were first exposed to 24 hrs of hypoxia
and, afterwards, their ability to form capillary-like
structures in low growth-factor containing medium
was assessed. In keeping with previous reports
(17), hypoxia pre-conditioning significantly
increased tubulogenesis (Fig. 2A and B). To
determine whether this event was, at least in part,
dependent on miR-210 activation, HUVEC were
transfected with a miR-210 complementary
Locked Nucleic Acid (anti-miR-210) that binds
with high affinity and specificity to the
complementary miRNA, inactivating its function.
Fig. 2A and B show that 24 hrs of miR-210
blocking greatly decreased HUVEC ability to form
capillary-like structures, both in cells exposed to
hypoxia and in control cells.

To assess whether miR-210 induction affected
capillary-like structure formation in the absence of
hypoxia, HUVEC over-expressing pre-miR-210
were generated, yielding a population that
expressed mature miR-210 levels comparable to
these observed in hypoxic cells (Fig. 2C). We
found that miR-210 over-expression significantly
increased capillary-like formation when HUVEC
were plated in low growth-factor medium (Fig. 2D
and E).

EC migration is a crucial event in the angiogenic
process (3). Thus, we assessed whether the
modulation of miR-210 expression affected
VEGF-induced chemotaxis. To this aim, HUVEC
were transfected with anti-miR-210 and then their
ability to migrate in response to VEGF was
assayed. Fig. 3A and B show that miR-210
blockade significantly decreased VEGF-driven
chemotaxis. Conversely, miR-210 up-regulation to
levels similar to these induced by hypoxia
significantly increased HUVEC ability to migrate
in response to VEGF (Fig. 3C and D).

Finally, to investigate the relevance of miR-210
action in the hypoxia-activated gene expression
pattern, the mRNA levels of 11 hypoxia-target
genes were measured both in HUVEC exposed to
hypoxia and in cells overexpressing miR-210 in
normoxic conditions (Fig. S6). While hypoxia up-
regulated the expression of all 11 genes, miR-210
did not affect their levels. We concluded that miR-
210 expression does not seem to affect the global
gene-expression response to hypoxia by HUVEC.
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miR-210 levels modulate EC survival. It was
examined whether miR-210 induction affected EC
proliferation. To address this issue, we compared
growth curves of HUVEC transduced with
retroviral vectors expressing miR-210 or with
backbone vector alone, in the presence or absence
of hypoxia. It was found that miR-210 expression
did not affect cell number significantly both in
normoxic and hypoxic conditions (Fig. S7A).
Using a reciprocal approach, HUVEC were
transfected with anti-miR-210 and cells were
counted. We found that 24 hrs of miR-210
blocking decreased HUVEC proliferation even in
normoxic cells, and that exposure to hypoxia
further decreased EC number (Fig. S7B). This
demise was, at least in part, due to apoptotic cell
death, since apoptotic DNA fragmentation was
increased by anti-miR-210 transfection (Fig. S7C).
Similar data were obtained by TUNEL assay (not
shown). Conversely, when DNA synthesis was
measured, we found that anti-miR-210 only
minimally affected BrdUrd incorporation rate (Fig.
S7D).

Hypoxia down-modulates Ephrin-A3 via miR-
210. To further corroborate the biological
relevance of miR-210 regulation in cell response to
hypoxia, an in silico search of potential targets was
performed using PicTar, miRANDA, Sanger
MirBase and Targetscan algorithms (Table S3) (9-
11). One of the common targets of these softwares,
was Ephrin-A3 (EFNA3). Given the crucial role of
Ephrins in the development of the cardiovascular
system and in vascular remodeling (18), we
decided to validate this target prediction. To this
aim, HUVEC were exposed to hypoxia for 24 and
48 hrs and EFNA3 was detected by semi-
quantitative immunofluorescence. Fig. 4A and Fig.
S8A show that while EFNA3 was readily
detectable in normoxic cells, its expression
decreased to almost undetectable levels following
hypoxia exposure. This down-modulation was not
due to decreased mRNA levels since
measurements by qPCR displayed an unexpected
increase of EFNA3 mRNA (Fig. S8B). While
EFNA3  regulation clearly needs further
investigation, we can conclude that EFNA3 is
post-transcriptionally down-modulated by
hypoxia.

Then, it was assessed whether EFNA3 down-
modulation was indeed due to increased miR-210
levels. To address this issue, HUVEC were
transfected with anti-miR-210 and exposed to
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hypoxia. Fig. 4B shows that miR-210 blocking
completely prevented EFNA3 decrease.
Afterwards, it was investigated whether miR-210
up-regulation in the absence of hypoxia regulated
EFNA3 levels. We found that EFNA3 protein
staining was strongly diminished in miR-210 over-
expressing cells (Fig. 4C) in the absence of
EFNA3 mRNA regulation (Fig. S8C). Taken
together, these data establish a cause-effect
relationship between mRNA-210 up-regulation
and EFNA-3 down modulation by hypoxia.

To investigate whether miR-210 directly regulated
EFNA3 expression, an assay was set up in which
the 3’UTR of the EFNA3 gene was inserted
downstream of a luciferase ORF (pLUC_24-926,
Fig. 5A). Alternatively, to eliminate the potential
interference of other miRNA binding sites, only
the putative miR-210 target site and the
immediately surrounding sequences were cloned
(pLUC_768-822). As control, we deleted the
sequence complementary to miR-210 seed
sequence in this latter construct (pLUC_control).
The different luciferase constructs were transfected
into U20S cells with a plasmid carrying a
constitutive-expression cassette for miR-210 or for
a control sequence. U20S were chosen for their
high efficiency of transfection. A significant
negative effect on luciferase activity was observed
in both constructs bearing an intact miR-210
binding site compared to the control (Fig. 5B).
Likewise, endogenous levels of miR-210 induced
by hypoxia were sufficient to repress pLUC 24-
926 and pLUC 768-822 reporter constructs, while
pLUC-control was unaffected (Fig. 5C).

We concluded that EFNA3 is a direct target of
miR-210.

EFNA3 down-modulation is necessary for miR-
210-mediated stimulation of both tubulogenesis
and chemotaxis. We investigated whether EFNA3
down-modulation is an integral part of miR-210-
induced increase of EC migration and
tubulogenesis. To this aim, miR210 was over-
expressed in the presence of an EFNA3J allele that
is devoid of most 3’UTR sequence (EFNA3A) and
therefore can not be targeted by miR-210.
EFNA3 A was expressed using a retroviral vector,
while miR-210 was transfected as mature
sequence. Fig. 6A shows that EFNA3 A expression
completely prevented miR-210-induced increase
of  capillary-like  structures. Indeed, the
simultaneous expression of miR-210 and EFNA3A
decreased tubulogenesis below control levels,
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while EFNA3A expression had no effect per se.
We found that the same was true also in hypoxia-
stimulated cells, therefore in the absence of miR-
210 overexpression. Fig. 6B shows that the
expression of EFNA3A prevented hypoxia-induced
increase of EC tubulogenesis and the level of
capillary-like structures was below control. Then,
we assayed whether EFNA3 inhibition played a
role in miR-210 stimulation of EC chemotaxis as
well. Fig.6C shows that, while EFNA3A
expression did not affect EC chemotaxis in
response to VEGF, miR-210 and EFNA3A co-
expression inhibited it, completely. Likewise, the
expression of EFNA3A prevented the increase in
VEGF-driven chemotaxis induced by hypoxia
(Fig. 6D).

DISCUSSION

In this study, we characterized miR-210 regulation
and its functional relevance in EC response to
hypoxia. It was found that miR-210 up-regulation
was rapid and persistent and it did not represent a
general response to stress, since no evidence was
found that either intracellular pH decrease or
increased reactive oxygen species played a role in
miR-210 activation. We also found that neither
growth factor deprivation nor osmotic stress
elicited miR-210 increase (PF, YDA, MCC and
FM, unpublished), confirming the high specificity
of the hypoxic signaling in miR-210 regulation.
Moreover, miR-210 modulation by hypoxia is not
restricted to EC. Thus, it is tempting to
hypothesize a general role of miR-210 induction in
the hypoxic response. In keeping with this
interpretation, recent studies found that the identity
of the miRNAs modulated by hypoxia differs
widely according to the cell type used as much as
the degree and the time of hypoxia (19-23).
However, the activation of miR-210 does not seem
linked to tight experimental conditions or to a
specific cell type (19-21,23,24).

Like many other miRNAs, miR-210 biological
information is limited almost exclusively to
expression analysis. Thus, we focused on the
investigation of the functional relevance of miR-
210 regulation in EC response to hypoxia.
Evidence was provided that miR-210 up-regulation
in normoxic conditions increases EC tubulogenesis
and migration, while miR-210 blockade in the
presence of hypoxia decreases capillary-like
formation, EC migration, EC survival and induces
apoptosis. In keeping with this latter finding, it has
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been shown that miR-210 inhibition activates
caspases (19,25). One may speculate that the
inhibitory effects on migration and tubulogenesis
are mediated by apoptosis. Although this is a very
likely explanation, additional mechanisms may
play a role as well. Indeed, both cell-survival
decrease and apoptosis induced by anti-miR-210
transfection were only partial, while the inhibition
of tubulogenesis was almost complete. Moreover,
anti-miR-210 transfected cells migrated
spontaneously, thus exhibiting a behaviour of
living cells. The specific effect of miR-210
blockade was to decrease their ability to enhance
their migration in response to VEGF.

One main hurdle that has limited the interpretation
of many miRNA profiling studies, is the difficulty
of identifying miRNA targets (10,11). Indeed, the
identity of only 102 targets has been
experimentally proven in humans to date
(http://www.diana.pcbi.upenn.edu/tarbase.html,
April 2008). To find genes directly regulated by
miR-210, a very stringent strategy was adopted,
using 4 target prediction softwares and dismissing
targets that were not identified by at least 3
algorithms. Four lines of evidence indicate that
EFNA3 is a miR-210 target: 1) miR-210 over-
expression induced the down-modulation of
EFNA3 protein, but not of EFNA3 mRNA; 2)
Hypoxia induced EFNA3 protein demise while
EFNA3 mRNA was paradoxically increased; 3)
miR-210 blocking by complementary LNA
strategy prevented EFNA3 down-modulation
induced by hypoxia; 4) EFNA3 3’UTR containing
a miR-210 binding sequence decreased the
expression of a reporter luciferase gene upon
hypoxia or miR-210 ectopic expression.

While all these evidence establish that miR-210
regulates EFNA3 expression directly, it is still
possible that indirect mechanisms may increase the
potency of miR-210 action.

Ephrin ligands and their Eph receptors have been
shown to play a crucial role in the development of
the cardiovascular system and in vascular
remodeling (18). Specifically, numerous studies
have shown the importance of EFNAI1/EphA2
interaction in the regulation of angiogenesis and
VEGF signaling (18,26). While the specific role of
EFNA3 in the regulation of angiogenesis is still
unknown, EphA2 has been shown to bind EFNA3
as well as EFNAT1 (27). We provided evidence that
EFNA3 down-modulation is a necessary event of
miR-210-mediated stimulation of capillary-like
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formation and EC chemotaxis in response to
VEGF. Thus, it is tempting to speculate that miR-
210-dependent down-modulation of EFNA3

We can conclude that, while further studies are
needed, the modulation of miR-210 expression
and/or activity may be a viable strategy to control

expression may contribute to modulate the  angiogenesis, either positively or negatively.
angiogenic response to ischemia.
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*The abbreviations used are: EC, endothelial cell; miRNA, microRNA; RISC, RNA induced silencing
complex; HUVEC, Human umbilical vein endothelial cells; BrdUrd, bromodeoxyuridine; qPCR, Real
Time PCR; siRNA, Small interfering RNAs; pSUPER, p-SUPER.retro.puro vector; EFNA3, ephrin-A3;
KD, knock-down; anti-miR-210, miR-210 complementary Locked Nucleic Acid.

FIGURE LEGENDS

Fig. 1. miR-210 induction by hypoxia. A) Activation of miR-210 by hypoxia is fast and long lasting.
HUVEC were exposed to hypoxia for the indicated time. Striped bars indicate miR-210 expression of
HUVEC exposed to 1% oxygen for 24 hours and then exposed to atmosphere oxygen for 8 and 24 hrs
(*P<0.001; *P<0.02; n=4-11). B) Northern blotting showing time dependent induction of miR-210 by
hypoxia in HUVEC.

Fig. 2. miR-210 enhances the development of capillary-like structures. A and B) Effect of hypoxia and
miR-210 blockade on HUVEC tubulogenesis. HUVEC (4x10°/cm?) were transfected with anti-miR-210.
Eighteen hrs later, cells were exposed to hypoxia for further 24 hrs and then their organization into
capillary-like structures was assayed. Panel A shows representative phase-contrast images. Size bar = 200
um. Panel B shows the quantitative assessment of capillary-like structures (hypoxic control vs normoxic
control: *P<0.01; anti-miR-210 vs control: #P<0.005; n=3). C) HUVEC were transduced with a retroviral
vector bearing the miR-210 pre-miRNA sequence under the control of a constitutive promoter. These cells
expressed almost 30-fold more mature miR-210 than control (*P<0.004; n=4). D and E) miR-210
stimulated HUVEC tubulogenesis. The differentiation into capillary-like structures of HUVEC
overexpressing miR-210 (pSUPER-210) and control (pSUPER) was assayed. Panel D shows
representative phase-contrast images. Size bar = 200 pm. Panel E shows the quantitative assessment of
capillary-like structures (*P<0.003; n=3).

Fig. 3. miR-210 expression enhances VEGF-induced chemotaxis. A) Representative experiment of the
chemotactic responses of HUVECs transfected with either anti-miR-210 or control in response to 20
ng/ml VEGF. Size bar = 50 um. B) miR-210 blockade decreases HUVEC migration index (*P<0.015;
n=3). C) HUVECs were transduced with either a retroviral vector encoding miR-210 (pSUPER-210) or
vector alone (pSUPER) and their chemotactic responses in response to 20 ng/ml VEGF was assayed. Size
bar = 50 pm. D) miR-210 expression increases HUVEC migration index (*P<0.001; n=7).

Fig. 4. EFNA3 expression is inhibited by hypoxia and miR-210 expression. A) EFNA3 inhibition in
hypoxic cells. HUVEC were exposed to hypoxia for 24 and 48 hrs. Then, cells were fixed and stained with
both an antibody to EFNA3 (K-19, Santa Cruz, green) and the DNA intercalating agent Hoechst 33342
(blue). Size bar = 50 um. EFNA3 signal was quantified using Scion Image software and after 24 and 48
hrs of hypoxia the decrease of EFNA3 fluorescence was about 80% compared to the normoxic control
(*P<0.0001; n=3). B) HUVEC were transfected with anti-miR-210 and, 18 hrs later, were exposed to
hypoxia for 24 hrs. Then, cells were fixed and stained with both a-EFNA3 (green) and the DNA
intercalating agent Hoechst 33342 (blue). Size bar = 50 um. EFNA3 signal was quantified using Scion
Image software (anti-miR-210 vs control*P<0.02; hypoxia vs control #P<0.001 n=3). C) miR-210
expression levels comparable to these observed during hypoxia induce EFNA3 inhibition. HUVEC
infected either with a retroviral vector encoding miR-210 (pSUPER-210) or vector alone (pSUPER) were
stained with both an antibody to EFNA3 (green) and the DNA intercalating agent Hoechst 33342 (Blue).
Size bar = 50 um. EFNA3 signal was quantified using Scion Image software (*P<0.005; n=3).

Fig. 5. miR-210 inhibits EFNA3 expression directly A) Structure of pLUC firefly luciferase reporter
plasmids. miR-210 seed sequence and its complementary binding site in EFNA3 3’UTR are highlighted.
B) U20S were transfected with pLUC derivatives along with a plasmid encoding either miR-210 or a
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control sequence. Luciferase values were normalized for their mRNA levels and the ratio of luciferase
activity of each construct was calculated either in the presence or absence of exogenous miR-210 (B;
*P<0.003; n=6) or in the presence or absence of hypoxia (C; #P<0.03; *P<0.005; n=3).

Fig. 6. miR-210 repression of EFNA3 is necessary to stimulate capillary-like formation and cell
chemotaxis. HUVEC expressing either EFNA3A or vector alone (4x10°/cm?) were transfected with
mature miR-210 RNA or a scramble sequence and further cultivated for 36 hrs (A and C). Alternatively,
HUVEC expressing either EFNA3A or vector alone were exposed to hypoxia or normoxia for 24 hrs (B
and D). Then, cells were harvested and either their organization into capillary-like structures (A and B) or
their chemotactic response to 20 ng/ml VEGF (C and D) were assayed. The prevention of EFNA3 down-
modulation by EFNA3 A expression inhibited capillary-like structures increase induced both by miR-210
transfection (A; n=4) and by hypoxia (B,; n=8). Moreover, EFNA3 A expression completely prevented the
migration index increase induced both by miR-210 transfection (C; *P<0.007 vs all the other conditions ;
n=3) and by hypoxia (D,; *P<0.005 vs all the other conditions; n=4).
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