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Abstract The contribution of endothelial progenitor cells
(EPCs) to new vessel formation has been studied in different
physiological and pathological conditions for decades. As pre-
viously suggested, insulin-like growth factor binding protein-
2 (IGFBP-2) may interact with integrins and promote cell
migration. However, the role of IGFBP-2 in regulation of
EPC functions remains largely unknown. In this present study,
we found that overexpression of IGFBP-2 in human umbilical
vein endothelial cells (HUVECs) promoted EPC-endothelial
adhesion. Conversely, siRNA-mediated depletion of IGFBP-2
inhibited oxygen-glucose deprivation (OGD)-induced EPC-

endothelial adhesion. Further, we demonstrated that the
arginine-glycine-aspartic acid (RGD) motif in its C-domain
is required for interaction with integrin α5β1. In addition,
treatment with IGFBP-2 significantly enhanced incorporation
of EPCs into tubule networks formed by HUVECs. Thus, our
findings suggest that exogenous administration of IGFBP-2
may facilitate neovascularization and improve treatment of
ischemic conditions.

Keywords Neovascularization . Endothelial progenitor cell .

IGF binding protein 2 . Integrin . RGDmotif

Introduction

Stroke is burdened with a high morbidity and mortality.
Approximately, it accounts for 5.5 million deaths annually,
with 44 million disabilities worldwide (Mukherjee and Patil
2011). Of all strokes, 87 % are ischemic and 10 % are intra-
cerebral hemorrhagic strokes (Strong et al. 2007). In response
to tissue hypoxia and injury, endothelial progenitor cells
(EPCs) are activated and mobilize to the injury site where they
differentiate into endothelial cells (ECs) (Hristov et al. 2003).
This process is essential for neovascularization and recovery
from stroke (Krupinski et al. 1994; Font et al. 2010).

Integrins are a large family of non-covalently associated
heterodimeric transmembrane glycoprotein which mediates
cell-extracellular matrix (ECM) and cell-cell interactions
(Barczyk et al. 2010; Humphries 2006). Each integrin is com-
posed of two subunits: one α-subunit and one β-subunit
(Barczyk et al. 2010). EPCs express multiple integrin sub-
units, including α1, α2, α3, α4, α5, α6, α9, αv, β1, β2,
β3, β5 and β7 (Caiado and Dias 2012). In the last few
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decades, integrins have been associated with mobilization of
EPCs from the bone marrow, homing to sites of vascular in-
jury, and differentiation into ECs during the process of neo-
vascularization (Caiado and Dias 2012).

Insulin-like growth factor binding protein (IGFBP) regu-
lates the bioavailability, transportation and localization of
insulin-like growth factor-I (IGF-I) (Hwa et al. 1999).
Specific IGFBPs have been shown to either stimulate or in-
hibit IGF1 action (Firth and Baxter 2002), while the IGF1-
independent role of IGFBPs is then discovered (McCarthy
et al. 2009; Sokolovic et al. 2010). IGFBPs are present in both
human and rats and are highly conserved among mammalian
species (Hwa et al. 1999). Among all the IGFBPs, IGFBP-2 is
the most abundant IGFBP in the central nervous system
(Russo et al. 2005). Previous studies suggest that IGFBP-2
promotes cell movement via its interaction with integrin α5
(Wang et al. 2006). In addition, it is reported that IGFBP-2
level was significantly up-regulated by oxygen-glucose dep-
rivation in brain microvascular endothelial cells (Wang et al.
2013). An increase in IGFBP-2 expression was also found in
the stroke penumbra and core, or hippocampus in animal
models (Jin et al. 2001; Fletcher et al. 2013). Thus, we hy-
pothesize that IGFBP-2 may contribute to the interaction and
adhesion of EPCs to ECs, namely EPC-endothelial adhesion.

In the present study, we found overexpression of IGFBP-2
in human umbilical vein endothelial cells (HUVECs) promot-
ed EPC-endothelial adhesion, while depletion of IGFBP-2
significantly suppressed oxygen-glucose deprivation (OGD)-
induced EPC-endothelial adhesion. Further, we showed that
the role of IGFBP-2 was mediated by the interaction with
integrin α5β1 through arginine-glycine-aspartic acid (RGD)
motif. Finally, treatment with IGFBP-2 promoted EPC incor-
poration into HUVEC tubule networks.

Material and Methods

Cell Culture and Characterization of EPCs

HUVECs were purchased and grown in Medium 200PRF,
supplemented with low serum growth supplement (all from
Life Technologies, Carlsbad, CA, USA). EPCs were obtained
according to previously described techniques (Kalka et al.
2000). Briefly, total human peripheral blood mononuclear
cells (MNCs) were isolated from blood of healthy human
volunteers using a density gradient centrifugation method
with Histopaque-1077 (Sigma-Aldrich, St. Louis, MO,
USA). After washing three times with phosphate-buffered sa-
line (PBS), cells were plated on fibronectin (Sigma-Aldrich)-
pre-coated dish and maintained in EC basal medium-2 (EBM-
2) (Clonetics, San Diego, CA, USA) supplemented with
EGM-2 MV Single Quots containing 5 % FBS, human vas-
cular endothelial growth factors, human fibroblast growth

factor-2, human epidermal growth factor, insulin-like growth
factor-1 and ascorbic acid (all from Sigma-Aldrich). After
4 days, non-adherent cells were removed, and the culture
was maintained until 7 days. Fluorescence staining was per-
formed to detect the binding of Ulexeuropaeus agglutinin I
(UEA-1) and the uptake of acetylated LDL (acLDL) of adher-
ent cells. Dual-staining cells which were positive were con-
sidered as EPCs. This study was approved by the Medical
Ethics and Human Clinical Trial Committee of the First
Clinical Hospital of Harbin Medical University. Written in-
formed consent was obtained from all volunteers.

Flow Cytometric Analysis

Cells were digested with trypsin to obtain single cell suspen-
sion. Then, the cells (3×105) were incubated with primary
antibodies or isotype controls for 1 h on ice in PBS containing
1 % bovine serum albumin (BSA). After several rinses in
PBS, cells were incubated with Alexa Fluor 594-conjugated
secondary antibody on ice for 30 min in the dark. The stained
cells were acquired on a LSR II flow cytometer (BD
Biosciences), and FlowJo software is used for the analysis of
flow cytometry data. The antibodies used in this assay are as
follows: anti-CD31 antibody (BD Biosciences, Franklin
Lakes, New Jersey, USA), anti-KDR antibody (Sigma-
Aldrich) and anti-vascular endothelium (VE) cadherin anti-
body (Millipore, Billerica, MA, USA).

Plasmid, Transfection and Mutagenesis

For overexpression of IGFBP-2, the protein coding region of
IGFBP-2 was cloned into pcDNA3.1 expression vector and
transfected into HUVECs using Xtremegene reagent (Roche
Diagnostics Corporation, Indianapolis, IN, USA) according to
the manufacturer’s instructions. Cells transfected with empty
pcDNA3.1 vector were used as control. Themutation of RGD
into arginine-glycine-glutamate (RGE) sequences in wild-
type IGFBP-2 plasmid was introduced using the Quik
Change II XL Site-Directed Mutagenesis Kit (Agilent
Technologies, Santa Clara, CA, USA) with the primer
sequences as previously described (Wang et al. 2006). To
knockdown expression of IGFBP-2, a scrambled siRNA and
a siRNA targeting IGFBP-2 were purchased from Santa Cruz
Biotechnologies (Dallas, TX, USA) and transfected into cells
using siRNA transfection reagent (Santa Cruz Biotechnologies)
according to manufacturer’s protocol.

Western Blot Assay

Cells were lysed with RIPA buffer (Pierce, Rockford, IL,
USA), supplemented with proteinase inhibitor (YTHX
Biotechnology, Beijing, China). Protein concentrations were
determined using the BCA method (Pierce). Eluted proteins
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were resolved by 10 % SDS-PAGE and transferred onto
polyvinylidene fluoride (PVDF) membrane. Then, mem-
branes were incubated with primary antibodies followed by
washing and incubation with HRP-conjugated secondary an-
tibody. The antibody/antigen complex was visualized by en-
hanced chemiluminescence (Pierce). The antibodies used in
this assay are as follows: anti-IGFBP-2, anti-integrin α5, anti-
integrin β1 and anti-GAPDH antibodies (all from Santa Cruz
Biotechnologies)

Cell Adhesion Assay

Monolayer of HUVECs was seeded on 4-well Millicell EZ
slides (EMD Millipore) at 2×105 cells/well for 24 h. EPCs
were starved in EBM-2 overnight and labeled with acLDL.
EPCs were then incubated with HUVECs in EBM-2 medium
at 37 °C for 0, 10, 30, 60, 120 and 240 min. The wells were
washed twice with PBS to remove non-attached cells.
Adhered EPCs were fixed with 4 % paraformaldehyde for
10 min and counted. To assess the role of integrins in EPC
adhesion, EPCs were pre-treated either with anti-integrin an-
tibodies (20 μg/ml) of IgG isotype control. The antibodies
used are as follows: anti-integrin β1 (Abcam, Cambridge,
England), anti-integrin β2 (EMD Millipore), anti-integrin
α4 (Abcam), anti-integrin α5 (Abcam), anti-integrin αv
(Abcam) or anti-integrin α1β5 (EMD Millipore), or 1 μg/ml
synthetic RGD and RGE (Gly-Arg-Glu) peptides (Sigma-
Aldrich) for 4 h. Adherent cells were quantified by inverted-
phase contrast microscope (Olympus TH4–200, Tokyo,
Japan) on multiple ×10 fields.

Oxygen-Glucose Deprivation

To induce OGD condition, HUVECs in DMEM medium
(without L-glucose, Life Technologies) was placed in a sealed
chamber (Billups-Rothenberg, Del Mar, CA) at 37 °C, which
has been flushed with 95 % N2/5 % CO2 gas. The concentra-
tion of oxygen in the atmosphere was maintained at 0 % ox-
ygen and the PO2 in the medium was below 25 mmHg. After
16 h, the cells were returned back to normal growth condition.

Immunofluorescence Staining

EPCs (1×105 cells) were seeded onto 4-well Millicell EZ
slides and starved in EBM-2 medium overnight. Cell were
treated with or without IGFBP-2 (100 ng/ml) for 24 h and
then fixed in 4 % paraformaldehyde at room temperature for
10 min, followed by permeabilization with PBS containing
0.5 % Triton X-100 for 30 min. The cells were then blocked
in blocking solution (PBS containing 1 % BSA and 0.05 %
TritonX-100) for 2 h. After washing with PBS, the cells were
incubated with anti-human active integrin β1 antibody (EMD
Millipore) at 4 °C overnight. To visualize integrin β1, an

Alexa Fluor 594-conjugated secondary antibody (Life
Technologies) was incubated with the cells at room tempera-
ture for 1 h. Images were captured by phase-contrast fluores-
cence microscopy (Olypmus, Tokyo, Japan).

Tubule Formation Assay

Six-well plates were coated withMatrigel (BD Biosciences) at
room temperature for 30 min to allow solidification. AcLDL-
labeled EPCs (2×104) were co-plated with 4×104 HUVECs
and incubated at 37 °C for 16 h. The proportion of EPCs in
tubules was determined by counting 10 random fields.

Statistical Analysis

All experiments were repeated at least three times. Results are
shown as the mean±SEM. One-way ANOVAwas used to for
statistical comparisons. A p value <0.05 was considered sig-
nificantly different. All statistical analyses were carried out
with SPSS 19.0.

Results

Overexpression of IGFBP-2 Enhances EPC-Endothelial
Adhesion

After isolation from human blood, we confirmed the endothe-
lial phenotype of the EPCs by flow cytometric analysis of
representative markers including CD31 (79.9±4.9 %), KDR
(86.1±5.7 %) and VE-cadherin (81.7±6.3 %) (Fig. 1a). In
addition, cultured EPCs were found to bind UEA-1 lectin
and endocytose acLDL (Fig. 1b). Next, to assess the effect
of IGFBP-2 on EPC adhesion to ECs, IGFBP-2 was
overexpressed in HUVECs (Fig. 1c). In cell adhesion assay,
adherent acLDL-labeled EPCs with IGFBP-2 overexpressing
HUVECs are significantly higher than control group at 30, 60,
120 and 240 min (Fig. 1d). Four hours after plating, approx-
imate 1.5-fold more adherent EPCs were found in IGFBP-2
overexpression group (Fig. 1e). These results suggest that
overexpression of IGFBP-2 in endothelial cells enhances the
EPC-endothelial adhesion.

Knockdown of IGFBP-2 Reduces EPC-Endothelial
Adhesion Induced by OGD

Ischemic injury induces IGFBP-2 expression in brain micro-
vascular endothelial cells and stimulates EPC adhesion to
brain endothelial cells (Wang et al. 2013; Urbich and
Dimmeler 2004). Next, we used OGD condition to investigate
the role of IGFBP-2 in EPC-endothelial adhesion. HUVECs
were subjected to 16-h OGD followed by co-culture with
EPCs for additional 4 h. IGFBP-2 expression was
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significantly up-regulated by OGD, while this increase was
abolished by siRNA-mediated depletion of IGFBP-2
(Fig. 2a, b). Further, knockdown of IGFBP-2 suppressed the
adhesion of endothelial progenitor cells to endothelial cells
stimulated byOGD (Fig. 2c, d). These data provide supportive
evidence that IGFBP-2 is required for OGD-induced EPC-
endothelial adhesion.

IGFBP-2 Enhances EPC Adhesion to HUVECs via
Integrin α5β1

Since integrins mediate EPC mobilization to sites of vascular
remodeling, repair and angiogenesis (Caiado and Dias 2012),
and IGFBP-2 was found to interact with integrins in many cell
types (Hamidouche et al. 2010; Schutt et al. 2004a; Holmes
et al. 2012), we sought to see if IGFBP-2 stimulates EPC

adhesion to HUVEC via binding to integrins. Functional
blocking antibodies against monomeric or heterodimeric
integrins β1, β2, α4, α5, αv and α5β1 were added to block
the potential integrin-binding sites of IGFBP-2. As shown in
Fig. 3a, a significant decrease of EPC-endothelial adhesion
was observed when the cells were pre-treated with anti-
integrin β1, anti-integrin β2 and anti-integrin α5β1 antibod-
ies. Furthermore, Anti-integrin β1 and anti-integrin α5 and
anti-integrin α5β1 antibodies reduced the EPC-endothelial
adhesion stimulated by IGFBP-2 overexpression (Fig. 3b).
Consistent with previous studies (Wang et al. 2006), we found
IGFBP-2 up-regulated the expression of integrin α5β1, as
determined by western blot (Fig. 3c). We next performed flow
cytometry experiments and immunofluorescence analysis to
determine if IGFBP-2 activates integrin β1. As shown in
Fig. 3d, higher proportion of cells were recognized by

Fig. 1 Overexpression of
IGFBP-2 in HUVECs enhances
EPC-endothelial adhesion. a
Representative histograms of
flow cytometry analysis of CD31,
KDR and VE-cadherin markers
on cultured EPCs after 1 week.
Plot diagram shows isotype
controls (black) and specific
antibody staining (grey). b EPCs
simultaneously bound UEA-1
lectin (green) and endocytosed
acLDL (red) after cultured for
1 week. cWestern blot analysis of
IGFBP-2 expression in vector
control or IGFBP-2-
overexpressing HUVECs after
2 days from transfection. GAPDH
was used as loading control. d
Numbers of adherent EPCs to
control or IGFBP-2-
overexpressing HUVEC
monolayer at 0, 10, 30, 60, 120
and 240 min. n=4. e
Representative images of acLDL-
labelled EPCs adhered to control
or IGFBP-2-overexpressing
HUVEC monolayer after co-
incubation for 4 h. **p<0.01
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active-integrin β1 antibody in IGFBP-2-treated EPCs than
PBS-treated EPCs. Moreover, IGFBP-2 treatment resulted in
stronger staining of active-integrin β1 along cell membrane in
EPCs detected by immunofluorescence staining (Fig. 3e).
Taken together, these results indicate that IGFBP-2 enhances
EPC adhesion to HUVECs via integrin α5β1.

IGFBP-2 Enhances EPC Adhesion to HUVECs via RGD
Motif

It was reported that IGFBP-2 binds to integrin α5β1 through
its RGDmotif (Schutt et al. 2004a); we next examined the role
of the RGD motif in IGFBP-2-induced EPC-endothelial ad-
hesion. A point mutation of Asp306 to Glu306 (RGD to RGE)
was generated in IGFBP-2 expression vector. We then per-
formed the EPC adhesion assay using HUVECs transfected
with control (wild type) or IGFBP-2 mutant vector. As expect-
ed, the result showed no significant difference in EPC-
endothelial adhesion (Fig. 4a). Further, RGD-containing pep-
tide, but not RGE-containing peptide, inhibited the IGFBP-2-
induced EPC-endothelial adhesion (Fig. 4b). These results
suggest that IGFBP-2 enhances EPC adhesion to HUVEC
via binding to integrin α5β1 through its RGD motif.

IGFBP-2 Promotes EPC Incorporation into HUVECs
Tubule Networks

We next investigated the ability of EPC to integrate into vas-
cular structures in vitro. As shown in Fig. 4c, d, overexpres-
sion of IGFBP-2 in HUVECs significantly enhanced the

incorporation of EPCs into HUVEC tubule networks (25.5
vs 42.8 %, p<0.01).

Discussion

EPC-mediated neovascularization involves four steps as pre-
viously defined: (1) mobilization from the bone marrow to the
peripheral blood, (2) home in on sites of new vessel formation,
(3) invade and migrate at the same sites, and (4) incorporation
into the endothelium of the injured or newly formed blood
vessels (Caiado and Dias 2012). Studies have shown that vas-
cularization may be a potential therapeutic target in ischemic
stroke (Font et al. 2010).

In this study, we investigated the role of IGFBP-2 in regu-
lation of EPC-endothelial adhesion and the mechanism by
which ECs interacts with EPCs. To achieve this, primary
EPCs were isolated from human blood and identified by bind-
ing to UEA-1 lectin and uptake of acLDL. Most EPCs are
positive with CD31, KDR and VE-cadherin, as determined
by flow cytometric analysis. Flow cytometric analysis of cell
surface markers is one of the most commonly used approach
to isolate EPCs from human peripheral blood. Currently, there
is no specific and unique cell surface determinant that has
been identified as EPC marker. Different combinations of
stem cell markers and endothelial cell markers are being used
by different groups. Besides CD31, KDR and VE-cadherin,
co-expression of CD34, CD133 and VEGFR-2 are also wide-
ly accepted to identify EPCs (Friedrich et al. 2006).

Fig. 2 Knockdown of IGFBP-2 in HUVEC cells reduces EPC adhesion
induced by oxygen-glucose deprivation (OGD). a Western blot analysis
of IGFBP-2 expression in untreated control, pre-OGD control or pre-
OGD IGFBP-2-knockdown HUVEC. GAPDH was used as loading
control. b Relative intensity of western blot in a. c Representative

images of acLDL-labelled EPCs adhered to untreated control, pre-OGD
control or pre-OGD IGFBP-2-knockdown HUVEC monolayer after co-
incubation for 4 h. dNumbers of EPCs attached to untreated control, pre-
OGD control or pre-OGD IGFBP-2-knockdown HUVEC monolayer
after co-incubation for 4 h. n=4. **p<0.01
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Our findings demonstrated that IGFBP-2 enhanced adhe-
sion of EPCs to HUVECs in vitro. When IGFBP-2 was
overexpressed in HUVECs, the adhesion of EPCs to
HUVECs was strongly enhanced. In addition, neovasculariza-
tion is a complicated and highly regulated process triggered by
tissue hypoxia and injury. In our study, OGD was used to
stimulate adhesion of EPCs to HUVECs. We found that de-
pletion of IGFBP-2 in HUVECs significantly inhibited the
OGD-induced EPC-endothelial adhesion.

It is previously reported that the integrin-mediated action of
IGFBP-2 is associated with cell migration and invasion in

tumor cells (Schutt et al. 2004b). To assess if the interaction
is a result of the direct occupation of integrins, the EPCs were
pre-treated with function-blocking antibodies against mono-
meric or heterodimeric integrinsβ1,β2,α4,α5,αv andα5β.
We found that block of integrins β1, α5 and α5β1 inhibited
the EPC-endothelial adhesion induced by IGFBP-2 overex-
pression, which suggests the role of IGFBP-2 in EPC-
endothelial adhesion is mediated by heterodimeric integrin
α5β1. Interestingly, expression of integrin α5 and integrin
β1 is up-regulated by IGFBP-2 treatment. Specifically,
IGFBP-2 has an RGD sequence in its C-domain. To determine

Fig. 3 Overexpression of IGFBP-2 in HUVECs enhances EPC-
endothelial adhesion via integrin α5β1. a Numbers of attached EPCs to
HUVEC monolayer after co-incubation for 4 h in presence of different
integrin subunit functional blocking antibodies. *p<0.05, **p<0.01
compared to PBS-treated cells. n=4. b Numbers of attached EPCs to
control or IGFBP-2-overexpressing HUVEC monolayer after co-
incubation for 4 h in presence of different integrin subunit functional
blocking antibodies. *p<0.05, **p<0.01 compared to PBS-treated
control cells. #p<0.05, ##p<0.01 compared to PBS-treated IGFBP-2-
overexpressing cells. n=4. c Western blot analysis of integrin α5 and

integrin β1 expression in EPCs treated with PBS or IGFBP-2
(100 ng/ml) for 24 h. EPCs were starved overnight with EBM-2
medium before the treatment. d Flow cytometric analysis of active
conformation of integrin β1 in PBS or IGFBP-2 (100 ng/ml)-treated
EPCs. n=4. EPCs were starved overnight with EBM-2 medium before
the treatment. e Immunocytochemistry showed accumulation of active
integrin β1 (red) on EPC membrane after PBS or IGFBP-2 (100 ng/ml)
treatment for 24 h. EPCs were starved overnight with EBM-2 medium
before the treatment. Nuclei were stained with DAPI
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whether the RGD motif of IGFBP-2 mediates cell surface
binding, we introduced a point mutation (RGD to RGE) into
IGFBP-2 overexpression vector. The mutated IGFBP-2 failed
to promote EPC-endothelial adhesion. Thus, RGD motif is
necessary for interaction of IGFBP-2 and integrin α5β1, and
EPC-endothelial adhesion. However, we did not investigate
the role of heparin-binding domain (HBD) in IGFBP-2 in our
study. IGFBP-2 contains two HBDs, localized in the linker
(HBD1) and C-terminal regions (HBD2), which are important
for its binding to receptor protein tyrosine phosphatase β
(RPTPβ) in regulating IGF-1 signalling (Shen et al. 2012).
In addition, integrin-mediated action of IGFBP-2 may
contribute to the process of EPC homing to the injury site,
which may be addressed through in vivo studies in the future.
Both IGFBP-2 knockout mice and transgenic mice have been
generated (Schneider et al. 2000). IGFBP-2 knockout mice
exhibited minimal difference, except a decreased spleen size
during the early postnatal stages and increased circulating
levels of several other IGFBPs in adults (Pintar et al. 1995).
The IGFBP-2 transgenic mice showed weight reductions in
the pancreas, spleen and liver and have been widely used in
studies on metabolism (Hoeflich et al. 1999; Hedbacker et al.
2010).

We also examined the incorporation of EPCs into tubule
networks formed by HUVECs. Neovascularization occurs
through vasculogenesis, angiogenesis and/or arteriogenesis.

Angiogenesis refers to the growth of new vessels from pre-
existing ones, and vasculogenesis is the de novo formation of
new blood vessels from EPCs (Peplow 2014). EPC incorpo-
ration into the endothelium of the injured or newly formed
blood vessels is essential for the vessel remodeling and blood
circulation (Yoder 2012). In our study, we found incorporation
of EPCs into tubule networks was enhanced by treatment of
IGFBP-2, indicating exogenous administration of IGFBP-2
might be helpful for neovascularization in clinic therapies.

The human IGFBP superfamily consists of at least seven
proteins (IGFBP-1–7) (Hwa et al. 1999). The studies on
IGFBP-2 knockout mice revealed the redundancy in the
IGFBP family (Pintar et al. 1995). Chang et al. reported that
IGFBP-3 promoted EPC migration, differentiation and capil-
lary formation (Chang et al. 2007). More importantly, overex-
pression of IGFBP-3 in proliferating ECs enhanced proper
vascular repair after hyperoxic insult in the oxygen-induced
retinopathy model (Chang et al. 2007). Consistently, we
showed that overexpression of IGFBP-2 enhanced EPC-
endothelial adhesion, and IGFBP-2 treatment promoted incor-
poration of EPCs into HUVEC tubule networks. In contrast,
two other IGFBP superfamily members, IGFBP-5 and
IGFBP-6, inhibit VEGF-induced tube formation of
HUVECs (Zhang et al. 2012; Rho et al. 2008). The opposite
activities among different IGFBP family members need to be
further investigated. Since endothelial cell phenotype can be

Fig. 4 IGFBP-2 enhances EPC adhesion to endothelial cells via RGD
motif and promotes EPCs incorporation into HUVEC tubule networks. a
Numbers of attached EPCs to control or IGFBP-2-mut-overexpressing
HUVEC monolayer at 0, 10, 30, 60, 120 and 240 min of co-incubation.
b Numbers of attached EPCs to control or IGFBP-2-overexpressing
HUVEC monolayer at 4 h of co-incubation in presence of PBS, RGD
(1 μg/ml) or RGE peptide (1 μg/ml). **p<0.01 compared to PBS-treated

control cells. #p< 0.05 compared to PBS-treated IGFBP-2-
overexpressing cells. c Representative images of acLDL-labelled EPCs
co-cultured with control or IGFBP-2-overexpressing HUVEC cells
(transparent) to form tubule structures within Matrigel (left) at 37 °C
for 16 h. d Quantification of % EPC tubulization into control or
IGFBP-2 overexpressing HUVECs (right). n=4. **p<0.01
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influenced by the local microenvironment, the in vivo func-
tion of IGFBP-2 on endothelial cells might be different with
our observation from in vitro grown cells.

In summary, we found IGFBP-2 promoted adhesion of
EPCs to HUVECs via integrin α5β1, during which the
RGD motif of IGFBP-2 is required for the interaction with
integrin α5β1. Further, IGFBP-2 treatment enhanced incor-
poration of EPCs into tubule networks formed by HUVECs.
Our findings indicate that exogenous administration of
IGFBP-2 may facilitate the neovascularization and recovery
from stroke.
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