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ABSTRACT
Intermedin (IMD) is a member of the calcitonin gene-related peptide (CGRP) superfamily and a
pro-angiogenic factor. In the present study, we identified activation of the Wnt/b-catenin signal-
ing pathway by IMD. Adding CoCl2 HUVECs was used to establish an in vitro model. The migra-
tion of HUVECs was measured by wound healing assays and transwell migration assays. Capillary
formation was measured using tube formation assays. Immunocytochemistry (ICC) analysis was
used to evaluate VEGF and RAMP2 expression in HUVECs. The relevant signaling molecules were
detected with western blot. Our study shows that IMD could promote H/R impaired HUVECs
migration and tube formation in vitro. On the other hand, inhibition of Wnt/b-catenin signaling
led to the suppression of this promotion of migration and tube formation. This result suggests
that Wnt/b-catenin signaling is correlated to IMD induced angiogenesis. Analysis of results from
ICC assays indicated that IMD works through increasing levels of VEGF and RAMP2. Meanwhile,
the Wnt/b-catenin signaling specific inhibitor IWR-1-endo was shown to down-regulate VEGF and
RAMP2 expression. Western blot results further confirmed the signaling mechanism by which
IMD promotes angiogenesis. Thus, Wnt/b-catenin signaling plays an important role in IMD
induced neovascularization. The data further suggest that the PI3K axis contributes positively
downstream.
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Introduction

Renal ischemia-reperfusion injury (IRI) plays an import-
ant role in ischemic acute renal failure (ARF), which car-
ries high morbidity and mortality following kidney
transplantation and shock. Few effective therapeutic
options exist to treat ARF [1–3]. The kidney is a hyper-
transfusion organ, making it more susceptible to IRI.
This type of injury happens to acutely ischemic tissue
when blood flows back into it. IRI may cause further
damage to surrounding tissue, including injury of renal
tubular-epithelial cells and damage to vasculature
around tubules [4]. Therefore, protecting vessels against
IRI, promoting endothelial cell repair, stimulating angio-
genesis is absolutely necessary for the treatment of
ARF. The canonical Wnt pathway is critical for signaling
in the development of vascular system [5]. As a co-tran-
scription factor, b-catenin can activate canonical Wnt

signaling when it accumulates in the nucleus binding
target genes. Otherwise, b-catenin will be degraded by
the Axin/APC/GSK3b/CKI complex [6]. It has been
reported that the Wnt/b-catenin pathway can induce
vascular endothelial growth factor (VEGF) to promote
neovascularization [7,8].

Intermedin (IMD), also known as adrenomedullin-2
(AM2), is a recently identified peptide that belongs to
the calcitonin gene-related peptide (CGRP) family [9,10].
Recent studies have suggested that IMD distributed in
the cardiovascular and renal systems could act as an
endogenous protective peptide under hypoxia and
reoxygenation (H/R) conditions [11–14]. Our team previ-
ously discovered that IMD can protect tubular cells
from IRI by way of promoting proliferation, increasing
cyclin D1 expression, and inhibiting endoplasmic reticu-
lum stress in vitro [15,16]. Several studies have shown
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that IMD participates in the regulation of angiogenesis
via ERK, PI3K-Akt-eNOS-NO, cAMP/PKA and VEGF signal-
ing pathways [17–19].

However, no evidence elucidates the connection
between IMD and canonical Wnt signaling during neo-
vascularization. In this study, we identify the mechan-
ism of IMD under H/R conditions.

Materials and methods

Cells and reagents

Human umbilical vein endothelial cells (HUVECs) was
obtained from the Cell Bank of the Chinese Academy of
Sciences (Shanghai, China) and cultured in DMEM
(HyClone, SH30022.01) with 10% fetal bovine serum
(FBS; Solarbio, F8245). Cell cultures were kept in an
incubator maintained at 37 �C in a humidified atmos-
phere with 5% CO2. Intermedin/adrenomedullin-2 (IMD;
Rat, Phoenix Pharmaceuticals Inc) treatment was pre-
pared by adding IMD into DMEM for a final concentra-
tion of 20 ng/ml [17]. Inhibition of the Wnt/b-catenin
signaling pathway was performed by adding IWR-
1-endo (MCE, 1127442-82-3) into DMEM to a final
concentration of 10lM.

HUVECs hypoxia/reoxygenation (H/R) model and
experiment design

A chemical model of hypoxia was established with
HUVECs by adding cobalt chloride (CoCl2) in DMEM.
Reoxygenation was achieved by washing with phosphate-
buffered saline (PBS) 3 times and changing the medium
to DMEM for 1h in an incubator. The experiment was div-
ided into groups as follow: untreated HUVECs in serum-
free culture medium (normal); H/R model (H/R); HUVECs
preincubated with IMD for 1h at 37 �C then changed to
culture medium as for the H/R group (H/Rþ IMD); HUVECs
preincubated with IWR-1-endo in incubator for 1h, then
changed to culture medium as for the IMDþH/R group
with IWR-1-endo added (H/Rþ IMDþ IWR).

MTT assay

The viability of cells in the H/R model was assessed using
the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) assay. HUVECs were incubated in 96-well
culture plates (Corning Inc, Corning, NY) overnight at a
concentration of 1� 104 cells/well in sextuplicate. In pre-
liminary experiments, we identified a range in which the
model showed a better dose-dependent relationship after
24h of hypoxia and 1h reoxygenation. As a next step, we
worked to ensure the proper concentration to build a

stable H/R model. So, a series of concentrations of CoCl2
(0–2.4mM) were added into the serum-free culture
medium. After 24h of hypoxia and 1h reoxygenation,
20ll of 5mg/ml MTT (Solarbio, M8180, China) was added
into each well, followed by incubation for 4h in a condi-
tion protected from light. Then, the cell supernatant was
discarded, and 150ml dimethyl sulfoxide (DMSO) was
administered with gently shaking for 10–15min. The
absorbance was recorded at 490nm with a Microplate
Spectrophotometer (C-5000, Institute of Biophysics,
Chinese Academy of sciences, China).

Wound healing assays

HUVECs were seeded in 6-well culture plates (Corning
Inc, Corning, NY), then incubated. After reaching
70–80% confluence, cell monolayers were scratched
with a sterile plastic tip (10 ll). Then, they were cul-
tured in FBS-free culture medium, washed with PBS 3
times, then subjected to various treatments as indi-
cated in the description of the four experimental
groups. At 0 h and 24 h following scratching of the
monolayers, cell migration in five randomly selected
fields was observed using an optical microscope
(�100 magnification). Images were captured using a
digital camera (Olympus C-5060, Japan).

Transwell migration assays

Cell migration was assessed using a transwell migration
assay. HUVECs were harvested from each group. 2� 104

cells/well in 200ml DMEM medium supplemented with 1%
FBS were placed in the upper chamber (pore size, 8mm,
Corning Inc). 24-Well culture plates (Corning Inc, Corning,
NY). The lower chamber was filled with medium contain-
ing 10% FBS (600ml). After 24h migration, the cells that
had not migrated on the upper surface of the membrane
were scraped gently with a cotton swab. The migrated
cells were fixed in 95% ethyl alcohol for 15–20min and
stained with 0.1% crystal violet for 15min, then washed
three times with PBS. Cells were counted in three ran-
domly selected fields under an optical microscope (�200
magnification) and photographed using a digital camera
(Olympus C-5060, Japan).

HUVECs tube formation assay

96-Well plates were pre-chilled. Each well was coated
with 50 ml of 50% Matrigel (Solarbio, M8370, China),
which was polymerized for 30min at 37 �C. HUVECs
were harvested from each group (3� 104 cells/well) in
100 ml DMEM medium supplemented with 1% FBS.
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These aliquots of cell cultures were added to each well
and incubated at 37 �C, 5% CO2 for 12 h. Tube forma-
tion was observed using a light microscope (�100 mag-
nification) and photographed with a digital camera
(Olympus C-5060, Japan).

Immunocytochemistry (ICC) analysis

Cells attached to coverslips were fixed in 4% paraformal-
dehyde for 10–15min. Then, they were permeabilized for
10min with 0.5% Triton X-100. Next, we used
HistostainTM-Plus Kits (Bioss, SP-0023, China), following the
manufacturer’s instructions, for visualization using diami-
nobenzidine (DAB). Cells were then counterstained with
Mayer’ Hematoxylin (Solarbio, G1080, China) to label the
nuclei. The primary antibodies used are as follows: VEGF
(1:100; Bioss, bs-0279R, China); RAMP-2 (1:100; Bioss, bs-
11971R, China). Slides were observed using a light micro-
scope (�100 magnification) and photographed with a
digital camera (Olympus C-5060, Japan).

Reverse transcription polymerase chain reaction
and real-time PCR

The method of RT-PCR was described in our previous
work [16]. Real-time PCR amplification was carried out
using the SYBR Green I systemtheStrategene M3000
Sequence Detection System (Stratagene). RAMP2 was
amplified by primers: 50-GGGACGGTGAAGAACTATGA-30

and 50-AAGCCCAGGTCAAACAACTC-30; VEGF was

amplified by primers: 50-GCGGATCAAACCTCACCAAG-30

and 50-GCTTTCGTTTTTGCCCCTTTC-30; b-actin was ampli-
fied by primers: 50-TGGACTTCGAGCAAGAGATG-30and
50-TGTTGGCGTACAGGTCTTTG-30.

Western blot analysis

HUVECs from each group were added in RIPA lysis buffer
(Beyotime, P0013B, China). Protein concentrations were
measured using a BCA Protein Assay kit (KeyGEN Biotech,
China). Proteins were separated on 10% SDS-polyacryl-
amide gels assayed by immunoblot using b-catenin anti-
body (Cell Signaling Technology, 8480S, USA), p-b-catenin
(Ser675) antibody (Cell Signaling Technology, 9567S, USA),
GSK3b (Ser9) antibody duet (Cell Signaling Technology,
8213S, USA), and b-actin antibodies (ZSGB-Bio, PR-0255,
China). Secondary antibody used was (HRP)-conjugated
goat anti-rabbit or anti-mouse IgG (ZSGB-Bio, ZB-2305, ZB-
2301, China) at 1:5000. Signals were visualized with super
enhanced chemiluminescence (ECL) detection reagent
(BOSTER, AR1172, China) and detected by Quantity One
analysis system (Bio-Rad).

Statistical analysis

Photographs were analyzed using Image J software and
Image pro-plus 6.0 (Media Cybernetics, Rockville, MD,
USA). Data are presented as mean± SD. The statistically
significant differences were identified by one-way ana-
lysis of variance (ANOVA), followed by LSD test. Values
of p< .05 were considered statistically significant.

Figure 1. CoCl2 treatment induced HUVECs chemical hypoxia. Viability was assessed via MTT assay using different concentrations
of CoCl2 (0–2.4 lM) in 9 groups. Data are displayed as percentage of positive cells compared with control. Each bar represents
the mean ± standard deviation (SD), (n¼ 3, �p< .05, ��p< .01 vs. control).
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Results

Cellular viability of CoCl2 treated HUVECs

HUVECs were incubated with CoCl2 to establish a stable
H/R model in vitro to mimic the pathological process of
IRI. The MTT assay was used to determine the proper dose
of CoCl2. As shown in Figure 1, the viability of HUVECs
decreased significantly with 300lM CoCl2 (p< .05). This
condition was used for the following experiments.

IMD Promotes HUVEC migration and tube
formation through the Wnt/b-catenin signaling
pathway

The wound healing assay and transwell migration
assay were used to assess the migration capability of
HUVECs. By comparing the wound area among
groups (Figure 2(A,B)), we observed that H/R inhibits
HUVEC movement. On the other hand, we observed

Figure 2. IMD promotes HUVEC migration and tube formation in vitro. (A) HUVECs in each group were scraped with 10ll sterile
plastic tips, then the images were captured at 0 and 24 h (�100 magnification). (B) Histogram shows the percentage of wound
healing area (n¼ 5). Wound areas were determined by Image J. (C) Transwell migration assays were photographed after 24 h
using an optical microscope (�200 magnification). (D) Histogram shows the number of migrated cells (n¼ 3). [In (B,D) �p< .01
vs. control, #p< .01 vs. H/R group, &p< .01 vs. H/Rþ IMD group]. (E) After 12 h HUVECs formed network structures on matrigel
coated plates. Structures were observed using a light microscope (�100 magnification). (F) Histogram shows the mean of branch-
ing length in each group (n¼ 3, �p< .01 vs. control, #p< .05 vs. H/R group, &p< .01 vs. H/Rþ IMD group). Each bar represents
the mean ± SD.
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that IMD effectively promotes cell migration. IWR-1-
endo was observed to suppress IMD induced protec-
tion at a concentration of 10 lM. Moreover, in a
transwell migration assay, the number of HUVECs
that migrated to the other side was lower in the H/R
model. On the other hand, IMD strongly enhanced
cell movement, increasing migrated cell count. When
the specific inhibitor IWR-1-endo blocked the canon-
ical Wnt pathway, the aforementioned effect was sup-
pressed (Figure 2(C,D)). To further investigate whether
IMD could alter tube formation of HUVECs exposed
to H/R, we first collected cells from each group and
incubated them in the matrigel coated plates. After
12 h’ incubation, HUVECs may form network struc-
tures. Results showed in Figure 2(E,F) indicate that
IMD increased tube formation in the H/R model, and
pretreatment with IWR-1-endo reduced the network
formation.

Comparison of cytokines expression in each group

In order to elucidate the mechanism of the pro-angio-
genic effect induced by IMD, we performed an ICC
assay. This assay was used to test the expression of
VEGF and IMD acceptor RAMP2. HUVECs treated with
IMD expressed more VEGF and RAMP2 than did the H/R
group. However, H/R cells treated with IMD and IWR-1-
endo showed no increase in levels of VEGF and RAMP2.
The mRNA expression levels of RAMP2 and VEGF in
each group were measured by RT-PCR. Compare with
the HR group, treatment with IMD significantly
increased the mRNA expression of RAMP2 and VEGF. In
the inhibitor group, IWR-1-endo initiate the degradation
of RAMP2 and VEGF mRNA (Figure 3).

The expression of Wnt/b-catenin signaling
pathway-related proteins

To explore the mechanism of benefits induced by IMD,
we evaluated crucial proteins of the Wnt/b-catenin sig-
naling pathway in each group (Figure 4(A)). Western
blot revealed that the expression of b-catenin and
p-b-catenin (Ser675) were substantially lower in the H/R
model than in the negative control. In contrast, when
H/R injured cells were treated with IMD, levels of
b-catenin and p-b-catenin (Ser675) were significantly
higher than those in H/R cells and H/R cells treated
with a combination of IMD and IWR-1-endo to IMD
(Figure 4(C)). We also observed the changes of GSK3b
and p-GSK3b (Ser9). The level of p-GSK3b (Ser9) was
higher in H/R cells treated with IMD than in H/R cells
without treatment and higher than in H/R cell

incubated with a combination of IMD and IWR-1-endo
(Figure 4(B)).

Discussion

Kidney is especially sensitive to IRI. The pathological
process of IRI includes tubular cell injury and peritubu-
lar capillary damage. IMD has broad biological effects.
Our study explores the mechanism by which IMD, serv-
ing as a pro-angiogenic factor, protects renal tubular
epithelial cells from IRI [17]. Through this mechanism,
promoting angiogenesis may be a novel strategy for
ischemic ARF therapy. The Wnt/b-catenin signal path-
way is highly conserved. This pathway is widely known
for its role in angiogenesis and vessel morphogenesis
[5]. However, no previous reports show that IMD can
induce Wnt/b-catenin signaling to promote these
processes.

In the present study, we used HUVECs to model neo-
vascularization in vitro. We established four different
condition groups: normal, H/R, H/Rþ IMD, H/Rþ
IMDþ IWR-1-endo. Then, we observed differences in
these groups. We found that in the H/R group, the
migration ability of HUVECs were lower than in the nor-
mal group. Migration ability was restored with the add-
ition of IMD. This result was in agreement with that of
the in vitro tube formation assay, a representative test
of neovascularization. Interestingly, the Wnt/b-catenin
signaling inhibitor IWR-1-endo attenuated the protec-
tion of IMD. In neovascularization, many cytokines are
produced that work together to manage this physio-
logical process. VEGF is a potent pro-angiogeneic factor
with strong abilities to promote proliferation, perme-
ability and chemotaxis. The expression of VEGF is sensi-
tive to b-catenin/TCF [7,20,21]. High levels of VEGF
causes vascular irregularities and increase vessel perme-
ability. However, IMD can restrict excessive vessel for-
mation and reduce HUVECs permeability [18,22]. We
measured the expression levels of RAMP2, a receptor of
IMD expressed on vascular endothelial cells participat-
ing in angiogenesis [10,23]. We confirmed that b-cate-
nin is involved in the regulation of RAMP2, which may
synergistically increase HUVEC reaction to IMD.

Further, we investigated the molecular mechanism of
Wnt/b-catenin signaling activated by IMD. GSK-3b is a
component of the b-catenin destruction complex which
mediates b-catenin degradation. Wnt signaling activity
inactivation can lead to b-catenin accumulated in the
cytoplasm [6]. Cytosolic b-catenin is a key point for Wnt/
b-catenin signaling. b-catenin can be transferred into
nucleus binding a target gene when phosphorylated at
serine 675 [24]. In our study, we observed that
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compared with the H/R impaired group, the IMD treated
H/R group had higher levels of b-catenin and p-b-cate-
nin (Ser675). Blocking Wnt/b-catenin signaling reduced
these effects induced by IMD. This result indicates that

IMD promotes Wnt signaling through (1) enhancing
b-catenin transcription, (2) improving the phosphoryl-
ation level of b-catenin at site Ser675. Recent studies
suggested that IMD stimulates cAMP/PKA signaling [10].

Figure 3. IMD influenced the expression of vascular molecules. (A) HUVECs were stained with RAMP2 antibody and VEGF anti-
body, then visualized by DAB under a light microscope (�100 magnification). (B) Histogram shows the mean IOD of cells. Each
bar represents the mean± SD (n¼ 5, �p< .01 vs. control, #p< .01 vs. H/R group, &p< .01 vs. H/Rþ IMD group). (C) Histogram
shows the relative levels of RAMP2 and VEGF mRNA in each group. Each bar represents the mean ± SD (n¼ 5, �p< .01 vs. con-
trol, #p< .01 vs. H/R group, &p< .01 vs. H/Rþ IMD group).
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b-catenin and GSK-3b have phosphorylation sites for
PKA at Ser675 and Ser9, respectively [24–26]. Therefore,
there might exist crosstalk between Wnt/b-catenin and
cAMP/PKA signaling. As shown in Figure 4(C), IMD treat-
ment corresponded with an increase in the level of p-
GSK-3b (Ser9). However, IWR-1-endo specifically inhibits
the canonical Wnt pathway without changing the
expression of p-GSK-3b (Ser9). Surprisingly, we discov-
ered an inconsistent result in the H/Rþ IMDþ IWR-1-
endo group. Earlier studies suggest that there are at
least two different pools of GSK-3b: one with AXIN medi-
ated degradation of b-catenin and resistant to phos-
phorylation at Ser9 or Ser21; another under the control
of PI3K/Akt signaling [7,27,28]. Thus, we inferred that
Wnt/b-catenin signaling is upstream of PI3K/Akt signal-
ing, consistent with reports from a former study [7].

Although our current study provided significant
results, there are still some limitations. Firstly, the mech-
anism of neovascularization is very complicated; some
details of crosstalk interaction are still obscured in
ambiguity whose resolution requires further research.

Secondly, this study only analyzed the protection of
exogenic IMD, while the decrease of endogenic IMD
could be another interesting point. Thirdly, the further
experiment in vivo we intended to do as an independ-
ent part may help us to get much more evidence. In
conclusion, our study revealed that exogenous IMD up-
regulates the expression of VEGF and RAMP2 at least
partially via activating Wnt/b-catenin signaling,
finally promoting angiogenesis of H/R impaired HUVECs
in vitro.

Acknowledgments

We thank Dr. Georgina T. Salazar at the University of Texas
Health Science Center at Houston for her critical editing of
the manuscript.

Disclosure statement

No potential conflict of interest was reported by the authors.

Figure 4. IMD upregulated the Wnt/b-catenin signaling pathway. (A) Western blot of b-catenin, p-b-catenin (Ser675), GSK3b,
GSK3b (Ser9), b-actin expression from each group. (B,C) Histogram shows the relative level of proteins, IWR-1-endo can specific-
ally inhibit the level of b-catenin without changing the GSK3b expression. Results are expressed as the mean± SD (n¼ 8,�p< .01 vs. control, #p< .01 vs. H/R group, &p< .05 vs. H/Rþ IMD group).

RENAL FAILURE 165



Funding

This work was supported by the National Nature Science
Fund Project [No. 81500518, 81500529], the Youth Science
and Technology Research Fund, Basic research projects in
Shanxi [No. 2016021147], the Doctoral Startup Research
Fund of Shanxi Medical University [No. 03201302, 03201403],
the Science and Technology Innovation Fund of Shanxi
Medical University [No. 01201403], and 331 Early Career
Researcher Grant fund of the Basic Medical College, Shanxi
Medical University [No. 201406].

References

[1] Lameire N, Van Biesen W, Vanholder R. The changing
epidemiology of acute renal failure. Nat Clin Pract
Nephrol. 2006;2:364–377.

[2] Uchino S, Kellum JA, Bellomo R, et al. Acute renal fail-
ure in critically ill patients: a multinational, multicenter
study. JAMA. 2005;294:813–818.

[3] Lameire NH, Bagga A, Cruz D, et al. Acute kidney
injury: an increasing global concern. Lancet. 2013;382:
170–179.

[4] Schlichting CL, Schareck WD, Weis M. Renal ischemia-
reperfusion injury: new implications of dendritic cell-
endothelial cell interactions. Transplant Proc. 2006;38:
670–673.

[5] Goodwin AM, D’Amore PA. Wnt signaling in the vas-
culature. Angiogenesis. 2002;5:1–9.

[6] MacDonald BT, Tamai K, He X. Wnt/beta-catenin sig-
naling: components, mechanisms, and diseases. Dev
Cell. 2009;17:9–26.

[7] Skurk C, Maatz H, Rocnik E, et al. Glycogen-Synthase
Kinase3beta/beta-catenin axis promotes angiogenesis
through activation of vascular endothelial growth fac-
tor signaling in endothelial cells. Circ Res. 2005;96:
308–318.

[8] Kaga S, Zhan L, Altaf E, et al. Glycogen synthase kin-
ase-3beta/beta-catenin promotes angiogenic and anti-
apoptotic signaling through the induction of VEGF,
Bcl-2 and survivin expression in rat ischemic precondi-
tioned myocardium. J Mol Cell Cardiol. 2006;40:
138–147.

[9] Takei Y, Inoue K, Ogoshi M, et al. Identification of
novel adrenomedullin in mammals: a potent cardio-
vascular and renal regulator. Febs Lett. 2004;556:
53–58.

[10] Roh J, Chang CL, Bhalla A, et al. Intermedin is a calci-
tonin/calcitonin gene-related peptide family peptide
acting through the calcitonin receptor-like receptor/
receptor activity-modifying protein receptor com-
plexes. J Biol Chem. 2004;279:7264–7274.

[11] Bell D, Campbell M, McAleer SF, et al. Endothelium-
derived intermedin/adrenomedullin-2 protects human
ventricular cardiomyocytes from ischaemia-reoxygena-
tion injury predominantly via the AM(1) receptor.
Peptides. 2016;76:1–13.

[12] Bell D, Gordon BJ, Lavery A, et al. Plasma levels of
intermedin (adrenomedullin-2) in healthy human vol-
unteers and patients with heart failure. Peptides.
2016;76:19–29.

[13] Holmes D, Campbell M, Harbinson M, et al. Protective
effects of intermedin on cardiovascular, pulmonary
and renal diseases: comparison with adrenomedullin
and CGRP. Cpps. 2013;14:294–329.

[14] Qiao X, Li RS, Li H, et al. Intermedin protects against
renal ischemia-reperfusion injury by inhibition of oxi-
dative stress. Am J Physiol Renal Physiol. 2013;304:
F112–F119.

[15] Wang Y, Li R, Qiao X, et al. Intermedin/adrenomedullin
2 protects against tubular cell hypoxia-reoxygenation
injury in vitro by promoting cell proliferation and
upregulating cyclin D1 expression. Nephrology. 2013;
18:623–632.

[16] Wang Y, Tian J, Qiao X, et al. Intermedin protects
against renal ischemia-reperfusion injury by inhibiting
endoplasmic reticulum stress. Bmc Nephrol. 2015;16:
169.

[17] Smith RJ, Gao L, Bledsoe G, et al. Intermedin is a new
angiogenic growth factor. Am J Physiol Heart Circ
Physiol. 2009;297:H1040–H1047.

[18] Aslam M, Gunduz D, Schuler D, et al. Intermedin indu-
ces loss of coronary microvascular endothelial barrier
via derangement of actin cytoskeleton: role of RhoA
and Rac1. Cardiovasc Res. 2011;92:276–286.

[19] Chen K, Yan M, Li Y, et al. Intermedin153 enhances
angiogenesis and attenuates adverse remodeling fol-
lowing myocardial infarction by activating
AMPactivated protein kinase. Mol Med Rep. 2017;15:
1497–1506.

[20] Parmalee NL, Kitajewski J. Wnt signaling in angiogen-
esis. Curr Drug Targets. 2008;9:558–564.

[21] Maretto S, Cordenonsi M, Dupont S, et al. Mapping
Wnt/beta-catenin signaling during mouse develop-
ment and in colorectal tumors. Proc Natl Acad Sci
USA. 2003;100:3299–3304.

[22] Zhang W, Wang LJ, Xiao F, et al. Intermedin: a novel
regulator for vascular remodeling and tumor vessel
normalization by regulating vascular endothelial-cad-
herin and extracellular signal-regulated kinase.
Arterioscler Thromb Vasc Biol. 2012;32:2721–2732.

[23] Albertin G, Sorato E, Oselladore B, et al. Involvement
of vascular endothelial growth factor signaling in CLR/
RAMP1 and CLR/RAMP2-mediated pro-angiogenic
effect of intermedin on human vascular endothelial
cells. Int J Mol Med. 2010;26:289–294.

[24] Hino S, Tanji C, Nakayama KI, et al. Phosphorylation of
beta-catenin by cyclic AMP-dependent protein kinase
stabilizes beta-catenin through inhibition of its ubiqui-
tination. Mol Cell Biol. 2005;25:9063–9072.

[25] Fang X, Yu SX, Lu Y, et al. Phosphorylation and inacti-
vation of glycogen synthase kinase 3 by protein kin-
ase A. Proc Natl Acad Sci USA. 2000;97:11960–11965.

[26] Li M, Wang X, Meintzer MK, et al. Cyclic AMP pro-
motes neuronal survival by phosphorylation of glyco-
gen synthase kinase 3beta. Mol Cell Biol. 2000;20:
9356–9363.

[27] Ding VW, Chen RH, McCormick F. Differential regula-
tion of glycogen synthase kinase 3beta by insulin and
Wnt signaling. J Biol Chem. 2000;275:32475–32481.

[28] Wu D, Pan W. GSK3: a multifaceted kinase in Wnt sig-
naling. Trends Biochem Sci. 2010;35:161–168.

166 Y. WANG ETAL.


	Abstract
	Introduction
	Materials and methods
	Cells and reagents
	HUVECs hypoxia/reoxygenation (H/R) model and experiment design
	MTT assay
	Wound healing assays
	Transwell migration assays
	HUVECs tube formation assay
	Immunocytochemistry (ICC) analysis
	Reverse transcription polymerase chain reaction and real-time PCR
	Western blot analysis
	Statistical analysis

	Results
	Cellular viability of CoCl2 treated HUVECs
	IMD Promotes HUVEC migration and tube formation through the Wnt/-catenin signaling pathway
	Comparison of cytokines expression in each group
	The expression of Wnt/-catenin signaling pathway-related proteins

	Discussion
	Acknowledgments
	Disclosure statement
	References



<<
	/CompressObjects /Tags
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 150
	/DoThumbnails false
	/ColorConversionStrategy /sRGB
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/ImageMemory 1048576
	/LockDistillerParams true
	/AllowPSXObjects true
	/DownsampleMonoImages true
	/PassThroughJPEGImages false
	/ColorSettingsFile (None)
	/AutoRotatePages /All
	/Optimize true
	/MonoImageDepth -1
	/ParseDSCComments true
	/AntiAliasGrayImages false
	/GrayImageMinResolutionPolicy /OK
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 600
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.6
	/MonoImageResolution 600
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Warning
	/AutoPositionEPSFiles true
	/PreserveOPIComments false
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/EmbedJobOptions true
	/MonoImageDownsampleType /Bicubic
	/DetectBlends true
	/EncodeGrayImages true
	/ColorImageDownsampleType /Bicubic
	/EmitDSCWarnings false
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 150
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/DetectCurves 0.1
	/PDFXTrapped /False
	/ColorImageFilter /DCTEncode
	/TransferFunctionInfo /Preserve
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DSCReportingLevel 0
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/PreserveCopyPage true
	/UsePrologue false
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Bicubic
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/NOR <>
		/DEU <>
		/SVE <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/DAN <>
		/JPN <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/ESP <>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /Default
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


