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Abstract The Id1 protein is critical for endothelial cell
angiogenesis, and this function is particularly relevant to
cancer development, cardiovascular disease, and wound
healing. We hypothesized that Id1 enhanced migration and
tubulogenesis by controlling the expression and function of
p53. In this study, we examined cell migration following
Id1 overexpression and silencing endothelial cells. The
results showed that overexpression of Idl enhanced cell
migration and increased betal-integrin expression, but
inhibition of betal-integrin blocked motility even in clones
overexpressing Id1, suggesting that Id1 regulated motility
through betal-integrin. Further analysis revealed that p53,
whose expression and distribution is regulated by Id1, was
critical for cell migration, and may be involved in regu-
lating the expression of betal-integrin. Inhibiting p53
function using PFT-o, a functional inhibitor of p53,
increased the expression of betal-integrin and promoted
cell migration even in Idl-silencing endothelial cells,
demonstrating that the Id1 knockdowns induced inhibition
of endothelial cell migration and the expression of betal-
integrin were controlled by p53. In addition, Id1-p53
pathway regulated the cytoskeleton formation and tubulo-
genesis. These results demonstrate that Id1-induced betal-
integrin expression in endothelial cells and the function of
Id1 in cell migration and tubulogenesis are dependent on
p53.
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Abbreviations
Id1 Inhibitors of differentiation
HLH Helix-loop-helix

ECM Extracellular matrix
HIF Hypoxia inducible factor

HUVEC Human umbilical vascular endothelial cells
RPMI 1640 Roswell Park Memorial Institute 1640
FBS Fetal bovine serum

BSA Bovine serum albumin

DAPI 6-Diamidino-2-phenylindole

Introduction

The inhibitor of differentiation 1 protein (Idl) is a tran-
scription factor with helix-loop-helix (HLH) structure that
is essential for DNA binding and transcriptional regulation.
Activation of Id1 is critical for cell growth and differenti-
ation in many different cell types and tissues [1], and Id1 is
a well-established therapeutic target to suppress prolifera-
tion and angiogenesis in cancerous and ischemic tissues [2].
Moreover, selective inhibition of Id1 may reduce endothe-
lial progenitor cells proliferation and so may be a novel
strategy to inhibit tumor angiogenesis and growth [3, 4].
Angiogenesis is a complex organizational event, and the
earliest stages involve endothelial cell attachment to the
extracellular matrix (ECM) and ECM proteolysis. Subse-
quently, endothelial cells coordinate the spatially selective
formation and degradation of ECM and expression of
adhesion receptors of the integrin family to cross-tissue
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boundaries [5]. Angiogenesis also requires coordinated
endothelial proliferation and migration [6, 7]. Moreover,
reorganization of the F-actin cytoskeleton and cell-matrix
adhesion play crucial roles in endothelial cell (EC) adhe-
sion, migration, and morphogenesis during angiogenesis
[8]. The expression of Idl has been implicated in the
migration of mature endothelial cells [2]. Although the effect
of Id1 on the migration has been explored, the molecular
mechanism and signaling pathways controlled by the Id1
protein have not been clearly defined.

Accumulating evidences suggested that the betal-inte-
grin play a role in angiogenesis and the angiogenesis pro-
cess may be controlled by betal-integrin through the
regulation of cell adhesion, migration, survival, and mor-
phogenesis [9, 10]. In addition, betal-integrin is also crit-
ical for vessel formation through establishing endothelial
cell polarity [11] and vascular patterning during embryonic
development [12]. Furthermore, angiogenesis inhibitors,
such as Maspin [13] affect cell adhesion and cytoskeleton
reorganization through integrin signaling. Although these
results show that betal-integrin is critical for endothelial
cells angiogenesis, the detailed mechanisms by which
betal-integrin functions in the process of Idl-mediated
angiogenesis remain unclear.

In this study, we examined the role of Idl overexpres-
sion in endothelial cell migration and contraction. We
investigated Idl-regulated betal-integrin expression by
inhibiting the activity of p53 protein. These results dem-
onstrated that activation of the p53-hypoxia inducible
factor (HIF) pathway was required for these endothelial
cell migration and contraction.

Materials and methods
Materials and cell culture

Human umbilical vascular endothelial cells (HUVECS)
lines were obtained from American Type Culture Collec-
tion (ATCC, Manassas, VA), and maintained in Roswell
Park Memorial Institute (RPMI 1640) supplemented with
10% fetal bovine serum (FBS) at 37°C in 5% CO,. Anti-
bodies against Id1; p53; f-actin, and betal-integrin (for
betal-integrin blocking antibody, and betal-integrin-FITC
for Flow Cytometer) were purchased from Santa Cruz. The
betal-integrin antibody used in western blotting was pur-
chased from Abcam. The HIF-1« antibody was purchased
from Wuhan Boster Biological Technology (China).

Generation of Id1-t and si-Id1

The HUVECs-pIRES (con-t) and HUVECs-Id1 transfectants
(Id1-t) were established as described previously [14]. Stable
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transfectants were selected with 800 pg/ml geneticin (G418,
Sigma-Aldrich, St. Louis, MO, 63112, USA) after transfec-
tion. The surviving colonies were picked after 3 weeks.

A stable Id1 siRNA vector was generated using a pre-
viously described method [15]. Briefly, the nucleotide
sequence coding a short hairpin RNA targeting the Id1
mRNA were cloned into the pSuppressor-Retro vector to
generate the siRNA expression vector. The sequences of
the si-Id1 nucleotide sequence as follow: si-Id1-F, TCG
AGG CTG TTA CTC ACG CCT CAA GGA AGC TTG
CTT GAG GCG TGA GTA ACA GCC TTT TT,; si-Id1-R,
CTA GAA AAA GGC TGT TAC TCA CGC CTC AAG
CAA GCT TCC TTG AGG CGT GAG TAA CAG CC.
The control vector was generated using the same proce-
dures as the siRNA vector, and the short hairpin RNA
sequence was replaced with non-sense sequences that are
not homologous to the human genome. The sequences of
the control siRNA [15] were: si-con-F, TCG AGC GTA
TTG CCT AGC ATT ACG TGA TGC TTG ACG TAA
TGC TAG GCA ATA CGC TTT TT; si-con-R, CTA GAA
AAA GCG TAT TGC CTA GCA TTS CGT CAA GCT
TCA CGT AAT GCT AGG CAA TAC GC. The resulting
vectors were then transfected into HUVECs using Lipo-
fectin (Life Technologies) in accordance with the manu-
facturer’s instructions. Positive si-Idl and si-con clones
were then selected in Neomycin (200 pg/ml) and stable
transfectants were isolated after 3 weeks drug selection.

Cell migration

To measure cell migration, confluent monolayers of
HUVECs were “wounded” by scraping with a thin 10 pl
pipette tip across the monolayer to produce lesions with
constant diameter. The cells were washed three times with
PBS to remove loose cells, and then cells were cultured in
RIPA-1640 media with 2% FBS. Images were obtained
using phase contrast microscopy (at x40 mag.) at the time
of initial wounding, and then again at 24 h post-wounding.
Semiquantitative measurements were made of control and
treated wounds with ImageTool software.

Collagen gel contraction

For collagen gel contraction assay [16], 600 pl cushions of
2 mg/ml collagen I was prepared in 24-well plates. Next,
HUVECs (5 x 10° per well) were seeded in serum-free
medium. And the medium contains 1 pg/ml betal-integrin
antibody or 10 pg/ml PFT-o follow the experiment needs.
After all cells had attached, the medium was removed and
cells were overlaid with fresh medium containing 600 pl of
2 mg/ml collagen I, which subsequently polymerized. Gel
diameters were monitored with a dissecting microscope
2 days later.
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Western blotting

Cells were washed three times with ice-cold PBS, and
lysates were prepared in buffer containing 1% NP-40,
0.5% deoxycholate, 0.1% SDS, 10 mM Tris—HCI,
0.2 mM PMSF, and protease. The lysate was boiled for
5 min and then the supernatants were transferred to fresh
microcentrifuge tubes and stored at —20°C. Equal
amounts of protein were loaded onto each lane of a 12%
SDS-PAGE gel. After blotting, polyvinylidene difluoride
membranes were blocked for 2 h in 5% milk powder in
TBS-Tween at room temperature. Membranes were then
incubated with primary antibodies overnight at 4°C. The
binding of secondary HRP antibodies was visualized by
ECL or ECL Plus. Quantification of the expression of
protein though the optical density by Quantity One (Bio-
Rad, California, USA).

Flow cytometry

All labeling steps were performed on ice in 5 ml poly-
propylene round-bottom FACS tubes. The cell suspension
was centrifuged at 1000 rpm for 5 min, and the cells
resuspended in blocking buffer (49 ml RIPA-1640; 1 g
bovine serum albumin, BSA; 1 ml FBS) on ice for
15 min. The cell suspension was transfer (2.0 x 10° cells
per sample) into the FACS tubes for the controls required
to set up the flow cytometer. Some cell pellets were
treated with betal-integrin antibody (2 pg/tube). The
pellets were dispersed, mixed well, and incubated on ice
for 1 h with agitation every 20 min to prevent cell sedi-
mentation and clumping. The cells were washed by add-
ing 3 ml of wash buffer (100 ml RIPA-1640, 1 g BSA) to
the tubes, and centrifuged at 1000 rpm for 5 min at 4°C.
The supernatant was aspirated, and the cell pellet dis-
persed by flicking the tube. These steps were repeated.
After a final wash, the cells were resuspended in the
sample tube to a final concentration of 3 x 10° cells/ml
in wash buffer.

F-actin staining

HUVECs were washed three times with PBS, plated on
glass cover slips, and fixed for 30 min in PBS with 3.7%
formaldehyde. Fixed cells were then treated with 0.1%
Triton X-100 for 10 min. The F-actin was directly stained
with rhodamine-phalloidin (1:100) for 30 min after
blocking in 1% BSA for 30 min at room temperature. Cell
nuclei were counterstained with 4’,6-diamidino-2-pheny-
lindole (DAPI, Beyotime Institute of Biotechnology,
Shanghai, China) in the mounting medium. Cells were
washed three times with PBS and photographed using a
confocal microscope.

Immunofluorescence

HUVEC:s that had been plated the previous day on a slide
glass for 24 h. After washing three times with PBS, the cells
were fixed with 4% paraformaldehyde for 30 min and then
permeabilized with 0.25% Triton X-100 in PBS for 10 min
at room temperature. The cells were incubated in a blocking
solution of 5% BSA in PBS for 1 h and stained with anti-
p53 antibody (1:100 dilution in 5% BSA) overnight at 4°C,
followed by the addition of Cy3-conjugated goat anti-rabbit
secondary antibody (1:100 dilution in 5% BSA; Santa Cruz,
California, USA). Nuclei were stained with DAPI. Stained
cells were visualized by fluorescence microscopy (Olympus
BX81; Olympus, Tokyo, Japan) after the sections were
washed in PBS thrice for at least 20 min. To determine the
cytoplasmic/nuclear ratio of p53, the integral optical den-
sity (IOD) of the fluorescence in the nuclear and cytoplas-
mic areas in each cell were averaged to calculate the
cytoplasmic-to-nuclear ratio of immunofluorescence inten-
sity, using the Image Pro Plus (Media Cybernetics, Wash-
ington, DC, USA). In selected experiments, the background
fluorescence was determined by selecting the IOD in areas
without cells. In each experiment, a minimum of 100 cells
were randomly selected and examined.

In vitro tube formation

The in vitro tube formation assay was performed using a
matrigel basement membrane matrix (BD Biosciences).
Matrigel, kept on ice, was placed at 200 pl/well in 24-well
culture plates. The plates were then incubated at 37°C for
30 min to allow matrigel to solidify. HUVECs were seeded
at 10* cells per well on the top of the solidified matrigel, and
the plate was incubated at 37°C for 24 h. Tube formation on
matrigel was observed and analyzed under the microscope.
The degree of angiogenesis was measured by multiplying the
number of branch points by the total number of branches.

Statistical analysis

Data are given either as mean £ SD or as proportions. In
cases of significant differences between the groups, mul-
tiple comparisons between groups were made by one way
ANOVA. Comparisons between two groups were made by
independent ¢ test.

Results

Id1 is required for endothelial cell migration
and contraction

To investigate whether Idl is involved in regulating
endothelial cell migration, we constructed two transfectant
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clones either overexpressing Idl (Idl-t) or with Idl
knockdown using small interfering RNA (si-Id1). Results
showed that Id1 transfected clones (Id1-t) expressed 150%
of control Id1 protein, while Idl knockdowns (si-Id1)
expressed just 47% of control Id1 expression (Fig. 1a). We
then quantified the cells migration in Id1-t, con-t, si-Idl,
and si-con HUVECs. Compared to control cells (con-t), we
observed a 20% increase in vitro wound healing in the Id1
overexpressing clones relative to control cells (con-t), but
an almost 20% decrease in migration in Id1 knockdown
clones, compared with the control siRNA clones (si-con)
(Fig. 1b, c). In addition, endothelial cell proliferation was
minimal in culture with RIPA-1640 media with 2% FBS
during 24 h (data not shown). Thus, ectopic Id1 expression
led to increased migration of HUVEC, while suppression
of endogenous Id1 expression reduced migration.
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Fig. 1 Overexpression of Id1 promotes cell migration in HUVECs.
a The expression of Id1 protein in HUVECs with Id1-t, con-t, si-con,
and si-Id1 was examined by western blotting. The data are relative to
f-actin in the same lane. Each lane was loaded with 30 pg proteins.

Id1 controls the expression of betal-integrin

To evaluate whether Id1-induced cell migration depends on
betal-integrin, we first examined the effect of varying Id1
on the expression of betal-integrin. Overexpression of Id1
led to the increased expression of betal-integrin in
HUVEQGC:s, while Id1 knockdown almost abolished the betal-
integrin expression (Fig. 2a, c¢). Recent studies demonstrated
that the expression and function of betal-integrin was reg-
ulated by transcriptional mechanisms dependent on HIF-1«
[17]. Therefore, we examined the expression of HIF-1o in
HUVECs overexpressing Id1 (Fig. 2a, b). In all, Id1 over-
expression contributed to enhanced expression of HIF-1 in
addition to betal-integrin.

To investigate the role of betal-integrin in Id1-induced
cell migration, we stimulated cells with a functional
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Fig. 2 Overexpression of Idl promotes expression of HIF-1 and
betal-integrin (ITGB1) in HUVECs. a Western blotting analysis of
HIF-1 and betal-integrin expression. b, ¢ The densitometry values for
HIF-1 and betal-integrin normalized to f actin. **P < 0.01 for Id1-t
versus with con-t; #p <0.01 for si-Idl versus with si-con.
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d Quantification of migration of cells after treated or untreated with
1 pg/ml ITGB1 antibody. e Analysis of collagen gel contraction
estimated as the area of the gels at the 48 h after treatment with 1 pg/
ml ITGB1 antibody. *P < 0.05 for con-t versus with Id1-t; *P <0.05
for Id1 cells treatment with anti-ITGB1 versus Id1 cells
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inhibitory betal-integrin antibody. This antibody inhibited
cell migration by 25%. Although Idl overexpression
increased EC migration, betal-integrin antibody inhibited
migration of ECs overexpressing Idl on collagen I
(Fig. 2d). It is well known that the force for cell migration
can be generated by cellular contraction [18]. In addition,
cell contraction was abrogated by betal-integrin antibody
even in HUVECs overexpressing Idl (Fig. 2e). These
results suggested that the enhanced cell migration and
contraction observed in Id1-overexpressing HUVECs was
betal integrin-dependent. Thus, Id1 expression controlled
betal-integrin expression and betal-integrin mediated the
concomitant increase in cell migration and contractility.

Id1 controls the expression and distribution of p53

Mutated p53 proteins can enhance betal-integrin traffick-
ing [19], so we assessed the role of p53 in the processes of
Id1-mediated expression of betal-integrin. The endothelial
cell clones overexpressing ectopic Id1 showed almost no
detectable p53 expression compared to the control trans-
fectant clones. In contrast, Id1 knockdown clones demon-
strated a fourfold greater p53 expression compared with
si-con transfectant clones (Fig. 3c). In normal con-t and

Fig. 3 Overexpression of 1d1 A Id1-t
inhibits p53 nuclear

translocation and expression in

HUVECs. a HUVECs stably ps3

expressing Id1-t, con-t, si-con,
and si-Id1 harvested for
detecting p53 localization by
indirect immunofluorescence.
b Quantification of distribution
of p53 after stably expressing
Id1-t, con-t, si-con, and si-Id1.
¢ Western blotting analysis of
p53 expression and the
densitometry values for p53
normalized to fS-actin.

*#*P < (.01 for si-Id1 versus
with si-con

DAPI

merged

Id1-t cells, weak nuclear and cytoplasmic p53 staining was
observed, while robust p53 protein expression was local-
ized to the nucleus, with little or no cytoplasmic expres-
sion, in si-Id1 clones (Fig. 3a, b).

p53 controls the expression of betal-integrin

The expression and function of pS3 can be regulated by Id1
and the betal-integrin expression was regulated by Idl,
strongly suggesting that p53 might also regulate betal-
integrin expression and function. To ascertain whether p53
played a role in regulating the expression of betal-integrin
and cell migration, we inhibited p53 function using PFT-a,
a functional inhibitor of p53. We first examined the
expression and distribution of p53 in cells pretreated for
24 h with 10 pg/ml PFT-o. After 24 h, the expression and
the distribution of p53 showed no obvious change (data not
shown). We then asked whether p53 could control the
expression of HIF-1 and betal-integrin. Indeed, Idl
knockdown severely abolished HIF-1o and betal-integrin
expression, while PFT-« led to the increased expression of
betal-integrin in Id1 knockdown clones (Fig. 4a, b, c). In
addition, flow cytometry analysis indicated that the cells
treated with PFT-a exhibited an induction of betal-integrin
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Fig. 4 The p53 inhibitor PFT-o increases the expression of betal-
integrin and promoted cell migration even in si-Idl (knockdown)
clones. a Western blotting analysis of HIF-1 and betal-integrin
(ITGB1) expression and the densitometry values (b, ¢) for HIF-1 and
ITGB1 normalized to f-actin. d Flow cytometry detected the effect of

protein compared with untreated Id1 knockdown clones
(Fig. 4d).

Subsequently, the role of p53 in Idl-induced -cell
migration was examined by stimulating cells with PFT-a.
This 10 pg/ml PFT-a increased cell migration by 16%.
Although Id1 knockdown decreased ECs migration, PFT-«
increased migration of Idl knockdown ECs migration
(Fig. 4e). In addition, cell contraction was increased by
PFT-« even in Id1 knockdown cells (Fig. 4f). These results
suggested that the decreased cell migration and contraction
observed in Id1 knockdown HUVECs was p53 dependent.
Thus, Id1-p53 pathway mediated the concomitant cell
migration and contractility.

Id1-p53 pathway regulates the cytoskeleton formation
and tubulogenesis

From unpublished data, we have evidences that Id1 is vital
for the disassembly of actin filaments in the cytoskeleton,
and also actin polymerization connected with angiogenesis
[20], so we examined if p53 might also regulate the
organization of the actin cytoskeleton and tubulogenesis.
Preincubation with 10 pg/ml PFT-« for 24 h induced more
cytoplasmic F-actin filaments and actin stress fibers than
those observed in untreated si-Id1 clones and appeared to
significantly increase the peripheral rim of F-actin
(Fig. 5a).
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cells pretreated with 10 pg/ml PFT-o or untreated. f Analysis of
collagen gel contraction estimated as the area of the gels at the 48 h
after treatment with 10 pg/ml PFT-o. *P < 0.05 for si-Id1 versus with
si-Id1 + PFT-a

Cell migration and cytoskeleton formation play critical
roles in the angiogenic process. To determine whether Id1-
p53 pathway was required for HUVECs tubulogenesis, we
cultured si-Id1, and si-con clones on Matrigel in RIPA-
1640 media with 10% FBS, and with or without 10 pg/ml
PFT-o 24 h later. Compared with si-con cells, there was
almost no tube formation in si-Id1 clones, while there was
an increase of tube formation in PFT-o-treated groups
(Fig. 5b, ¢).

Discussion

The purpose of this study was to investigate the effects of
the Id1 protein in tubulogenesis through endothelial cell
migration and contraction as well as the underlying
molecular signaling pathways. In a series of studies, we
demonstrated that Id1 promoted endothelial cell migration
by increasing betal-integrin expression, and that the reg-
ulation of betal-integrin by Idl was controlled by p53.
Previous studies focused mainly on the role of Id1 in cell
proliferation and survival, while this study demonstrated
that Id1 expression enhanced cell migration and contrac-
tion while suppression of Idl expression resulted in
reduced migration. Furthermore, Id1 expression was cor-
related with betal-integrin expression; however, the
enhancement of migration was blocked by a betal-
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Fig. 5 The p53 inhibitor PFT-uo A
regulates Id1-dependent
cytoskeleton rearrangement and
tubulogenesis. a The
cytoskeleton for clones si-con
and si-Id1 were pretreated for
24 h with PFT-o (10 pg/ml) or
untreated. b Treatment of si-con
and si-Id1 cells with PFT-«
promoted capillary tube
formation. ¢ Quantification of
the total capillary tube length
per field was shown in

b. #*P < 0.05 for si-Id1 + PFT-
o versus si-Id1

si—con

integrin antibody, indicating that the effects of Id1 were
mediated by betal-integrin. Inhibition of p53 enhanced
migration, even in Id1 knockdown clones, suggesting that
the motility induced by Idl was actually controlled by
pS3.

Although numerous studies have demonstrated the role
of Id1 in angiogenesis, few studies examined the molecular
signaling pathways involved. Idl has been implicated in
tumor cell migration and invasion [21], our study directly
demonstrated that Id1 overexpression promoted endothelial
cells migration. Furthermore, Id1 enhanced cell migration
through an HIF-1/betal integrin-dependent pathway.
Betal-integrin is necessary for cell migration on two-
dimensional substrates or even in 3D microenvironments
[22]. The essential role of betal-integrin in migration of
HUVECs was demonstrated by the inhibitory effect of a
betal-integrin antibody on cell migration and contraction
on clones overexpressing Id1. Thus, inhibition of integrin
signaling repressed the migration of endothelial cell even
in cells with high Id1 expression.

Cell contraction is necessary for cell migration and
betal-integrin is critical in this process by serving as a link
between the ECM and the cytoskeleton. Collagen con-
traction and crosslinking that facilitate the transfer of
contractile forces at focal adhesions is integrin-dependent
[23]. This tension triggers the integrin switch that couples
cytoskeletal and extracellular matrix mechanics for adhe-
sion-dependent motility [24]. In addition, HIF-1 has been
shown to increase cell contraction, betal-integrin expres-
sion [17] and angiogenesis [25]. Id]1 enhanced cell con-
traction through an HIF-1/betal integrin-dependent
pathway.

si—1d1+PFT-a

Total Capillary Tube Length
per Field(10°um)

The tumor suppressor protein p53 is a critical tran-
scription factor for cell proliferation, survival, and cell
cycle progression. Recent studies demonstrated that p53
can also affect other cellular functions, such as cell
migration [26]. Furthermore, a loss-of-function p53 muta-
tion contributed to migration directionality in cancer cells
and metastasis by enhancing integrin trafficking [19].
Given that p53 can downregulate the expression of HIF-1
[27, 28]; we speculate that pS3 exerts its detrimental
effects, at least in part, by down-regulating betal-integrin.
Taken together, these research results suggest that p5S3 may
be required for Idl1-mediated regulation of betal-integrin
expression. This hypothesis is further supported by a series
of experiments in this study.

Pifithrin-a is a reversible inhibitor of p53 and so gen-
erally considered to be useful compound to elucidate p53-
mediated events in a variety of cells [29]. If Id1-induced
expression of betal-integrin in endothelial cells was med-
iated by upregulating p53 signaling, then PFT-a should
upregulate betal-integrin, even when Idl was downregu-
lated. We focused first on the influence of the PFT-o on the
expression and nuclear translocation of p53 in endothelial
cells. Results indicated that PFT-a does not affect the
expression and nuclear translocation of p53, just as
10-100 pM PFT-« did not affect the expression or nuclear
translocation of p53 in cancer cells [30]. Inhibition of p53
signaling promoted the migration of endothelial cells, and
also induced the expression of HIF-1 and betal-integrin.

Although our results clearly indicated that Id1 regulated
the expression and function of betal-integrin through p53,
it remains to be determined whether Id1 binds directly to
the betal-integrin gene promoter. Furthermore, cells were
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grown on 2-dimensional (2-D) culture plates, so studies on
3-dimensional (3-D) ECM scaffolds or in vivo studies
employing transgenic animal models are warranted.

Our findings suggested that Id1-induced migration is
associated with corresponding changes in betal-integrin,
and also demonstrated that p53 suppressed Id1-induced
betal-integrin expression. These results may be of value in
the management of tubulogenesis related diseases like
heart attack and stroke. Another implication of our study is
that Id1-induced betal-integrin expression and migration
may be connect with the HIF-1 pathway. This study may
lay the foundation for new rational therapeutic strategies to
control tubulogenesis related cardiovascular diseases.
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