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SUMMARY

Polycystic ovary syndrome (PCOS) is the most common endocrinological pathology
among women of reproductive age, and is characterized by abnormalities in ovarian
angiogenesis, among other features. Consistent with this association, follicular fluid
(FF) concentration and ovarian expression of vascular endothelial growth factor
(VEGF) are increased in PCOS patients. In this study, we examined the protein levels
of platelet-derived growth factor (PDGF) BB and DD (PDGFBB and PDGFDD),
angiopoietin 1 and 2 (ANGPT1 and ANGPT2), and their soluble receptor sTIE2 in FF
from PCOS and control patients undergoing assisted reproductive techniques. We
also analyzed the effect of FF from PCOS and control patients on tight and adherens
junction protein expression in an endothelial cell line. PDGFBB and PDGFDD were
significantly lower whereas ANGPT1 concentration was significantly higher in FF
from PCOS patients than from control patients. No changes were found in the
concentration of ANGPT2 or sTIE2. Expression of claudin-5 was significantly in-
creased in endothelial cells incubated for 24 hr in the presence of FF from PCOS
versus from control patients, while vascular-endothelial cadherin, b-catenin, and
zonula occludens 1 expression were unchanged. The changes observed in the levels
of PDGF isoforms andANGPT1mayprevent VEGF-inducedvascular permeability in
the PCOS ovary by regulating endothelial-cell-junction protein levels. Restoring the
levels of angiogenic factors may provide new insights into PCOS treatment and the
prevention of ovarian hyperstimulation syndrome in affected women.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is themost common
endocrinological pathology among women of reproductive
age, affectingmore than 5%of the female population (Azziz
et al., 2004; Carmina, 2012). PCOS is characterized by
hyperandrogenism, anovulation, and oligo- or amenorrhea
(Franks, 1995), and is associated with obesity and insulin

Abbreviations: ANGPT, angiopoietin; DHEA, dehydroepiandrosterone;
ELISA, enzyme-linked immunosorbent assay; FF, follicular fluid; hCG, human
chorionic gonadotropin; PCOS, polycystic ovary syndrome; PDGF, platelet-
derived growth factor; OHSS, ovarian hyperstimulation syndrome; VEGF,
vascular endothelial growth factor.
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resistance (Dunaif, 1997). Therefore, PCOS has implica-
tions for both reproductive function and long-term health.
Within the ovary, stromal and theca interna hyperplasia
leads to hypersecretion of androgens and the formation of
multiple cysts (Amin et al., 2003). PCOS has also been
characterized by abnormalities in ovarian angiogenesis
(Kamat et al., 1995; Zaidi et al., 1995; Agrawal et al.,
1998; Artini et al., 2006).

It is known that PCOS patients present increased follic-
ular fluid (FF) concentration and ovarian expression
of vascular endothelial growth factor (VEGF) (Kamat
et al., 1995; Stanek et al., 2007), which is reflected in the
their serumVEGF concentration (Agrawal et al., 1998; Abd
El Aal et al., 2005; Artini et al., 2006). After human chorionic
gonadotropin (hCG) administration during ovarian hyper-
stimulation in PCOS patients, VEGF concentration in-
creases significantly, resulting in a higher risk of suffering
from ovarian hyperstimulation syndrome (OHSS) (Agrawal
et al., 1998; Pellicer et al., 1999).

The platelet-derived growth factor (PDGF) family plays
a critical role in the recruitment of pericytes to newly formed
vessels (Hoch and Soriano, 2003; Betsholtz, 2004). This
family consists of five ligands��PDGFAA, PDGFBB,
PDGFAB, PDGFCC, and PDGFDD��and two tyrosine
kinase receptors��PDGFRa and PDGFRb (Andrae
et al., 2008). PDGFAA, PDGFCC, and PDGFAB bind to
PDGFRa, whereas PDGFBB and PDGFDD bind to
PDGFRb. Endothelial cells express PDGFBB, while peri-
endothelial cells (smooth muscle cells and pericytes) ex-
press PDGFDD and PDGFRb (Andrae et al., 2008).
Therefore, only PDGFRb and its ligands are involved in
vascular permeability. Interestingly, the PDGF pathway is
required for theca-cell development and steroid production
in the ovary (Schmahl et al., 2008). Indeed, we recently
demonstrated that ovarian levels of both PDGFBB and
PDGFDD are reduced in a rat OHSS model (Scotti
et al., 2013).

Another family of angiogenic factors involved in the
stabilization of new vessels is the angiopoietin/TIE2 family,
which includes angiopoietin 1 (ANGPT1), angiopoietin 2
(ANGPT2), and their tyrosine kinase receptor, TIE2.
ANGPT1, which activates TIE2, is involved in the matura-
tion and stabilization of newly formed capillaries by regu-
lating perivascular cell coverage of these capillaries (Suri
et al., 1996). Although ANGPT2 also binds to TIE2 with the
same affinity as ANPGT1, it does not activate signaling and
is therefore considered a TIE2 antagonist that promotes
vessel destabilization (Maisonpierre et al., 1997). Another
natural antagonist is the soluble form of TIE2 (sTIE2),
which traps ANGPT1 and impairs its binding to TIE2 (Yab-
kowitz et al., 1999). We and others have demonstrated the
expression of bothANGPTs in the ovary in different species
at bothmRNA and protein levels (Maisonpierre et al., 1997;
Goede et al., 1998; Hazzard et al., 1999; Abramovich
et al., 2009). In a recent study, we reported that ANGPT1
and TIE2 protein levels are increased while ANGPT2
protein level is lower in the ovaries of dehydroepiandro-
sterone (DHEA)-induced PCOS rats (Abramovich et al.,
2012).

Endothelial cell�cell junctions regulate the permeability
and stability of blood vessels (Bazzoni and Dejana, 2004).
The main endothelial cell junctions are tight and adherens
junctions, both of which can transfer intracellular signals
that control different endothelial-cell functions (Dejana
et al., 2009). Claudins are the central components of tight
junctions. Claudin 5 is an endothelial-specific member that
intracellularly binds to members of the zonula occludens
(ZO) protein family (Nitta et al., 2003). One of the endothe-
lial-specific transmembrane proteins contributing to adhe-
rens junctions is vascular-endothelial (VE)-cadherin, which
binds to cytoplasmic adapter molecules such as b-catenin
(Dejana et al., 2009).

Junctional proteins undergo continuous rearrangement,
even in the adult vasculature (Kametani and Takeichi,
2007). Several angiogenic and inflammatory agents further
modulate vascular integrity (Dejanaet al., 2009). Theovary,
however, must tightly control these dynamic changes to
the localization and expression of adhesion molecules
during follicular development, ovulation, and corpus luteum
formation (Groten et al., 2006; Rodewald et al., 2007).

PCOS patients have elevated concentrations of VEGF
both in the serum and in the ovaries. Based on some of the
symptoms associated with this disease, we hypothesized
that other angiogenic factors besides VEGFmaybe altered
in FF from PCOS patients. Accordingly, we analyzed the
levels of PDGFBB and PDGFDD, ANGPT1 and ANGPT2,
and sTIE2 in FF from PCOS and control patients undergo-
ing assisted reproduction. We also studied the effect of FF
from these patients on tight and adherens junction protein
expression in an endothelial cell line based on the knowl-
edge that these angiogenic factors regulate vascular
permeability.

RESULTS

Concentrations of Some Soluble Angiogenic
Protein Differ Between PCOS and Control
Patients

We first corroborated that FF from PCOS patients had
higher concentrations of VEGF than that from control
patients; as previously reported, VEGF concentration
was significantly higher in FF from the PCOS patients in
our cohort. No differenceswere found in FF concentrations
of progesterone or estradiol between the groups (Table 1).

Concentrations of PDGF proteins were measured from
FF using Western blot whereas enzyme-linked immuno-
sorbent assays (ELISAs) were used to quantify the levels of
soluble members of the ANGPT family. Both PDGFBB and
PDGFDD levels were significantly lower in PCOS patients
than in control patients (Fig. 1). Conversely, ANGPT1
concentration was higher in FF from PCOS patients than
control patients (Fig. 2A). The concentration of the two
antagonists ANGPT2 and sTIE2 showed no changes
(Fig. 2B and D). The ANGPT1/ANGPT2 ratio was signifi-
cantly higher in FF from PCOS patients (Fig. 2C).

In PCOS patients, the concentration of ANGPT1 in FF
positively correlated with the number of oocytes retrieved

PDGFs AND ANGPT1 ARE ALTERED IN PCOS FF

Mol. Reprod. Dev. 81:748–756 (2014) 749



(Fig. 2E). No significant differences were found in the
number of oocytes retrieved between groups, however
(data not shown).

Effects of FF Angiogenic Factors on Intercellular
Junctions Integrity of Endothelial Cells

The total levels of adherens junctions proteins (VE-
cadherin and b-catenin) in EA.hy926 cells incubated in
the presence of FF from control or PCOS patients were

not different (Table 2). Levels of phospho-VE-cadherin and
phospho-b-catenin also showed no changes between
groups at any time point analyzed (data not shown).
Conversely, levels of the tight junction protein claudin-5
were significantly increased in EAhy.926 cells exposed to
FF from PCOS patients for 24 hr, but not earlier (Fig. 3).
ZO1 concentrations, however, did not change at any time
point analyzed (Table 2).

DISCUSSION

PCOS is a heterogeneous disease associated with
alterations in ovarian angiogenesis. Women with this
pathology present increased ovarian VEGF synthesis,
vascular blood flow, and VEGF serum concentration
(Kamat et al., 1995; Zaidi et al., 1995; Agrawal et al.,
1998; Artini et al., 2006). In the present work, we describe
adecrease inPDGFBBandPDGFDDversusan increase in
ANGPT1 proteins in FF from PCOS patients undergoing
assisted reproduction. We also found that, despite an
increase in the concentration of VEGF in the ovary, the
vascular permeability of endothelial cells exposed to these
endothelial protein levels showed no changes when incu-
bated with FF from PCOS versus control patients. These
results suggest that other angiogenic systems, for example
ANGPTs or PDGF, are compensating for the chronic in-
crease in the concentration of this primary permeability
factor.

Members of the PDGF system, especially PDGFRb and
its ligands PDGFBB and PDGFDD, constitute a family of
angiogenic factors that help regulate permeability and
vascular stability. PDGF signaling has been proposed as
one of the factors involved in early folliculogenesis (Nilsson
et al., 2006; Sleer and Taylor, 2007; Pinkas et al., 2008)
since PDGFRb has been detected in granulosa cells of
primordial follicles from adults (Pinkas et al., 2008). Indeed,
luteinizing hormone significantly increases PDGFDmRNA
levels but suppresses PDGFBmRNA in human granulosa-
luteal cells (Hwu et al., 2009). While PDGF concentrations
in FF fromOHSS patients are reported to be comparable to
those of ascites fluid (Hwu et al., 2009; Chen et al., 2010),
the decrease in PDGF levels found in the present work
imply a distinct vascular etiology is underlying PCOS��one
that may be related to the altered early folliculogenesis
observed in PCOS patients. The concomitant reduction in
PDGF levels and elevation in ovarianVEGFconcentrations
in PCOS patients are in agreement with changes reported
for Pdgfb and Pdgfrb knock-out mice, which possess

TABLE 1. Progesterone, Estradiol, and VEGF Concentration in FF From Control and PCOS Patients

Control PCOS P value

Progesterone (ng/ml) 22,498� 1,527 23,851� 2,275 >0.05
Estradiol (ng/L) 1,640� 137 1,808� 91 >0.05
VEGF (pg/ml) 1,020� 55 1,320� 135 <0.05

Progesterone and estradiol were measured by radioimmunoassay whereas VEGF was measured by ELISA. Data are expressed as the mean� standard error of
the mean. Statistical significance was defined as P< 0.05.

Figure 1. Expression of PDGF in FF from control and PCOS patients,
as measured by Western blot. FF samples from control and PCOS
patients were centrifuged for 20min at 14,000 rpm, and the super-
natant was diluted 1:10 in homogenization buffer. A: Densitometric
quantification of PDGFBB (P<0.01) and B: PDGFDD (P<0.05).
Data are expressed as arbitrary units� standard error of the
mean of three independent experiments (P<0.05). Representative
immunoblots are shown in the lower panel.
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elevated VEGF levels at late gestation (Hellstrom
et al., 2001). Taken together, the changes observed in
PCOS patients could thus be either a cause or a conse-
quence of the alterations observed in angiogenic factors
and/or signaling, although further studies are needed to
elucidate this issue.

Among members of the ANGPT/TIE2 family, we and
others have demonstrated the importance of the ANGPT
system in follicular development and corpus-luteum forma-
tion in many species (Maisonpierre et al., 1997; Goede
et al., 1998; Parborell et al., 2008; Nishigaki et al., 2011;

TABLE2. Levelsof Intercellular JunctionProteins inCultured
Endothelial Cells after FF Exposurea

6 hr 12 hr 24 hr

VE-cadherin
Control 0.74� 0.10 0.59�0.03 0.64� 0.02
PCOS 0.95� 0.07 0.52�0.05 0.57� 0.07

b-catenin
Control 2.78� 0.43 1.22�0.03 1.35� 0.06
PCOS 2.69� 0.22 1.25�0.07 1.36� 0.03

Zonula occludens 1 (ZO1)
Control 0.47� 0.08 0.58�0.02 1.07� 0.17
PCOS 0.67� 0.08 0.51�0.03 1.11� 0.17

aPresented in arbitrary units� standard error of the mean.

Figure 2. Concentration of the members of the ANGPTs/TIE2 system in FF from control and PCOS patients, as measured by ELISA.
A: Concentration of ANGPT1 in FF (control: 201.1�23.1 pg/ml; PCOS: 516.4�81.7 pg/ml; P<0.05). B: Concentration of ANGPT2 in FF
(control: 52.2�6.1 ng/ml; PCOS: 52.4�5.3 ng/ml).C: ANGPT1/ANGPT2 ratio in FF from control and PCOSpatients (P<0.05).D: Concentration
of sTIE2 in FF (control: 14.6�1.0 ng/ml; PCOS: 13.2�0.7 ng/ml). E: Correlation between the concentration of ANGPT1 in FF and the number of
oocytes retrieved from PCOS patients (r¼0.240; P<0.05).

Figure 3. Effect of FF from control and PCOS patients on endothelial
cell�cell tight junction proteins. Monolayers of endothelial cells were
incubated at 378Cwith FF fromeither control orPCOSpatients (25%of
FF in culture medium without fetal bovine serum) for 6, 12, or 24 hr.
Upper panel: Levels of claudin 5 in endothelial cells incubated
with FF for 6, 12, and 24hr. Data are expressed as arbitrary units�
standarderror of themean, after normalization tob-actin. Lower panel:
Representative immunoblots fromcontrol patients andPCOSpatients.
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Parborell et al., 2011). In humans, ANGPT2 concentrations
and the ANGPT2/ANGPT1 ratio in FF increase with follicle
volume, suggesting that the change in ANGPT1 and
ANGPT2 levels may be associated with follicular growth
and angiogenesis during the pre-ovulatory period (Nishi-
gaki et al., 2011).We previously reported an increase in the
ovarianANGPT/TIE2 system in aDHEA-inducedPCOS rat
model (Abramovich et al., 2012), which is consistent with
the findings we report herein that ANGPT1 and the
ANGPT1/ANGPT2 ratio are increased in FF from PCOS
patientswhereas the absolute concentration of antagonists
ANGPT2 and sTIE2 showed no changes. ANGPT1 nor-
mally stabilizes the permeability of blood vessels, thus
protecting them from VEGF-induced permeabilization
(Thurston et al., 1999; Gamble et al., 2000). Thus in
PCOS patients, the increase in the FFANGPT1/ANGPT2
ratio may be part of a compensatory response to the effect
of elevated ovarian VEGF levels. More interestingly, the
positive correlation between FF ANGPT1 concentration
and the number of oocytes retrieved suggests that the
change in ANGPT1/ANGPT2 ratio may be a biomarker
that is related to the regulation of follicle development
and ovulation in PCOS patients undergoing assisted
reproduction.

Angiogenic factors such asVEGF,ANGPTs, andPDGFs
havebeenshown to be involved in the dynamic regulation of
the proteins that control vascular permeability, which de-
pends on the integrity of endothelial cell�cell junctions
(Harhaj et al., 2002; Dejana et al., 2009). One of the
mechanisms by which VEGF can promote endothelial
permeability is the phosphorylation of VE-cadherin,
which leads to its internalization and endocytosis (Esser
et al., 1998). In the presentwork,weobservednodifference
in the levels ofVE-cadherin andphospho-VE-cadherin in an
endothelial cell line incubated with FF from control and
PCOS patients. Mechanistically, as ANGPT1 is able to
prevent VE-cadherin phosphorylation (Gavard and
Gutkind, 2008) and even to dephosphorylate VE-cadherin
(Gamble et al., 2000), the increased concentration of
ANGPT1 found in FF from PCOS patients could be revers-
ing any increased VEGF-triggered phosphorylation of VE-
cadherin (Gamble et al., 2000). Similarly, no differences
were found in the other junction proteins analyzed (ZO1, b-
catenin, and phospho-b-catenin), suggesting some com-
pensatory activity. The levels of endothelial claudin-5, how-
ever, were elevated after incubation with FF from PCOS
patients.

PCOS patients have an increased risk of developing
OHSS after gonadotropin stimulation in assisted reproduc-
tive protocols (Peitsidis and Agrawal, 2010). OSHH is
characterized by a rapid shift of fluid from the vascular
bed to the extravascular space, which can be triggered by
hCG stimulation (Gomez et al., 2010) followed by VEGF-
dependent vascular permeabilization (McClureet al., 1994;
Garcia-Velasco et al., 2004). hCG can stimulate VEGF
expression, which in turn decreases the expression of
claudin-5, thus contributing to VEGF-induced vascular
permeability��at least in human umbilical-vein endothelial
cells (HUVECs) (Rodewald et al., 2009). In PCOS patients,

FFVEGFconcentration is increased, reflecting an increase
in ovarian VEGF expression (Kamat et al., 1995; Stanek
et al., 2007). This PCOS-related elevation does not influ-
ence phospho-VE-cadherin levels, but did increase clau-
din-5 abundance in endothelial cells co-incubation with FF,
suggesting the influence of a compensatory mechanism
involving other angiogenic/inflammatory factors present in
FF that serve to suppress any excessive VEGF-triggered
permeability. Thus, the delicate balance of angiogenic
factors expressed by a PCOS ovary may be altered after
gonadotropin stimulation, leading to a decrease in the
levels of endothelial junction proteins and an increase in
vascular permeability that, in turn, increases the risk
of OHSS in PCOS patients (Levin et al., 1998; Soares
et al., 2008; Rodewald et al., 2009).

In summary, this is the first study to provide evidence of
an alteration in the PDGF and ANGPT/TIE2 proteins in FF
from PCOS patients. Despite the higher concentration of
VEGF and the expected low levels of endothelial junction
proteins in an endothelial cell line incubated with FF from
PCOS women, VE-cadherin, b-catenin, and ZO1 levels
were not altered whereas claudin-5 increased. Therefore,
we hypothesize that the changes seen in the levels of
PDGFs andANGPT1mayprevent VEGF-inducedvascular
permeability in the ovary by regulating the abundance of
endothelial-cell junction proteins. Restoration of angiogen-
ic factor concentrations may provide new approaches to
treatment of PCOS symptoms and prevention of OSHH
in PCOS patients.

MATERIALS AND METHODS

Subjects and Collection of FF
FF was collected from 46 patients, aged 30�40 years

old, undergoing artificial reproduction at the Reproductive
Medicine Center Pregna (Buenos Aires, Argentina).
Written, informed consent was given by all the patients
before recruitment. The study was approved by the Ethics
Committee of the Institute of Biology and Experimental
Medicine (IByME, Buenos Aires, Argentina).

Patients excluded from the study included those with
pelvic pathologies, such as endometriosis, uterine fibroids,
or pelvic inflammatory disease. The patients included were
classified into two groups: control (n¼ 27) and PCOS
(n¼ 19), based on criteria published in the 2003 Rotterdam
Consensus (2004). Grouped patients were matched for
age and body-mass index.

hCG (10,000UI/ml Pregnyl1, Schering Plough, Buenos
Aires, Argentina) was injected when follicles reached
17mm in diameter. Oocytes were retrieved under vaginal
ultrasound guidance 34 hr later. During oocyte retrieval, the
FF from all 16- to 20-mm follicles of each patient was
pooled. Only macroscopically clear fluids, indicating lack
of contamination, were considered; FF sampleswith visible
blood were excluded from the study. The FF was centri-
fuged immediately at 2,000g for 10min to remove cellular
components and debris, and then transferred to sterile
polypropylene tubes. The supernatant was stored at
�808C until assayed.
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Measurement of VEGF, ANGPT1, ANGPT2, and
Soluble TIE2

Commercial ELISA kits were used to measure FF
concentrations of VEGF, ANGPT1, and sTIE2 (Quantikine;
R&D Systems Inc., Minneapolis, MN) and ANGPT2
(Sigma�Aldrich, St Louis, MO). Intra-assay and inter-
assay coefficients of variation were, respectively, 6.7%
and 8.8% for VEGF; 11.5% and 18% for ANGPT1; 10%
and 12% for ANGPT2; and 9% and 8% for sTIE-2.

Radioimmunoassay
Progesterone and estradiol concentrations in FF

were examined by radioimmunoassay. Labeled steroids
were added as internal standards, and the percentage
of recovery was 60�80%. Progesterone and estradiol
concentrations were measured using specific antibodies
supplied by Dr. G. D. Niswender (Animal Reproduction
and Biotechnology Laboratory, Colorado State University,
Fort Collins, CO). Under these conditions, the intra- and
inter-assay coefficients of variation were, respectively,
8.0% and 14.2% for progesterone and 7.2% and 12.5%
for estradiol.

Endothelial Cell–Cell Junction Protein
Quantification

To assess the levels of endothelial cell�cell junction
proteins in the presence of FF from control or PCOS
patients, we used the EA.hy926 endothelial cell line, kindly
provided by Dr. Gareth Owen (Pontifical Catholic University
of Chile). This cell line was obtained by hybridizing
HUVECs with the A549/8 human lung carcinoma cell line
(Dr. Cora-Jean S. Edgell from the University of North
Carolina, Chapell Hill, NC). Although used for in vitro
models of angiogenesis, this cell line has maintained the
phenotype of endothelial cells, with highly differentiated
functions that are characteristic of the human vascular
endothelium, while offering the advantage of immortality
and stability through passage number (Edgell et al., 1983,
1990). EA.hy926 cells express endothelin-1, Weibel-Pal-
ade bodies, prostacyclin, factor VIII-related antigen, and
endothelial adhesion molecules ICAM-1 and VCAM-1,
which are characteristics of pure endothelial cultured cells
(Edgell et al., 1983, 1990; Suggs et al., 1986; van Oost
et al., 1986; Emeis and Edgell, 1988; Saijonmaa et al.,
1991; Thornhill et al., 1993). EA.hy926 cells are also
preferred as a homogeneous experimental model
because they provide more consistent responses to
specific variables and greater reproducibility of data
(Eremeeva and Silverman, 1998).

EA.hy926 cells were maintained in Iscove’s Modified
Dulbecco’s Medium (IMDM, Invitrogen, Life Technologies,
Grand Island, NY; Sigma�Aldrich) with 10% fetal bovine
serum (FBS), in the presence of 100U/ml penicillin G and
100mg/ml streptomycin sulfate, at 378C with 5% CO2. EA.
hy926 cells were detached by trypsinization, resuspended
in the samemedium, plated at a density of 1� 105 cells per
well of a 24-well plate, and grown to confluence. Cells were

then incubated at 378C with 25% FF from either control
or PCOS patients for 6, 12, or 24 hr without FBS. After
incubation, the culture medium was removed, cells were
washed twice with ice-cold phosphate-buffered saline, and
cell pellets were stored at �808C until assayed.

Western Blot
FF was centrifuged for 20min at 14,000 rpm, and

then the supernatant was diluted 1:10 in homogenization
buffer containing 20mM Tris-HCl [pH 8], 137mMNaCl, 1%
Nonidet P-40, and 10% glycerol, supplemented with prote-
ase inhibitors (0.5mM phenylmethanesulfonylfluoride,
0.025mM N-CBZ-L-phenylalanine chloromethyl ketone,
0.025mM N-p-tosyl-lysine chloromethyl ketone, and 0.025m
L-1-tosylamide-2-phenyl-ethylchloromethyl ketone) and
phosphatase inhibitors (25mM sodium fluoride; 0.2mM
sodium orthovanadate, and 10mM b-glycerophosphate).
EA.hy926 cells were lysed in the same homogenization
buffer. The cell lysates were centrifuged at 10,000g for
10min at 48C, then protein concentration was measured
in the supernatant by the Bradford assay.

After boiling for 5min, 20mg of protein was applied to an
SDS-polyacrylamide gel and electrophoresed at 25mA for
1.5 hr. The resolved proteins were transferred for 2 hr onto
nitrocellulose membranes. The blots were preincubated in
blocking buffer (5%non-fatmilk, 0.05%Tween-20 in 20mM
TBS pH 8.0) for 1 hr at room temperature and incubated
overnight with appropriate primary antibodies (anti-
PDGFBB, 1:100 [AbCam, Cambridge, MA]; anti-PDGFDD,
1:1,000; anti-actin B, 1:3,000; anti-VE-cadherin, 1:200;
anti-b-catenin, 1:2,000 [Santa Cruz Biotechnology, Inc.,
Dallas, TX]; anti-claudin 5, 1:2000 [Invitrogen Corp., Carls-
bad, CA]; anti-ZO1, 1:2000; anti-phospho-VE-cadherin,
1:1,000 [Millipore Corp., Billerica, MA]; and anti-phos-
pho-b-catenin, 1:1,000 [Cell Signaling Technology, Inc.,
MA]) in blocking buffer at 48C. Proper loading of secreted
FF proteins was evaluated by staining the membranes with
Ponceau S (Scotti et al., 2013). Loading of endothelial
samples was normalized to actin B (n¼ 7 per group per
gel). The protein levels were quantified by densitometry
using Scion Image for Windows (Scion Corporation,
Worman’s Mill, CT).

Data Analysis
Data are expressed as the mean� standard error of

the mean. Differences between groups were tested for
significance using the independent samples t-test for
parametric variables. The Pearson correlation coefficient
was used to assess the relationship between the para-
meters analyzed. Analysis of data was achieved using
the statistical program Prism v5.0. Statistical significance
was defined as P< 0.05.
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