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The PPARS Ligand L-165041 Inhibits VEGF-Induced
Angiogenesis, But the Antiangiogenic Effect Is
Not Related to PPARS
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ABSTRACT

Peroxisome proliferator-activated receptor (PPAR)S is known to be expressed ubiquitously and involved in lipid and glucose metabolism.
Recent studies have demonstrated that PPARS is expressed in endothelial cells (ECs) and plays a potential role in endothelial survival and
proliferation. Although PPARa and PPAR+y are well recognized to play anti-inflammatory, antiproliferative, and antiangiogenic roles in ECs,
the general effect of PPARS on angiogenesis in ECs remains unclear. Thus, we investigated the effect of the PPARS ligand L-165041 on
vascular EC proliferation and angiogenesis in vitro as well as in vivo. Our data show that L-165041 inhibited VEGF-induced cell proliferation
and migration in human umbilical vein ECs (HUVECs). L-165041 also inhibited angiogenesis in the Matrigel plug assay and aortic ring assay.
Flow cytometric analysis indicated that L-165041 reduced the number of ECs in the S phase and the expression levels of cell cycle regulatory
proteins such as cyclin A, cyclin E, CDK2, and CDK4; phosphorylation of the retinoblastoma protein was suppressed by pretreatment with
L-165041. We confirmed whether these antiangiogenic effects of L-165041 were PPAR3-dependent using GW501516 and PPARS siRNA.
GW501516 treatment did not inhibit VEGF-induced angiogenesis, and transfection of PPARS siRNA did not reverse this antiangiogenic effect
of L-165041, suggesting that the antiangiogenic effect of L-165041 on ECs is PPARS-independent. Together, these data indicate that the
PPARS ligand L-165041 inhibits VEGF-stimulated angiogenesis by suppressing the cell cycle progression independently of PPARS. This study
highlights the therapeutic potential of L-165041 in the treatment of many disorders related to pathological angiogenesis. J. Cell. Biochem.
113: 1947-1954, 2012. © 2012 Wiley Periodicals, Inc.

KEY WORDS: ANGIOGENESIS; CELL CYCLE; ENDOTHELIAL CELL; PPARS

A ngiogenesis is the process of new blood vessel formation
from preexisting blood vessels, and although physiological

angiogenesis is necessary during embryonic development, tissue or
organ regeneration, and wound healing, dysregulated angiogenesis
is implicated in the pathogenesis of many disorders such as
rheumatoid arthritis, diabetes, cardiovascular diseases, and cancers
[Folkman, 1995; Ferrara and Kerbel, 2005]. The process of
angiogenesis involves complex steps including the activation,
migration, and proliferation of endothelial cells (ECs) [Carmeliet,
2003; Karamysheva, 2008], and numerous angiogenic factors have
been identified, such as platelet-derived growth factor (PDGF),
fibroblast growth factor (FGF), basic fibroblast growth factor (bFGF),
epidermal growth factor (EGF), angiopoietin-1, transforming
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growth factor (TGF), and vascular endothelium growth factor
(VEGF) [Rifkin and Moscatelli, 1989; Nicosia et al., 1994; Suri et al.,
1998]. Among these angiogenic factors, VEGF is the most well-
known pro-angiogenic factor because of its ability to promote the
growth of vascular ECs.

The peroxisome proliferator-activated receptors (PPARs) are
ligand-activated nuclear hormone receptors, and their family
consists of three structurally similar isoforms: «, 8, and +y. In the
classical PPAR pathway, upon binding to ligands, the PPAR forms a
heterodimeric complex with the retinoid X receptor. This hetero-
dimeric complex binds to PPAR response elements in the promoter
regions of specific target genes that are positively or negatively
regulating transcription of genes [Desvergne and Wahli, 1999;
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Bruemmer et al., 2003; Takano et al., 2004]. Although the roles of
PPARa and PPARy are well-known to be anti-inflammatory,
antiproliferative, anti-migrative, and antiangiogenic in ECs, the
general effect of PPARS on angiogenesis in ECs remains unclear
[Goetze et al., 2002; Rival et al., 2002; Ward et al., 2004]. PPARS
agonists are not yet in clinical use. Endogenous ligands for PPAR3
are fatty acids and prostacyclin [Berger et al., 1999; Xu et al., 1999;
Wagner and Wagner, 2010], and synthetic agonists include
GWO0742, GW2433, L-165041, and GW501516 [Brown et al.,
1997; Willson et al., 2000; Brown et al., 2001; Graham et al., 2005].
Previous studies have shown that the PPARS activator L-165041
inhibits tumor necrosis factor-a-induced EC inflammation (VCAM-
1 expression, monocyte adhesion, and MCP-1 secretion). Another
report also showed that PPARS inhibits cell growth of human
N/TERT-1 keratinocytes [Burdick et al., 2007]. However, Piqueras
et al. demonstrated that GW501516 induced EC proliferation and
angiogenesis in vitro and in vivo [Piqueras et al., 2007], and several
studies have reported that a natural PPAR ligand such as
prostacyclin induce EC angiogenesis [Pola et al., 2004; Stephen
et al., 2004]. Thus, examining the effect of PPARS on ECs is
warranted to better understand the role of PPARS in the
cardiovascular system. Here, we investigated the effect of
L-165041 on EC proliferation and migration both in vitro and in
vivo and elucidated its underlying mechanisms.

According to our data, L-165041 inhibited EC proliferation and
migration both in vitro and in vivo. Furthermore, our data indicated
that these antiangiogenic effects of L-165041 are closely related to
cell cycle arrest, which is accompanied by decreased expression of
phospho-Rb, CDK2, CDK4, cyclin A, and cyclin E. In addition,
although L-165041 acts as a PPARS ligand, the antiangiogenic effect
of L-165041 was not PPARS dependent.

MATERIALS

L-165041 was purchased from Tocris Bioscience (Ellisville, MO),
GW501516 was obtained from Alexis Biochemicals (San Diego, CA),
and recombinant human VEGF was acquired from R&D Systems
(Minneapolis, MN). All chemicals were of analytical grade. Specific
antibodies against cyclin A, cyclin E, CDK2, CDK4, and phospho-Rb
were obtained from Santa Cruz Biotechnology (Santa Cruz, CA). All
other reagents were purchased from Sigma (St. Louis, MO) unless
otherwise noted.

CELL CULTURE AND DRUG TREATMENT

Human umbilical vein ECs (HUVECs) were cultured in EGM-2
(Clonetics, San Diego, CA). Cells at passages between 2 and 10 were
used for the study. Subconfluent HUVECs were made quiescent by
serum starvation [EBM-2 containing 0.1% fetal bovine serum (FBS)]
for 4 h. The cells were pretreated with the PPARS ligand L-165041 or
GW501516 for 6h followed by VEGF (10 ng/ml) induction.

BrdU INCORPORATION ASSAY

Cells were seeded at 5 x 10° cells/well in 96-well plates and starved
for 4 h in EBM-2 containing 0.1% FBS prior to treatment. After the
cells were treated with a drug and cultured for additional 24 h,

cellular proliferation was determined by a BrdU incorporation assay
using a commercial ELISA kit according to the manufacturer’s
instructions (Roche, Penzberg, Germany). The amount of incorpo-
rated BrdU was determined by measuring the absorbance at 450 nm
using a microplate reader with SOFTmax PRO software (Molecular
Devices, Sunnyvale, CA).

CELL MIGRATION ASSAY: WOUND HEALING ASSAY, AND
TRANSWELL ASSAY

HUVEC migration was determined using the wound healing assay.
Briefly, HUVECs were seeded into 6-well plates and grown to 90%
confluence. The wounds were produced by scraping of the cell layer
with sterile cell scraper. For the L-165041 pretreatment group, cells
were treated with L-165041 (1-10 M) 6 h prior to the addition of
VEGF (10ng/ml). The cells were cultured for an additional 24 h
before being photographed. HUVEC migration was also assessed
using a modified Boyden’s chamber method. Cells (5 x 10%) were
seeded onto the upper surface of an 8-pm pore size chamber (Costar,
Inc., Corning, NY). The upper chamber contained media with L-
165041 (1-10 wM), and cellular migration was induced by adding
VEGF (10 ng/ml) to the lower chamber. After 16 h, non-migrating
cells were removed by swabbing with Q-tips and the membrane was
fixed in methanol for 30 min. Cells that had migrated were stained
with a Diff-Quick staining kit (Kookje Scientific Products, Tokyo,
Japan) for 1h and counted under a light microscope (400x). The
number of cells was recorded from at least five fields per well.

TUBE FORMATION ASSAY

Before the HUVECs were plated, the 24-well plates coated with
growth factor-reduced basement membrane proteins (Matrigel,
0.3 ml/well; BD Biosciences, Bedford, MA) were solidified at 37°C for
1 h. VEGF and L-165041 were added to the Matrigel solution prior to
polymerization. For the angiogenesis assay with HUVECs, the
trypsinized cells were plated on the surface of the Matrigel and
cultured in serum-deprived medium (8 x 10* cells/well). Tube
formation images were analyzed using a service provided by
Wimasis [Khoo et al., 2011].

siRNA TRANSFECTION

For transfection, the cells were grown to 20-30% confluence in
EGM-2. PPARS siRNA was delivered into HUVECs using Lipofecta-
mine™ RNAIMAX (Invitrogen, Carlsbad, CA) according to the
manufacturer’s instructions. PPARS siRNA was purchased from
Santa Cruz Biotechnology. RT-PCR was conducted 48h after
transfection to evaluate the silencing effect of siRNA on PPARS
expression. A nonspecific control siRNA (Invitrogen) was used as a
negative control.

WESTERN BLOT ANALYSIS

For Western blot analysis, VEGF-stimulated cells with or without L-
165041 pretreatment were washed with phosphate-buffered saline
(PBS) and scraped in 1x protein lysis buffer (Cell Signaling
Technology, Danvers, MA). Protein extracts from each group were
separated in an SDS-PAGE gel and then transferred onto PVDF
membranes. The blots were incubated with appropriate primary
antibodies. B-Actin was used to correct for loading errors.
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Immunopositive bands were visualized by ECL (Amersham
Biosciences, Little Chalfont, Buckinghamshire, UK). The relative
protein amount was determined by densitometric analysis.

FLOW CYTOMETRY

Cell cycle distribution was determined by flow cytometry.
Synchronized HUVECs were pretreated with L-165041 (1 or
5uwM) 6h prior to the addition of VEGF (10ng/ml). The cells
were harvested 16 h after VEGF addition and washed with PBS. The
cells were then incubated with buffer containing 0.1% Triton X-100
and 0.1% trisodium citrate for 30 min. Cells were rinsed with PBS
and then stained with 50 pg/ml propidium iodide for 20 min at room
temperature. In total, 1 x 10* cells were analyzed with the FACScan
system (Becton Dickinson, Franklin Lakes, NJ). At least three
independent experiments were performed.

AORTIC RINGS ASSAY AND MATRIGEL PLUG ASSAY

The abdominal aortas were dissected from mice and excess
perivascular tissue was removed. Transverse sections (1-2mm)
were made, and the resulting aortic rings were placed on Matrigel-
coated wells covered with EGM-2 medium with or without L-165041
(10 pM). Aortic rings were cultured at 37°C and 5% CO,. On day 5,
microvessel outgrowth was photographed. Matrigel (growth factor
reduced) in liquid at 4°C was mixed with VEGF (100 ng/ml) with and
without L-165041 (10 wM), and the resulting mixture was each
injected (0.5ml) into the abdominal subcutaneous tissue of 6-7-
week C57BL/6 mice (Orient Charles River Technology, Seoul, Korea).
The mice were killed 7 days after implantation; then the Matrigel
plugs were removed, photographed, and examined histologically to
determine the extent to which blood vessels had entered. Recovered
Matrigel plugs were processed by paraffin embedding followed by
H&E staining. All animal experiments were performed in accor-
dance with the Guidelines for the Care and Use of Laboratory
Animals by the Korea National Institute of Health.

STATISTICAL ANALYSIS

Data are presented as the means 4+ SEM of three or more individual
experiments. Significant differences between treatments and
controls were identified using a Student’s #-test or analysis of
variance, followed by individual comparisons using Dunnett’s
test. A P-value <0.05 was considered to be statistically significant.

L-165041 INHIBITED VEGF-INDUCED EC PROLIFERATION AND
MIGRATION

We first examined the effect of the PPARS ligand L-165041 on EC
proliferation. HUVECs were pretreated with L-165041 for 6h
followed by VEGF (10ng/ml) induction. DNA synthesis was
increased by VEGF treatment but this VEGF-induced cell
proliferation was abrogated by L-165041 (1-10 M) in a dose-
dependent manner (Fig. 1A). To investigate the outcome of the
PPARS ligand on HUVEC migration, we examined the effect of L-
165041 using a wound healing assay. VEGF-induced cellular
migration was inhibited after 6h of L-165041 (1 or 5pM)
pretreatment (Fig. 1B). This anti-migrative effect of L-165041

was also confirmed by Transwell assays. Cells that had migrated
were increased by VEGF treatment, and these increased cells were
significantly decreased by L-165041 (1 or 5 M) treatment (Fig. 1C).
Next, we examined whether L-165041 affected EC tube formation
using a Matrigel assay. As shown in Figure 1D, HUVECs cultured on
Matrigel containing VEGF (10 ng/ml) were stretched and elongated,
forming a capillary-like structure within 4h, but VEGF-induced
tube formation was attenuated by L-165041 (1 or 5 uM).

EFFECT OF L-165041 ON EX VIVO AND IN VIVO ANGIOGENESIS
Based on the in vitro effects of L-165041 on angiogenesis, we
performed an aortic rings assay in mice to test whether L-165041
affects EC growth ex vivo. Mice aortic rings were placed on a
Matrigel plug and incubated with or without L-165041 (10 pM).
Aortic rings treated with L-165041 showed significantly attenuated
EC outgrowth compared to control aortic rings (Fig. 2A). To
determine the effect of L-165041 on VEGF-induced angiogenesis in
vivo, a Matrigel plug assay was conducted via histological
examination. The mice were killed 7 days after implantation and
the Matrigel plugs were processed by paraffin embedding followed
by H&E staining. Blood vessel formation was induced in Matrigel
containing VEGF (10 ng/ml). This effect was decreased in Matrigel to
which L-165041 was added (Fig. 2B).

EFFECT OF L-165041 ON CELL CYCLE PROGRESSION AND ITS
REGULATORY PROTEINS IN HUVECs

To further examine the underlying mechanisms of the antiproli-
ferative and anti-migrative effect of L-165041, we performed a cell
cycle analysis using FACS. According to our data, 16 h of VEGF
treatment induced significant S-phase transition compared to the
control group. The L-165041 pretreatment significantly suppressed
this VEGF-induced S-phase transition (Fig. 3A and Supplemental
Fig. S1A). To determine the molecular basis for the cell cycle arrest
induced by L-165041, we examined the expression of multiple cell
cycle regulatory proteins by Western blotting. Compared to control
cells, cells treated with VEGF showed significantly increased
phosphorylation of Rb, CDK2, CDK4, cyclin A, and cyclin E, which
plays an important role in cell cycle progression. These regulatory
proteins were significantly suppressed by pretreatment with 5 wM L-
165041 (Fig. 3B and Supplemental Fig. S1B). These findings suggest
that L-165041 negatively affects cell cycle progression in VEGF-
activated HUVECs.

L-165041 INHIBITS VEGF-INDUCED ANGIOGENESIS PPARS
INDEPENDENTLY

To determine whether the observed effect of L-165041 was PPARS-
dependent, we performed further experiments using another PPARS
ligand GW501516 and PPARS siRNA. Pretreatment of GW501516
(100 nM) did not inhibit VEGF-induced proliferation and migration
in HUVECs (Fig. 4A and upper panel of B). Next, HUVECs were
transfected with PPARS siRNA (20 nM) for 48 h, and we evaluated
the silencing effect of siRNA on PPARS expression using RT-PCR
and Western blotting (Supplemental Fig. S2). L-165041 inhibited
VEGF-induced EC migration in cells transfected with control siRNA
(data not shown). And as shown in lower panel of Figure 4B and C,
PPARS siRNA transfection failed to reverse the antiangiogenic effect
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Fig. 1. L-165041 inhibited VEGF-induced EC proliferation and migration. A: HUVECs were pretreated with various concentrations of L-165041 (1-10 M) 6 h prior to the
24 h of VEGF (10 ng/ml) treatment. DNA synthesis was measured using the BrdU incorporation assay. B: Representative photomicrographs of wound healing assays. A wound
was made using near confluent HUVECs in a 6-well culture dish and a scraper. HUVECs were pretreated with L-165041 (1 or 5 uM) for 6 h before the induction of cellular
migration with VEGF (10 ng/ml). A photograph was taken after 24 h of incubation. C: HUVECs were cultured in a Boyden chamber with VEGF (10 ng/ml) in the lower chamber
and either 1 or 5 M of L-165041 in the upper chamber. After 16 h, cells that had migrated were stained with a Diff-Quick staining kit, and then a photograph was taken.
Cellular migration was determined by counting cells that migrated through the pores. Migrated-cell numbers are represented in a bar graph format. D: Upper panel,
Representative photomicrographs of tube formation assays. HUVEC cells were pretreated with or without L-165041 (1 or 5 uM) for 6 h before the cells were seeded on Matrigel.
The trypsinized cells were plated on the surface of growth factor-reduced Matrigel (8 x 10* cells/well) and treated with VEGF (10 ng/ml) or L-165041 (1 or 5uM). A
photograph was taken after 4 h of incubation; Lower panel, Analyzed tube formation are represented in a bar graph format. Data are represented as the average of at least three
independent experiments + SEM. The data were statistically evaluated by analysis of variance, followed by individual comparisons using Dunnett's test. “P < 0.05. [Color figure
can be seen in the online version of this article, available at http://wileyonlinelibrary.com/journalfjcb]
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Fig. 2. L-165041 inhibited VEGF-induced angiogenesis ex vivo and in vivo. A: The abdominal aortas were dissected from mice and excess perivascular tissue was removed. The
aortic rings were placed on Matrigel-coated wells and incubated in the absence or presence of L-165041 (10 uM). After 5 days of incubation, microvessel outgrowth was

photographed. Pictures are representative photographs for endothelial cell sprouts formed from the aortic ring segments. B: C57BL/6 mice (three per group) were injected
subcutaneously with or without L-165041 (10 uM), together with Matrigel (growth factor reduced) containing VEGF (100 ng/ml), and 40 U heparin/ml at 4°C. The mice were
euthanized 7 days after implantation. Upper panel, photograph of the gross appearance of the plugs; lower panel, H&E staining for histological analysis. [Color figure can be
seen in the online version of this article, available at http://wileyonlinelibrary.com/journal/jcb]

of L-165041, which inhibited EC migration as well as the expression
of the cell cycle-related protein.

Recent studies have demonstrated that PPARS is widely expressed in
several different cell types, including ECs, and plays a potential role
in anti-inflammatory and antiproliferative processes [Kliewer et al.,
1994; Wang, 2008]. Numerous reports have indicated that PPARS
inhibits cell growth in different cancer cell lines, keratinocytes, and
ECs [Kim et al., 2005, 2006; Liou et al., 2006; Burdick et al., 2007].
Conversely, other studies have reported that PPARS induced EC and
endothelial progenitor cell proliferation and angiogenesis [Piqueras
et al.,, 2007; Han et al., 2008], as well as accelerated cancer cell
growth [Gupta et al., 2004; Stephen et al., 2004]. Although the effect
of PPARS on cellular proliferation remains unclear, few studies have
investigated the role and mechanism of PPARS in cardiovascular
disease. Therefore, we examined the association between PPARS and

vascular EC proliferation and its underlying mechanisms using L-
165041.

Our data showed that VEGF-induced cell proliferation was
significantly inhibited by L-165041 in HUVECs and that L-165041
also significantly inhibited HUVEC migration. In addition, L-165041
blocked endothelial differentiation into tubelike structures in vitro
and VEGF-induced angiogenesis in vivo. These results demonstrate
that the antiangiogenic action is coupled with distinct alterations of
cell cycle progression.

During cell cycle progression, the progression from G1 to S phase
is closely linked to the activation of cell cycle regulatory proteins
such as cyclin-dependent kinases (CDKs) [Lavoie et al., 1996]. In
particular, the cyclin D1/CDK4 and cyclin E/CDK2 complexes are
essential for entering S phase [Wei et al., 1997]. Induction of cyclin
A expression and cyclin/CDK complexes mediate retinoblastoma
protein (Rb) phosphorylation in late G1 phase, and hyperpho-
sphorylated Rb induces the release of the transcription factor E2F,
resulting in cell cycle progression to S phase [Zhan et al., 2002;
Andres, 2004; Fasciano et al., 2005; Nie et al., 2006]. Our data also
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Fig. 3. L-165041 negatively affected cell cycle progression in VEGF-activated HUVECs. A: Cell cycle distribution was determined by FACS analysis. HUVECs were pretreated
with or without L-165041 (1 or 5 M) 6 h prior to the addition of VEGF (10 ng/ml). The cells were harvested 16 h after VEGF addition. In total, 1 x 10* cells were analyzed with
FACScan (Becton Dickinson). Comparison of the percentage of cells in S phase. Data are represented as the average of at least three independent experiments & SEM. *P < 0.05.
B: HUVECs were pretreated with L-165041 (5 M) for 6 h before the induction of cellular stimulation with VEGF (10 ng/ml). After 24 h, cell lysates were prepared and the
expression levels of p-Rb, cyclins, and CDKs were determined by Western blotting. [Color figure can be seen in the online version of this article, available at http://

wileyonlinelibrary.com/journal/jcb]
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Fig. 4. L-165041 inhibited PPAR3-independent, VEGF-induced angiogenesis. A: HUVECs were pretreated with various concentrations of GW501516 (30-300 nM) 6 h prior
to the 24 h of VEGF (10 ng/ml) treatment. DNA synthesis was measured with a BrdU incorporation assay. B: Representative photomicrographs of wound healing assays. Upper
panel, HUVECs were pretreated with GW501516 (100 nM) or L-165041 (5 M) for 6 h before the induction of cellular migration with VEGF (10 ng/ml); lower panel, 48 h after
transfection with PPARS siRNA (20 nM) in HUVECs, cells were pretreated with L-165041 (5 uM) for 6 h before the induction of cellular migration with VEGF (10 ng/ml). A
photograph was taken after 24 h of incubation. C: Forty-eight hours after transfection, cells were pretreated with L-165041 (5 M) for 6 h before the induction with VEGF
(10 ng/ml). After 24 h, cell lysates were prepared and the expression levels of p-Rb, cyclins, and CDKs were determined by Western blotting. Data are represented as the average
of at least three independent experiments -+ SEM. The data were statistically evaluated by analysis of variance, followed by individual comparisons using Dunnett's test. [Color
figure can be seen in the online version of this article, available at http://wileyonlinelibrary.com/journal/jcb]
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show that L-165041 decreased the expression of cyclin A, CDK4,
cyclin E, and CDK2, as well as the subsequent phosphorylation of Rb.
These results suggest that L-165041 causes cell cycle arrest by
downregulating cell cycle regulators. These findings are consistent
with our previous report stating that L-165041 inhibited cell growth
in vascular smooth muscle cells [Lim et al., 2009]. Furthermore,
L-165041 attenuated VEGF-induced VEGFR phosphorylation, and
the downstream components of VEGF signaling, ERK1/2 MAP
kinase pathway but not PI3K-Akt signaling pathway (Supplemental
Fig. S3). Because the previous studies reported that PPARS ligand
increased VEGF mRNA expression or secretion [Fauconnet et al.,
2002; Piqueras et al., 2007], we performed the ELISA assay for the
determination of the effect of L-165041 on VEGF secretion.
According to our data, L-165041 did not affect VEGF secretion
(Supplemental Fig. S4). These results indicate that L-165041
pretreatment specifically inhibits the VEGFR-ERK1/2 pathway,
thereby induces subsequent cell cycle arrest, without modulating
VEGF secretion, under our experimental conditions. In an
unpublished study, we observed that treatment of L-165041
increased apoptotic cells compared to VEGF-treated ECs, which
was observed in a population of sub-G1 cells and FITC-annexin-V
positive cells. Therefore, we hypothesize that the antiangiogenic
effects of L-165041 were caused by inhibition of cell cycle
progression and induction of apoptosis in HUVECs.

In further experiments, we confirmed whether these antiangio-
genic effects of L-165041 were PPARS-dependent using GW501516
and PPARS siRNA. GW501516, which is a more selective PPARS
ligand compared to L-165041 (ECso=1.1nM), is currently in a
phase II clinical trial for dyslipidemia [Sznaidman et al., 2003].
Notably, pretreatment with another PPARS ligand, GW501516, did
not inhibit VEGF-induced EC proliferation, migration, and expres-
sion of the cell cycle-related protein (data not shown). In addition,
transfection of PPARS siRNA in HUVECs did not reverse this
antiangiogenic effect of L-165041, indicating that the antiangio-
genic effect of L-165041 on ECs was PPAR3-independent. Thus, we
can speculate that the antiangiogenic effects of L-165041 seem to be
only characteristic of L-16504 1, and not PPARS. Similar results have
been reported for PPARvy; that is, many thiazolidinedione (TZD,
synthetic ligand of PPARYy) derivatives may produce pharmacologi-
cal effects independently of PPARvy. These PPARvy-independent
signals were demonstrated in numerous reports [Lee et al., 2006; Al
Alem et al, 2011; Hu et al, 2011]. At present, the PPARS-
independent pathways activated by L-165041 have not been fully
defined and future studies are needed.

In conclusion, we showed that the PPARS ligand L-165041
inhibits EC proliferation and migration by suppressing the cell cycle
progression of a PPARS-independent pathway. The present data
highlight the need for further studies and suggest a therapeutic
potential of L-165041 in the treatment of many disorders related to
pathological angiogenesis.
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