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Effect of lysophosphatidylcholine on expression of vascular
endothelial growth factor in ECV304 cells!
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ABSTRACT

AIM: To determine the effect of lysophosphatidylcholine
(LPC) on the expression of vascular endothelial growth
factor (VEGF) in human embilical veins endothelial cell
line (ECV304). METHODS: VEGF protein produc-
tion from ECV3(M cells was determined by enzyme-linked
immunosorbent assay (ELISA). VEGF protein and its
receplor were also examined by immunohistochemical
staining.  After cultring for 24 b with LPC, VEGF mR-
NA expression in ECV304 was examined by in situ hy-
bridization. RESULTS: Culiured ECV304 cells could
express VEGF receptor and a strong expression of VEGF
receptor was induced by LPC 5 mg/L. LPC upregulated
VEGF protein secreted from the ECV304 cells in a time-
and concentration-dependent manner and LPC also stimu-
lated VEGF mRNA expression in the BCV304 cells.
CONCLUSION: LPC could induce a strong expression
of VEGF in ECV304 cells.

INTRODUCTION

During the process of atherosclerosis (AS}, a num-
ber of growth regulatory molecules and cytokines, such as
VEGF, platelet-derived growth factor ( PDGF), tumour
necrosis factor (TNF), and interleukin-1 (IE-1) may be
formed and released from endothelial celis (EC), smooth
muscle cells (SMC), and macrophage within the le-
sions!'’, These growth factors and cytokines seem to
play an important mole in the progression of AS.
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Recent findings indicate that oxidised low density
lipoprotein (ox-LDL) may play a key role in the
atherosclerotic process®?.  Immunohistochemistry stud-
ies suggest that ox-LDE accumutates in atherosclerotic le-
sions'*~%) and ox-LDL can modulate growth factor or cy-
tokine production from ECs, SMCs, or macro-
phages'’~%.  Thus, ox-LDL can act as a mediator of
many cellular events relevant to atherogenmesis. LPC,
which is increased in the plasma of hypercholesterolemic
patients, is a component of ox-LDL, and as such, may
play an important role in Aste.n]

VEGF/VPF is a heparin-binding, homodimeric gly-
coprotein of M, 46 000 belong to the PDGF family™
VEGF is an important special mitogen and chemoattrac-
tant for endothelial cells both in virro and in vive"™ as
well as a potent enhancer of vascular permeability!'®).
VEGF exists in four different isoforms: VEGFI21,
VEGF165, VEGF189, and VEGF206''). It exerts its
biclogical functions through two high-affimity tyrosine ki-
nase receplors expressed predominantly by endothelial
cells, the kinase insert domain-containing receptor
(KDR) and the fms-like tyrosine kinase-1 receptor (Fit-
1). The murine homologue of KDR is also known as fe-
tal liver kinase-1 receptor (Flk-1)1¢).

The aim of the study was to understand the interac-
tion between LPC and VEGF, the effects of LPC on
VEGF protein and VEGF mRNA expression in ECV304
cells, a human umbilical veins endothelial cell line, on
stimulation by LPC.

MATERIALS AND METHODS

Cell culture  Human umbilical vein endothelial
cell line BCV304 was obtained from Kepen Company,
Beijing. The ECV304 cells were cubtured in modified
Eagle’s medium (MEM; Gibco) containing 20 % fetal
bovine serum ( FBS; Gibco). In the experiments,
BCV304 cells at confluence were pretreated with serum-
free MEM for 24 h. The medium was then replaced with
fresh, serum-free medium containing LPC (Sigma) incu-
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bated for the indicated periods of time.

VEGF protein quantification  The ECV304
cells were stimulated with IPC 2.5 mg/L for2hto24 h
or with varying doses of LPC (1 , 2.5, 5, 7.5, and 10
mg/L) for24 hat37 T ina5 % COp and 95 % ambi-
ent air environment. After incubation of the ECV3(4
cells as indicated, the conditioned medium was collected
and centrifuged at 1000 x g for 5 min, and the super-
natant was used for the measurement of VEGF protein
with a Quantikine Human VEGF ELISA kit { Cytimmune
Sciences INC). The absorbance ( A) of VEGF suan-
dards (0.2, 0.8, 3.1, 12.5, 50, 200 pg/L) was de-
tected from the kit and the standard curve was obtained
according to its corresponding A .

Imnnunohistochemistry  Slips were placed into
35 millimeter culmre dishes ( Nalge Nunc Intemational )
and the ECV304 cells were added into the dishes. When
the cells reached confluence, they were incubated with
seruni-free MEM for 24 h to eliminate the effect of
serum. The cells were stimulated by LPC 5, 10, 20
mg/L at 37 °C for 6 h, then the slips were washed with
phosphate-buffer saline (PBS PH7.2) 3 times. The sec-
tions were immersed in 4 % paraformaldehyde for 15 min
and washed with PBS"'”). The sections were incubated
with human VEGF antibody (4 mg/L) or human VEGF
receptor antibody (Santa Cruz) ovemight at 4 C and
washed with PBS. The sections were incubated for 30
min with biotinylated secondary antibody (SABC). Af-
ter being washed with PBS, the AB enzyme reagent
(DAKO) was added for 30 min and washed with PBS.
The peroxidase substrate solution containing 3, 3'-di-
aminobenzidine (DAB) was applied. The sections were
counterstained in Gill's formulation # 2 hematoxylin
(Sigma) for 5 s and immediately washed with several
changes of H;Q.  After dehydrating the sections, 2 drops
of permanent mounting medium was added and the sec-
tions were covered with a glass coverslip.

In situ hybridization analysis  Slips were
placed into 35 mm culture dishes {Nalge Nunc Interna-
tional) with the ECV304 cells. After incubating with
serum-free MEM for 24 h, the cells were stimulated by
LPC 5 mg/L at 37 C for 24 h, in the control dish only
MEM was added. The sections were immersed in 4 %
paraformaldehyde for 5 min and washed with PBS. The
sections were then subjected to in situ hybridization as
detailed in Brown ef ail', The VEGF cRNA probe
was purchased from Santa Craz. 'Fhe probe was marked
and detected with Digoxin detection kit ( Boechringer
Mannheim) .

Statistical methods FEach experiment was re-
peated at least three times. Where indicated, data were
presented as & + 5. Differences were considered statisti-
cally significant when P <0.05 as analyzed by paired ¢-
test.

RESULTS

VEGF standard curve The standard curve was
plotted on a semi-log graph paper. Known concentra-
tions of VEGF were plotted against the comesponding A
(Fig 1}. The standard curve had a sigmoid shape that
showed an inverse relationship between VEGF concentra-
tion and the corresponding A. The A of VEGF stan-
dards were detected from 0.2 to 200 pg/L by ELISA,
and the equation of the VEGF standard curve was y =
—0.3336 x+2.2961 {R®=0.9768, n=3) (Fig 1).
The test samples of VEGF were calculated by the equation
according to its comresponding A .
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Fig1. The standard curve of VEGF standards. n=4.
xts.

Effect of LPC on VEGF protein levels in a
conditioned medium To examine whether LPC stim-
ulates VEGF production by ECV304 cells, VEGF levels
were determined in conditioned medium from cells that
had been incubated with LPC 1 to 10 mg/L for 24 h by
ELISA. VEGF production from ECV304 celis was in-
creased by exposure to LPC in a concentration-dependent
manner (Fig 2). A maximal concentration of VEGF
protein was 2.5 pg/L + 0.2 ug/L when ECV304 cells
incubated with 2.5 mg/L [ PC. Whereas, the control
VEGF concentration was 0.4 pg/L £ 0.1 pg/L.
(P <0.01 vs control group, n=4). As shown in Fig
3, BCV304 cells were incubated with LPC 2.5 mg/L for
various times. LPC upregulated VEGF production from
ECV304 cells in a time-dependent manner, and a maxi-
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Fig 2. Concentrution-dependent curve of VEGE pro-
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Fig 3. Time-dependent curve of VEGF protein produc-
tion from ECV3M cells stimulated by LPC. na = 4.
x+ 5. P01 vs conirol group.

Induction of VEGF and its receptor in
ECV34 cells as visualized hy immunohistoche-
mical staining  VEGF protein secreted from BECV(H
cells, with or without LPC stimulation. showed negative
immunoreactivity and @ weak staining of VEGE receptor
antibady was observed in cultured cells { photograph not
shown).  After the cells were exposed w LPC at concen-
trations between 5 and 20 mg/L for 6 h.  LPC increased
VEGF receptor expression in ECV304 cells, a5 shown in
Fig 4. An intense staining of VEGF receptors was ob-
served on stimulation with LPC 5 mg/L

Induction of VEGF mRNA in ECV304 cells
stimulated by LPC  To examine whether LPC' stimu-
lates VEGF mRNA expression in ECVA(4 cells, VEGE
mRNA were determined by in sire hybrdization analysis.

There was no staining of VEGE mRNA in culured
ECVA04 cells, but there wis sirong staining after expo-

sure to LPC 5 mg/L (Fig 5.

Fig 4. The photomicrograph of VEGE antibady coun-
terstmined with Gill's formulation # 2 hematoxyln after
stimulation with LPC. Strong stuining with VEGF pe-
ceptor was observed after incubation with LPC 5 mg/L.
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Fig 5. The Photomicrograph of VEGF mRNA after
stimulation with LPC in in situ hybridizition analysis.
Strong stining with VEGF wus observed after incubat-
ed with LPC 5 mg/L. =400,

DISCUSSION

A distinet expression of VEGE and its receptors has
been well established in atherosclerotic lesions in human
cotonary arteriest™ | suggesting a pathophysiological sig-
nificance of VEGF in progression of athenosclerosis.
Ramos o al'® demonstrated that carly atheroselentic I
sions in human exhibited inense VEGE immunoreactivily
in subendothelial macrophage-rich regions of the thick
ened intima.  In atherosclerotic plaques, on immunohis
tochemical staining it VEGF mRNA staining was cbserved
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in foam cell-rich regions adjacent to the lipid core or the M 4-7.
Highpower- 8 Cushing SD, Berliner JA, Valente AJ, Territo MC, Bavab

neovascularized basal regions of plaque.
field observation revealed that VEGF was localized in the
extracellular space.

We found the presence and distribution of VEGF and
its receptors in ECV304 cells, In cultured BCV304,
there was no per se staining for VEGF protein and VEGF
mRNA. A weak staining for VEGF receptors antibody
was observed after stimulation by LPC, VEGF staining
was distinct on the cell surface and cytochylema. LPC
was shown to upregulate VEGF mRNA expression in
ECV304 cells and to stimulate VEGF protein secretion
from the cells in a time- and concentration-dependent
manner. The results suggested that LPC might increase
the action of VEGF.

In summary, we have demonsirated that LPC, a
component of ox-LDL., induced VEGF protein and VEGF
mRNA expression in cultured ECV304 cells. Our find-
ings suggest that interaction between LPC and VEGF may
be involve a in the development of human atherosclerosis.
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