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Vascular endothelial cells (3) internalize and de-
Although macrophages scavenge oxidatively modi- grade ox-LDL through a putative receptor-mediated

fied low density lipoprotein (ox-LDL) via specific re- pathway that does not seem to involve the classic mac-
ceptors, the uptake of ox-LDL by endothelial cells is rophage scavenger receptor. In fact, Sawamura et al
thought to be mediated by a different receptor (LOX- (4) have recently cloned the endothelial receptor for1). We examined the presence of LOX-1 on cultured ox-LDL (LOX-1), which is a membrane protein thathuman coronary artery endothelial cells (HCAECs) by

belongs structurally to the C-type selectin family, andRT-PCR, radioligand blot, and binding assays. LOX-
is expressed in vivo in vascular endothelium and in1 mRNA and protein were consistently identified in
vascular-rich organs. Since endothelial uptake of ox-HCAECs. [125I]-ox-LDL binding assay also identified
LDL is important in atherosclerosis, understanding ofhigh affinity binding sites for LOX-1 on HCAECs
the regulation of LOX-1 by LDL fractions may be of(KD:1.71 1 1008 M: Bmax:29.7 ng/mg protein). There was
the immense clinical significance.no change in LOX-1 expression in HCAECs treated

We postulated that ox-LDL may upregulate LOX-1with native-LDL. In contrast, incubation of HCAECs
as a basis of enhanced endothelial uptake of ox-LDLwith ox-LDL (10–40mg/ml) increased LOX-1 expression
in the presence of hyperlipidemia. Therefore, we exam-(mRNA and protein). The upregulation of LOX-1 ex-

pression appeared to be dependent on ox-LDL concen- ined cultured human coronary artery endothelial cells
tration. Higher concentration (100 mg/ml) however, de- (HCAECs) for the presence of LOX-1 and the regulation
creased LOX-1 expression, perhaps related to its cyto- of this endothelial receptor by native- and ox-LDL.
toxic effect. These observations indicate that ox-LDL
upregulates its own receptor on HCAECs. This phe-
nomenon may explain enhanced uptake of ox-LDL by

MATERIALS AND METHODSHCAECs in hyperlipidemia resulting in cellular dys-
function. q 1998 Academic Press

Cell culture. HCAECs (initial batch from Clonetics Corporation)
were pure based on morphology and staining for factor VIII. These
cells were 100% negative for alpha actin smooth muscle expression.
Microvascular endothelium growth medium consisted of 500 ml of
endothelial cell basal medium, 5 ng of human recombinant epidermalLow density lipoprotein, especially its oxidatively
growth factor, 5 mg of hydrocortisone, 25 mg of gentamicin and 25modified form (ox-LDL) is a critical factor in atherogen- mg of amphotericin B, 6 mg of bovine brain extract, and 25 ml fetal

esis (1). LDL is oxidized in vascular endothelial cells bovine serum. HCAECs were seeded in a 25 cm2 flask (4,000 cells/
cm2), incubated at 377C in 95% air-5% CO2. Fifth generationto a highly injurious product that results in character-
HCAECs (11106) were used to examine expression of LOX-1. Groupsistic cell dysfunction in large arteries and resistant ves-
of HCAECs were incubated with different concentration of native-sels. The endothelial dysfunction occurs before and
or ox-LDL (10-100 mg/ml) for 24 hrs.

throughout the development of atherosclerosis and par-
Preparation of lipoproteins. Native-LDL and oxidized-LDL wereticularly during plaque rupture. Ox-LDL appears to

prepared as described earlier (5). In brief, human native LDL wasinduce this cellular dysfunction in a time- and concen- isolated from human blood plasma by discontinuous centrifugation.
tration-dependent manner (2). It was further purified via ultracentrifugation (1.063-1.210 g/ml) to

homogeneity determined on agarose gel electrophoresis. LDL was
oxidized by exposure to CuSO4 (5 mmol/L free Cu2/ concentration) in
phosphate-buffered saline at 377C for 24 hours. The TBARS content1 Address for correspondence and reprint requests: J. L. Mehta,

MD, PhD, Department of Medicine, University of Florida College of of ox-LDL was 18.2{0.28 versus 0.56{0.16 nmoles/100 mg protein
in the native-LDL preparation (Põ0.01). ox-LDL was radioiodinatedMedicine, 1600 Archer Rd., P.O. Box 100277 JHMHC, Gainesville,

FL 32610. Fax: (352) 379-4161. E-mail: mehta@medmac.ufl.edu. [I-125] by the iodine monochloride method (6). It was then purified
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on a Biogel P-10 column and extensively dialyzed against tris-saline.
LDL, ox-LDL and [I125]-ox-LDL were kept in 50 mM Tris-HCl, 0.15
M NaCl and 2 mM EDTA at pH 7.4, and were used within 10 days
of preparation.

RT-PCR for LOX-1 mRNA expression in HCAECs. Total RNA (1
mg) extracted from cultured HCAECs was reverse transcripted with
Oligo dT (Promega) and M-MLV reverse transcriptase (Promega) at
377C for 1 hour. 2 ml of the reverse-transcripted material was ampli-
fied with Taq DNA polymerase (Promega) using a primer pair specific
to human endothelial receptor (sense primer, 5*-TTACTCTCCATG-
GTGGTGCC-3 *, antisense primer, 5*-AGCTTCTTCTGCTTGTT-
GCC-3 *). PCR product was 193 base pairs. For PCR, 40 cycles were FIG. 2. Identification of LOX-1 by ligand blot.
used at 947C for 40s, 557C for 1 min, and 727C for 1 min (3). The
RT-PCR amplified samples were visualized on 1.5% agarose gels
using ethidium bromide. b-actin was amplified as a reference for
quantitation of LOX-1 mRNA. Ligand blot analysis for LOX-1 in HCAECs. Different groups of

HCAECs were dissolved in sample buffer (125 mM Tris-HCl pHLOX-1 binding assays in HCAECs. To examine binding proper-
6.8, 2% SDS). Cells were homogenized and protein was quanti-ties of ox-LDL, studies were conducted with cells at 47C. Cells
tated. Cell protein (12 mg per lane) was separated by 8% SDS-were prechilled for 30 min in Hepes buffer, pH 7.4, before addition
PAGE under non-reducing conditions and blotted onto nylonof lipoprotein. [I125]-ox-LDL as added to each dish in a final con-
membranes. After blocking with 1% BSA at 47C overnight, thecentration of 0.625, 1.25, 2.5, 5, 10, 15 mg/ml. To determine specific
membranes were incubated with 10 mg/ml [125I]-ox-LDL with orbinding of [I125]-ox-LDL, a 100-fold excess of unlabeled ox-LDL
without 1 mg/ml unlabeled ox-LDL in 50 mM Tris-HCl, pH 8.0, 2was added in parallel dishes. Incubation was carried out at 47C
mM CaCl2 , 90 mM NaCl and 1% BSA for 4 hrs at room tempera-for 2 hrs. Cells were washed on ice with 150 nM NaCl, 50 mM
ture. The membranes were washed in the same buffer withoutTris, 2 mM EDTA, pH 7.4, containing 2 mg/ml BSA. The wash
ligands, and autoradiography carried out (3).schedule consisted of two rapid washes, two 10 min washes and

a final rapid wash. Cells were then rinsed with cold saline without Data analysis. All data represent mean of duplicate samples
BSA. Cells were lysed at room temperature in 0.5 M NaOH solu- from at least three independently performed experiments. Data
tion. An aliquot of the cell lysate was counted to determine the are presented as mean{SD. Statistical significance was deter-
amount of bound [I125]-ox-LDL (7). Protein was then quantitated mined in multiple comparisons among independent groups of
by BCA protein assay kit. LOX-1 Bmax and KD were determined data in which ANOVA and the F test indicated the presence of
by Scatchard plot. significant differences. A P value °0.05 was considered signifi-

To further confirm the specific binding of [I125]-ox-LDL, cells cant.
were incubated with 100-fold excess of unlabeled ox-LDL, native-
LDL, LOX-1 inhibitors polyinosinic acid (250 mg/ml) and carra-

RESULTSgeenan (250 mg/ml) and macrophage scavenger receptor inhibitor
fucoidan (250 mg/ml) to displace LOX-1 binding with 10 mg/ml of
[I125]-ox-LDL. Rest of the procedure was same as described above. mRNA for LOX-1 was consistently detected by RT-

PCR in all aliquots HCAECs (nÅ6). A representative
example is shown in Figure 1. Ligand blot also consis-
tently identified LOX-1 protein expression in all ali-
quots of HCAECs (nÅ6, Fig 2). As shown in Fig 3, [I125]-

FIG. 3. LOX-1 Bmax and KD based on [125I]-ox-LDL binding.FIG. 1. Identification of LOX-1 mRNA (see text for details).
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mented by data obtained with [I125]-ox-LDL binding
assay. [I125]-ox-LDL binding could be completely inhib-
ited by a 100-fold excess of unlabeled ox-LDL and sig-
nificantly attenuated by two different LOX-1 inhibi-
tors, polyinosinic acid and carrageenan, but not by a
class A scavenger receptor blocker, fucoidan.

Interestingly, incubation of HCAECs with ox-LDL
(10-40 mg/ml) caused a concentration-dependent in-
crease in LOX-1 expression (determined by RT-PCR
and ligand binding). Very high concentrations of ox-
LDL (100 mg/ml), however, caused a reduction in LOX-
1 expression, perhaps a result of its cytotoxic effect on
endothelial cells (LDH release: 16.2{1.7 vs. 4.1{1.5
units/L).

This study is the first to document the presence
of LOX-1 on human coronary endothelial cells and
provides important insight into its role. Work done
in several laboratories clearly implicates LDL, espe-
cially its oxidatively modified form, in the pathogen-
esis of atherosclerosis (1). In the vascular tissues, ox-FIG. 4. Effect of 100-fold excess of unlabeled ox-LDL, native-

LDL, class A scavenger receptor inhibitor fucoidan and two different LDL attenuates nitric oxide mediated dilation and
LOX-1 inhibitors, polyinosinic acid and carrageenan, on binding of promotes leukocyte deposition (8). Ox-LDL levels
[125I]-ox-LDL to LOX-1 (data from six experiments). have been reported to be variably increased in pa-

tients with atherosclerosis (9,10), and believed to re-
flect extent of endothelial and vascular injury. Re-

ox-LDL binding assay showed that HCAECs possess
high affinity binding sites, as determined by a triplicate
reciprocal plot of the data. Scatchard analysis indicated
a significant number of high affinity binding sites
(Bmax:29.7 ng/mg protein; KD:1.71 1 1008 M). A 100-
fold excess of unlabeled ox-LDL completed inhibited
[I125]-ox-LDL binding to LOX-1. However, native-LDL
and class A scavenger receptor inhibitor fucoidan did
not affected binding of [I125]-ox-LDL to LOX-1. Poly-
inosinic acid and carrageenan, two different LOX-1 in-
hibitors, significantly inhibited binding of [I125]-ox-LDL
by 77% and 93%, respectively (data from 6 independent
experiments) (Fig 4).

Incubation of HCAECs with LDL had no effect on
the expression of LOX-1. In contrast, incubation of
HCAECs with incubation increased LOX-1 mRNA (RT-
PCR) and protein (radioligand blot) expression. The
increase in LOX-1 mRNA and protein expression were
dependent on ox-LDL concentration (10-40 mg/ml).
However, treatment of HCAECs with higher concentra-
tion of ox-LDL (100 mg/ml) caused a decrease in ox-
LDL expression (nÅ6, Fig 5 and 6).

DISCUSSION

This report clearly demonstrates presence of high
FIG. 5. Effect of native-LDL and ox-LDL on LOX-1 mRNA.affinity receptors specific for ox-LDL in HCAECs. Na-

Native-LDL had no effect, whereas ox-LDL (10–40 mg/ml) in-tive-LDL is not bind to this receptor. RT-PCR and ra- creased mRNA. Higher concentration of ox-LDL (100 mg/ml) de-
dioligand binding analyses clearly showed the presence creased LOX-1 mRNA, presumably secondary to its cytotoxic ef-

fect.of LOX-1. The results of these analyses were compli-
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In summary, human coronary endothelial cell pos-
sess abundant endothelial receptor for ox-LDL
(LOX-1). Ox-LDL upregulates LOX-1 mRNA and
protein expression in a concentration-dependent
manner. These observations may have important im-
plications with regard to propagation of endothelial
injury and dysfunction in the presence of dyslipid-
emia.
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