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Abstract

Peroxisome proliferator-activated receptor-y (PPARY) has been suggested to upregulate CD36. Since free oxidized polyunsaturated
fatty acids are PPARY ligands, we studied the effects of LDL modified by the simultaneous action of sSPLA2 and 15-lipoxygenase (15LO)
on CD36 expression and PPARY activation in monocytic cells. Exposure of MM6 cells, which do not express CD36 or other scavenger
receptors, to such enzymatically modified LDL (enzLDL) resulted in upregulation of CD36 surface protein and mRNA expression.
Similar effects were observed with free 13-hydroperoxyoctadecadienoic acid but not its esterified counterpart. Less pronounced effects
were observed with LDL modified by 15LO alone. Upregulation of CD36 was inversely correlated to the state of cell differentiation, as
showed by lower response to enzLDL of the scavenger receptor-expressing MM6-sr and THP1 cells. Importantly, LDL modified by
sPLA2 and 15LO did not efficiently induce upregulation CD36 in PPARY-deficient macrophage-differentiated embryonic stem cells
confirming a role of PPARYy in CD36 expression in cells stimulated with enzLDL. Our data show that LDL modified with physiologically
relevant enzymes stimulates CD36 expression in non-differentiated monocytes and that this process involves PPARYy activation. These
effects of enzLDL can be considered pro-atherogenic in the context of early atherosclerosis.
© 2003 Published by Elsevier Inc.
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Abbreviations: CE-HODE, cholesteryl ester hydroxyoctadecadienoic
acid; Dil, 1,1’-dioctadecyl-3,3,3’,3’-tetramethylindocarbocyanine perchlo- Atherosclerosis is a disease whose initiation and pro-
rate; dPGJ,, deoxy-A'*'*-prostaglandin J,; enzLDL, enzymatically gression involves dysregulation of the immune system, and
modified low-density lipoprotein; ES cells, embryonic stem cells; FACS, this process can be induced and/or exacerbated by oxida-

fluorescence-assisted cell sorting; HETE, hydroxyeicosatetraenoic acid; . . .
HODE, hydroxyoctadecadienoic acid; LDLR, LDL receptor; LIF, tlvely modified LDL [1]. Multlple reports have shown that

1. Introduction

leukemia inhibitory factor; LPS, lipopolysaccharide; 15LO, 15-lipoxygen- such LDL is pro-atherogenic [2], and that this activity is
ase; MM6, Mono Mac 6; NBF, neutral-buffered formalin; oxLDL, associated in particular with minimally modified LDL [2—
oxidized LDL; sPLA2, secretory phospholipase A2; PPARY, peroxisome 4]. Several studies have suggested that lipoproteins isolated
proliferator-activated receptor-y; PPRE, PPAR-response element; PUFA, . . . . 1

o : : o from atherosclerotic lesions resemble mildly oxidized
poly-unsaturated fatty acids; REM, relative electrophoretic mobility; RT— . . . . .
PCR, reverse transcriptase—polymerase chain reaction; TNFo, tumor LDL with spemﬁc modified hpldS rather than heaVﬂy
necrosis factor-a. oxidized LDL [5,6], and this invokes the role of certain
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enzymes, such as 15-lipoxygenase (15LO). Involvement of
15LO in LDL oxidation has been stipulated based on in
vitro [7,8] as well as in vivo data [6,9—11]. 15LO is capable
of oxygenating a variety of substrates, with free poly-
unsaturated fatty acids (PUFA) being preferred over their
esterified counterparts [12]. These moieties can be gener-
ated in LDL by the action of various lipolytic enzymes. We
have found that both secretory phospholipase A2 (sPLA2)
and lipoprotein lipase greatly enhance 15LO catalyzed
oxidation of LDL lipids [13]. The role of sPLA2 in
atherogenesis has also been suggested [14], and its expres-
sion can be upregulated by mildly oxidized LDL [15].

The concerted action of SPLA2 with 15L.O on LDL gives
rise to several specific oxidation products with hydroxyoc-
tadecadienoic acid (HODE) and hydroxyeicosatetraenoic
acid (HETE) being particularly abundant in modified
lipoproteins [12]. A number of biological activities of
hydroxy fatty acids have been suggested [16], including
activation of peroxisome proliferator-activated receptor-y
(PPARY) [17]. PPARY is a member of a family of nuclear
transcription factors with pleiotropic modulatory effect on
expression of genes involved in lipid metabolism, with
consequences for the development of various pathologies
[18] including atherosclerosis [19].

Upon interacting with a ligand, PPARY binds to PPAR-
response element (PPRE) in the promoter region of target
genes [20-22]. Activation of PPARYy may also involve
specific phosphorylation [23]. The notion of potential role
of PPARY in atherogenesis has been supported by reports
showing activation of PPARY in monocytic cells exposed
to oxidized LDL (oxLDL) [17], with ensuing upregulation
of the scavenger receptor CD36 and oxLDL uptake, and
differentiation of the cells into macrophages [24].

A role for PPARY in CD36 upregulation is particularly
intriguing, as this scavenger receptor appears to recognize
the modified lipids rather than modified apolipoprotein B
[25].

PPARY has also been implicated in the regulation of
macrophage apoptosis [20], in secretion of proinflamma-
tory cytokines [26-28], and in oxLDL-dependent down-
regulation of the chemokine CCR2 expression [29]. A link
between 15LO metabolism and PPARy-dependent signal-
ing has been suggested by experiments in which macro-
phages were exposed to the TH,-derived cytokines [30],
since IL4 and IL.13 are potent stimulators of 15LO expres-
sion [31].

The involvement of PPARY activation in the above-
mentioned processes has been concluded largely from
experiments using agonistic PPARYy ligands, such as
13HODE, deoxy-A12’14—prostaglandin J, (dPGJ,), and
the antidiabetic thiazolidinedione and non-steroid anti-
inflammatory drugs. However, recent reports have sug-
gested that PPARY is not necessarily required in all of these
processes. For example, it now appears that PPARY activa-
tion may not be involved in inhibition of proinflammatory
cytokines production by macrophages exposed to LPS

[32]. The most direct evidence for a possible role of PPARYy
in various cellular processes comes from recent experi-
ments with PPARYy-deficient mbryonic stem cells (ES
cells), which have been differentiated into macrophages
[33,34]. These reports indicate that PPARY is required
neither for macrophage differentiation nor for secretion
of pro-inflammatory cytokines. However, it appears impor-
tant for upregulation of CD36 by various PPARY agonists,
such as dPGJ, or the thiazolidinedione drugs [33,34].

As 15LO in concert with sPLA2 generates PPARY
ligands in the LDL particle [13], we investigated whether
LDL modified with the two enzymes (enzymatically mod-
ified low-density lipoprotein, enzLDL) regulates CD36
expression in monocytic cells and whether this process
is PPARy-dependent. Our data suggest that upregulation of
CD36 expression by enzLDL in non-differentiated mono-
cytic cells involves PPARY, and these findings are con-
sistent with a role of enzymatically oxidized LDL in early
phases of atherogenesis.

2. Materials and methods
2.1. Cell culture and treatment

Mono Mac 6 (MM6) and MM6-sr cells were grown in
RPMI 1640 medium containing 10% FCS and supplements
as specified elsewhere [35]. THP1, U937 and Jurkat cells
were grown in RPMI 1640 medium with 10% FCS.
Endothelial cells were prepared from umbilical cords
and maintained in the endothelial cell medium (Promo
Cell) [36]. Human fibroblasts were prepared as described
[37] and maintained in DMEM with 10% FCS. Human
monocytic cells were prepared from blood of healthy
volunteers by immunomagnetic sorting using anti-CD14
IgG beads (Miltenyi Biotec), adhered to plastic, and main-
tained in complete DMEM. The PPARy '~ ES cells were
prepared and differentiated into macrophages as described
[33]. In brief, PPARy '~ (clone AC5) and PPARy™*
(clone J1) ES cells were grown in DMEM supplemented
with 10 ng/mL mouse recombinant LIF (Sigma) on a
confluent monolayer of STO feeder cells. When about
75-80% confluent, ES cells were separated from STO
cells, and re-plated in a 6-well plate at the density of
0.1-0.3 x 10% per well in the IMDM/DMEM LIF-free
medium. After 3—4 days, embryonic bodies formed. The
cells were then supplemented with fresh medium contain-
ing 10% of the medium conditioned by growth of the IL3-
and MCSF-overexpressing 1.929 cells [33], and incubated
for further 4-5 days before use in experiments.

Cells were exposed to 50 pg/mL LDL modified as
shown in figure legends for 1-3 days. In some experiments,
cells were treated with 13HODE (Cayman), cholesteryl
ester hydroxyoctadecadienoic acid (CE-HODE) prepared
by 15LO-dependent oxygenation of cholesteryl linoleate
[38], lysophosphatidyl choline, 7-ketosterol, 25-hydroxy-
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cholesterol, indomethacin (all Sigma), dPGJ, (Cayman), or
tumor necrosis factor-oo (TNFa) (PharMingen). Where
indicated, cells were co-treated with NH4Cl1 (15 mM), or
pre-treated with anti-LDLR IgG (250 pg/mL; 2 hr, 37°;
clone C-7; Santa Cruz) or irrelevant mouse IgG (MOPC-1,
Sigma).

Cell viability was regularly checked by the trypan blue
method, which revealed minimal cell death (less then 10%)
in the experiments performed during this study. Modest
(not more than 25%) cell death was observed in cells
exposed for prolonged periods to heavily oxidized LDL
or dPGJ,.

2.2. LDL preparation, modification and analysis

LDL was prepared by 2-hrultracentrifugation from plasma
obtained from healthy volunteers using the Beckman TLX
table-top ultracentrifuge [39]. Protein concentration of LDL
was adjusted to 0.2 mg/mL., and the lipoprotein incubated at
37° with 5 uM CuSO, for 3 (ox3LDL) or 20 hr (ox,oLDL).
For enzymatic modifications, LDL (3.6 mg/mL) was treated
with soybean 15LO (Sigma, L6632; 10° units/mg protein) at
0.15 mg enzyme/mL LDL (loLDL), or porcine sPLA2
(Sigma, P6534; 1.6 x 10* units/mg protein) at 63 ug en-
zyme/mL LDL for 12 hr (plaLDL). LDL treated with the
two enzymes together is referred to as enzLDL. In some
experiments, rabbit reticulocyte 15LO [40] and human
recombinant SPLA2 [41] were used for LDL modification
at activities comparable with those of soybean 15LO and
porcine sPLA2, respectively. Following incubation with the
enzymes, LDL was reisolated using the 2-hr ultracentrifuga-
tion method [39]. In some experiments, enzLDL was incu-
bated with fatty acid-free BSA (Sigma, A0281) for 3 hrat37°
(0.2 mg/mL LDL protein and 10 mg/mL BSA), and the
lipoprotein re-isolated by ultracentrifugation as above.

Control and modified LDL were analyzed for HETE and
HODE by HPLC as described elsewhere [7]. The method is
based on extraction of the lipid before (free HODE/HETE)
and after hydrolysis (free plus esterifitd HODE/HETE),
followed by sequential reverse-phase, straight-phase and
chiral-phase HPLC for resolution of the positional isomers
and enantiomers. The extent of LDL oxidation was also
assessed by estimation of relative electrophoretic mobility
(REM) using agarose gel electrophoresis.

2.3. RT-PCR

Total RNA was isolated from MMG6 cells (2 x 10°) using
the Quantum Prep@; AquaPure RNA isolation kit (BioRad)
according to the manufacturer’s protocol. All primers were
synthesized by Metabion. The sequences for actin, CD36
and LDL receptor (LDLR), and the reverse transcriptase—
polymerase chain reaction (RT-PCR) conditions have been
described [42,43], the sequences used for PPARY were:
CATGCTTGTGAAGGATGCAAG (forward) and TTCT-
GAAACCGACAGTACTGACAT (reverse). For all RT-

PCR reactions the Ready-To-Go RT-PCR-Beads (Amer-
sham Pharmacia) were used. PCR products were analyzed
by agarose electrophoresis and quantified by HPLC using a
DEAE ion-exchange column (Perkin-Elmer) with a solvent
gradient of 0.3-0.6 M NaCl buffered at pH 9.0 [44].
Quantitative real-time PCR was carried out in some cases
for CD36, LDLR and PPARY using 18S rRNA as the
house-keeping gene. The primers used were as above
for RT-PCR, except for those for 18S rRNA, which were
described elsewhere [45]. The analyses were carried out in
the ABI PRISM 7700 Sequence Detector (Applied Bios-
ciences) using conditions as published [45].

2.4. LDL uptake studies

Modified LDL (1.5 mg/mL) was fluorescence-labeled
with  1,1’-dioctadecyl-3,3,3’,3/-tetramethylindocarbocya-
nine perchlorate (Dil) at 0.225 mg/mL in the presence
of lipid-deficient calf serum (2 mL/mg LDL protein) and
100 uM ascorbic acid for 8 hr at 37°. Cells were washed
with RPMI medium containing 0.5% BSA and adjusted to
2 x 10° mL~". Subsequently, cells were transferred to 96-
well plates (0.2 x 10° per well) and incubated with labeled
LDL (10 pg/mL) for 2 hr at 37° alone or after specific
binding had been blocked with unlabeled LDL (500 pg/
mL) for 15 min. In some cases, cells were pre-incubated
(2 hr, 37°) with anti-LDLR IgG (clone C-20; Santa Cruz) at
250 pg/mL. After incubation, cells were washed with PBS
containing 0.5% BSA, fixed with 2% neutral-buffered
formalin (NBF), and LDL uptake assessed by fluores-
cence-assisted cell sorting (FACS; (FACScan).

2.5. Flow cytometry

Cell surface expression of CD36 was evaluated by
FACS. Cells were treated as indicated, washed with Hank’s
Balanced Salt Solution containing 10 mM HEPES, 1 mM
Ca*", 1 mM Mg*" and 0.5% BSA, and non-specific bind-
ing blocked by incubation with 5% human serum for
30 min at 4°. Cells (0.5 x 10°) were incubated with mouse
monoclonal anti-human anti-CD36 IgG (clone FA6-152;
Immunotech) at 2.5 pg/mL or with an irrelevant mouse IgG
(MOPC-1, Sigma) for 30 min at 4°, followed by a sec-
ondary FITC-conjugated anti-mouse IgG (Sigma). Cells
were then fixed with 2% NBF and CD36 expression
assessed by FACS analysis. In some cases, fixed cells were
permeabilized, before antibody treatment, with 0.02%
saponin (Sigma) in 2% FCS (30 min, room temperature).
CD14 expression was assessed as described above for
CD36, using FITC-conjugated anti-CD14 IgG (My4, Coul-
ter) or an irrelevant FITC-conjugated isotype (MCP-11,
Coulter). For PPARY staining, cells were fixed with 2%
NBF and permeabilized with acetone-methanol (1:1) for
2 min on ice.

After blocking unspecific binding, cells were incubated
with anti-PPARY IgG (clone E-8, Santa Cruz) for 30 min at
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room temperature, reacted with secondary FITC-conju-
gated IgG, and subjected to FACS analysis. The level of
expression of the surface markers was expressed as mean
fluorescence intensity, a value calculated by the CellQuest-
Pro software (Becton Dickinson), which is based on the
distribution of fluorescence within the whole cell popula-
tion assessed.

2.6. Cell fractionation and Western blotting

Cytosolic and nuclear extracts were prepared as
described elsewhere [46]. In brief, cells (107) were washed
with PBS and resuspended in 100 pL. hypotonic buffer
(10 mM HEPES, pH 7.3, 10 mM KCI, 1.5 mM MgCl,,
1 mM DTT, 1 mM PMSF). After centrifugation, cells were
lyzed by resuspension in 300 pL lysis buffer (10 mM
HEPES, pH 7.3, 10 mM KClI, 1.5 mM MgCl,, 0.4% Non-
idet P-40, 1 mM DTT, 1 mM PMSEF, 1 pg/mL leupeptin,
15 pg/mL aprotinin). Following a 10-min incubation at 4°
on ice, nuclei were collected by centrifugation for 1 min at
8000 g, and the supernatant used as the cytosolic fraction.
The pellet was washed in buffer composed of 20 mM KClI,
20 mM HEPES (pH 7.3), 22% glycerol, 0.2 mM EDTA,
1.5 mM MgCl,, 1 mM DTT, 1 mM PMSF, 1 pg/mL leu-
peptin and 15 pg/mL aprotinin, and resuspended in 41 pL.
of the above buffer and 39 pl. of the same buffer with
0.6 M KCI. After a 30-min incubation on ice, nuclear
proteins were recovered in the supernatant following a
15-min centrifugation at 8000 g.

Western blotting was performed according to a standard
protocol, following SDS—polyacrylamide gel electrophor-
esis and transfer of the resolved proteins onto nitrocellu-
lose membranes. Primary antibodies to the following
antigens were used: PPARy (mouse IgGl; clone E-8),
p65 (rabbit IgG; clone C-20; both Santa Cruz). In some
cases, anti-PPARYy IgG was pre-incubated with a PPARYy-
neutralizing peptide (Santa Cruz). Secondary antibodies
(Santa Cruz) and the ECL system (Amersham) were used
for visualization.

2.7. Assessment of PPARy binding to PPRE

Two approaches were taken. First, the EMSA assays
were performed as follows. The oligonucleotides for
PPARy EMSA contained the consensus binding motif
AG GTC AAA GGT CA (Santa Cruz). The cells
(2 x 107) were treated as indicated, and the nuclear
extracts prepared by hypotonic lysis and subjected to
EMSA as described [47]. The other approach was detection
of PPARy DNA binding using the TransAM kit (Active
Motif). Briefly, the cell extract was incubated in wells with
immobilized consensus or mutant PPRE sequence, and the
bound protein detected in a spectrophotometer (450 nm)
following incubation with anti-PPARY IgG followed by a
secondary, HRP-conjugated antibody and the developing
solution.

2.8. Decoy approach

The approach used recently was adapted [48]. Briefly,
MMB6 cells were exposed to an oligonucleotide comprising
the PPRE consensus sequences 5'-GGT AAA GGT CAA
AGG TCA AT-3' and 3'-ATTT CCA GTT TCC AGT TAG
CCG-5'. The mutant sequences 5'-GGT AAA GAA CAA
AGA ACA AT-3' and 3-ATTT CTT GTT TCT TGT TAG
CCG-5" were used as a negative control. The cells were
incubated with the oligonuceotides (5 pM) for 24 hr before
exposure to the lipoproteins, treated with enzLDL, and
expression of CD36 assessed.

2.9. Immunofluorescence microscopy

Cells grown on coverslips were fixed with NBF, per-
meabilized on ice for 2 min with acetone—methanol (1:1),
and incubated at room temperature with anti-PPARY IgG
(clone E-8) followed by anti-mouse FITC-IgG. For CD36
analysis, cells were fixed with NBF, and reacted with anti-
mouse CD36 (clone H-300; Santa Cruz) followed by
secondary FITC-IgG. The cells were mounted in Mowiol
or Vectashield (Vector Laboratories) and observed in the
Leica DMRBE microscope fitted with a computer-linked
RGB camera. Images were acquired with the software
SPOT32 and processed in PhotoShop. The level of
CD36 expression was quantified in the immunohistochem-
ical preparations by image analysis. This was performed
using the National Institutes of Health software package
(http:/rsb.info.nih.gov/nih-image/).

Corresponding sections of acquired images from control
and treated cells were assessed for the level of fluores-
cence. Three sections were randomly chosen in each
image, and three images from each treatment were pro-
cessed in this way. Triplicates were averaged, and the
arbitrary value of the ‘amount of green color’ of treated
cells was then related to that of control cells.

2.10. Statistics

Unless specified otherwise, the data shown are mean
values & SD derived from three independent experiments.
The asterisk at individual values indicates statistically using
significant difference as specified in legends to individual
figures, with P < 0.05, determined by the Student’s ¢ test.

The images are representative of at least three indepen-
dent experiments.

3. Results

3.1. Presence of specific oxidation products in LDL
modified with sPLA2 and 15LO

Our previous findings suggested that exposure of LDL to
lipases resulted in hydrolysis of ester lipids, generating free
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Table 1
Formation of hydroxy fatty acids under various incubation conditions®

LDL treatment HODE + HETE (ng/mg)

With hydrolysis No hydrolysis

Native LDL 09 +09 0
LDL + Cu (3 hr) 119 £ 3.1 0
LDL + Cu (20 hr) 23+05 0
LDL + 15LO 133 £ 0.7 0
LDL + sPLA2 2.1 +09 0
LDL + sPLA2 + 15LO 7.8 £ 1.8 1.9+0.7

‘LDL was treated as shown and analyzed for total HODE and HETE
before and after hydrolysis of the lipoprotein as detailed in Section 2.

PUFA [12], the preferred substrate for 15LO [13]. Thus,
concerted action of sSPLA2 may not only accelerate 15LO-
mediated LDL modification but also yield specific difu-
sible oxidation products, which may exhibit bioactivity
(Table 1, Fig. 1A). Incubation of LDL with 15LO alone led
to formation of no discernible free oxygenated PUFA,
while exposure of LDL to 15LO plus sPLA2 gave rise
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Fig. 1. Enzymatic treatment of LDL generates minimally modified
lipoprotein with specific oxidation products. LDL was exposed to 15LO
with or without sPLA2 for 20 hr, as described in Section 2, and analyzed
by reverse-phase (A), normal-phase (B) and chiral-phase chromatography
(C, D). The stereoisomers resolved as shown in panels C and D are derived
from 13HODE(Z, E) and 9HODE(E, Z), respectively.

Table 2
Isomeric composition of hydroxy fatty acids formed during LDL
modification induced by sPLA2 and 15LO"

Product Share (%)
12HETE 1.6 £ 1.1
I15SHETE 34+ 14
SHETE 03+03
13HODE(Z, E) 51.0 £ 7.2 (1:9)
13HODE(E, E) 88 + 3.6
9HODE(E, Z) 17.1 £ 1.1 (1:5)
9HODEC(E, E) 6.9 + 5.1

‘LDL was treated with sSPLA2 and 15LO, and resolved by sequential
HPLC for the positional and enantiomeric isomers for HETE and HODE,
and for chiral isomers for 13HODE(Z, E) and 9HODE(E, Z). The numbers
in parenthesis show ratio of the R and § stereoisomers.

to high amounts of free HODE and HETE. More detailed
analysis of HODE isomers generated in LDL exposed to
SPLA2 plus 15LO revealed enzymatic origin of majority of
the HODE formed, detected primarily as the 13S-HODE(Z,
E) isomer (Fig. 1B and C, Table 2). Enzymatic origin was
also documented by the presence of the minor oxidation
product, 9HODE, as the 9S-HODE(E, Z) isomer.

Together with the low REM value (Table 3), these data
suggest that concerted action of sSPLA2 and 15L.O on LDL
generated mildly modified lipoprotein resembling that
isolated from early lesions [6].

3.2. Upregulation of CD36 in low-differentiated
monocytic cells by enzymatically modified LDL

We next studied whether enzLDL can upregulate expres-
sion of the scavenger receptor CD36 in monocytic cells
with different basal level of CD36 expression. For these
experiments, we used MM6 cells (virtually no CD36
expression), MMG6-sr cells (medium CD36 expression)
and THPI cells (high basal CD36 expression) (Fig. 2A).
Assessment of the kinetics of CD36 upregulation by
enzLDL and oxLDL in MMG6 cells (Fig. 2B) suggested
the greatest effect of the former after a 3-day incubation.
Exposure of MM6, MM6-sr and THP1 cells to enzLDL,
ox3LDL and ox,oLLDL resulted in an increase in CD36
expression in all cases, with the highest increase in CD36
protein level in MMG6 cells exposed to enzL.DL. In contrast,
THP1 cells were least responsive to the lipoprotein. The
effect of LDL modified with human recombinant sPLA2
plus rabbit reticulocyte 15LO was similar to that of

Table 3

REM values of LDL treated with different agents®
Treatment REM
Native LDL 1

LDL + sPLA2 + 15LO 1.4 £ 0.08
LDL + Cu (3 hr) 23+£03
LDL + Cu (20 hr) 447 £ 05

‘LDL was treated and analyzed for REM by agarose electrophoresis as
specified in Section 2.
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Fig. 2. Enzymatically modified LDL upregulates CD36 expression in
monocytic cells. MM6, MM6-sr and THP1 cells were analyzed by FACS
for basal surface expression of CD36, expressed as median fluorescence
intensity (A). Panel B shows kinetics of CD36 expression in control MM6
cells or cells treated with LDL modified as shown. In panel C, MM6,
MM6-sr and THP1 cells were exposed for 3 days to native LDL, enzLDL,
LDL modified with mammalian sPLA2 and 15LO (menzLDL), ox3L.LDL
and ox,oLDL (50 pg/mL each), CD36 expression assessed and expressed
as the increase over its basal level. The empty bars indicated background
fluorescence, i.e. that of cells treated with enzLDL, but in which anti-
CD36 IgG was replaced by an irrelevant IgG. Data are derived from three
independent experiments and are presented as mean & SD. The asterisk
indicates significant difference from the MM6 cells (A), the control (B),
and the oxyoLDL-treated cells (C).

enzLDL (Fig. 2C). Assessment of CD36 expression in
permeabilized cells suggested that the increase in the
CD36 protein was rather due to CD36 upregulation than
mobilization of cytosolic CD36 stores (data not shown).
Moreover, exposure of MM6 cells to enzLDL as well as to
13HODE resulted in their differentiation as documented by
enhanced surface expression of the maturation marker
CD14 (not shown).

3.3. 13HODE—a major bioactive constituent of enzLDL

As LDL modified with 15LO plus sPLA2 was more
efficient in CD36 upregulation than LDL treated with
15LO only, while exposure to sSPLA?2 alone was ineffective
(Fig. 3A), we investigated the effect on CD36 expression of
the major products of the enzyme(s), i.e. I3HODE and CE-
HODE, respectively. As shown in Fig. 3A, unlike free
HODE, its esterified counterpart was inactive. This indi-
cates that the superiority of LDL modified with sPLA2 plus
15LO over the 15LO-modified lipoprotein in CD36 upre-
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Fig. 3. 13HODE upregulates expression of CD36. (A) MM6 cells were
treated for 3 days with nLDL, LDL modified with sPLA2 (plaLDL) or
15LO (IoLDL), or the two enzymes together (enzLDL) (50 pg/mL each),
13HODE, CE-HODE (both 15 uM), LPC (100 uM), 7-ketocholesterol
(7K), or 25-hydroxycholesterol (25-HO-chol) (both 10 pg/mL), and with
enzLDL pre-incubated with BSA (lipoprotein at 50 pg/mL), and assessed
by FACS for CD36 expression. MM6 cells were exposed for 3 days to
loLDL, enzLDL (both 50 pg/mL), 13HODE (15 uM) or dPGJ, (3 pM) in
the absence or presence of NH,4Cl (15 mM), and CD36 expression assessed
by FACS (B). Data are derived from three independent experiments and are
presented as mean £ SD. The asterisk indicated significant difference from
the control (A), and from the cells treated in the presence of NH4CI1 (B).

gulation can be ascribed to the presence in the lipoprotein
of the free oxygenated PUFA. Moreover, stripping enzLDL
of unesterified oxidized PUFAs by incubation with BSA
lowered the efficacy of the lipoprotein in CD36 upregula-
tion (Fig. 3A). As LDL modified with 15LO only caused
CD36 upregulation in MM6 cells, albeit to a lesser extent
than did enzLDL, we wanted to see if there was a parti-
cipation of lysosomal enzymes in cellular processing of the
lipoprotein. We used NH4Cl to suppress the lysosomal
hydrolytic activity. As documented in Fig. 3B, NH,CI
inhibited CD36 upregulation by 15LO-modified LDL,
while this inhibition was insignificant in case of enzLDL;
NH4Cl had no effect on CD36 upregulation in cells
exposed to 13HODE or dPGJ, (a cyclopentanone prosta-
glandin and a strong agonist of PPARY [21]). This suggests
involvement of the lysosomal apparatus in LDL proces-
sing, resulting in a subsequent increase in CD36 expres-
sion. Other constituents of oxidized LDL tested, i.e.
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Fig. 4. Non-differentiated monocytes take up enzLDL via the LDL
receptor. MM6 cells were treated for 2 hr with Dil-labeled enzLDL,
ox3;LDL or ox,0LDL (10 pg/mL each) following pre-incubation with the
vehicle, 100 pM unlabeled LDL or LDL modified as indicated (A), or pre-
incubated with anti-LRL-R IgG or irrelevant IgG (B), and assessed for Dil
fluorescence by FACS analysis. Data are derived from three independent
experiments and are presented as mean =+ SD. Asterisks show significant
difference from the control.

lysophosphatidyl choline, 7-ketocholesterol, and 25-
hydroxycholesterol had little effect on CD36 expression
(Fig. 3A).

3.4. Uptake of enzLDL via the LDL receptor in
low-differentiated monocytic cells

The fact that enzLDL triggered CD36 upregulation in
the low-differentiated MM6 cells suggested that these
cells, lacking the scavenger receptor, may take up enzLDL
via LDLR. Incubation of the cells with Dil-enzZLDL
resulted in its uptake, which was blocked by pre-incubation
with excess native LDL but not with heavily oxidized LDL,
or by pre-incubation with anti-LDLR IgG but not the
irrelevant antibody (Fig. 4). These cells were, however,
very inefficient in uptake of ox,oLDL (Fig. 4) or acLDL
(not shown), consistent with their very low expression of
the scavenger receptor. However, pre-incubation with
heavily oxidized LDL did not block uptake of enzLDL
(Fig. 4). Endocytosis of enzLDL via the LDLR may be a
route by which the enzymatically modified lipoprotein can
reach the lysosomal apparatus for further processing.

3.5. Activation of CD36 transcription by enzLDL

As modified LDL has an effect on the surface expression
of lipoprotein receptors, we next investigated the effect of
exposure of MM6 cells to modified LDL on the mRNA
levels of CD36 and LDLR. Figure 5 shows that there was a
significant increase in the CD36 transcript in cells exposed
to enzLDL and its bioactive constituent 13HODE, and, to a
lesser degree, oxLDL, but not to native LDL, consistent
with the surface levels of the CD36 protein (Cf Fig. 2).
Concomitantly, there was a modest but non-significant
decrease of LDLR mRNA in cells exposed to enzLLDL.
The differences in CD36 and LDLR mRNA, as shown in
Fig. 5 were obtained using a semi-quantitative RT-PCR
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Fig. 5. Modified LDL causes different expression of CD36 and LDLR in
non-differentiated monocytes. MM6 cells (2 x 10°) were exposed for 3
days to the vehicle (PBS), native LDL, menzLDL, enzLDL, ox;LDL,
0X,0LDL (50 pg/mL each), or 13HODE (15 pM), total RNA isolated, and
RT-PCR for LDLR (A) and CD36 (B) performed and evaluated, using
actin as the house-keeping gene, as described in Section 2. The level of
mRNA in cells treated as indicated is expressed relative to the level of the
mRNA in non-treated cells. Data are derived from three independent
experiments and are presented as mean =+ SD. Asterisks indicate
significant difference from cells treated with nLDL.

evaluated by HPLC analysis of the transcripts. To see
whether this approach provided reliable results, we ana-
lyzed by real-time PCR CD36 and LDLR mRNA isolated
from control cells and cells treated with 13HODE. This
showed 26 + 3.2 and 0.72 + 0.25 fold change for CD36
and LDLR mRNA, respectively, which is in good agree-
ment with the RT-PCR data in Fig. 5.

3.6. PPARy plays a role in upregulation of
CD36 by enzLDL

There has recently been controversy concerning the
involvement of PPARY in various processes, as often the
notion for a role of the transcription factor has been based
on the use of ligands/agonists of PPARY, some of which
may be pleiotropic. We thus asked if PPARY is important
for CD36 upregulation in MM6 cells exposed to enzL.DL.
First, we investigated if stimulation of the cells with the
modified lipoprotein leads to upregulation/activation of
PPARY. Figure 6A shows that there was no significant
difference in the level of PPARY mRNA in MM6 cells
stimulated with LDL regardless of the type of its mod-
ification or with 13HODE. Consistent with the result, we
found no increase in the PPARY protein level by FACS
analysis of MM6 cells exposed either to differently mod-
ified LDL or to 13HODE (not shown).
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Fig. 6. PPARY is expressed in monocytic cells. (A) MM6 cells (2 x 10°) were treated for 48 hr with the vehicle, enzLDL, 0x,0LDL (both 50 pg/mL), or
13HODE (15 uM), total RNA isolated, and RT-PCR for PPARy mRNA performed and evaluated, using actin as the housekeeping gene. The level of mRNA
in cells treated as indicated is expressed relative to the level of the mRNA in non-treated cells. (B) MMG6 cells were exposed for 48 hr to the vehicle, enzLDL
(50 pg/mL) or indomethacin (Indo; 100 uM), cytosolic (C) and nuclear (N) fractions prepared and assessed for PPARy by immunoblotting. For PPARYy
immunoblotting, control cells were also probed with anti-PPARYy IgG pre-incubated with a specific PPARy neutralizing peptide. (C) Control and TNFo-
stimulated (100 units, 30 min) MM6, MM6-sr and Jurkat cells were subjected to Western blotting for p65 and PPARY in the nuclear and cytosolic fractions.
(D) Human peripheral blood monocytes were prepared by anti-CD14 IgG immunomagnetic sorting, adhered to plastic, exposed for 24, 48 and 72 hr to the
vehicle or enzLDL (50 pg/mL), fixed, permeabilized and immunostained for PPARY followed by FITC-conjugated secondary IgG. Images were taken using
fluorescence microscopy with blue excitation. Phase-contrast microscopy is shown for control cells. Data are derived from three independent experiments and

are presented as mean =+ SD.

We next studied cellular localization of PPARY protein
as it has been suggested by some researchers to reside in
the cytoplasm and to translocate to the nucleus during
differentiation/stimulation [21,49,50]. Western blotting
analysis of nuclear and cytosolic fractions of MM6 cells
revealed that PPARY resided in the nucleus even before
stimulation with enzLDL, and its level was similar in
control cells and cells treated with the lipoprotein
(Fig. 6B). We found that the nuclear level of the PPARYy
protein was elevated when the cells were exposed to the
non-steroid anti-inflammatory drug indomethacin, an acti-
vator of the transcription factor [51]. The specificity of the
antibody used was verified by its pre-incubation with a
PPARY neutralizing peptide (Fig. 6B). PPARY was exclu-
sively nuclear in all non-stimulated cell lines tested,
including MM6-sr, Jurkat (Fig. 6C), U937 and THP1 cells
(not shown). To control for cell fractionation, we per-
formed Western blotting, using the same extracts, for
p65, a subunit of the nuclear factor-«B residing in non-
stimulated cells in the cytoplasm and translocating into the
nucleus upon exposure of cells to pro-inflammatory cyto-

kines. As shown in Fig. 6C, p65 was found in the cytosolic
fraction before and in the nuclear fraction after stimulation
with TNFa, while in the same blots, PPARY resided in the
nucleus regardless of TNFa treatment.

Nuclear localization of PPARY has been associated with
more differentiated cells, and we have observed this, as
expected, in terminally differentiated cells like human
fibroblasts or endothelial cells (not shown). We observed
that the least differentiated monocytic cells used here, the
MMB6 cells, featured nuclear PPARY as did other cell types
studied, before exposure to PPARY ligands (see above). To
find out more about localization of PPARY in relation to
differentiation, we prepared human peripheral blood mono-
cytes, incubated them with enzLDL for different periods,
after which we analyzed them for PPARy by immunofluor-
escence microscopy. In these cells, PPARy was localized
largely in the nucleus as well (Fig. 6D). In conclusion,
cytosolic-to-nuclear translocation of PPARY does not play a
role in CD36 upregulation by enzLDL in MM6 cells.

Thus, it appears that PPARY participation in CD36
upregulation in MM6 cells by enzLDL, if at all, may be
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Data are derived from three independent experiments and are presented as mean & SD. The images are from three independent experiments. The asterisks

indicate significant difference from the control.

at the level of its binding to the PPRE in the CD36 gene
promoter mediated by 13HODE, a ligand of PPARY and a
major constituent of enzLDL.

We thus performed EMSA using nuclear extracts from
MMBG6 cells exposed to modified LDL or dPGJ,. Treatment
of the cells with enzLDL or ox,oLDL resulted in more
binding to PPRE, as also found for dPGJ, (not shown). To
confirm these findings, we used a novel technique that is
superior to EMSA assays, i.e. ELISA-type assessment of
PPARY binding to its consensus PPRE sequence immobi-
lized in 96-well plates. Compared to the EMSA approach,
this technique is more reproducible, due to standardized
preparation of nuclear extracts, and is also several fold
more sensitive. Data in Fig. 7A show that MM6 cells
treated with enzLDL exerted DNA binding of PPARY,
while this was not observed with cells exposed to native
LDL (nLDL) or oxLDL. On the other hand, dPGJ, caused
strong DNA binding. These data suggest that enzLDL may
induce PPARY binding to the PPRE.

Another piece of evidence for the role of PPARYy in
CD36 upregulation by enzLDL was obtained in experi-
ments in which the cells were pre-treated with a ‘decoy’

PPRE oligonucleotide. As revealed in Fig. 7B, such pre-
incubation largely suppressed the effect of enzLLDL as
well as that of I3HODE on CD36 expression, presumably
since PPARY, following cell exposure to enzLDL could
not bind to PPRE, while pre-incubation with a mutant
PPRE oligonucleotide did not block CD36 upregulation
by enzLDL.

To get direct evidence whether PPARY is involved in
CD36 upregulation in monocytes/macrophages after sti-
mulation with enzLDL, we used PPARYy-deficient ES cells
differentiated into macrophages. Exposure of ES macro-
phages to enzLDL resulted in CD36 expression in the
PPARYy-proficient cells but less so in the PPARy-deficient
macrophages (Fig. 7C). Evaluation of the level of CD36
expression using image analysis of the immunohistochem-
ical preparations showed that the expression of CD36,
relative to that in the control cells (PPARYy '~ cells, con-
trol), was 1.2 + 0.3 for untreated PPARY ™" cells, 1.9 +
0.3 for enzLDL-treated PPARyf/ ~ cells, and 3.5+04
(P < 0.05) for enzLDL-treated PPARy™" cells.

This finding strongly suggests that PPARY plays a role in
CD36 expression in macrophages stimulated with modified
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LDL, including enzLDL, and provides a link between LDL
modified with sPLA2 and 15LO, and CD36 expression.

4. Discussion

The main problem we wanted to address here was
whether mildly oxidized LDL has the propensity to reg-
ulate events of early phases of atherogenesis. We chose to
modify LDL with two enzymes that may play a significant
role in the early phases of the disease, i.e. SPLA2 [52,53]
and 15LO [54-56]. This notion is based on in vitro
experiments and on circumstantial evidence from in vivo
settings. For example, the sPLA2 protein is overexpressed
in intima in both early and advanced atherosclerotic
lesions, by intimal macrophages and proliferating smooth
muscle cells [14,15,57]. Due to the net positive charge of
the protein, the enzyme colocalizes with pro-atherogenic
LDL particles on negatively charged extracellular matrix
proteoglycans, and the enzyme has been shown to be
highly reactive against LDL in the proteoglycan-bound
state [58,59]. The potential role of sSPLA?2 in atherogenesis
is further illustrated by enhanced atherosclerosis and mod-
ified lipoproteins in mice overexpressing the lipase [60],
and by a correlation between sPLA2 expression and the
stage of atherosclerosis [57].

The strongest evidence for a role of 15LO in athero-
sclerosis stems from earlier observations (reviewed in [54—
56]), and from more recent reports showing the presence of
lipoxygenase-specific oxidation products in human ather-
osclerotic lesions [6,61]. Further, regulation of atherogen-
esis by genetic manipulation of 15LO has been
documented using different mouse models of the disease,
including the apolipoprotein E- and LDLR-deficient ani-
mals [10,11,62,63].

We have previously observed that concerted action of
PLA2 and 15LO on LDL greatly enhances the level of
oxidized PUFAs in the lipoprotein [12,13]. That is, PLA2
first liberates PUFAs esterified in surface phospholipids of
LDL, and these are then preferentially oxygenated by
15LO [12]. Such modifications result in generation of
specific oxidation products, majority of which are derived
from linoleic and arachidonic acid. Consistent with this
notion, we observed here that 12HETE, 1SHETE, 9HODE
and 13HODE are formed at higher levels with 13HODE as
the major product. Moreover, the fact that majority of the
isomers of 13HODE detected was in the form of
13HODE(Z, E), of which about 90% was the S stereo-
isomer, is direct evidence for enzymatic origin of the
oxygenated free PUFA [8,13].

An important role in atherosclerosis progression is played
by scavenger receptors that are crucial for uptake of oxLDL
[25,64], further activation of the cells [1], and generation of
the foam cell phenotype [2,65]. We were interested if
enzLDL can regulate expression of the scavenger receptor
CD36 that has been shown to recognize oxidized lipids

rather than protein within LDL [25]. Our hypothesis was
based on previous observations showing that I3HODE can
regulate the expression of CD36 [17]. In agreement with
this, we found that exposure of monocytic cells to enzLDL
resulted in upregulation of CD36 (Fig. 2). Importantly, the
increase in the level of CD36 protein was most profound in
MMG6 cells, which do not express CD36 unless activated,
while it was lower in MM6-sr cells with modest, and lowest
in THP1 cells with high basal CD36 expression. These
observations may be important in the context of early phases
of atherogenesis characterized by minimally modified LDL
and low differentiated monocytic cells [1,65].

13HODE, being abundant in enzLDL, may be a main
principle of bioactivity of the lipoprotein. We, therefore,
studied whether 13HODE and several other constituents of
oxidized LDL exert a regulatory effect on CD36 expression
in MMB6 cells. As expected, and in line with other reports,
13HODE upregulated CD36 expression, to a similar extent
as did enzLDL. None of the other constituents of modified
LDL tested, i.e. lysophosphatidyl choline, CE-HODE, 7-
ketocholesterol and 25-hydroxycholesterol (markers of
more heavily oxidized LDL [66]), showed any effect.
The fact that lysophosphatidyl choline did not regulate
CD36 expression is consistent with the results document-
ing that LDL treated with sPLA?2 only showed a relatively
low effect (Fig. 3), further stresses the importance of a
cooperative action of sSPLA2 and 15LO. Our observation
that CE-HODE, a product of oxygenation of cholesteryl
linoleate by 15LO, had no effect, is in agreement with
earlier results with THP1 cells [17]. However, we did see
upregulation of CD36 expression in MM6 cells exposed to
LDL modified with 15LO alone (Fig. 3), albeit to a lower
extent than was the case for enzLDL. A possible explana-
tion of this is that, before exerting bioactivity, 15LO-
modified LDL needs to be internalized and processed in
the acidic compartment of the cell. In support of this
theory, we observed that inhibition of lysosomal activity
suppressed upregulation of CD36 expression. In this con-
text, we cannot explain why 13HODE caused upregulation
of CD36 expression while CE-HODE was completely
inactive. Although not clear at present, it is possible that
oxygenated free PUFAs cross plasma membrane more
easily [67,68], while their esterified counterparts need to
be internalized as constituents of modified LDL.

We used 13HODE at 15 uM, since preliminary experi-
ments showed that the effect of 13HODE on CD36 was
saturated at about 10 pM (not shown). Similar concentra-
tions of the oxidatively modified PUFA (10-50 uM) were
used by others (see, e.g. [29]) to mimic the effect of
oxidized or minimally modified LDL on gene expression
in monocytes/macrophages.

The fact that enzLDL and 15LO-modified LDL caused
upregulation of CD36 expression in low-differentiated
monocytic cells and that the effect of the latter could be
counteracted by inhibiting the activity of the acidic appa-
ratus, suggests internalization of the lipoproteins.
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However, MM6 cells express very low levels of sca-
venger receptors [43,69], considered necessary for uptake
of oxidatively modified LDL [25,64]. There is a report,
though, showing that fibroblasts can internalize LDL mod-
ified by 15LO-overexpressing cells via LDLR [70].

Consistent with this, we observed that MM6 cells took
up enzLDL via LDLR (Fig. 4), and that blocking this
uptake inhibited enzLDL-dependent upregulation of CD36
expression (not shown). In this respect, a recent report
showing foam cell formation from macrophages exposed
to native LDL [71] is of interest, since it suggests that the
LDLR may have atherogenic functions, at least under some
circumstances. On the other hand, MM6 cells internalized
neither oxXLDL nor acLDL (Fig. 4), a process that requires
scavenger receptors [25,64]. The observation that oxLDL
caused some upregulation of CD36 expression in MM6
cells may be explained by the presence of non-specific
oxidation products derived from the LDL’s lipidic and
proteineous constituents, and their adducts [72]. It cannot
be ruled out that some of these components of oxLDL may
translocate into the cell.

Recent reports suggested that 13HODE, a product of
concerted action of SPLA2 and 15LO on LDL, is bioactive.
In this context, the report that 13HODE is a ligand for
PPARY [17,24] that promotes binding of the transcription
factor to the PPAR-response element in the promoter
region of a number of genes, including CD36 [18,22], is
of interest. While PPARY is an important mediator of a
number of (patho)physiological processes [18,19], its role
may have been overestimated as often, its involvement has
been judged based on the use of agonists of the transcrip-
tion factor, such as dPGJ,. It has now become obvious that
PGJ, is rather pleiotropic, so that not all of its bioactivities
are mediated by PPARy [32-34,73]. A potentially con-
founding factor is that no specific antagonists for PPARy
are available. For example, the synthetic compound
BADGE, that has been shown to antagonise PPARY in
preadipocyte cells [74], was found agonistic in epithelial
cells [75] and highly toxic towards MMG6 cells (J.K. et al.,
unpublished data). As deficiency in PPARY is lethal during
embryogenesis, the establishment of PPARy '~ ES cells
[33,34] was important. Recent progress in differentiation
of ES cell in vitro made it possible to show that PPARy was
crucial for adipocyte differentiation [76] but, unlike
assumed earlier [24], dispensable for differentiation of
ES cells into macrophages [33,34].

We thus asked if upregulation of CD36 expression in
MMBG6 cells by enzLDL involves PPARy. Immunoblotting
and immunofluorescence microscopy analyses showed that
there was a high nuclear expression of PPARY in all cell
types tested, regardless of stimulation (Figs. 6 and 7). This
refers not only to the terminally differentiated cells like
fibroblasts and endothelial cells, but also to monocytic
cells, including MM6, MM6-sr, THP1, U937 and human
peripheral blood monocytic cells, and Jurkat T lymphoma
cells. These findings contradict some of the previous report

that the PPARY protein is not expressed in undifferentiated
human monocytic cells [20], and that PPARY translocates
into the nucleus upon stimulation [21,49,50]. Collectively,
we present data showing high level of the PPARY protein in
the nucleus regardless of the cell type and the differentia-
tion stage studied, and little effect on its expression during
stimulation of MM6 or human peripheral blood monocytes
with enzLDL.

Therefore, if PPARY is involved in upregulation of CD36
expression in MM6 cells exposed to enzLDL, it may be
regulated on the level of its binding to PPRE. Analysis of
MMG6 cells using the TransIT or EMSA techniques sug-
gested that enzZLDL caused association of PPARYy with the
response element. To get more direct evidence, we treated
PPARY '~ and PPARy™" ES cells differentiated into
macrophages with enzLDL, and found an increase of
CD36 expression in the PPARy-proficient but not PPARY-
deficient cells. This strongly suggests that PPARy is a
positive regulator of CD36 expression, mediating the effect
of enzLDL in monocytes/macrophages, and is consistent
with earlier reports in which THP1 cells were exposed to
highly oxidized LDL or to 13HODE [17,24]. Contrary to
these studies, which used copper-oxidized LDL and more
differentiated macrophages, we employed here LDL mod-
ified by concerted action of 15LO and sPLA2, giving rise to
specific and well-characterized lipid oxidation products, and
low-differentiated macrophages. Out conditions may, there-
fore, better mimic the initial stages of atherosclerosis.

Although the fact that modified LDL upregulated CD36
via PPAR v is not novel per se, we present novel data in this
report suggesting the following scenario (Scheme 1). LDL
modified by concerted action of sSPLA2 and 15LO, rich in
bioactive oxygenated PUFAs, such as 13HODE, is inter-
nalized via LDLR. The lipoprotein is processed in the
acidic compartment, and 13HODE causes binding of
PPARY to the PPRE. This results in induction of expression

@sHopD—=
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Scheme 1. Possible regulatory mechanism of CD36 expression in
monocytic cells by enzymatically modified LDL. LDL modified by the
concerted action of SPLA2 and 15LO, rich in bioactive oxygenated PUFAs
(in particular 13HODE), is internalized via LDLR. Free 13HODE then
causes binding of PPARY to the PPAR-response element. This results in
induction of expression of the scavenger receptor CD36, promoting uptake
of more heavily oxidised LDL. In this context, the effect of enzLDL is pro-
atherogenic.
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of a variety of genes, including the scavenger receptor
CD36. Our results show that enzymatically modified LDL
can cause differentiation of monocytic cells into a cell type
that can take up more heavily oxidized LDL via the
scavenger receptor. In this context, the effect of LDL
modified by the concerted action of sPLA2 and 15LO
can be considered pro-atherogenic.

We have recently shown that enzLDL can also induce
apoptosis in monocytic cells via, at least partially, a path-
way different from that involved in CD36 upregulation,
and we proposed that the apoptosis-inducing activity of
enzLDL may be viewed as antiatherogenic with regards to
the initial stages of atherosclerosis [77]. Therefore, our
findings suggest a dichotomic activity of enzZLDL towards
monocytic cells. In conclusion, as minimally modified
LDL and low-differentiated monocytic cells are hallmarks
of initial phases of atherosclerosis, these findings can
deepen our understanding of the molecular mechanisms
underlying early artherogenesis, and identify a causal link
between LDL modified by sPLA2 and 15LO, and CD36
expression.
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