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ARTICLE INFO ABSTRACT

Angiopotetin-like protein family 4 (Angptl 4) has been shown to regulate lipoprotein metabolism through
the inhibition of lipoprotein lipase (LPL), We generated ApoE ' Angptl 4 mice to study the effect of
Angptl 4 deficiency on lipid metabolism and atherosclerosis. Fasting and postolive oil-loaded triglyceride
(TG) levels were largely decreased in ApoE ' Angptl 4 ' mice compared with and ApoE ' Angptl 4°"
mice, There was a significant (75 + 12%) reduction in atherosclerotic lesion size in ApoE™ '~ Angpt] 4
mice compared with ApoE | Angptl 4°* mice. Peritoneal macrophages, isolated from Angptl 4™ mice
to investigate the foam cell formation, showed a significant decrease in newly synthesized cholesteryl
ester (CE) accumulation induced by acetyl low-density lipoprotein (acLDL) compared with those from
Angptl 4°* mice. Thus, genetic knockout of Angptl 4 protects ApoE™'~ mice against development and pro-
gression of atherosclerosis and strongly suppresses the ability of the macrophages to become foam cells
in vitro,
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Dyslipidemia is one of the major risk factors for cardiovascular
disease. It is usually assessed by the fasted levels of low-density
lipoprotein (LDL), triglyceride (TG), and high-density lipoprotein
(HDL) [1]. In addition to the fasting dyslipidemia, recent studies
have suggested that postprandial hypertriglyceridemia accelerates
arteriosclerosis, such as myocardial infarction [2]. Lipoprotein li-
pase (LPL} plays crucial roles in lipid metabolism and transport
by catalyzing the hydrolysis of TG-rich lipoproteins such as chylo-
micron and very-low-density lipoprotein (VLDL). For example,
overexpression of LPL in LDL receptor knockout mice strongly sup-

* Corresponding authors, Fax: +B1 96 373 5145 (Y. Oike) «B1 96 366 8397 (E
Araki
E-mail addresset. oikedgpo kumamoto-u.acgp (Y. Oikel, earaki@®gpo kumamoto-
wacjp (E Arak
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presses postprandial hypertriglyceridemia [3.4]. In general, LPL 15
viewed as an anti-atherogenic enzyme because of its action on cir-
culating fasting and postprandial lipoproteins [3-5]

Recently, a family of proteins, structurally similar to the angio-
genic regulating factors angiopoietins, was identified and desig-
nated "angiopoietin-like proteins” (Angptls). Encoded by seven
genes, Angptis 1 to 7 all possess an N-terminal coiled-coil domain
and a C-terminal fibrinogen-like domain, both of which are charac-
teristic of angiopoietins. Angptls 3 and 4, and Angptl 6/angiopoic-
tin-related growth factor also appear to directly regulate lipid,
glucose and energy metabolism independently of angiogenic
effects |6)

Angptl 4 has been shown to regulate lipid metabolism mainly
by intubiting LPL activity [7-10}. More recently, the mechanism
of LPL inhibition by Angptl 4 has been unveiled. The N-terminal
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coiled-coil domain of Angptl 4 binds transiently to LPL and this
interaction results in the conversion of the enzyme from catalyti-
cally active dimers to an inacuve form [11]. Consistent with these
findings, Angptl 4 ' mice exhibited 65-90% lower fasting TG lev-
els and slightly lower total cholesterol (T-CHO) levels, in addition
to lower circulating VIDL and an increase in LPL activity [8-10].

As discussed above, the effect of Angptl 4 on lipid metabolism
has gradually become clear; however, it is still unknown
whether Angptl 4 directly affects the development and progres-
sion af atherosclerosis. In addition, no study has previously
examined the role of Angptl 4 in the formation of foam cells
from macrophages,

In this study, we used the atherosclerosis-prone ApoE ™'~ mouse
to show that genetic knockout of Angptl 4 is sufficient to protect
these mice against development and progression of atherosclera-
sis. We also show that the absence of Angptl 4 strongly suppresses
the ability of the macrophages to become foam cells in vitro.

Materials and methods

Animals. Angptl 4*/ mice were generated by Koh and Nagy as pre-
viously described |8]. Angptl 4°* and Angptl 4 ' mice littermates
were obtained from crosses of Angptl 4°" mice with C57BL/6] back-
ground, and Angptl 4 '° mice were crossed with ApoE " mice
(B6.129P2-Apoetm1Unc; The Jackson Laboratory) to generate
ApoE' Angptl 4''~ mice. These mice were used as breeding pairs
to generate the ApoE '“Angptl 4 ' and ApoE '~ Angptl 4°* litter-
mates used in this study. Mice had free access to regular chow and
water during the study. All procedures were approved by the Animal
Care and Use Committee of Kumamoto University (No. A19-039).

Blood analysis. Plasma total cholesterol, triglyceride (TG) and
HDL cholesterol concentrations were measured using high-perfor-
mance liquid chromatography (HPLC) by Skylight Biotech Inc. (Aki-
ta, Japan). Small dense LDL (sdLDL) was measured as particles
under 25.5 nm of the LDL cholesterol fraction by HPLC.

Intragastric lipid-loading test. After an overnight fast, mice re-
ceived 300 pl olive oil by oral gavage. Blood samples were drawn
at baseline and various time points for up to 24 h after olive oil ga-
vage. In the intragastric lipid-loading test to compare Angptl 4*"
mice with Angptl 4 ' mice, TG levels were enzymatically mea-
sured by Fuji Dry Chemistry (Fuji film, Tokyo, Japan). In the exper-
iment to compare ApoE ' Angptl 4" mice with ApoE | Angptl
4 ' mice, TG levels were enzymatically measured by Accutrend
GCT (Roche Magnostics KK, Basel, Swiss). In the intragastric li-
pid-loading test with Triton WR 1339, 500 mg/kg body weight Tri-
ton WR 1339 as a 15% solution in 0.9% NaCl injection was
administered intravenously, followed immediately by 300 jul olive
oil by gavage. Serum lipoprotein clearance is completely inhibited
under these circumstances [12]. Blood samples for TG levels were
measured by HPLC at baseline and various time points up to 24 h
after olive oil loading.

Anti-atherogenic capabilities of Angptl 4 in vivo. ApoE ' Angptl 4"
“and ApoE ' Angptl 4 ' male mice were fed a normal rodent chow
diet (Clea, Tokyo, Japan). Whole aorta were collected and stained with
Sudan IV, and 6-jim-thick frozen cross sections of the aortic sinus were
prepared and stained with oil red O according to the method described
by SRL Inc, (Tokyo, Japan) [ 13]. The size of the atherosclerotic area was
measured by BZ-Il analysis software (Keyence, Osaka, Japan),

Experiments using cultured macrophages. Peritoneal macro-
phages were collected and cultured from male mice as previously
described [14).

Lipoprotein preparation and modification of native LDL. Human
LDL (d = 1.019-1.063 g/ml) and Oxidized-LDL was prepared as pre-
viously described | 14]. Acetyl-LDL (acLDL) was prepared by chem-
ical modification of LDL with acetic anhydride as previously

described [15]. The peritoneal macrophages were incubated for
5 h at 37 °C with 50 pg/mL aclDL [13].

Foam cell formation (CE-accumulation) assay. The peritoneal
macrophages were incubated with 50 pg/mL aclDL for 24 h in
the presence of 0.1 mmol/L [*H]oleate conjugated with BSA, and
cellular lipids were extracted to determine the radioactivity of cho-
lesteryl-|*H]oleate as described previously [13).

Real-time quantitarive PCR analysis. Real-Time Quantitative PCR
was performed as described previously [14]. The following primer
sequences were used in this study. Primer pairs for Angptl 4 and
36B4 were 5'-AGCTCAAGGCTCAAAACAGCA-3', 5'-CTTTCCCCTCGAA
GTCTTGTCT-3'; 5°-ATTGCCAGACGGAGCCG-3, 5'-TCCTCATCTGAT
TCCTCCGAC-3', respectively.

Statistical analyses Quantitative data are presented as mean-
s+ SEM of at least three independent experiments. Statistical anal-
ysis was based on Student’s r-test for paired or unpaired data as
appropriate. A P value less than 0.05 was considered statistically
significant.

Results

Plasma cholesterol and lipoprotein profiles in Angptl 4 '~ mice and
ApoE ' Angptl 4 ' mice

We first analyzed plasma cholesterol and lipoprotein profiles in
Angptl 47" and Angptl 4 mice. Fasting serum T-CHO, TG, very-
low-dense lipoprotein (VLDL-C), low-dense lipoprotein (LDL-C)
and high-dense lipoprotein (HDL-C) were significantly lower in
Angptl 4 © mice compared with Angptl 4°'° mice fed the normal
diet (Fig. 1A).

The ApoE ' Angptl 4 ' mice, which we generated, had no
abnormalities of general appearance and showed comparable,
survival rate, food intake and body weight gain compared with
ApoE ™ mice fed the normal diet (data not shown). In
ApoE'~Angptl 4" mice, fasting T-CHO and VLDL-C levels were
not changed compared with ApoE ' Angptl 4™ mice. However,
LDL-C, HDL-C and TG were significantly lower in ApoE | Angptl
4" mice compared with ApoE ' Angptl 4" mice fed the normal
diet (Fig. 1B). Overall, the reduced LPL activity caused the elevated
small dense LDL (sdLDL) [16]. On the other hand, some reports
indicate that sdLDL is atherogenic and overexpression of LPL in
transgenic rabbits led to significantly increased sdLDL particles
[17]. Our data showed that sdLDL measured by HPLC was signifi-
cantly lower in Angptl 4 " mice and ApoE ' Angptl 4 |~ mice
compared with Angptl 47" and ApoE ' Angptl 4" mice, respec-
tively (Fig. 1C). These results suggest that plasma cholesterol and
lipoprotein profiles are improved not only in Angptl 4 | mice,
but also in ApoE ' Angptl 4 ' mice during normal diet feeding,

Pastprandial TG response in Angptl 4/ and ApoE / Angptl 4/ mice

As postprandial hypertriglyceridemia is considered to be one of
the risk factors of atherosclerosis, we measured the plasma TG con-
centration after oral administration of 300 ul olive oil Lo estimate
the postprandial TG response. While Angpt! 4** mice showed a sig-
nificant TG increase upon olive oil challenge, the serum TG
response was almost blunted in Angpt! 4 ' mice (Fig. 2A).
ApoE " Angptl 4/ mice showed a similar phenotype on the olive
oil challenge test (Fig. 2B). To further test the possible participation
of LPL, mice received an intravenous injection of 500 mg/kg Triton
WR 1339 to inhibit LPL activity (Fig. 2C). Angptl 4/~ mice showed
increased TG levels by inhibiting LPL using Triton WR 1339 after an
oral administration of oil, but Angpt! 4/ mice without Triton WR
1339 did not show increased serum TG concentrations. These
results suggest that the accelerated LPL activity contributes to
the suppressed TG in Angptl 4 '~ and ApoE " Angptl 4 '~ mice.

phys. Res. Commun. (2009), doi:10.1016/j.bbrc.2008.12.018
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are presented as means + SEM, P <005, "F<0.01, and P < 0.001 assessed by t-test

The absence of Angptl 4 restricts development of atherosclerosis on an

ApoE ' genetic background
The development of atherosclerosis was examined in
Apok ! Angptl 4°"" and ApoE ' Angptl 4 " male mice at 12 weeks

of age (Fig. 3A and B), There was a significant 75 £ 12% reduction in
atherosclerotic lesion size in ApoE ' Angptl 4 ' mice compared
with ApoE ' Angptl 4°° mice. The atherosclerotic lesion visual-
ized by Zudan IV staining was also reduced in ApoE ' Angptl
4" mice at 16 weeks (Fig. 3C). Therefore, the absence of Angptl

mice (KOJ (n =14}, 12- o 1 3-week-old Apok
mice [ApoE/APLA KO) (n = 9] (C) sdLDL was measured in the fasting state by HPLC (WT group.n =5

Angptl 47" mice (ApoE KO) {n = B) and 12- (o 1 3-week-old ApoE ™ Angptl 4
KO group. n = 5; ApoE KO group, n = 8; ApoE/APL4 KO group, n = 9), Data

4 could
ApoE

protect against atherosclerosis development
genetic background under normal diet feeding.

imn 4an

The absence of Angptl 4 suppresses foam cell formarion

Foam cell formation is characteristic of atherosclerosis [18] and
the absence of Angptl 4 protected against atherosclerosis
development in male ApoE ' mice, To further examine the impact
of Angpt! 4 knockout on atherosclerosis, we assessed foam cell for-
mation [rom peritoneal macrophages isolated from mice as an
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in vitro model. Before the experiment, we confirmed the absence of
Angptl 4 mRNA expression in peritoneal macrophages isolated
from Angptl 4 ' mice by quantitative RT-PCR (data not shown).
As shown in Fig. 4A, Angptl 4 deficiency reduced the accumulation
of oil red O after incubation for 3 days with oxidized low-density
lipoprotein (oxLDL) (Fig. 4A). Furthermore, to quantify cholesteryl
ester (CE) formation, we cultured peritoneal macrophages with
acetylated low-density lipoprotein (acLDL), measured the incorpo-
ration of [*H]oleic acid to the CE pool, and assessed the accumula-
tion of newly synthesized CE. In this experiment, the macrophages
isolated from Angptl 4 /' mice showed a significant decrease in
newly synthesized CE accumulation induced by acLDL compared
with the macrophages isolated from Angptl 4" mice (Fig. 4B).
These results suggest that Angptl 4 deficiency has a significant
inhibitory effect on foam cell formation.

Discussion

Recently, Angptl 4 has been shown to regulate lipid metabolism
mainly by the inhibition of LPL activity [7-10]. However, it is still
unknown whether Angptl 4 affects the development and/or pro-
gression of atherosclerosis in vivo

In this study, we demonstrated for the first time that Angptl 4
deficiency protects against the development and progression of
atherosclerosis in ApoE ' mice. We characterized three underly-
ing mechanisms of this phenomenon. First, serum lipid metabo-
lism was Improved in Angptl 4 '~ mice and ApoE ' Angptl 4

-3 KOTn(-)
—a— KO Tri(+)
24 (h)

mice. (AB) Serum TG levels were measured at baseline (0], 2. 4, 8 and 24 h after oral

mice. Second, postprandial hypertriglyceridemia was suppressed
in Angptl 4°° mice and ApoE " Angptl 4 '~ mice. Third, macro-
phages isolated from Angptl 4 7 mice showed reduced foam cell
formation

In this study, we used the Angptl 4 ' mice previously reported
by Backhed et al. [8]. To generate the mice, endogenous 5'-flanking
region of Angptl 4 was replaced by a PgeopA/pGEneo cassette. Sev-
eral researchers have reported the phenotypes of several lines of
Angptl 4" muce in terms of hpid metabolism. Anja Koster et al.
generated Angptl 4 ' mice using a targeting vector, in which a
2.05-kb region of the Angptl 4 gene including most of exon 1 con-
tamning the start codon and the signal peptide and exons 2 and 3
was deleted [10). In the Angptl 4 7 male mice develaped in that
study, plasma TG levels were reduced by nearly 90% compared
with their wild-type controls. Desai et al. also reported Angptl
4 mice generated from OmniBank ES cell clone OST352973,
which contains a gene-trapping vector insertion in the second in-
tran of Angptl 4 |9)]. Their Angptld ' mice showed lower TG levels
resulting from increased VLDL clearance and decreased VLDL pro-
duction, and had modestly lower cholesterol levels. A simmlar phe-
notype is observed in mice in which Angptl 4 is inactivated using a
monocional antibody against Angptl 4 (9],

Impaired lipid metabolism is well established as one of the ma-
jor treatable risk factors for coronary heart disease, It is usually
assessed in terms of the fasting levels of atherogenic LDL and
anti-atherogenic HDL. In addition to the fasting dyslipidemia,
“Postprandial hypertriglyceridemia™ has been proposed as an alter-

phys. Res, Commun. (2009), doi:10.1016/j.bbrc.2008.12.018
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native or additive explanation for the etiology of cardiovascular
diseases [2]. In our study, Angptl 4 mice and ApoE | Angptl
4 " mice had improved lipid profiles and decreased TG response
to the olive ol challenge compared with the control groups.
According to our present results, inactivation of Angptl 4 might
ameliorate atherosclerosis by mhibiting the excessive postprandial
hypertriglyceridemia. In addition, dyslipidemia in insulin resistant
patients is characterized by high levels of plasma TG, low levels of
HODL. the appearance of sdlLDL and excessive postprandial hypertn-
glyceridemia [19]. Thus targeted inhibition of Angptl 4 may offer a
new therapeutic strategy for the treatment of dyshpidemia in dia

betes and metabolic syndrome. A previous report revealed that the
lipid profile of Angptl 4" mice was highly predictive for the tar-
get-based effects ol the anti-Angptl 4 mAb [9]. Our present study

further adds novel evidence that the inhibition of Angptl 4 protects
against the development and progression of atherosclerosis in vivo
The lipid-laden macrophage or foam cell is a characteristic of ath-
erosclerosis [ 18] Although we did not measure LPL actvity in peri-
toneal macrophages, several reports have indicated that LPL is
expressed in macrophages of atherosclerotic lesions, suggesting that
LPL is proatherogenic [20]. However, in this study, we found that
Angptl 4 plays a key role in foam cell formation, and its absence sup-
pressed the ability of the macrophages to become foam cells in vifro
Recent work suggests that Angptl 4 may play a similar role in
humans, because individuals carrying the Angptl 4 E40K vanant
have significantly lower TG levels and higher HDL levels compared
with wild-type E40E subjects [21). On the other hand, Angptl 4
mice showed lower TG levels but lower plasma HDL compared

phys. Res. Commun. (2009), doi:10.1016/j.bbrc.2008.12.018
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with control mice, the mechanism of which is not clear. A recent
report suggested that Angptl 3 acts as an inhibitor of endothelial
lipase, which may be involved in the regulation of plasma HDL
[22]. Angptl 4 may also act as an inhibitor of endothelial lipase.

In summary, we have shown that serum LDL HDL and TG levels
are decreased in Angptl 4 ' mice and ApoE ' Angptl 4 ' mice. In
addition, postprandial hypertriglyceridemia was improved in Ang-
ptl4-" mice and ApoE "“Angptl 4 ' mice. Angptl 4 deficiency pro-
tected against atherosclerosis in ApoE ! mice. Macrophages
isolated from Angptl 4 ' mice showed decreased foam cell forma-
tion. Therefore. the targeted silencing of Angptl 4 offers a potential
therapeutic strategy for the treatment of dyslipidermia and
atherosclerosis.
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It has been reported that oxidized low density lipoprotein (Ox-
LDL) can activate both peroxisome proliferator-activated recep-
tor-a (PPARa) and PPARY. However, the detailed mechanisms of
Ox-LDL-induced PPARax and PPARy activation are not fully
understood. In the present study, we investigated the effect of Ox-
LDL on PPARa and PPARYy activation in macrophages. Ox-LDL,
but not LDL, induced PPARa and PPAR y activation in a dose-de-
pendent manner. Ox-LDL transiently induced cyclooxygenase-2
(COX-2) mRNA and protein expression, and COX-2 specific inhi-
bition by NS-398 or meloxicam or small interference RNA of
COX-2 suppressed Ox-LDL-induced PPAR« and PPARy activa-
tion. Ox-LDL induced phosphorylation of ERK1/2 and p38 MAPK,
and ERK1/2 specific inhibition abrogated Ox-LDL-induced
COX-2 expression and PPARa and PPARy activation, whereas
P38 MAPK-specific inhibition had no effect. Ox-LDL decreased
the amounts of intracellular long chain fatty acids, such as arachi-
donic, linoleic, oleic, and docosahexaenoic acids. On the other
hand, Ox-LDL increased intracellular 15-deoxy-A'"'*-prostag-
landin ], (15d-PG],) level through ERK1/2-dependent overexpres-
sion of COX-2 Moreover, 15d-PG], induced both PPARx and
PPARy activation. Furthermore, COX-2 and 15d-PG], expression
and PPAR activity were increased in atherosclerotic lesions of
apoE-deficient mice. Finally, we investigated the involvement
of PPARa« and PPARy on Ox-LDL-induced mRNA expression of
ATP-binding cassette transporter Al and monocyte chemoattrac-
tant protein- L. Interestingly, specific inhibition of PPARa and
PPARy suppressed Ox-LDL-induced ATP-binding cassette trans-
porter Al mRNA expression and enhanced Ox-LDL-induced
monocyte chemoattractant protein-1 mRNA expression. In con-
clusion, Ox-LDL-induced increase in 15d-PGJ; level through
ERK1/2-dependent COX-2 expression is one of the mechanisms of
PPARa and PPARy activation in macrophages. These effects of
Ox-LDL may control excess atherosclerotic progression.
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Accumulation of modified low density lipoprotein (LDL),*
such as oxidized LDL (Ox-LDL), and recruitment of monocytes
in the arterial subendothelial spaces are early events in athero-
genesis (1). Macrophages, which are derived from monocytes in
these areas, take up Ox-LDL through the scavenger receptor
pathways and become foam cells (2), Foam cells are well known
to play an important role in the development and progression of
atherosclerosis, through the production of various bioactive
molecules such as growth factors and cytokines (1)

Peroxisome proliferator-activated receptors (PPARs) are
transcription factors belonging to the nuclear receptor super-
gene family (3-5). Three distinct PPARs, termed a, 6, and v,
have been identified. PPARs are characterized by distinct tissue
distribution patterns and metabolic functions. PPAR« is highly
expressed in tissues that demonstrate high catabolic rates for
fatty acids, such as liver, heart, kidney, and muscle, whereas
PPARY is highly expressed in adipose tissue where it plays a
major regulatory role in adipocyte differentiation, and the
expression of genes involved in lipid metabolism (4-7). PPARS
shows a widespread tissue distribution, but its physiological
role remains to be fully elucidated (8). Recently, agonists of
PPARa and PPARy have been reported to improve atheroscle
rosis in LDL receptor-deficient mice (9, 10), suggesting that
activation of PPARa and/or PPARY suppresses the develop-
ment and progression of atherosclerosis.

Recently, we have reported that 3-hydroxyl-3-methylglu
taryl-CoA reductase inhibitors (statins) induced activation of
PPARa and PPARY in macrophages (11). Moreover, we
revealed that statin-induced activation of PPARa and PPARy
were mediated by cyclooxygenase-2  (COX-2)-dependent

* The abbreviations used are: LDL, low density lipoprotein; ABCA1, ATP-bind-
ing cassette transporter Al; COX-2, cyclooxygenase-2; ERK1/2, extracellu-
lar signal-requlated kinase 1/2; MAPK, mitogen-activated protein kinase;
MCP-1, monocyte chemoattractant protein-1; 15d-PGJ,, 15-degxy-4'*'*
prostaglandin J,; PPAR, peroxisome proliferator-activated receptor; -HODE,
9-hydroxyoctadecadienoic ackd: 13-HODE 13-hydroxyoctadecadienoic acid
ERK, extraceliular signal-regulated kinase; LPS, lipopolysaccharide; WT, wild
type; BIA, enzyme immuncassay; TG, triglyceride; m-Ox-LDL mildiy oxidized
LDL; e-LDL, control LOL; Mm-Ox-LDL macrophage-mediated Ox-LDL: C/EBP.
CAAT/enhancer-binding protein; TBARS, thiobarbituric acid-reactive sub-
stances; CMV, cytomegalovirus, SiRNA, small interference RNA: RT, reverse
transcriplion.
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increase in intracellular | 5-deoxy-A'"""-prostaglandin ], (15d
PG),) production (11). Therefore, several pathways that lead to
the overexpression of COX-2 may also induce the activation of
PPAR« and PPARY

Ox-LDL has been reported to activate PPAR« in endothelial
cells (12, 13) and PPARy in CV-1 monkey kidney fibroblasts (14},
and this is possibly caused by the action of oxidized metabolites of
linoleic acid, including 9-hydroxyoctadecadienoic acid (9-HODE)
and 13-hydroxyoctadecadienoic acid (13-HODE), and oxidized
phospholipids, which are included in Ox-LDL (12, 14), However,
the detailed mechanism involved in Ox-LDL-induced activation
of PPARs and the role of PPARs in Ox-LDL-mediated acceleration
of atherogenesis are not fully understood

In the present study, we investigated a novel mechanism of
Ox-LDL-induced activation of PPARs in macrophages. We
demonstrated that Ox-LDL activated both PPAR«x and PPARy
through extracellular signal-regulated kinase 1/2 (ERK1/2)-de-
pendent COX-2 expression in macrophages. In addition, Ox-
LDL-induced activation of PPARs mediated the induction of
ATP-binding cassette transporter Al (ABCA1) mRNA expres-
sion, as well as the suppression of monocyte chemaoattractant
protein-1 {(MCP-1) mRNA expression. o

EXPERIMENTAL PROCEDURES

Materials—PD9805Y, SB203580, meloxicam, NS5S-398,
T0070907, and 15d-PGJ, were purchased from Calbiochem.
Lipopolysaccharide (LPS) (Escherickia coli O111:B4) and
GW6471 were purchased from Sigma. Rabbit polyclonal anti-
ERK1/2, anti-p38 mitogen-activated protein kinase (MAPK),
anti-PPARa and anti-PPARy antibodies, and goat polyclonal
anti-@-actin, anti-integrin aM, and anti-apolipoprotein-B
{apoB) antibodies were purchased from Santa Cruz Biotechnol-
ogy (Santa Cruz, CA). Rabbit polyclonal anti-phospho ERK1/2
and anti-phospho p38 MAPK antibodies were purchased from
Cell Signaling Technology (Beverly, MA). A rabbit polyclonal
anti-murine COX-2 antiserum was purchased from Cayman
Chemical (Ann Arbor, MI). All other chemicals were of the best
grade available from commercial sources.

Ammals—C57BL/6 mice and apolipoprotein E-deficient
{apoE ") mice were obtained from The Jackson Laboratory
(Bar Harbor, ME). These mice were maintained on the
C57BL/6 background strain, and C57BL/6 mice were used as
wild-type (WT) mice. Mice were given access to food and water
ad libitum in the Animal Resource Facility at Kumamoto Uni-
versity under specific pathogen-free conditions. All animal pro-
cedures were approved by the Animal Research Committee at
Kumamoto University, and all procedures conformed to the
Guide for the Care and Use of Laboratory Animals issued by the
Institute of Laboratory Animal Resources. The diet was a nor
mal rodent chow diet for mouse (CLEA, Tokyo, Japan). 40 male
mice of 24 weeks of age (20 as C57BL/6 and 20 as apoE™ ™) were
sacrificed, and atherosclerotic lesions of aortic sinus were used
for Western blot assay, enzyme immunoassay (EIA) for 15d
PG, assay of transcription activity of PPARa and PPARYy, and
immunchistochemistry as described below. Plasma total cho
lesterol, triglyceride (TG), and HDI. cholesterol concentrations
were performed commercially by Skylight Biotech Inc. (Akita,
Japan)
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Immunohistochemistry—Atherosclerotic  lesion at aortic
sinus was obtained from 24-week-old apok mice. 6-pm-
thick frozen sections of avrtic sinus obtained from apoE™ '~ and
WT mice were stained with oil red O as described (15). For
Imll'lllI‘|Uhi.a-tm'lwnli'slry, Z'l-,..l.m-lhil‘k serial par.‘ll'ﬁn sections
were used. First antibodies used were biotinylated FOHla/
DLH3 (16) for Ox-LDL and goat polyclonal anti-integrin aM
(Santa Cruz Biotechnology) for CD11b. As the second step
reaction, peroxidase- conjugated streptavidin (Nichired, Tokyo,
Japan) for Ox-LDL and Hitofine Simple Stain Mouse MAX-PO
(Goat, Nichirei) for CD11b were used. After visualization of
peroxidase activity using 3, 3-diaminobenzidine as a substrate,
the sections were stained with hematoxylin for nuclear staining.
As negative controls, the same procedures were performed, but
the primary antibodies were omitted.

Cell Cultures— Peritoneal macrophages were collected from
anesthetized male C3H/He mice (25-30 g bady weight) by peri-
toneal lavage with 8 ml of phosphate-buffered saline, centri-
fuged at 200 x g for 5 min, resuspended in medium A (RPMI
1640 medium (Nissul Seiyaku, Tokyo, Japan) supplemented
with 10% fetal call serum (Invitrogen), 0.1 mg/ml streplomycin,
and 100 units/ml penicillin}, and incubated in appropriate tis-
sue culture plates for 90 min (17). More than 98% of the adher-
ent cells were considered to be macrophages, based on four
criteria, as described previously (18, 19). RAW?264.7 cells were
cultured in medium A in appropriate tissue culture plates as
previously described (20) and used from passage numbers four
to eight

THP-1 cells, a human monocytic cell line, were cultured in
medium A in 35-mm dishes and treated with 200 nm phorbol
myristate acetate to induce their differentiation into macro-
phages. After 8 h of incubation, the cells were washed twice
with phosphate-buffered saline and incubated in medium A
until the initiation of experiments (11).

Lipoprotein Preparation and Modification of Native LDI—
Human LDL (d = 1.019 -1.063 g/ml) was isolated by ultracen-
trifugation from the plasma of consenting normolipidemic sub-
jects, obtained after overnight fasting (21). LDL was dialyzed
against 0.15 M NaCland 1 mm EDTA, pH 7.4. Ox-LDL or mildly
oxidized LDL (m-Ox-LDL) was prepared by incubation of LDL
with 5 pm CuSO, for 20 or for 5 h, respectively, at 37 °C, fol-
lowed by the addition of 1 mm EDTA, and cooling (22). The
concentration of proteins was determined by BCA protein
assay reagent (Pierce), The endotoxin level of Ox-1LDL was <1
pg/pg of protein measured by Toxicolor system (Seikagaku,
Japan). Macrophage-mediated oxidation of LDL was per-
formed by using Lindstedt's methods (23). Briefly, 100 punm LDL
and 100 nv CuSO, were incubated at 37 "C with medium A in
the absence (c-LDL)) or presence (Mm-Ox-LDL) of mouse
peritoneal macrophages (1 * 10°). After 20-h incubation, the
supernatant was removed, and the extent of lipid peroxidation
of LDL in the supernatant was determined by measuring the
amount of thiobarbituric acid-reactive substances (TBARSs) as
described below,

Analysis of Oxidation, Electrophoretic Mobility, and Degra-
dation of apoB in LDL Modified with CuS0 ,—Following oxida-
tive modification of LDL with CuSO, or macrophages, lipid
peroxidation was assessed by the following procedures, The
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