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Fig. 6. Effect of mulberry leaf, pioglitazone, or their co-treatment for 12 weeks on oxidative stress in the tiver. Levels of TBARS, Cu, Zn-SOD mRNA, and NADPH oxidase from
each group of mice are shown. Data are expressed as means+SD. n=5 or 6. "P<0.05; "P<0.01.

observed to show the effect of ML, Pio, and their co-treatment
(Fig. 6).

3.7. Effect of MLAF on glucose metabolism, oxidative stress and
macrophage infiltration

We previously showed that MLAF shows the strongest anti-
oxidant effect [13,15]. Therefore, we treated db/db mice with
MLAF for 5 weeks. We found that MLAF ameliorated result of
IPGTT (Supplementary Fig. 2A) and IP insulin tolerance test (ITT)
(Supplementary Fig. 2B). Furthermore, MLAF decreased plasma and
urine 8-isoprostane levels (Supplementary Fig. 3A), and TBARS lev-
els in skeletal muscle (Supplementary Fig. 3B), which are markers
of lipid peroxides. In addition, MLAF also significantly decreased
the ration of F4/80 positive cells in WAT (Supplementary Fig. 4).

4. Discussion

In the present study, we have shown that ML ameliorates
metabolic disorders and adipocytokine dysregulation in db/db
mice. Intriguingly, these effects of ML are additive to the effects
of pioglitazone. We also proposed that these effects are mediated,
at least in part through inhibiting oxidative stress in WAT and liver
of obese mice.

Our results indicate that ML ameliorates adipocytokine dysreg-
ulation and suppresses macrophage infiltration, which are involved
in the development of obesity [8]. We also demonstrated that ML,
pioglitazone, and their co-treatment attenuated TBARS concentra-
tions and the expression of NADPH oxidase subunits in WAT. The
oxidation of fatty acids is an important source of ROS in fatty liver
[20]. ML also decreased hepatic TG and TBARS concentrations by
inhibiting NADPH oxidase activity through decreased expression
of NADPH oxidase subunits and induction of the expression of Cu,
Zn-SOD in the liver. These results could indicate that the inhibi-
tion of ROS generation via NADPH oxidase in WAT and liver may
be one of the mechanisms by which ML can ameliorate metabolic
disorders.

In accordance with the effects of ML on adipocytokine dys-
regulation, ML decreased blood glucose and plasma TG levels
as previously described [12]. Previous study demonstrated that
ML contains a-glucosidase inhibitor, 1-deoxynojirimycin (1-DNJ)
[21]. Therefore, we expected that the effect of ML on glucose
metabolism can be partly attributed to the inhibition of glucose
absorption from intestine by 1-DNJ. However, as a novel mecha-
nism, we propose that ML ameliorates adipocytokine dysregulation
and ROS production through inhibiting oxidative stress in WAT,
because we previously showed that MLAF shows the strongest
anti-oxidant effect. Furthermore, we also found that MLAF ame-
liorated result of IPGTT and IPITT. MLAF also decreased plasma and
urine 8-isoprostane levels, and TBARS levels in skeletal muscle and
macrophage infiltration into WAT. These data may strengthen that
ML ameliorates metabolic disorders and inflammation through its
anti-oxidative effect in addition to the inhibition of glucose absorp-
tion from the gut by 1-DNJ.

We showed that administration of ML in addition to pioglita-
zone attenuated the body weight gain observed under pioglitazone
treatment. Clinical study shows that treatment with thiazolidine-
diones such as pioglitazone is associated with edema and weight
gain [22]. Previous study showed that pioglitazone induces fat mass
by increasing the number of small adipocytes in Zucker (fa/fa)
rats by an activation of PPAR-y [23]. Another study showed that
mice treated with pioglitazone experience weight gain from epithe-
lial Na* channel (ENaC)-mediated renal salt absorption [24]. In
this study, ML attenuated pioglitazone-induced visceral fat mass
gain. Therefore, we speculated that ML might attenuate visceral
fat gain through promotion of energy consumption by increas-
ing adiponectin. However, ML had no effect on the expression of
UCP-1, 2 or B3AR in WAT, or UCP-2 in the liver. In addition, co-
treatment of ML and pioglitazone did not affect total fat mass. Thus,
the ameliorative effect of ML on body weight gain might depend on
another mechanism. Although we did not study the effect of ML on
ENaC or urine volume, previous study shows diuretic effects of y-
aminobutyric acid {25], which is abundantly contained in ML [26].
Therefore, although we did not study the brown adipose tissue,
which mainly regulates thermogenesis, this effect of ML might be
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caused by amelioration of edema through its diuretic action more
than promotion of energy expenditure.

The present study clearly demonstrated that ML amelio-
rates metabolic disorders including diabetes and dyslipidemia,
and shows additive effects with pioglitazone. As an expected
mechanism, we propose that ML could ameliorate adipocytokine
dysregulation at least in part through inhibiting oxidative stress in
WAT. In addition, we showed that ML attenuated the body weight
gain caused by pioglitazone treatment. Thus, our study implicates
that ML may be a basis for a pharmaceutical for the treatment of
the metabolic syndrome as well as inducing effects of pioglitazone
while reducing its adverse effects.
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Effects of Walking and Dietary Management of Metabolic Syndrome
Hidenori Arai
Department of Geriatric and Ageing Medicine, the Kyoto University Graduate School of Medicine

Key words : metabolic syndrome, dietary management, walking, adiponectin

In this study we examined whether diet and exercise intervention can ameliorate each metabolic parame-
ter as well as high sensitivity CRP and adiponectin in patients with metabolic syndrome in Kyoto University
Hospital. We recruited 26 out-patients with the metabolic syndrome and asked them to comply with the life-
style change: walking 10,000 steps a day and calorie restriction to 25 kcal X ideal weight, and followed them
for 6 months. Among them 10 patients attained the goal of diet and exercise, and 10 patients only attained
the goal of diet. Only patients who attained the goals of diet and exercise showed a significant reduction in
body weight, waist circumference, apolipoprotein B, and high sensitivity CRP. Other parameters also amelio-
rated, but the difference was not statistically significant. No significant improvement was found in other
patients. Thus walking 10,000 steps a day and calorie restriction are effective for the treatment of metabolic

syndrome in Japanese.
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acyl transferase) DI TCa L ZF YNV ZXF IV
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MPETETGE AL AT O—LAEMT S, LAF >y M
AfuaIrarbhtrrEVLDL VAF >~ b (interme-
diate density lipoprotein; IDL) IZH3E4 5.

HAu3 sy VLDLIZYRER ) S—HEIo k> Tk
fEn, HEMIIILATFO—LETREIZEANEL LS
Y (EFERFERIAfUIsarsLAF L FEVLDL L AT
YW AE VAT MORBIETRER YAV FET S
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IzarLAFry IV AF Y LTy — %4 ORI
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DI TGV 23— (hepatic triglyceride lipase; HTGL)
Lo TRBSNLDL~E RS h D, MAEERLER
COV ATy FOREFEESR, IHIZLAF Y IS
By aERETH LY,

L AGy FORBICHET L7 REICIZES, E3, B40
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D, NOoOTRE&ER/FKBA (E2/2, E3/2, E3/3,
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RO TH Y, HRADTO% 37 RES/3EIEEIT
5., MIMESROFEIL 7 RE2OFEEGHET b LT K
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IR S NA Z LT L D i SR NTTHE T 505
TREZD LT Y —~DEGENEZ DO TRV (Lt
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(IDL) Dz Rd.
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ML AF > Mg, BHEEBRER SN TWARLP (rem-
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AFu—Ne LTMET 200 ETH S, 22K THIE
5 OGRIEN - BEREICIDIEL, 30mgdLELl b QEHEH
52mg/dLAG) THiuE, MEEIRIMEEDOFEMEE .
X512, RLPaL A5 a—A/TGH01 U EA T S el
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H A AN G IR IAE 16 %12 BIT 2 0 ik R A RIORL
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ERBIETORR EEIEA~DOIEH—
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TE>¥aLXFO—N)
o 7RE2/2EIxE
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ARTICLE INFO ABSTRACT

Article history: Expression of ATP binding cassette transporter A1 (ABCA1), a major regulator of high density lipoprotein
Received 20 October 2008 (HDL) biogenesis, is known to be up-regulated by the transcription factor liver X receptor (LXR) o, and
Received in revised form 7 January 2009 expression is further enhanced by activation of the peroxisome proliferator activated receptors (PPARs).
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We investigated this complex regulatory network using specific PPAR agonists: four fibrates (fenofibrate,
bezafibrate, gemfibrozil and LY518674), a PPAR & agonist (GW501516) and a PPAR vy agonist (pioglita-
zone). All of these compounds increased the expression of LXRs, PPARs and ABCA1 mRNAs, and associated
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ﬁ’g‘;’dy apoA-I-mediated lipid release in THP-1 macrophage, W38 fibroblast and mouse fibroblast. When mouse
PPAR fibroblasts lacking expression of PPAR « were examined, the effects of fenofibrate and LY518674 were
LXR markedly diminished while induction by other ligands were retained. The PPAR « promoter was acti-
ABCA1 vated by all of these compounds in an LXR a-dependent manner, and partially in a PPAR a-dependent
HDL manner, in mouse fibroblast. The LXR responsive element (LXRE)-luciferase activity was enhanced by all
Cholesterol the compounds in an LXR a-dependent manner in mouse fibroblast. This activation was exclusively PPAR

a-dependent by fenofibrate and LY518674, but nonexclusively by the others. We conclude that PPARs
and LXRs are involved in the regulation of ABCA1 expression and HDL biogenesis in a cooperative signal

transduction pathway.

© 20089 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

High density lipoprotein (HDL) plays a central role in trans-
porting cholesterol from extrahepatic tissues to the liver for its
catabolism to bile acids, and thus it is thought to contribute to
removing cholesterol from peripheral tissues and possibly lowering
its deposits in atherosclerotic lesions. This idea is based on epidemi-
ological evidence that plasma HDL concentrations are inversely
related to cardiovascular risk, and on experimental results show-
ing that HDL may remove cholesterol from vascular cells in culture.
HDL removes cholesterol from cells via two independent mecha-
nisms {1]. One is by non-specific exchange of cholesterol, in which
the driving forces for its net release may be cholesterol esterifi-
caiton on HDL and the presence of ATP binding cassette transporter
(ABC) G1 in the cell membrane. The other mechanism is through
HDL biogenesis by helical apolipoproteins and cellular lipids in the
presence of ABCA1 [1]. The latter is an almost exclusive source

* Corresponding author. Tel.: +81 52 853 8139; fax: +81 52 841 3480.
E-mail address: syokoyam@med.nagoya-cu.ac,jp (S. Yokoyama).

0021-9150/$ ~ see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.atherosclerosis.2009.01.008

of HDL biogenesis and one of the important rate limiting factors
for plasma HDL concentration [2]. Many drug reagents are known
to influence this reaction by modulating ABCA1 activity. ABCA1 is
therefore an important target for development of drugs that impact
atherogenesis.

Peroxisome proliferator activated receptor (PPAR) agonists are
known to increase expression of ABCA1 and enhance biogenesis of
HDLin vitro and in vivo. Fibrates act mainly as PPAR«a agonists [3] to
increase ABCA1 gene transcription [4,5]. Fenofibrate and LY518674
exclusively activate PPAR o while bezafibrate and gemfibrozil acti-
vate PPARS and PPARy as well [6-8]. More specific activation of
PPARS and PPARY also results in increased ABCA1 transcription
[4,9]. All of these events seem to involve the liver X receptors (LXRs),
especially LXRa [4,5,8], one of the main regulators of ABCA1 gene
transcription by sensing oxysterol [ 10], although specific pathways
for these cascades are yet to be clarified.

Fibrates are drugs widely used to decrease plasma triglyc-
eride (TG). This effect is expected to reduce atherosclerotic disease
through a decrease in TG-rich atherogenic lipoproteins as well as
by reducing other risk factors secondarily caused by the increase
of TG-rich lipoprotein, such as low HDL and “small and dense” LDL.

.
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Fibrates also increase HDL independently of TG reduction by direct
up-regulation of the genes related to HDL biogenesis as indicated
above {4,5]. Eventually, fibrates were shown to decrease secondary
or primary coronary heart disease events in several large-scale
prevention trials [11]. Statistical analysis of these data suggested
independent contribution of HDLincrease to the risk reduction [12}.

Chronic inflammation is also thought to be involved in athero-
genesis, such that accumulation of cholesterol-rich lipoproteins
results in the recruitment of circulating monocytes, their adhe-
sion to the endothelium and differentiation into macrophages.
Lipid-loaded macrophages may produce chemokines, cytokines,
and reactive oxygen species as early atherogenic process. Activation
of PPARs was shown to suppress such processes.

PPARs act as ligand-activated transcription factors mainly to
regulate target genes related to energy metabolism. The PPAR fam-
ily consists of PPARa, 8 and <y, which display distinct expression
patterns, different ligand specificities and different biological func-
tions with some degree of overlap between PPARa and PPARS.
PPARq is mainly expressed in liver, kidney, heart, and muscle, tis-
sues with a high rate of fatty acid catabolism. PPARo up-regulates
the expression of genes involved in fatty acids oxidation, lipoly-
sis, HDL metabolism, down-regulates very low density lipoprotein
synthesis and cholesterol esterification [13}, and inhibits inflam-
matory mediators [14]. PPARy is mainly expressed in adipose
tissue, skeletal and cardiac muscle, and also in human mono-
cytes [15]. It plays a role in adipocyte differentiation and fat
storage; up-regulation of PPARYy increases insulin sensitivity [16].
PPARYy also up-regulates the expression of genes involved in HDL
metabolism, down-regulates cholesterol esterification, and inhibits
inflammatory mediators [4-17]. PPAR pathways are thus integrated
in atherogenesis and the use of the fibrates (PPARa agonists)
and thiazolidinediones (PPARy agonists) may extend beyond the
treatment of hyperlipidemia or insulin resistance [18]. PPARS is
ubiquitously expressed and its role in atherogenesis is controver-
sial, Disruption of the PPARS gene suggested its important roles
in skin biology, lipid metabolism, and energy homeostasis [19].
PPARS agonist (GW501516), however, reportedly enhanced ABCA1
expression and increased apoAl-mediated lipid release to maintain
macrophage cholesterol homeostasis {20} and suppressed inflam-
mation to reduce atherosclerosis [21]. On the other hand, a different
PPARD agonist promoted lipid accumulation in macrophages [22].

As various PPAR agonists are clinically used, it is important to
provide information about their detailed reaction mechanism with
respect to signaling and cross-talk among the transcriptional fac-
tors relating the energy metabolism induced by these drugs. We
therefore investigated profiles of the network of transcriptional fac-
tors by which PPAR agonists modulate ABCA1 gene expression. The
results suggest that PPARs and LXRs are involved in the regulation
of ABCA1 expression and HDL biogenesis in a complicated signal
transduction network.

2. Methods

2.1. Cell culture

THP-1 (human monocytic leukemia) cells (4.0 x 108 cells per
well) in six well plates were differentiated with 3.2x 107" M
phorbol 12-myristate 13-acetate (PMA) (Wako) in 10% FBS (PAA
Laboratories)-RPMI 1640 medium (IWAKI Glass) for 72h at 37°C
in a humidified atmosphere of 5% CO, (THP-1 macrophages). WI38
human fibroblasts (RIKEN Cell Bank) were incubated in Eagle’s min-
imum essential medium (MEM) with 10% fetal calf serum (FCS} at
37°C in a humidified atmosphere of 5% CO,. Fibroblasts were pre-
pared from C57BL6 mice and PPAR-null/C57BL6 (PPAR(—/-)) mice
[23] and bred in the Nagoya City University Animal Experiment
Facility. Briefly, 13— 14th day fetuses were harvested and suspended

in Hank's EGTA solution containing 100 units/ml of penicillin and
0.1 mg/ml of streptomycin (PCSM). Associated membranes and pla-
centas were dissected and rinsed thoroughly. The fetal trunks were
transferred to fresh solution and finely minced. The suspension was
centrifuged at 1000 rpm for 3 min and the cells were re-suspended
into MEM medium containing 10% FCS and PCSM. The cells were
cultured in 37 °C with 5% CO, incubator over five passages and used
for the experiments. The experimental protocol was pre-approved
by the institutional Animal Welfare Committee, Cells were seeded
into a 100-mm dish at a density of 1.5 x 108 cells/ml. When the
WI38 cells and mouse primary fibroblasts were grown to 80% of a
confluent stage, cells were washed with phosphate-buffered saline
(PBS) twice and cultured an additional 20 h in the presence of apoA-
I (10 wg/ml). PPAR« activators, fenofibric acid (Tyger Scientific,
referred as fenofibrate hereafter), bezafibrate (Sigma), gemfibrozil
(Sigma), and LY518674 [24] (synthesized in house), PPARS activator
GW501516 [20] (kindly provided by Aska Pharmaceutical Co. Ltd.),
PPARYy activator pioglitazone (kindly provided Takeda Pharmaceu-
tical Co. Ltd.), and an LXR agonist TO901317 (Sigma) were dissolved
in dimethyl sulfoxide and added to the culture medium containing
0.02% bovine serum albumin (BSA) (Sigma). The experimental pro-
cedure had been approved by the animal welfare committee of the
institution.

2.2. Cellular lipid release

WI38 cells and mouse primary fibroblasts were grown to 80%
confluence, and twice washed with PBS. The cells were cultured
for additional 20 h in the presence of apoA-l (10 ug/ml) and PPAR
activators described above. THP-1 macrophages were also treated
with PPAR activators similarly for apoA-I-mediated lipid release
in 0.02% BSA-RPMI 1640 medium (serum-free). Cholesterol and
choline-phospholipid released into the medium by apoA-I were
determined enzymatically and the apoA-I-dependent release was
evaluated by subtracting the background with BSA, as described in
detail previously [5].

2.3. SDS-polyacrylamide gel electrophoresis (PAGE) and
immunoblotting

Cells incubated with and without apoA-I and PPAR activators
for 20h were harvested in cold PBS and collected by centrifuga-
tion. Membrane fractions were prepared for detection of ABCA1. The
cell pellet was suspended in 5 mmol/l Tris~HCl, pH 7.5, containing
0.3% protease inhibitor cocktails (Sigma) and 1 mM phenylmethane
sulfonyl fluoride and 1 mM benzamidine for 30 min in ice with vor-
texing at every 10 min. The cell debris and nuclei were removed
by centrifugation at 800 x g for 5min at 4°C, and the supernatant
was centrifuged at 99,000 x g for 60 min to prepare the membrane
fraction as a pellet. The pellet was resuspended in 50 mM Tris-HCl,
pH 7.5, containing 5 mM EDTA, 10 mM EGTA, 1 mM phenylmethane
sulfonyl fluoride, 10 mM benzamidine, 1% Triton X-100, and 1% pro-
tease inhibitor cocktails, Membrane fraction protein (20-60 p.g)
was dissolved in 9M urea, 2% triton X-100, 1% dithiothreitol and
analyzed by 6% polyacrylamide electrophoresis for immunoblotting
by using specific antibodies against ABCA1 and BIP/GRP78.

2.4. RNA extraction and real time quantitative polymerase chain
reaction (PCR)

Cellular RNA was extracted by using RNA extraction reagent (Iso-
gen, Nippon Gene). Single strand cDNA was synthesized by High
capacity cDNA archive kit (applied biosystem) from 5 g of the total
RNA. PCR was carried out for the cDNA by using primers (sense and
antisense) of human ABCA1 (5/-GAA CTG GCT GTG TTC CAT GAT-3/
and 5'-GAT GAG CCA GAC TTC TGT TGC-3'), human LXRa (5'-TCT
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GGA GAC ATC TCG GAG GTA-3’ and 5-GGC TCA CCA GTT TCA TTA
GCA-3'), human LXR (5'-GCG AAG TTA CTT TTG AGG GTA-3’ and
5'-CTC CTT TAC AGT GGG TGA AGA-3’), human PPAR« (5'-TCG GTG
ACT TAT CCT GTG GTC-3’and 5-TTC TCA GAT CTT GGC ATT CGT-
3"), human PPARS (5'-TCT CTC TTC CCT TCT CCC TTG-3' and 5'-GGC
TCA AGT CTT TTG CTC TGA-3'), human PPARYy (5’-TCA CAG AGT ATG
CCA AAA GCA-3’and 5'-AAA CTC AAA CTT GGG CTC CAT-3'), mouse
ABCA1 (5'-CTC AGA GGT GGC TCT GAT GAC-3' and 5’-CCC ATA CAG
CAA GAG CAG AAG-3'), mouse LXRa (5'-TAG GGATAG GGT TGG AGT
CAG-3’ and 5'-AGT TTC TTC AAG CGG ATCTGT-3'), mouse PPARw (5'-
CTG TCC TCT CTC CCC ACT GGA-3’ and 5'-TGA CTG AGG AAG GGC
TGG AAG-3'), mouse PPARS (5'-GGG AAG AGG AGA AAG AGG AA-3
and 5'-AGG AAG GGG AGG AATTCT G-3'), mouse PPARY (5'-ATAAAG
CAT CAG GCTTCC ACT-3’and 5'-GCA CTT CTG AAA CCG ACA GTA-3'),
human and mouse B-actin (5'-CTG ACC CTG AAG TAC CCC ATT-3/
and 5'-TCT GCG CAA GTT AGG TTT TGT-3/ (synthesized by Hokkaido
System Science, Japan). Quantification of mRNA for these primers
products were accomplished by using SYBR green PCR master mix
reagent in an AB! PRISM 7700 sequence detection systemn (Applied
Biosystem Japan). Results were normalized to 3-actin mRNA.

2.5. RNA interference

Human LXRa-specific small interfering RNA (siRNA) and scram-
bled control RNA oligonucleotides were purchased from Invitrogen.
The transfection of siRNA was performed using Nucleofector kit
(Amaxa) reagent according to the manufacturer’s instructions.
Scrambled control RNA oligonucleotide or human LXRa siRNA were
added to WI38 cells and transfected by electroporation. The cells
were incubated for 20h, and washed with PBS, then incubated
in MEM containing 0.02% BSA and indicated dose of fenofibrate,
bezafibrate, gemfibrozil, LY518674, GW501516, pioglitazone were
added and incubated for further 20h. Then the cells were har-
vested and mRNA levels determined by RT-PCR. The oligonucleotide
sequences used. to construct siRNA for LXRa in this study were:
siLXRax (5’-UUC UCG AUC AUG CCC AGU UGU UCC G-3') and scram-
bled control (5’-UUC UUC UUA GUA CCC GGA CGU UCC G-3').

2.6. Construction of luciferase reporter genes

The construct of human PPARa promoter luciferase reporter
gene (containing —1664/+83 of the PPAR« gene, relative to the tran-
scription start site) was prepared as described previously [25]. The
5’-flanking region of this PPAR« gene (corresponding to —1664/+83)
was inserted into pGl4 vector {(Promega) to generate PPARa
promotor-luciferase reporter construct (pPPARa-Luc), The reporter
plasmid with a mutated and inactivated PPARx responsive element
(PPRE) {mutant PPRE) was generated by using QuickChange Site-
Directed Mutagenesis Kit (Stratagene). A mutation was introduced
at the PPRE (-1493/-1481 GGGGCAAGTTCA to GcaGCAAGTTCA)
which is identical to that reported previously (pPPARa-mut-Luc)
[25]. The luciferase reporter plasmid was prepared to contain four
copies of LXRE upstream of thymidine kinase promoter (pLXRE-
tk-Luc) [26]. The sequence of LXRE of the LXRE-tk-Luc vector was
(ACAG TGACCG CCAG TAACCC CAG. . .GGA CGCCCG CTAG TAACCC
CGG) x 2{LXREa and LXREDb from sterol responsive element binding
protein-1c).

2.7. Transient transfections and reporter gene assay

WI38 cells and mouse fibroblasts were co-transfected with
pPPARa-Luc or pPPARa-mut-Luc vectors (4 jug), and Renilla phRL-
tk vector (Promega) (0.2 jug) by electroporation using Nucleofector
kit reagent (Amaxa) according to instructions supplied by the man-
ufacturer. The activity of luciferase reporter of LXRE, pLXRE-tk-Luc,
was examined in human fibroblasts and mouse fibroblasts of wild

type and of PPARa(~/-). After 20h transfection, the cells were
washed with PBS and cultured in the presence of fenofibrate, bezafi-
brate, gemfibrogil, LY518674, GW 501516, pioglitazone for 20h.
Cellular luciferase activity was measured by the Dual-Luciferase
Reporter Assay System (Promega). Results were standardized by
the Renilla luciferase activity derived from phRL-tk vector.

2.8. Other methods

Protein content of each sample was determined with bicin-
choninic acid assay reagent (Pierce) using BSA as a standard.
Statistical significance was evaluated using two-tailed Student’s t
test and analysis of variance Scheffe’s test.

3. Results
3.1. HDL biogenesis in THP-1 macrophages and WI38 fibroblasts

The effects of PPAR agonists on HDL biogenesis were determined
by measuring the expression of ABCA1 and cellular lipid release by
human apoA-I (Figs. 1 and 2). Fenofibrate, bezafibrate, gemfibrozil,
LY518674, GW501516 and pioglitazone increased ABCA1 mRNA and
protein levels and consequently cellular lipid release. In addition,
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Fig. 1. Effects of PPARa agonists fenofibrate (F), bezafibrate (B), gemfibrozil (G) and
LY518674 (L) at 30 M, PPARS agonist GW501516 (W) at 0.5 pM, and PPARy agonist
pioglitazone (P) at 5 wM, in comparison to control (C) in THP1 macrophages. The
cells were exposed to PPAR agonists for 20h. (A) ApoA-I-mediated release of free
cholesterol and choline-phospholipid were measured in the conditioned medium
as described in the text. ABCA1 protein was determined by immunoblotting after
incubation with PPAR agonists for 20 h. The numbers in the ABCA1 immunoblotting
photo indicate the resuits of digital densitometric scans of each band standardized
for the loading standard and expressed as the relative value to the control. (B) Mes-
senger RNA levels of ABCA1, LXRo, LXR[3, PPARc, PPARS, PPARY were determined by
quantitative RT-PCR after incubation with PPAR agonists for 20 h and standardized
with those of -actin mRNA levels. Data represent mean = S.E. of three indepen-
dent measurements. All the data are statistically significant for the increase from
the control as P<0.01.
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