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Dock Center Wellness in Fukuoka, Japan. We excluded 107
subjects on medications for dyslipidemia. Subjects diagnosed
as having MetS at baseline received instruction for lifestyle
modification and were referred to a clinic if they had untreated
hypertension, diabetes or dyslipidemia. The study protocol was
approved by the ethics committees of the related institutes.

3. Measurements

Waist circumference was measured at the level of the
umbilicus. Blood pressure was measured at rest using an
automatic sphygmomanometer. All blood samples were
withdrawn after an overnight 10-h fast. Mean IMT was
measured by ultrasonography (SDU-2200; Shimadzu, Kyoto,
Japan) equipped with IMT measurement software {Intima-
scope; Media Cross, Tokyo, Japan) [7].

4, Definitions of MetS

We diagnosed MetS using the International Diabetes Federa-
tion (IDF) definition for Japanese [8] that consists from waist
circumference (WC, >90 cm for male and >80 cm for female),
and the presence of two or more of the following risk factors:
(1) blood pressure (BP), systolic >130 and/or diastolic
>85 mmHg, (2) triglycerides (TG) >150 mg/d], (3) HDL-choles-
terol <40 mg/dl in men and <50mg/dl in women, and (4)
fasting plasma glucose (FPG) >100 mg/dl.

5. Statistical analyses

Student’s t-tests were used to compare the mean basal IMT
adjusted for age and the annual changes in IMT adjusted for

age and basal IMT between the groups with or without MetS or
the individual components of MetS. Multiple comparisons
with Tukey's test were used to compare the mean IMT
adjusted for age and the annual difference in IMT adjusted for
age and basal IMT among four groups, namely subjects
without risk factor and with 1, 2 and 3 or above risk factors of
(RFO, RF1, RF2 and RF>3, respectively) diagnosed at baseline,’
Subjects were regrouped based on the MetS diagnosis at the
baseline and at the time of follow-up; MetS (baseline/follow-
up): MetS (—/-), (~/+), (+/-) and (+/+). The statistical analyses
were performed using JMP 7.0 software (SAS Institute, Cary,
NC). Statistical significance was inferred at P < 0.05.

6. Results

Atbaseline, 108 (14.0%) males and 37 (7.3%) females had MetS.
IMT was significantly greater in subjects of both sexes with
MetS (Table 1). Some risk factor components of MetS were also
significantly related to an increase in baseline IMT (WC, BP, TG
and HDL in males and WC, BP, TG, HDL and FPG in females)
after adjustment for age (Table 1). Increase in the number of
risk factors (RF) including WC was also significantly related to
an increase in baseline IMT in males and females (RF2 and
RF>3 group) (Table 1). We analyzed annual IMT changes in
each subject after 1.2 4 0.4 years follow-up. In males and
females, annual IMT changes tended to be larger in subjects
with the MetS compared with subjects without MetS, and in
subjects with an increasing number of RF. This difference was
statistically significant in fernales (MetS+ and RF>3 group)
(Fig. 1A). Among individual RF, WC in males (0.017 mm/year
vs. 0.027 mm/year, P < 0.05), WCin females (0.004 mm/year vs.
0.012 mm/year, P < 0.05) and HDL in females (0.006 mm/year
vs. 0.020 mm/year, P < 0.01) were related to larger annual IMT
changes. These results indicate that MetS as well as an

Table 1 ~ Baseline IMT adjusted for age relates with MetS and its risk factors.

Male Female.
N (%) IMT (mm) P N (%) IMT (mm) P
MetS - 661 (86) 0.601 £ 0.004 465 (93) 0.569 + 0.003
+ 108 (14) 0.631 + 0,009 <0.001 37 () 0.633 £ 0.011 <0.001
we - 525 (68) 0.599 +0.004 335 (67) 0.566 + 0.004
+ 243 (32) 0.618 £ 0.006 0.005 167 (33) 0.589 + 0.005 <0.001
BP - 196 (25) 0.599 4 0.004 441 (88) 0.567 £ 0.003
+ 572 (75) 0.623 + 0.007 0.001 61 (12) 0.618 £ 0.009 <0.001
TG - 559 (73) 0.600 £ 0.004 467 (93) 0571 % 0.003 '
+ 209 (27) 0.619 +0.006 0.009 35 (7) 0.607 £ 0.001 0.002
HDL - 682 (89) 0.600 £ 0.003 453 (90) 0.569 & 0.003
+ 86 (1) 0.640 £ 0.010 <0.001 49 (10) 0.614 £ 0.009 <0.001
FPG - 446 (58) 0.602 + 0.005 442 (38) 0.571 £ 0.003
+ 322 (42) 0.609 % 0.005 0.282 60 (12) 0.594 + 0.009 0.011
RE 0 208 (27) 0.589 +0.006 278 (54) 0.564 + 0.004
1 255 (33) 0.598  0.006 126 (25) 0.564 + 0.006
2 172 (22) 0.610 £ 0.007 <0.057 59 (12) 0.601 £ 0.008 <0.05°
>3 133 (17) 0.625 + 0.008 <0.05° 39 (8) 0.629 +0.010 <0.05

* vs. RFO group.
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Fig. 1 - Impact of MetS and its components on mean and annual changes of IMT. (A} Annual changes of IMT after adjustment
for age and basal IMT in the groups with or without MetS and the groups of accumulation risk number of the MetS at the
base line in males (left) and females (right). Mean IMT after adjustment for age (B) and annual changes of IMT after
adjustment for age and basal IMT (C) in the groups with or without MetS at the baseline and at the follow-up. Data are

means + SEM, *P < 0.05,

increased number of individual risk factors are associated
with an increased IMT at baseline, and that MetS predicts
annual increase in IMT particularly in females.

Next we analyzed baseline IMT and annual IMT changes
based on a diagnosis of MetS at baseline and follow-up. In
males, 635 (82.7%), 26 (3.4%), 40 (5.2%) and 68 (8.9%) subjects
were diagnosed as MetS (—/-), (—/+), (+/-) and (+/+), respec-
tively. Among the four groups, the IMT in the MetS (+/+) group
was significantly greater than that in the MetS (—/-) group at
baseline and at follow-up (Fig. 1B). In females, 452 (90.0%), 13
(2.6%), 11 (2.2%) and 26 (5.2%) subjects were diagnosed as MetS
{~/=), (=/+), (#/-) and (+/+), respectively. IMT at baseline was

significantly greater in the MetS (+/-) and MetS (+/+) groups
thanin the MetS (—/~) group (Fig. 1B). Similarly, IMT atfollow-up
was significantly greater in the MetS (—/+), MetS (+/-) and MetS
(+/+) groups than in the MetS (—/~) group (Fig. 1B). Next, we
assessed the annual IMT changes among these groups. In
males, the annual IMT changes were not significantly different.
In contrast, in females, the annual IMT change was significantly
greater in the MetS (—/+) and MetS (+/+) group (Fig. 1C). Of
interest, the annual increase in IMT in the MetS (+/-) females
was not significantly different from that in the MetS (-/-)
females, which may indicate a beneficial effect of medical
intervention in MetS on IMT.
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7. Discussion

In this study, subjects with MetS had significantly greater IMT
compared with non-MetS subjects at baseline in both sexes as
reported previously [1-6]. Each individual risk factor, high WC,
high BP, high TG, low HDL-cholestero! and high FPG, was also
related to greater IMT in both sexes except high FPG in males.
Accumulation of 3 or more risk factors showed similar increase
inbaseline IMT (Table 1), which suggests a multiplier effect from
risk factors with different atherogenic mechanisms. After the
follow-up period, the annual increase in IMT was greater in the
MetS, highWC,low HDL-cholesterol groups in femalesandinthe
high WC group in males. Interestingly, the annual IMT changes
increased as the number of risk factors increased in both sexes
and the changes were similar between MetS group and the group
with 3 or above risk factors in both sexes (Fig. 1A). These results
provide evidence that MetS and an increasing number of risk
factors predict the future development of atherosclerosis
particularly in female subjects in this short study period.

Of particular interest is that, despite the short follow-up
period, new onset of MetS was related to a greater increase in
IMT, whereas improving MetS status was related to a smaller
increase in IMT (Fig. 1B and C). These findings suggest that the
prevention or treatment of MetS may be beneficial to prevent
future progression of atherosclerosis, particularly in female
subjects. In the male subjects, the annual increase in IMT in
the four groups showed a similar trend to that seen in females,
however, the difference was not statistically significant. The
baseline and annual increase in IMT in males were apparently
greater than that in females, even in the absence of MetS,
suggesting that male subjects may be exposed to other
atherogenic risk factors, including hormonal differences,
aside from components:of the MetS. The sex difference
observed in this study, as well in other reports, indicates that
MetS was associated with a more pronounced adverse
atherogenic risk in females than in males [9,10].

The limitations of this study are that most study subjects
were employees of companies, so they do not represent the
whole Japanese population; medical interventions for MetS
subjects were not well controlled; and the study resuits were
derived from observational findings obtained from annual
medical checkups performed in consecutive years.

In conclusion, the present study showed that MetS and its
individual components are related to increased IMT and that
MetS predicts future progression of IMT particularly in
females. Prospective studies are required to further examine
this relationship and the effect of medical intervention for
MetS to prevent atherosclerotic cardiovascular diseases.
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Fan B, Ikuyama S, Gu JQ, Wei P, Oyama J, Inoguchi T,
Nishimura J. Oleic acid-induced ADRP expression requires both
AP-i and PPAR response elements, and is reduced by Pycnogenol
through mRNA degradation in NMuLi liver cells. Am J Physiol
Endocrinol Metab 297: E112-E123, 2009. First published April 21,
2009; doi:10.1152/ajpendo.00119.2009.—Fatty acids stimulate lipid
accumulfation in parallel with increased expression of adipose differ-
entiation-related protein (ADRP) in liver cells. Although it is gener-
ally considered that the fatty acid effect on ADRP expression is
mediated by peroxisome proliferator-activated receptors (PPARs), we
identified here an additional molecular mechanism using the NMuLi
mouse liver nonparenchymal cell line, which expresses PPAR+y and &
but not «. Oleic acid (OA) and specific ligands for PPARy and -8
stimulated ADRP expression as well as the —2,090-bp ADRP pro-
moter activity which encompasses the PPAR response element
(PPRE) adjacent to an Ets/activator protein (AP)-1 site. When the
AP-1 site was mutated, OA failed to stimulate the activity despite the
presence of the PPRE, whereas ligands for PPARy and -8 did
stimulate it and so did a PPAR« ligand under the coexpression of
PPARa. DNA binding of AP-1 was stimulated by OA but not by
PPAR ligands. Because we previously demonstrated that Pycnogenol
(PYC), a French maritime pine bark extract. suppressed ADRP
expression in macrophages partly by suppression of AP-{ activity, we
tested the effect of PYC on NMuLi cells. PYC reduced the OA-
induced ADRP expression along with suppression of lipid droplet
formation. However, PYC neither suppressed the OA-stimulated
ADRP promoter activity nor DNA binding of AP-1 but, instead,
reduced the ADRP mRNA half-life. All these results indicate that the
effect of OA on ADRP expression requires AP-1 as well as PPRE, and
PYC suppresses the ADRP expression in part by facilitating mRNA
degradation. PYC. a widely used dietary supplement, could be bene-
ficial for the prevention of excessive lipid accumulation such as
hepatic steatosis.

lipid droplet: hepatic steatosis; adipose differentiation-related protein;
activator protein-1: peroxisome profiferator-activated receptor

CYTOSOLIC LIPID DROPLETS are physiologically important because
they have specific function in various cell types or tissues, for
example, as an energy reservoir in adipocytes, sites of storage
and biosynthesis of cicosanoids in leukocytes, and sites of
production of pulmonary surfactants in pneumocytes (44). Tt
has been demonstrated that excessive lipid accumulation, not
only in an adipose tissue but also in various nonadipose tissues,
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of Clinical Immunology, Dept. of Immunobiology and Neuroscience, Medical
Institute of Bioregulation, Kyushu Univ., Beppu 874-0838. Japan (e-mail:
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is closely related to a variety of pathological conditions,
including insulin resistance, type 2 diabetes mellitus, cardio-
vascular diseases, and fatty liver or nonalcoholic steatohepati-
tis (2. 59), all of which are emerging as important clinical ands
socioeconomical worldwide problems. Mechanisms of intra-
cellular lipid droplet formation have, therefore, increasingly
attracted clinical and scientific interests.

A variety of proteins are associated with intracellular lipid
droplets (10). Among them, PAT family proteins, which com-
prise perilipin, adipose differentiation-related protein (ADRP),
TIP47, S3-12 and OXPAT/MLDP, are implicated in the for-
mation, stabilization, and metabolism of lipid droplets (8, 37).
ADRP was first identified in the early stages of adipocyte
differentiation (33). Later studies revealed that ADRP does not
directly induce adipogenesis but instead facilitates uptake of
fatty acids or cholesterol (4, 22), whereas forced expression of
ADRP also stimulates lipid droplet formation (31). In contrast
to perilipin, whose expression is relatively limited in adipo-
cytes and steroidgenic cells, ADRP is ubiquitously expressed
in a variety of cells and is a specific marker of lipid accumu-
lation (26).

The liver is a central organ for lipid metabolism. and
excessive lipid accumulation in hepatocytes is generally asso-
ciated with various metabolic abnormalities related to meta-
bolic syndrome. In particular, fatty acids from several different
sources, such as dietary fat, fatty acids released from adipose
tissues, and de novo hepatic lipogenesis, facilitate lipid accu-
mulation in hepatocytes in conjunction with oxidative stress or
inflammatory stimuli (2, 59). ADRP expression is upregulated
in hepatic steatosis in humans and mouse models (43). Con-
sidering that fatty acids act as ligands for all peroxisome
proliferator-activated receptor (PPAR) subtypes (19, 34), al-
though with different propensities for interaction (64), it is
reasonable to hypothesize that the effect of fatty acids on
ADRP expression is, at least in parl. mediated by PPAR
activation. Actually, a PPAR response element (PPRE) medi-
ating the fatty acid effect was identified in the promoter region
of mouse and human ADRP genes (13, 57). In our previous
study (62). we demonstrated that oleic acid (OA)-induced
enhancement of the mouse ADRP promoter activity required the
upstream Ets/activator protein (AP)-1 element. in RAW264.7
macrophage-like cells. This suggests that the PPRE in the
ADRP promoter alone is likely to be insufficient for respond-
ing to OA, instead requiring the Ets/AP-1 element as well, This
finding remains to be fully confirmed in other cell types.

http://www.ajpendo.org
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On the other hand, fatty liver formation was markedly
prevented in mice whose ADRP expression was abrogated by
gene knockout or antisense oligonucleotides (12, 30). Besides
fatty liver, it has recently been reported that ADRP abrogation
also protects from atherosclerosis development (48) and diet-
induced insulin resistance (60). These findings strongly suggest
that ADRP could be a promising target for the prevention of
excessive lipid accumulation. In a previous study, we reported
that Pycnogenol (PYC), an extract from French maritime pine
bark, suppressed lipopolysaccharide (LPS)-induced ADRP ex-
pression in RAW264.7 cells (23). It is important to elucidate if
PYC can suppress the ADRP expression and lipid droplet
formation in liver cells, since this widely used dietary supple-
ment could be a useful modality for prevention or treatment of
hepatic steatosis.

In the present study, we aimed to further clarify the mech-

anism by which long-chain fatty acids, such as OA, simulate.

the ADRP expression in the NMuLi mouse hepatic nonparen-
chymal cell line. We also tested the effect of PYC on OA-
induced ADRP expression and lipid droplet formation and
disclosed a mechanism of action. We demonstrate here that
OA-induced ADRP expression requires AP-1 function in ad-
dition to PPRE in the promoter, and PYC suppressed OA-
induced ADRP expression along with lipid droplet formation,
in part, through facilitating ADRP mRNA degradation.

MATERIALS AND METHODS

Cell culture. The mouse liver epithelial cell line NMuLi was
obtained from Dainippon Sumitomo Pharma (Osaka, Japan). The cells
were routinely cultured in 10-cm tissue culture dishes (Faicon 3003:
Becton-Dickinson Labware, Franklin Lakes, NJ) in DMEM (Invitro-
gen, Carlsbad, CA) supplemented with 10% charcoal-treated FCS, 1%
nonessential amino acids, and appropriate antibiotics. The charcoal
treatment of the FCS did not adversely affect concentrations of fatty
acids. triacylglyceride. and total cholesterol (data: not shown). We
preliminarily confirmed by trypan blue staining that concentrations of
reagents we used in this study were those that did not affect cell
viability:

Materials. Actinomycin D, GW-501516, 15-deoxy-A'>*-prosta-
glandin J,, astaxanthin; and curcumin were purchased from Sigma (St
Louis, MI). Caproic acid and OA were purchased from Wako Pure
Chemical Industries (Osaka, Japan), dissolved in-water containing 5
mM BSA,; and then diluted in the medium. Fenofibrate, bezafibrate,
roglitazone, and pioglitazone were kindly provided by Kaken Phar-
maceuticals (Tokyo. Japan), Kissei Pharmaceuticals (Matsumoto, Ja-
pan), Sankyo (Tokyo. Japan), and Takeda (Tokyo, Japan). respec-
tively. All of these agents were dissolved in dimethyl sulfoxide.
Antibodies to ADRP and glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) were purchased from PROGEN Biotechnik (Heidelberg,
Germany) and Ambion (Woodward Austin. TX), respectively. PYC
was genérously provided by Horphag Research (Geneva, Switzer-
land). Synthesized oligonucleotides were purchased from Roche Di-
agnostics. (Tokyo; Japan). [a-**P]dCTP (5.000 Ci/mmol) and
1y-**PJATP (5,000 Ci/mmol) were purchased from GE Healthcare
(Buckinghamshire, UK).

Northern blot analysis. NMuLi cells were plated at 1 X 10°
cells/dish and cultivated for 24 h, and then the medium was changed
to fresh medium containing the test reagent(s). followed by culturing
for indicated times. Total RNA was purified using a commercially
available. kit (Isogen; Nippon GENE. Tokyo. lapan). Full-length
mouse ADRP ¢DNA was [a-*2P|dCTP-labeled by a random priming
method (Oligo Labeling kit; GE Healthcare) and used as a probe.
Hybridization was performed according to the standard method (51);
final washing was carried out at 65°C in 1 X 150 mM NaClL 10 mM

PYCNOGENOL INHIBITS OLEATE-INDUCED ADRP EXPRESSION
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NaH,PO4, and 1 mM EDTA (pH 7.4) containing 0.5% SDS for 2 X
20 min. In addition, nRNA expression levels were also evaluated by
the real-time PCR as described below, and the results are shown in bar
graphs in the Figs. 1--8.

Western bloi analysis. Whole cell extracts were prepared by di-
rectly dissolving the cells in 2X SDS loading buffer (100 mM
Tris+HCI, pH 6.8, 20% glycerol, 4% SDS, 12% 2-mercaptoethanol,
and 2% brompheno! blue) at I:1 in volume. The proteins were heated
at 95°C for 5 min, resolved by 10% SDS-PAGE, and electroblotted on
a polyvinylidene difluoride membrane (Millipore, Tokyo. Japan) for
1 h at 100 V with a wet blotting apparatus (Bio-Rad, Hercules, CA)
in Tris-glycine transfer buffer (25 mM Tris. 192 mM glycine, 20%
methanol, and 0.1% SDS). The transter was monitored with Kaleido-
scope prestained standards (Bio-Rad). The membranes were blocked
for 1 h at room temperature with 5% nonfat milk in PBS containing
0.1% Tween 20 (PBS-Tween 20). Next, the membranes were incu-
bated with guinea pig ADRP antibodies (0.5 jg/ml in PBS-Tween 20)
for 1 h. After being washed four times (5 min each) with PBS-Tween
20, the membranes were incubated with an appropriate secondary
[gG-horseradish peroxidase conjugate (Santa Cruz Biotechnology.
Santa Cruz, CA) diluted in PBS-Tween 20 (0.08 pg/mi) for 1 h, and
then washed as above. The blots were developed using ECL Western
blotting detection reagents (GE Healthcare) and exposed to Hyperfilm
ECL (GE Healthcare) for ~15 min, Protein levels were evaluated
using NIH lmage, and the results are shown in bar graphs in Figs. 1-8.

Construction of promoter-reporter plasmids. Construction of re-
porter plasmids containing the ADRP promoter region or its mutants
has been previously described (23, 62).

Transient transfection and luciferase assay. Reporter plasmids
were introduced into NMuli cells using Lipofectamine PLUS (In-
vitrogen) according to the manufacturer's instructions. Cells were
seeded at 2 X 10° cells/well in a 12-well cell culture cluster (Costar
3513; Corning. Corning, NY) and grown for 24 h. Medium was then
changed to serum-depleted DMEM, and the transfection mixture (2 pl
lipofectamine and S5 w! PLUS reagent 5 in a total volume of 50
wl/well) containing | ug reporter plasmid and 0.4 pg pRL-TK
plasmid (Promega, Madison, WI) was added to the cells and incubated
for 3 h. The cells were then washed with serum-depleted DMEM and
cultured in the DMEM containing the test reagent(s) for an additional
24 h. Cell lysates were collected, and luciferase activity was measured
using a Dual-Luciferase Reporter Assay System (Promega). The
transfection efficiency was normalized to the Renilla luciferase activ-
ity expressed by pRL-TK. In the experiments using PPAR« coexpres-
sion; 0.5 g of PPARx expression vector or a vacant vector (pCMX)
was added to the transfection mixture. The PPAR«x expression vector
was kindly provided by Dr. Yasutomi Kamei (Tokyo Medical and
Dental University, Tokyo, Japan). Each transfection experiment was
performed in tiiplicate and repeated at least three times.

Nuclear protein extracts. Nuclear protein extracts were prepared
using a method described (55). NMuLi cells were seeded at 2 X 10°
cells/dish and then cultured for 24 h, The medium was then changed
to that containing a test reagent or a vehicle and cultured for an
additional | h. When PYC effect was tested, cells were pretreated with
PYC for 1 h before adding OA. The cells were washed with PBS,
harvested by gentle scraping. and then resuspended in 5 volumes of
buffer A (10 mM HEPES-KOH. pH 7.9, 10 mM KCL 1.5 mM MgCl..
and 0.1 mM EDTA) supplemented with 0.3 M sucrose and 0.5%
Nonidet P-40. The cells were then homogenized by pipetting, and the
suspension was layered on 1 m! buffer A containing 1.5 M sucrose.
followed by centritugation for 10 min (4°C. 15.000 g). After being
washed with buffer A. the precipitated nuclei were suspended in 50 pl
buffer B (20 mM HEPES-KOH. pH 7.9, 25% glycerol. 420 mmM NaCl,
1.5 mM MgCls, and 0.2 mM EDTA) and then left on ice for 20 min.
The mixture was centrifuged for 20 min (4°C. 15,000 g). and the
resultant supernatant containing nuclear proteins was aliquoted. snap-
frozen in liquid nitrogen. and stored at —80°C until use (within 30
days). All solutions used were ice-cold and contained 0.5 mM dithio-
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theitol (DTT), 0.5 mM phenylmethylsulfonyl fluoride (PMSF), 2
mg/ml pepstatin A, and 2 mg/ml leupeptin, The protein concentration
was determined with a commercially available reagent (Bio-Rad)
using BSA as a control.

Electrophoretic mobility shift assay. Electrophoretic mobility shift
assay (EMSA) was performed as previously described (23. 29, 62). A
synthesized sense oligonucleotide was **P-labeled with T4 polynu-
cleotide kinase (Takara. Shiga, Japan), double-stranded with the
unlabeled antisense strand, and then purified using Chroma-
Spin+TE-10 colurans (Clontech, Palo Alto, CA). NMuLi nuclear

- extracts (10 pg) were first incubated in a 25-pl reaction volume for 20
min at 20°C with or without unlabeled competitor oligonucleotides
(100-fold molar excess). The reaction buffer consisted of 10 mM
Tris* HCl (pH 7.6}, 50 mM KC1, 5 mM MgCl, 1 mM DTT, 1 mM

A
PPARa

PYCNOGENOL INHIBITS OLEATE-INDUCED ADRP EXPRESSION

mLiver NMuLi

EDTA, 12.5% (vol/vol) glycerol, 0.1% Triton X-100, 8 pg/ml calf
thymus DNA, and 50 mM PMSF. A radiolabeled probe (50,000
counts/min, ~1.0 ng DNA) was then added and incubated for an
additional 20 min at 20°C. DNA-protein complexes were analyzed on
a 5% native polyacrylamide gel at 100 V for 3 h in Tris-borate-EDTA
butfer. Thereafter, the gels were dried and subjected to autoradiogra-
phy, and a specific protein-DNA complex was quatified by NIH Image
if necessary.

Oil-red O staining. NMuLi cells were plated in a four-well cham-
ber slide (Nalge Nunc. International, Naperville, IL) at . X 10%
chamber and cultured in the presence or absence of 50 pg/ml PYC for
I h. The cells were then cultured in medium containing 200 uM OA
in the presence or absence of PYC for 96 h. The cells were washed
with PBS, fixed in 10% formaldehyde, and stained with the neutral

mLiver NMuLi mLiver NMuLi

B BSA
0 12
ADRP
28s rRNA

24 hr 0 12

g

Fig. 1. The expression of adipose differentia-

tion-related protein (ADRP) is enhanced by 185 TRNA

OA in NMuLi cells. A: NMuLi liver nonparen-

chymal cells express peroxisome proliferator- 0
activaled receptor (PPAR)~y and -3 but not -a,

whereas the liver of wild-type mouse (mLiver) ~ ADRP

expresses all PPARs. Glyceraldehyde-3-phos- G3PDH

24hr 0 12

phate dehydrogenase (G3PDH) expression is
shown as an internal control. B: oleic acid
(OA) enhances ADRP mRNA (top) and protein
(botiom) expression in a time-dependent man-
ner. Cells were incubated with vehicle, 200
M caproic acid (CAP), or 200 pM OA for 12
or 24 h. Representative results are shown, Rel-
ative expression levels of mRNA and protein
obtained from 3 independent experiments are
shown in bar graphs. For mRNA levels (lefn:
#P < 0.01 vs. control (BSA O h), §P < 0.01;
for protein levels (right): *P < 0.0] vs. control
(BSA 0 h), §P < 0.01, and #P < 0.05. C: OA
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lipid dye Oil-red O (0.3% in 60% isopropanol), followed by extensive
washes (38). Photomicrographs were generated using a digital camera
(U-CMAD3; Olympus, Tokyo, Japan) connected to an Olympus
BX51 microscope.

PCR and real-time RT-PCR. Single-stranded ¢cDNA was synthe-
sized with the ReverTra Ace-u kit (Toyobo, Osaka, Japan) using 0.5
p.g of the total RNA. The PPAR expression was determined by PCR
amplification of 35 cycles with annealing temperature at 60°C using
the following primers: PPARa (forward: TGGACACAGAGAGC-
CCCATC, reverse: TCGTACACCAGCTTCAGCCG). PPARYy (for-
ward: TGGCCATTGAGTGCCGAGTC, reverse: CGCCTTGGCTT-
TGGTCAGCG), and PPARS (forward: GCTCAATGGGGGACCA-
GAAC, reverse: GCTTAGAGAAGGCCTTCAGG).

Real-time RT-PCR was performed with a SYBR Green method
using the iCycler iQ multicolor real-time PCR detection system
(Bio-Rad) in 25-p} reactions [12.5 pl of 2X iQ SYBR Green super-
mix (Bio-Rad, Hercules, CA). 320 nM each primer, 5 pl of 1:20
diluted ¢cDNA]. Sequences of the primers were as follows: ADRP
(forward: CTGTCTACCAAGCTCTGCTC, reverse: CGATGCT-
TCTCTTCCACTCC) and GAPDH (forward: ACCACAGTCCAT-
GCCATCAC, reverse: TCCACCACCCTGTTGCTTA). PCR effi-
ciencies for all reactions were >0.90. Quantitative PCR results were
expressed as relative fold induction compared with the housekeeping
gene GAPDH.

Statistical analvsis. All data were presented as means £ SE.
Statistical differences were determined by one-way ANOVA. A P <
0.05 was considered to be significant.

RESULTS

Long-chain fatty acids stimulate the expression of ADRP in
the NMulLi hepatic nonparenchyvmal cell line. Several studies
have demonstrated that long-chain fatty acids stimulate ADRP
expression in different types of cells (21, 22, 52, 62), and they
also act as ligands for all three PPAR subtypes (19, 34). We
first determined the expression of PPAR subtypes in NMuLi
cells used in this study. We found that this cell line expressed
PPAR‘~y and PPARS but not PPARa (Fig. 1A). The expression
pattern of these PPARs was not affected by the agents that we
used in this study (data not shown). Although NMuli is not of
hepatic parenchymal origin, it has been used expediently as an
alternative of a normal murine hepatocyte having some similar
propensities to hepatic parenchymal cells (42). More impor-
tantly, we found. it a merit that the cell line did not express
PPAR« because we could test an effect of exogenously intro-
duced PPARa on ADRP: promoter activity in the following
analyses.

As in previous studies (21, 52, 62), the expression of ADRP
mRNA and protein was increased significantly by OA (C-18)
after 12 h incubation, but not by caproic acid (C-6) (Fig. 1B),
and that the effect of OA was dose-dependent (Fig. 1C). We
also confirmed that other long-chain fatty acids, such as
palmitic acid (C-16), linoleic acid (C-18), and linolenic acid
(C-18), enhanced the ADRP mRNA and protein levels (data
not shown), and used only OA for further analyses.

The effect of OA on the ADRP expression was exerted at the
transeriptional level, since the addition of actinomycin D
completely abrogated OA-induced enhancement of ADRP
mRNA expression (Fig. 24). It has been demonstrated that
triacsin C, a long-chain acyl-CoA synthetase inhibitor, inhibits
synthesis’ of - triacylglycerol ‘and cholesteryl esters, ‘thereby
blocking foam cell formation in macrophages (45). We, there-
fore, tested the effect of triacsin C on OA-induced expression
of ADRP mRNA., As shown in Fig. 2B, the stimulatory effect
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Fig. 2. OA stimulates ADRP expression at the transcriptional level and is
independent of (riglyceride synthesis. A: actinomycin D (ACD) suppresses
basal and OA-induced ADRP mRNA expression. NMuLi cells were preincu-
bated with 5 or 10 wg/mi ACD for I h and then stimulated by 200 pM OA for
24 h. Ribosomal RNAs were used as a total RNA loading control. B: triacsin
C, an acyl-CoA synthase inhibitor, does not ishibit OA-induced ADRP
expression. Cells were preincubated with or without 4.8 uM triacsin C for | h
and then stimulated by OA for 24 h. The mRNA levels were evaluated by
real-time PCR. Data represent means * SE of 3 independent experiments.
#P < 0.05 vs. control (without OA) and §P < 0.05. C: ADRP expression is
stimulated by PPARYy (troglitazone, Tro) and PPARS (GW-501516, GW)
ligands but not by a PPARa ligand {fenofibrate, Fen) in NMuli cells.
Ribosomal RNAs were used as a total RNA loading conirol. Representative
data (top) and the mRNA levels evaluated by real-time PCR from 3 indepen-
dent experiments (hotrom) are shown. *P < 0.01 vs. control.

of low-dose OA (20 uM) was significantly potentiated in the
presence of triacsin C. Because a higher dose of OA (100 and
200 pM) stimulated high mRNA expression possibly at max-
imum level, the additive effect of triacsin C was not evident.
This result suggested that OA itself, but not triacylglycerol,
stimulates the mRNA expression. We confirmed that the
PPAR<y ligands troglitazone (Fig. 2C), pioglitazone, and 15-
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deoxy-A!*_prostaglandin Jo (not shown) and a PPARS li-
gand, GW-501516 (Fig. 2C), enhanced ADRP mRNA expres-
sion. As expected, PPAR« ligands, fenofibrate (Fig. 2C) and
bezafibrate (data not shown), did not significantly stimulate the
expression. Taken together with previous reports proving that
fatty acids are potential ligands for PPARs (19, 34), these
results suggest that OA stimulates ADRP expression in part
through PPARy and -8 activation in NMuLi cells.

Functional AP-1 site is requisite for OA action. Next, we
investigated the effect of OA on the mouse ADRP promoter
activity. The —2,090-bp promoter region of the mouse ADRP
gene encompasses a canonical PPRE, starting at —2,001 bp
(13, 62). In addition, we demonstrated that an Ets/AP-1 com-
posite element exists at —2,047 bp, which is important for
phorbol myristate ester (PMA)- and LPS-induced enhancement
of ADRP expression in macrophages (23, 62). The promoter
region encompassing these elements is highly conserved be-
tween mouse and human ADRP genes (Fig. 3A). As shown in
Fig. 3B, activity of the —2,090-bp ADRP promoter was en-
hanced by OA, whereas caproic acid had no effect, consistent
with the effects on the mRNA expression.

In a previous study, we raised the possibility of functional
interaction between Ets/AP-1 and PPRE in response to PMA
and OA in RAW264.7 cells (62). We, therefore, tested the
OA-induced promoter activity, using a series of deleted or
mutated promoters derived from the wild-type —2,090-bp
promoter. By deletion of all three elements (—1,889 bp), the
basal promoter activity was reduced- significantly, and the
OA-induced enhancement was completely abolished (Fig. 3C).
Basal activity of the PPRE mutation (Pmut) was almost com-
parable to the —2,090-bp promoter, whereas OA failed to

PYCNOGENOL INHIBITS OLEATE-INDUCED ADRP EXPRESSION

stimulate, actually suppressed, the Prut promoter activity (Fig.
3(), indicating that OA acts through the PPRE. The basal
activity of promoters containing either AP-1 or Ets mutations
(Amut or Emut) was reduced, suggesting that these elements
might be important for basal promoter activity. Interestingly,
OA-induced enhancement was almost completely diminished
in the Amut promoter despite the presence of an intact PPRE,
whereas OA stimulated the Emut promoter to the wild-type
levels (Fig. 3D). These results indicate that AP-1, in addition to
the PPRE, is indispensable for OA action on ADRP expression
in this cell line.

We further tested whether intact AP-1 function is also
required for the action of synthesized ligands specific for
PPAR subtypes. Like OA, a PPARYy ligand (troglitazone) and
a PPARS ligand (GW-501516) stimulated activity of the wild-
type —2,090-bp and Emut promoters but not —1,889-bp and
Pmut promoters. In contrast to OA, however, these compounds
also stimulated Amut promoter activity (Fig. 4, A and B). This
finding was duplicated by a PPAR« ligand (fenofibrate) when
PPARa was coexpressed in the cells (Fig. 4C). These results
indicate that, while specific ligands for all three PPAR sub-
types and OA could stimulate ADRP promoter activity through
PPRE, only OA requires intact AP-1 function.

This was investigated further using an EMSA. Use of an
oligonucleotide probe containing the Ets/AP-1 element exhib-
ited double complexes (complex A) by NMuLi nuclear extracts
(Fig. 5A). Complex A formation was effectively inhibited by
the addition of oligonucleotide competitors containing wild-
type sequence (self), Emut, and AP-1 consensus sequence, but
not by competitors containing Amut, double mutations in
Ets/AP-1 sequence. and PU.1 consensus sequence. This result

Fig. 3. OA-induced enhancement of the ADRP A B
promoter activity requires activator protein

(AP)-1 in addition to PPAR response element m-2090 CCTGGC?G?CWC?????MTT?? 3
(PPRE). A: promoter region contiining an BtY  '{_2363 CAAATAMAAAGCAAAA-AGAAGC--—-TTGC

AP-{ site and a PPRE shows high homology Ets AP-L £
between mouse (m) and human (h) ADRP genes. 2060 ACATCTTTAACAAGAGGAAGTCACTCACTG < 2
Mouse genomic sequence was from GenBank 1 THLEEY 1TLinin 2
accession no. AB207137. Human ADRP pro- h-2338 TCAGCCTTAAGT-GAGGABATGACTCACAG £

moter sequence was identified in the human ge- %

nome database (Contig NT037733.1, chwomo-  m-2030 GCTTGWTGTW-—??--GA~??C-—? %1
some 9p21.3) probed by human adipophilin 2
coding sequence (GenBank accession no. h-2309 GITTAAAACAAARAAGGARARGATGGAGEC §
NMOO01122). B: OA stimulates activity of the — FPPRE &
~2,090-bp promoter but caproic acid does not. ~ M-2006 -TTTTGTAGGTGAAAGGGCARAGARAGAGG

The activity of the —2,090-hp promoter withowt . 550 g A'H"H‘é%&éé’l‘é&éééé—-—CI;I’\——J;I!\é- 0 Control 10 25 50 100 200 CAP
stimulation (contiol) is designated as 1 for com- 0A (uM)
parison, *P < 0,05 vs. control and §P <0.05 vs,

caproic acid. C: effect of OA on activity of the C D
—2,090-bp promoter and promolers containing a 2

deletion or a mutation. Amut, Emit, and Pmut are 250r [—\ % 0A 4 r
the promoters containing site-direcied mutations o Vehicle

in the. AP-1 site, Ets site, and PPRE of the 200

~—2,050-bp promoter, respectively (62). Activity
of the promoter-less plasmid (pGL3) in the ab-
sence of OA is designated as 1 for comparison.
Means = SE of 3 independent experiments are
shown. *P < 0.05, D: rlative fold induction
(ratio of the activity in the presence vs. in the
absence of OA) converted from the data in C. The
value of the promoteriess control is designated as
1 for comparison. Note that OA does not stimu-
late the Amut promoter activity, *P < 005 (in-
creased) vs. control and §P <<0.03 (decreased) vs.
control.
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Fig. 4. Specific ligands for PPARs do niot stimulate the promoter containing
the PPRE mutation but do stimulate the promoters containing the Ets/AP-1
mutation. PPARy ligand (4) and PPARS ligand (B) stimulate the aclivity of the
Amut and Emut promoters but not the Pmut promoter. Under the coexpression
of PPARq, the PPAR« ligand also stimulates the activity of the Amiut and
Emut promoters but not the Pmut promoter (C). Concentration of each ligand
was 10 wM. Data were analyzed as in Fig. 3D. Means ® SE of 3 independent
experiments are shown. *P < 0.05 vs. control (pGL3).

indicates that the Ets/AP-1 site is recognized only by the AP-1
family . of transcription factors in- NMuLi- cells, unlike
RAW?264.7 cells in which AP-1 and PU.1 conjointly bind (23,
62). DNA binding of AP-1 family proteins was enhanced by
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OA but not by caproic acid and synthesized PPAR ligands
(Fig. 5B). This finding further supported the involvement of
AP-1 in the OA effect.

Collectively, these results indicate that the Ets/AP-1 element
is important for the basal promoter activity, and more impor-
tantly that OA stimulates ADRP expression by acting through
the PPRE in collaboration with the AP-1 site in the promoter in
NMuLi cells. The Ets sequence also seems to be involved in
basal promoter activity, although we could not identify protein
binding to this site by EMSA. This problem requires further
investigation.

PYC suppresses OA-induced ADRP expression and lipid
droplet formation in NMulLi cells. Previously, we demonstrated
that PYC suppressed ADRP expression in RAW264.7 cells
(23). We, therefore, tested the effect of PYC on ADRP expres-
sion and intracellular lipid droplet formation in NMuLi cells.
PYC significantly suppressed the OA-induced increase in
ADRP mRNA and protein levels in a dose-dependent manner,
whereas it did not affect basal ADRP expression levels (Fig. 64).
PYC (50 ng/ml) almost completely inhibited OA-induced
ADRP expression. OA markedly induced intracellular lipid
accumulation, which was clearly visualized by Oil-red O

competitor
A ey 4
£ ,_ 85 E 5 -
- ' I3
e 5 E E m A~ D
O & < @m < < &
. B

Fig. 5. OA stimulates DNA binding of AP-1. A: oligonucieotide containing the
Ets/AP-1 element of the ADRP promoter was used as a probe. Wild-type
sequence (self); oligonucleotides containing an AP-1 muwtation (Amut), Ets
mulation (Emut), both AP-1 and Ets mutations (AEnu); and oligonucieotides
containing AP-1 and PU.1 consensus sequences were used as competitors, The
vesult indicates that complex A (A) is formed by the AP-1 family transcription
factors in NMuLi nuclear extracts. B: OA stimulates DNA binding of AP-1,
but caproic ucid as well as PPAR ligands, such as fenofibrate, GW-501516. and
troghitazone. do not. NS, nonspecific band.
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respectively. Representative data are shown.
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Fig. 6. Pycnogenol (PYC) suppresses OA- PYC(pg/m) - - 50 10 25 50
induced ADRP expression and lipid droplet
formation in NMuLi cells. A: PYC suppresses
OA-induced ADRP mRNA and protein levels —
in a dose-dependent manner. Note that PYC QA -+ -+ + + 2 2
does not affect the constitutive expression of  pycC (ug/mb) - - 50 10 25 50 2
ADRP. Cells were preincubated with di- 7 .5
methyl sulfoxide (DMSQ; vehicle) or PYCfor  ADRP T G o e e s
1 h and then stimulated with 200 uM OA for g 1
24 h. Ribosomal RNAs and G3PDH were o ) . @
used as (otal RNA or protein loading control, G3PDH  meives Seoen suoses st &
<
-4

Relative mRNA and protein levels obtained
from 3 independent experiments are shown in
bar graphs. For mRNA levels (top), *P < 0,01
vs. control and §P < 0.01; for protein levels
(botiom), *P < 0.05 vs. control and §2 < B
0.05, n.s., Not significant. B: PYC suppresses
OA-induced lipid droplet formation. Oil-red
O staining of the cells is shown. Cells were
preincubated with DMSO (vehicle) or 50
pg/ml PYC for | h, and then 200 pM OA or
vehicle was added and incubated for 96 h. a
and ¢: Without OA stimulation: b and d: with
OA stimulation. CON. control.

CON (x 20)

PYC

staining (Fig. 6B, a vs. b), Consistent with the effect on ADRP
expression, OA-induced lipid droplet formation was remark-
ably inhibited in the presence of 50 pg/m! PYC with no
apparent change. in cell viability (Fig.: 6B, b vs. d). The
suppressive-effect of PYC on OA-induced ADRP expression
was likely to be specific, because the antioxidants, curcumin
and astaxanthin (253, 27), failed to antagonize the OA effect on
mRNA expression (Fig. 7). .
PYC suppresses ADRP expression by fucilitating the mRNA
degradation. Previously, we demonstrated that PYC sup-
presses the enhancer activity of AP-1 and nuclear factor (NF)-
kB, thereby leading to the suppression of LPS-induced ADRP
expression in RAW264.7 cells (23). Specifically, LPS-stimu-

(x 20)

oa
PYC (pg/mi)

0A (% 20)

PYC+OA (x 20)

lated activity of the —2,090-bp promoter was suppressed by
PYC in RAW264.7 cells (23). Because of the importance of
AP-1 function in OA-induced activation, we investigated the
effect of PYC on the ADRP promoter and found that OA-
stimulated activity of the —2,090-bp, promoter was not sup-
pressed at all in NMuLi cells (Fig. 84). In addition, OA-
induced enhancement of AP-1 binding to the Ets/AP-1 element
was not inhibited by PYC (Fig. 8B).

To clarify the mechanism by which PYC suppresses the
OA-induced ADRP mRNA expression, we presumed that a
posttranscriptional mechanism, such as mRNA degradation,
might be involved. Therefore, we tested whether PYC might
shorten the half-life of ADRP mRNA. NMuLi cells were
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cultured in the presence or absence of 50 pg/ml PYC for | h
and then incubated with OA in the presence of 5 pg/ml
actinomycin D. Here we added OA in the medium since OA
itself might affect the mRNA stability. The ADRP mRNA
level was measured up to 12 h after stimulation. When PYC
was present in the medium, a faster decrease in ADRP mRNA
levels was observed when compared with the absence of PYC
(Fig. 8C). GAPDH mRNA as a control was not affected by
PYC (data not shown). These results were confirmed by
quantitative PCR (Fig. 8D). The estimated half-life of the
ADRP mRNA was ~6 h in the presence of PYCand 1! h in
the absence of PYC.

All of these results indicate that PYC suppresses OA-
induced ADRP expression and lipid droplet formation in
NMulLi cells. The mechanism involved is, in part, facilitation
of ADRP mRNA degradation. The precise molecular mecha-
nism of mRNA degradation still remains to be elucidated.

DISCUSSION

ADRP is a ubiquitously and constitutively expressed protein
(9) that is rapidly degraded via the proteasome in the absence
of lipids (39, 62, 63). A number of studies demonstrated high
expression levels of ADRP in various pathological conditions
in humans and animal models, including steatohepatitis or fatty
liver (43), atherosclerosis (36), and diabetic nephropathy (40).
Although it has been shown that several pathological or phar-
macological stimuli enhance ADRP expression, the precise
molecular mechanism regulating the expression is not fully
elucidated. In previous studies, we and others demonstrated
that an inflammatory signal, such as PMA or LPS, stimulates
ADRP expression in macrophages (14, 23, 62), hepatocytes
(46), and keratinocytes (15). We identified the Ets/AP-1 com-
posite element in the mouse ADRP promoter and proved that
it mediates, in part, the action of PMA or LPS, which enhances
ADRP expression in RAW264.7 cells (23, 62).
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Fig. 7. Antioxidant substances do not necessar-
ily suppress OA-induced ADRP expression. Cur-
cumin {Cur) (4) and astaxanthin (AX) (B), well-
known dietary supplements having an antioxi-
dant effect, did not atfect OA-induced ADRP
expression. Ribosomal RNAs were used as a
total RNA loading control. Representative data
and the mRNA levels evaluated by real-time
PCR from 3 independent experiments (bar
graphs) are shown. *P < .01 vs. control.
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Another important regulatory mechanism of the ADRP gene
is a PPAR-mediated pathway that plays a central role in lipid
homeostasis in various tissues. A number of reports demon-
strated that specific ligands for PPAR« (16, 18), PPARy (7, 24,
52), and PPARS (13, 49, 53, 61) upregulate the expression of
ADRP, and functional PPRE was identified in human and
mouse ADRP genes (13, 57, 62). In addition to specific PPAR
ligands, it was shown that long-chain fatty acids stimulated
ADRP expression in various cells (21, 58, 62). Because long-
chain fatty acids act as ligands for all PPAR subtypes (19, 34),
it is understandable that the effects of fatty acids are mediated
through PPAR activation. Specifically, it was shown that the
activity of ADRP promoters of human (57) and mouse (13)
origin, both of which encompass the PPRE, is stimujated by
OA and lipoprotein lipase-hydrolyzed very low-density H-
poprotein, respectively. Here, we have demonstrated that OA
and specific ligands for PPAR~y and -8 enhanced ADRP ex-
pression and ADRP promoter activity in NMuLi hepatic non-
parenchymal cells, which express PPARy and PPARS but
not PPARa. Under the coexpression of PPARa, however, a
PPAR« ligand stimulated ADRP promoter activity in this cell
line. Furthermore, all of these specific ligands and OA failed to
stimulate activity of the promoter containing a PPRE mutation.
These findings confirm an indispensable role of PPARs and
PPRE in the regulation of ADRP gene.

We found, however, an important difference between effects
of OA and specific PPAR ligands on ADRP promoter activity.
Specific PPAR ligands stimulated the promoter activity con-
taining an AP-1 mutation with an intact PPRE (Amut), whereas
OA did not. This finding was preliminarily implicated in our
previous report (62). In the process of characterizing the
Ets/AP-1 clement of the mouse ADRP promoter in RAW264.7
cells, we found that the synergistic effect of OA and PMA was
abolished when the Ets/AP-1 site was mutated, even though the
promoter contained an intact PPRE. As shown by EMSA, the
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Ets/AP-1 site was recognized only by the AP-1 family of
transcription factors but not the Ets family proteins such as
PU.1 in NMulLi cells. Therefore, it seems reasonable that only
the AP-1 mutation abolished the OA-induced activation of the
promoter. DNA binding of AP-1 was enhanced by OA but not
by specific PPAR ligands and caproic acid. It was shown that
long-chain fatty acids, but not short-chain fatty acids, activate
membrane receptors such as GPR40 and GPR120 (11, 28, 32).
Recently, it has been reported that OA induces AP-1-DNA
binding activity through Src Kinase-dependent extracellular
signal-regulated kinase (ERK) 1/2 activation in breasl cancer
cells (54). It could be surmised that this kind of membrane
receptor-mediated mechanism might also be responsible for the
ADRP gene regulation by OA, since our preliminary experi-

2h 4h 6h 8h 10h 12h
Time

ments showed that a Src kinase inhibitor suppressed ADRP
mRNA expression (data not shown).

Thus, we have shown here that functional AP-1 activity is
indispensable for PPAR-mediated ADRP expression by OA
but not by specific PPAR ligands. Although responsiveness of
the human or mouse ADRP gene to fatty acids was demon-
strated in previous reports (13, 57), the Ets/AP-1 site was
involved in the promoter region but not modified in their
experiments:. As we proposed (62), the Ets/AP-1 element and
PPRE may form a functional complex as a lipid sensor in the
ADRP promoter. We surmise that possible factors connecting
these two elements might involve the transcriptional coactiva-
tor. CBP/p300. CBP/p300 was shown to be indispensable for
PPARvy-mediated adipocyte differentiation (56). OA, which
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stimulates AP-1 activity, could efficiently recruit CBP/p300 (3,
5), and induce interaction with PPARy-interacting protein
(PRIP) or PRIP-interacting protein with methyltransferase do-
main (41, 50), in turn, enhancing to PPAR-mediated actions.
This possibility is currently under investigation. ’

PYC is a natural extract from French maritime pine bark
'and widely used as a dietary supplement or a herbal drug.
The main constituents are monomeric phenolic compounds
(catechin, epicatechin, and taxifolin) and condensed fla-
vonoids (procyanidines and proanthocyanidines) (47). We
showed here that PYC suppressed OA-induced ADRP expres-
sion in parallel with lipid droplet formation in NMuLi cells. In
our previous report, we demonstrated that PYC suppressed
enhancer activity of AP-1 and NF-«B, thereby suppressing
ADRP expression in RAW264.7 cells by directly acting on its
promoter and via the inhibition of inflammatory cytokine
production (23). Considering the functional importance of
AP-1 in mediating the OA effect, we had presumed that PYC
would suppress the —2,090-bp ADRP promoter activity, which
was significantly suppressed by PYC in RAW264.7 cells.
Contrary to our expectation, PYC did not suppress ADRP
promoter activity at all. Instead, we found that PYC shortened
the half-life of ADRP mRNA. Although dominant biological
effects of PYC have been attributed to its antioxidant property
(20, 47), it seems that the effect on the ADRP expression could
not be necessarily ascribed to it. In this study and our previous
report (23), we demonstrated that DNA binding of AP-1 or
NF-kB, typical redox-sensitive transcription factors, was not
inhibited by PYC. In addition, curcumin or astaxanthin, which
are well-known antioxidant substances (25, 27), failed to an-
tagonize the OA-induced increase of ADRP mRNA. One of the
major posttranscriptional regulatory mechanisms of gene ex-
pression is degradation of mRNAs (17). Many kinds of stabi-
lizing or destabilizing factors, which bind to AU-rich stretches
of 3'-untranslated region (UTR) of mRNAs, have been iden-
tified (6). Berberine, a well-accepted herbal medicine in China,
modulates mRNA ‘stability. It activates the mitogen/
extracellular-regulated kinase !-ERK pathway and stabilizes
low-density lipoprotein (LDL) receptor mRNA, resulting in a
serumn LDL-cholesterol lowering effect (1, 35). Although the
presence of AU-rich stretches in 3’-UTR in ADRP mRNA are
yet to be identified, it is possible that PYC antagonizes the
effect of OA through modification of stabilizing or destabiliz-
ing factors that regulate the ADRP mRNA stability.

In conclusion, we have demonstrated here, using the NMuLi
mouse hepatic nonparenchymal cell line, that the OA-induced
ADRP expression requires not only a PPRE but also an AP-1
site on its promoter, and this mechanism is distinct from that of
specific PPAR ligands. In addition, we demonstrated that PYC
suppressed ADRP expression and lipid accumulation by facil-
itating ADRP mRNA: degradation. This study is the first to
report showing the efficient effect of PYC on intracellular lipid
accumulation. PYC, a widely used dietary supplement, could
be a unique tool for the prevention or therapy of excessive lipid
accumulation such as fatty liver disease.

ACKNOWLEDGMENTS

We thank Yoshiaki Komalsu, Diagnostic Laboyatories, Kyushu University
Hospital at Beppu, Japau, for excellent technical support.

Ei21]
GRANTS

This work was in part supporied by a Grant-in-Aid for Scientific Research,
Japan Society for the Promolion of Science.

REFERENCES

1. Abidi P, Zhou Y, Jiang JD, Liu J. Extracellular signal-regulated kinase-
dependent stabilization of hepatic low-density lipoprotein receptor mRNA
by herbal medicine berberine. Arrerivscler Thromb Vasc Biol 25: 2170
2176, 2005.

. Anderson N, Borlak J. Molecular mechanisms and therapeutic targets in
steatosis and steatohepatitis. Pharmiacol Rev 60: 311-357, 2008.

3. Arias J, Alberts AS, Brindle P, Claret ¥X, Smeal T, Karin M,
Feramisco J, Montminy M. Activation of cAMP and mitogen responsive
genes relies on a common nuclear factor, Nature 370: 226229, 1994,

4. Atshaves BP, Storey SM, McIntosh AL, Petrescu AD, Lyuksyutova
O], Greenberg AS, Schroeder F. Sterol carrier protein-2 expression
modulates protein and lipid composition of lipid droplet. J Biol Chem 276:
25324-25335, 2001,

5. Bannister AJ, Kouzarides T. CBP-induced stimulation of c-Fos activity

is abrogated by EIA. EMBO J 14: 4758-4762, 1995.

Bevilacqua A, Ceriani MC, Capaccioli S, Nicolin A. Post-transcriptional

regulation of gene expression by degradation of messenger RNAs. J Cell

Physiol 195: 356-372, 2003.

7. Bildirici I, Roh CR, Schaiff T, Lewkowski BM, Nelson DM, Sadovsky
Y. The lipid droplet-associated protein adipophilin is expressed in hwinan
trophoblasts and is regulated by peroxisome proliferator-activated recep-
tor-vy/retinoid X receptor. J Clin Endocrinol Metab 88: 6056-6062, 2003,

8. Brasaemle DL. The perilipin family of structural lipid droplet proteins:
stabilization of lipid droplets and control of lipolysis. J Lipid Res 48:
2547-2559, 2007,

9. Brasaemle DL, Barber T, Wolins NE, Serrero G, Blanchette-Mackie
EJ, Londos C. Adipose differentiation-related protein is an ubiquitously
expressed lipid storage droplet-associated protein. J Lipid Res 38: 2249~
2263, 1997.

10. Brasaemie DL, Dolios G, Shapiro L, Wang R. Proteomic analysis of
proteins associated with lipid droplets of basal and lipolytically stimulated
3T3-L1 adipocytes. J Biol Chem 279: 46835-46842, 2004.

{1, Briscoe CP, Tadayyon M, Andrews JL, Benson WG, Chambers JK,
Eilert MM, Ellis C, Elhourbagy NA, Goetz AS, Minnick DT, Murdock
PR, Sauls HR Jr, Shabon U, Spinage LD, Strum JC, Szekeres PG, Tan
KB, Way JM, Iguar DM, Wilson S, Muir AL The orphan G protein-
coupled receptor GPR40 is activated by medium and lonig chain fatty
acids: J Bial Chem 278: 1130311311, 2003.

12. Chang BH, Li L, Paul A, Taniguchi S, Nannegari V, Heird WC, Chan
L. Protection against fatty liver but normal adipogenesis in mice lacking
adipose differentiation-related protein. Mol Cell Biol 26: 1063-1076,
2006.

13. Chawla A, Lee CH, Barak Y, He W, Rosenfeld J, Liao D, Han J, Kang
H, Evans RM. PPARS is a very low-density lipoprotein sensor in
macrophages. Proc Narl Acad Sci USA 100: 1268-1273, 2003,

14, Chen JS; Greeberg AS, Tseng YZI Wang SM. Possible involvement of
protein kinase C in the induction of adipose differentiation-related protein
by sterol ester in RAW264.7 macrophages J Celi Biochem 83: 187-199,
2001.

15. Corsini E, Viviani B, Zancanella O, Lucchi L, Visicli F, Serrere G,
Bartesaghi S, Galli CL, Marinovich M. Induction of adipose differen-
tiation refated protein and neutral lipid droplet accumulation in keratino-
cytes by skin irritants. J Invesr Dermatol 121: 337-344, 2003.

16. Dalen KT, Ulven SM, Arntsen BM, Solaas K, Nebb HI. PPARalpha
activators and fasting indice the expression of adipose differentiation-
related protein in liver, J Lipid Res 47: 931-943, 2006.

17. Day DA, Tuite MF. Post-transcriptional gene regulatory mechanisms in
eukaryotes: an overview. Journal of Endocrinology 157: 361371, 1998,

I8 Edvardsson U, Ljungberg A, Linden D, Willlam-Olsson L, Peilot-
Sjogren H, Alhnmark A, Oscarsson J." PPARo activation increases
triglyceride mass and adipose differentiation-related protein in hepato-
cytes. J Lipid Res 47: 329-340, 2006.

19. Forman BM, Chen J, Evans RM: Hypolipidemic drugs. polyunsaturated
fatty acids, and eicosanoids are ligands for peroxisome protiferator-
activated receptors alpha and delta. Proc Natl Acad Sci USA 94: 4312
4317, 1997.

20. Gandin V, Nystrom C, Rundlof AK, Jonsson-Videsater K, Schonlau
F, Horkko J, Bjornstedt M, Fernandes AP. Effects of the antioxidant

[ ]

6.

&

AJP-Endocrinol Metab + VOL 297 « JULY 2009 « www.ajpendo.org

0102 ‘01 yose uo BiorABojoisAyd-opusdfe woy papeojumog




E122

36.

37.
38.

40,

Pycnogenol on cellular redox systems in U285 human lung carcinoma
cells. FEBS J 276: 532-540, 2009.

. Gao J, Hong YE, Serrero G. Stimulation of adipose differentiation

related protein (ADRP) expression in adipocyte precursors by long-chain
fatty acide. J Cell Physiol 182: 297302, 2000.

. Gao J, Serrers G. Adipose differentiation related protein (ADRP) ex-

pressed in transfected COS-7 cells selectively stimulates long chain fatty
acid uptake. J Biol Chem 274: 16825-16830, 1999.

. Gu JQ, Ikuyama S, Wei P, Fan B, Oyama J, Inoguchi T, Nishimura

J. Pycnogenol, an extract from French maritime pine, suppresses Toll-like
receptor-4 mediated expression of adipose differentiation-related protein
in macrophages. Am J Physiol Endocrinol Metab 295: E1390-E1400,
2008.

. Gupta RA, Brockman JA, Sarraf P, Willson TM, BuBois RN. Target

genes of peroxisome proliferator-activated receptor vy in colorectal cancer
cells. J Biol Chem 276: 29681-29687, 2001,

. Hatcher H, Planalp R, Cho J, Torti FM, Torti SV. Curcumin: from

ancient medicine to current clinical tials. Cefl Mol Life Sci 65: 1631~
1652, 2008.

. Heid HW, Moll R, Schwetlick 1, Rackwitz HR, Keenan TW. Adipophi-

lin is a specific marker of lipid accumulation in diverse cell types and
diseases. Cell Tissue Res 294: 309321, 1998,

. Higuera-ciapara L, Félix-valenzuela Goycoolea FM. Astaxanthin: a

review of its chemistry and applications. Food Sci Nutr 46: 185-196,
2006.

. Hirasawa A, Tsuyama K, Awaji T, Katsuma S, Adachi T, Yamada M,

Sugimete Y, Miyazaki 8, Tsujimoto G. Free faity acids regulate gut
incretin glucagon-like peptide-1 secretion through GPR120. Nar Med {1:
90-94, 2005.

. Ikuyama S, Shimura H, Hoeffler JP, Kohn LD. Role of the cyclic

adenosine 3',5' monophosphate response element in efficient expression
of the rat thyrotropin receptor promoter. Mol Endocrinol 6: 1701-1715,
1992,

Imai Y, Varela GM, Jackson MB, Graham MJ, Crooke RM, Ahima
RS. Reduction of hepatosteatosis and lipid levels by an adipose differen-
tiation-related protein antisense oligonucieotide. Gastroenterology 132:
19471954, 2007.

. Imamura M, Inoguchi T, Ikuyama S, Taniguchi S, Kobayashi K,

1

Nakashima N, Nawata H. ADRP stimul lipid ac ion and lipid
droplet formation in murine fibroblasts. Am J Physiol Endocrinol Metab
283: E775-E783, 2002.

. Itoh Y, Kawamata Y, Harada M, Kobayashi M, Fujii R, Fukusumi S,

Ogi K, Hosoya M, Tanaka Y, Uejima H, Tanaka H, Maruyama M,
Satoh R, Okubo S, Kizawa H, Komatsu H, Matsumura F, Noguchi Y,
Shinohara T, Hinuma 8, Fujisawa Y, Fujino M, Free fatty acids
regulate insulin secretion from pancreatic beta cells through GPR40.
Natre 422: 173-176, 2003,

. Jiang HP, Serrero G. Isolation and characterization of a full-length

¢DNA coding for an adipose differentiation-related protein. Proc Natl
Acad Sei USA 89: 78567860, 1992

. Kliewer SA, Sundseth SS, Jones SA, Brown PJ, Wisely GB, Koble CS,

Devchand P, Wahli W, Willson TM, Lenhard JM, Lelunann JM, Fatty
acids and eicosanoids regulate gene expression through direct interactions
with peroxisome proliferator-activated receptors a and . Proc Natl Acad
Seci USA 94: 4318-4323, 1997,

. Kong W, Wei J, Abidi P, Lin M, Inaba S, Li C, Wang Y, Wang Z, Si

S, Pan H, Wang S, Wu J, Wang Y, Li Z, Liu J, Jiang JD. Berberine is
a novel cholesterol-Towering drug working through a unique mechanism
distinet from statins. Nar Med 10: 13441351, 2004

Krita N, Isoviita PM, Saksi J, [jas P, Pitkaniemi J, Sonninen R, Soinne
L, Saimanen E, Salonen O, Kovanen PT, Kaste M, Lindsbherg PJ.
Adipophilin expression is increased in symptomatic carotid atherosclerois.
Stroke 38: 1791-1798, 2007,

Londos C, Sztalryd C, Tansey JT, Kimmel AR. Role of PAT proteins
in lipid metabolism. Biochimie 87: 45-49, 2005.

Magun R, Burgering BMT, Coffer PJ. Expression of a constitutively
activated form of protein kinase B (c-Akt) in 3T3-LI preadipose celis
causes spontaneous differentiation. Endocrinology 137: 3590-3593, 1996.

. Masuda Y, Itabe H, Odaki M, Hama K, Fujimoto Y., Mori M, Sasabe

N, Aoki J, Arai H, Takano T, ADRP/adipophilin is degraded through the
proteasome-dependent pathway during regression of lipid-storing cells. J
Lipid Res 47: §7-98, 2006.

Mishra R, Emancipater SN, Miller C, Kern T, Simonson MS. Adipose
ditferentiation-related protein and regulator of lipid homeostasis identified

PYCNOGENOL INHIBITS OLEATE-INDUCED ADRP EXPRESSION
41,

42,

43,

44,

46,

47.
48.

49.
50.

IR

53.

59.

by gene expression profiling in the murine dh/db diabetic kidney. Am J
Physiol Renal Physiol 286: F913-F921, 2004,

Misra P, Qi C, Yu §, Shah SH, Cac WQ, Rao MS, Thimmapaya B,
Zhu Y, Reddy JK. Tnteraction of PIMT with transcriptional coactivator
CBP, p300. and PBP differential role in transcriptional regulation. J Biol
Chem 277: 20011-20019, 2002.

Moffat GJ, Vik DP, Noack D, Tack BF. Complete structure of the
murine C4b-binding protein gene and regulation of its expression by
dexamethasone. J Biol Chem 267: 2040020406, 1992,

Motomura W, Inoue M, Ohtake T, Takahashi N, Nagamine M, Tanno
S, Kohgo Y, Okumura T. Up-regulation of ADRP in fatty liver in human
and liver steatosis in mice fed with high fat diet. Biochem Bioplivs Res
Conurmune 340: 11111118, 2006.

Murphy DJ. The biogenesis and function of lipid bodies in animals,
plants and microorganisms. Prog Lipid Res 40: 325438, 2001.

. Namatame I, Tomoda H, Arai H, Inoue K, Omura S, Complete

inhibition of mouse macrophage-derived foam cell formation by triacsin
C. J Biochem 125: 319-327, 1999.

Ohira M, Motomura W, Fukuda M, Yoshizaki T, Takahashi N, Tanno
S, Wakamiya N, Kohgo Y, Kumei S, Okumura T, Lipopolysaccharide
induces adipose differentiation-related protein expression and lipid accu-
mulation in the liver through inhibition of fatty acid oxidation in mice. J
Gastroenterol 42: 969-978, 2007.

Packer L, Rimbach G, Virgili F. Antioxidant activity and biologic
properties of a procyanidin-rich extract from pine (Pinus Maritima) bark,
Pycnogenol. Free Radic Biol Med 27: 704-724, 1999.

Paul A, Chang BHJ, Li L, Yechoor VK, Chan L. Deficiency of adipose
differentintion-related protein impairs foam cell formation and protects
against atherosclerosis. Circ Res 102: 1492-1501, 2008.

Piqueras L, Reynolds AR, Hodivala-Dilke KM, Alfranca A, Redondo
JM, Hatae T, Tanabe T, Warner TD, Bishop-Bailey D. Activation of
PPARPB/S induces endothelial cell proliferation and angiogenesis. Arterio-
scler Thromb Vasc Biol 27: 63-69, 2007.

Qi C, Surapureddi S, Zhu YJ, Yu S, Kashireddy P, Rae MS, Reddy
JK. Transcriptional coaclivator PRIP, the peroxisome proliferator-acti-
vated receptor v (PPARvy)-interacting protein, is required for PPARy-
mediated adipogenesis. J Biol Chem 278: 25281-25284. 2003.
Sambrook J, Fristsch EF, Maniatis T. Analysis of RNA. Tn: Molecular
Cloning-A Laboratory Manual (2ud ed.). Cold Spring Harbor, NY: Cold
Spring Harbor Laboratory, 1989, p. 7.37-7.79.

. Schadinger SE, Bucher NL, Schreiber BM, Farmer SR, PPARgainma2

regulates lipogenesis and lipid accumulation in steatotic hepatocytes, Am J
Physiol Endocrinol Merab 288: E1195-E1205, 2005.

Schmuth M, Hagq CM, Cairns W], Holder JC, Dorsam 8, Chang S,
Lau P, Fowler AJ, Chuang G, Moser AH, Brown BE, Mao-Qiang M,
Uchida Y, Schoonjans K, Auwerx J, Chambon P, Willson TM, Elias
PM; Feingold KR. Peroxisome proliferator-activated receptor (PPAR)-
B/5 stimulates differentiation and lipid accumulation in keratinocyles.
J Invest Dermatol 122: 971-983, 2004.

. Soto-Guzman A, Robledo T, Lopez-Perez M, Salazar EP. Oleic acid

induces ERK1/2 activation and AP-1 binding activity through a mecha-
nism involving Src kinas and EGFR transactivation in breast cancer cells.
Mol Cell Endocrinol 294: 81-91, 2008.

. Suzuki K, Lavaron S, Mori A, Okajima F, Kimura 8, Katoh R,

Kawaoi A, Kolin LD. Thyroid transcription factor 1 is calciom modulated
and coordinately regulates genes involved in calcium homeostasis in C
cells. Mol Cell Biol 18: 7410-7422, 1998.

. Takahashi N; Kawada T, Yamamoto T, Goto T, Taimatsu A, Acki N,

Kawasaki H, Taira K, Yokeyama KK, Kamei Y, Fushiki T. Overex-
pression and ribozyme-mediated targeting of transcriptional coactivators
CREB-binding protein and p300 revealed their indispensable roles in
adipocyte differentiation through the regulation of peéroxisome prolifera-
tor-activated receptor . J Biol Cliem 277: 16906~16912, 2002.

. Targett-Adams P, McElwee MJ, Ehrenborg E, Gustafsson MC,

Palmer CN, McLauchlan J. A PPAR response element regulates tran-
scription of the gene for human adipose differentiation-related protein.
Biochem Biophys Acta 1728: 95-104, 2005,

. Tobin KAR, Harsem NK, Dalen KT, Staff AC, Nebb HI, Duttaroy

AK. Regulation of ADRP expression by long-chain polyunsaturated fatty
acids in BeWo cells, a human placental choriacarcinoma cell fine. J Lipid
Res 47: 815-823, 2006.

Van Herpen NA, Schrauwen-Hinderling VB. Lipid accumulation in
non-adipose tissue and lipotoxicity. Physiol Behav 94: 231-241, 2008,

AJP-Endocrinol Metab « VOL 297 » JULY 2009 « wwiv.ajpendo.org

0102 ‘01 uotep uo Bio ABojoisAyd-opuad(e wiol} papecjumog




(=)

0

PYCNOGENOL. INHIBITS OLEATE-INDUCED ADRP EXPRESSION

. Varela GM, Antwi DA, Dhir R, Yin X, Singhal NS, Graham M],
Crooke RM, Ahima RS, Inhibition of -ADRP prevents diet-induced
insulin resistance. Am J Physiol Gastrointest Liver Physiol 295: G621—
G628, 2008.

. Vosper H, Patel L, Graham TL, Khoudoli GA, Hill A, Macphee CH,
Pinto I, Smith SA, Suckling KE, Wolf R, Palier CAN. The peroxisome
proliferator-activated receptor 8 promotes lipid accumulation in human
macrophages. J Biol Chem 276: 44258 —44265, 2001.

. Wei P, Taniguchi 8, Sakai Y, Imasuura M, Inoguchi T, Nawata H,
Oda S, Nakabeppu Y, Nishimura J, Jkuyama S, Expression of adipose

63.

64.

AJP-Endocrinol Metab « VOL 297 «JULY 2009 » www _ajpendo.org

E123

differentiation-related protein is conjointly regulated by PU.1 and AP-1 in
macrophages. J Biochem 138: 399-412, 2005.

Xu G, Sztalryd C, Lu X, Tansey JT, Gan J, Dorward H, Kimmel AR,
Londos C. Post-translational regulation of adipose differentiation-related
protein by the ubiquitin/proteasome pathway. J Biol Chem 280: 4284]1-
42847, 2005.

Xu HE, Lambert MH, Montana VG, Parks DJ, Blanchard SG, Brown
PJ, Sternbach DD, Lehmann JM, Wisely GB, Willson TM, Kliewer
SA, Milburn MYV. Molecular recognition of fatty acids by preoxisome
proliferator-activated receptors. Mol Cell 3: 397-403, 1999.

0L0Z ‘01 Uosew uo Bio ABojoisAyd-opuad(e woi papeojumo(




ISSN 1346-8375

A
=~

i

I =R

i

fmse

MEDICALVIEWV




44

ABI HE
A SRR

~ UM ERRRE Lz L D ~

HIERRE UNAS A IRE S RREAPS)

HOSRE TTREE BRTE MECRET B — BRR T RHE BRFE /LNm/

sR—

L1
B =

BRFERBIBVWTRHEBIREE (PAD) OFR
BEBVIEFMORTWAED, BETIE PAD B4
MERBOFHARFLARLIELRENTVES, T
7zv PAD O AHBEEIOWTIE, BRI LY 77 AT
BHARPBALLLLTEREFMENEBE SR TY
BN bAEICBAERREED PAD ERELH
F L KBERRTRIZS v, 1983 EDOHE TR
HERABERBBECBI S PAD HHRIZ 19% L&
BThHolob, BRI THREROMS & BRETS
EOHEERIC L o TPAD OB 21T O —42H
TH o720 HHETH ankle-brachial index (ABI) #
Bz PAD DA 2 ) —= ¥ 7 AT L. ABL H8)
WEEBILRL T3,

B 8

BARANERFEE 3906 AXBIT5 PAD OEKR
LEREFICOWT, ABLZHWTHRIT L,

) T - R
o

IMERBEHELEHGEINR T EERKBES
3906 A (EH4ERE 60.8 5. 65 U EOBE#RIEE 1612
ANe&d) #3HE Lz, form PWV/ABI (41
A=) R PBWTABIRHIEL. EAEY
139 @ ABI A% 09 KRB DEH% PAD L BH Lo
REFIERFENE. SRR EMERERE
NBW L. EBRERITSRES: L oFENREE:
B IES, RIERBIEET R+ mEK
HWELERL o BIEIGESEME > 140mmHg,
ERAMIE > 90mmHe, RERFERIRIVAFI—
V>220mg/dL. H¥ENETE > 150mg/dL, - eh

FhoOBEBRETER L. BEHEOBRERLE
FL7z. MEBEOLBICIE Yate HIE y “FBELH
Wi, ¥, BYZXF 4 9 ZEBEFAERVTE
fEREF (HbAlc. ¥5I. BMI. BUE, £#, SHE.
BEREE, THRES, BOEEE. BERHHE
BE, BRRREEE BRBEE & PAD L OHHE
ERE L7,

& R

RTICERERRSHER L. £RBERED PAD
(ABI<09) HREIL7.6% Th oo PAD HHHEIZ
BorhEEELL (BHT73% KHSI%). 655
U EoE#sE (127%) TE.65BRBOBE (40%)
LHRTHEBIED - 2. REBIROBRILSEDNL
% ABI 14 BLEOBERER b £8ED 06% FFHEL
=7, 4H ABIEME (09 ki) MBI -EHD
3B WERICT TICPAD LB S h T84 (B
DWE) 13244% LB IED 50 TR, B
RELZHOLTHREREZ R TV BE0E4 (K
BEE) b 451% & 5ERWICEL LE o720 ABIRE
BRAORE TR, BBWE, BHRERIEEMNIY
BRBEMCRD o720 BEEBIENELA
5 ABI 04 REEDEFICBNTHESH=IZ S &, B
WRFEIH6FCE LT oT v, 72, R2IRT
EBY, BIVRFA v ZAREFNVERBVESER
BT, £ BILE. BEHRER. BIUER
RE PAD iRV AR & iz,

Z R

SHRENAFRANERFAE B S PAD &%
L, 1983 FE0HE 19%) LHLTEETH-7,
ZOMBOREREZ, —2IEEICBTLEEAAOEY




BOBCSLEHEBORI L EDTA TR I NVER
MLT%E%E%@PAD%E%%@%@ﬁ%MLT
VAHMRBMENELORL, $23) -2}, 20
0FHTOPAD B AEOREENSITONE, F
BROBHEECTITDOREREC I NEERA—BE
RO PADHHEIL27% T, AFETOERRAES
IZBIT5 PAD EHRBR—BEROY 3IBLE LD, =
DE)IBERFBBRIIBITS ABI 2 H WA Y —
SV RFECHRATHDEEZ OND M, RPFE
TRENLEBHEOE S P66, wEHIC ABL XK
ROBFCTHACBEAER TR VI EESAR 5,
PAD BEDEREFICHL Tk, B3 sk
EDLPADREDY AL BEEWIFEDL 53 5,
FHAEZR LD E LWL O OMETHBERER
BIBTHPAD OEBRRICHLALUERTDON
T, iz, BEIXPAD 34t 7 50— ANE)
RBARBORDBAEREFO1oTH 2 &

ERPRBAIS

WRTIIREE L PAD CHB 2D h o7 S
OBYEIE D E FH DRI DBRIE D A CBE O BLTRE %
FATORPollzd b EX 532, bBEICS
JRRERDETIEE LTV 2L BERT
&7\, HbAlc LIRERE%ED PAD L HE LM
BithZ RS Gdr oz, WIHRAEDOBERE b2 255
TRV PDBHO HbAlc EREE ST T 7 4 V2
HREMOREI Y bo—-VERBShhwin L #
zbhiz,

e

aff

BAABRBEEICBT 2 PAD ARERBV—F
T, HPWERGERCL EF o), REoRE
PELRENTWBEE L BNA, ABIIZL S PAD
DEYIZU - BEIBED. BRBBZICBT 5 QOL

BV REREN ®

EFROUBCKESHFELIBEELONE,

ABI
B 80.8+11.9 71.8+54
BMI (kg/m?) 24.6%4.1 23.9+35
W2 (%) 900(23.0) 240(14.9)
HbA1c (%) 7821 7.7+1.9
B (%) 2,013(51.5) 989(61.4)
I RSE (%) 1,832(46.9) 797(49.4)
EEIIREE (%) 581(14.9) 377(23.4)
i (%) 351(9.0) 214(13.3)
WRFERE (%) 1,029(26.4) 524(32.6)
BIRFRIESE (%) 1,079(27.6) 510(31.6)
EER (%) 572/3,003(19.1) 269/1,176(22.9)

OB HEEES, XIS (%) .

PADDBRETF (OYRT« v IERSH)

R L CERER ) e =
£ (OEMBICO%) 151(1.81-1.74) <0.0001
431/ 1.00(0.75-1.34) 0.8934
BMI (Tke/m2ipRic D) 1.00(0.96-1.03) 0.809
B (%) 1.04(0.73-1.50) 0.8259
HbATc (19811 D) 0.99(0.92-1.06) 0.6626
Rl 1.50(1.10-2.03) 0.0097
TS 0.97(0.73-1.29) 0.8369
EEREER 2.41(1.78-3.26) <0.0007
s 1.37(0,94-2.00) 0.0971
BERB SRS 1.85(1.89-2.47) <0.0001
WRFARBE 1.09(0.80-1.48) 0596
EER 2.31(1.69-3.18) <0.0001
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