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In the present study, we investigated the mechanism(s) of PPARy activation by
inhibiting cPLA, on macrophages, and the anti—atherosclerotic effect of cPLAZ inhibition
in macrophages and apoE-deficient mice. We revealed that cPLA, inhibition induced
cyclooxygenase—2 expression and subsequent 15d-PGJ, production, resulting PPARvy
activation in macrophages. Inhibition of c¢PLA2 suppressed LPS—induced TNF-« and MCP-1
expression, and induced ABCA1/Gl expression. Moreover, administration of cPLA, inhibitor,
AACOCF3 suppressed the progression of atherosclerosis in apoE—deficient mice. These
results suggest that cPLA2 inhibition has anti-atherosclerotic effects, and cPLA2 may
be one of the therapeutic targets for diabetic macrovascular complications.

AR TE HE
(SHEAL - 1)
LR e & it
2009 4E )& 1, 600, 000 480, 000 2, 080, 000
2010 4F )& 900, 000 270, 000 1, 170, 000
2011 AF ) 1, 100, 000 330, 000 1, 430, 000
AL
fERE
o Er 3, 600, 000 1, 080, 000 4, 680, 000

WFgesyr By« [E 3k
BFE OSE « fMH « NESRERRE S «
F—U— R =L X— « BEGHR BRI KA HE

1. WFEBES IO % HDQL OBBEZENIEELMETH D,
DRENZBW T, PR EE O IILRE phospholipase A, (PLA,) i35 HAGHIEA A RK

At mfETH Y | ZORIE - RO B 5T AETH LD, FOPLA, 7 7Y
\ZEED D HTHURIE DRI, R B —D—>TH 5 cytosolic PLA, (cPLA,) i%,



HRANOT 7% N oBARICE T 2 EEHE
¥ ThD, —H. BRLETZ—D15
T&® D peroxisome proliferator—activated
receptor—vy (PPARvy )%, NENGHIIRA LI &4
HADEFRFTHY | MDA 2V
Pa Tl S5 2 LD DERIFIRR D 4 —

Ty " FD—o bl s TIN5, & SITEIT.

Z O PPARy (XBUENIREE(L/E 2 Ff> 2 &2
in vitro, in vivo DR CIFBH I TV 5,
H G5 H 13T, cPLA, O E SRR I L
PPARy TEMEAL & L THOb kS 2 R4 %
Z &L EDIT cPLA, OFREAIB G 1X, @R
BN~ T ADMMHEREEZ S ET D L2 R
L7z, —J5. PPARy &ML ITHUENIREE/LAF
MELFH D52 LB, 2D cPLA, DAD
451 3 B PR 9 K i 48 A DFIE L2 ek L Bl 2h 2R
HoRTHRRMENE Z 6D,

2. WD HBY

AR TIX, v~/ 77y —IIcBiT D
cPLAJHEIZ L HPPAR vy IETEILBEFF DR & |
% OPPAR vy IEVEAL &4 U 7= B RAEA L il 1
HOF®EZBET DL &b, ZTOBFZR
(2 U 72 B PRI KIS & DFIE O BriTR 5 % fife
SNTAHZEEERAMET D,

3. WrFED ik
Mldiz~o A~27 v 77— B KBS

kT D RAW264. 7 HI K N~ 7 R iEE~

77y — (M) ZMH L7z, E£7- cPLA,

OFFEAE X, HERITH D AACOCF,,

cPLA2i O H-# L < 1% cPLA, siRNA % {5+

A LT 7,

(1) PPARy JEMEIZ PPARy DV v RiEEH
ALD CIHANZ Gald EEH ZfE & S/ A R
EEEB AT X — (pMX-PPARy ) & Gal4
D DNA #EiAEEEZF 0 ERICEE-S
luciferase reporter plasmid
(p4xUASg-tk-1luc) & RAW., (M¢)IZE/R
TN LS FERIEO%IZ luciferase 1%
PEDORE 21TV RE LT,

(2) M ESHIENREF &IV A7 v~ b
777 4 —ITRE LT,

(3) cyclooxygenase—2 (COX-2) @ B A= 1% .
Western blot JEICTHEI L7,

(4) #M RPN 15d-PGJ, & O E 1%,
Immunoassay 2 THFET L7,

(5) INF- o, MCP-1 PEA1X real-time RT-PCR
B &K B mRNA FEBL &N THRFET L 7=,

@ @ARBALE T L~ 7 2L LT
Apolipoprotein E K1E (apoE-K0) < 7 A
Z v, 8 WD = D~ 7 A2 AACOCF,
BHEZITV, D 8 HEDO~ T AD LT

Enzyme

1T RENRZELEL, 0i1-Red-0 Yeta Ty
RENREEL R OEREAZFMI L7, S5
W2, U AREINRIFEE 2 EE L, [ARE R
T OBk B R B AL 3o R E &
0il-Red-0 Y, CTRIZ L=, MMz T, £
X U 7= KEIRAE AR I % L, TNF- »  MCP-1,
ABCA1/Gl #¥l& % Real-time RT-PCR %
W CRRNT L7z, F7-. [FAI#HHRCTo PPAR y
EEEa~— y L _"— 2D ELISA ¥ v
MZTHIE L=,

4. WFIEEE:

<R 1S 526 L 7= WF 9T O Rl R >

cPLA, HilfHIlZ & 5 PPAR y JEMEALEEST 2 B & 7>

W23 5 HITUL FORERZ1G T,

(1) RAW264. 7 #a~0 AACOCF,, cPLA,i DR
I XY ZDOREKAFRIZ PPARy D
EHAERRD N (K 1,2), 72,
cPLA, siRNA (2 X 0 cPLA, EHL A PLE S
7= RAW264. 7T M2 T &, [RAERIZ PPARy @
EMAENERD bz (K3),

12t

® *:p<0.01 vs control

s 10 |

4 ! *

T

s 8 |

e ‘

& 4t * ’-L‘

~ 3

€ 2}

& [z o [

(RN B S I O I
AACOCF;

mm G 085 (1)
B1: RAW264. 743 (CH{FHAACOCF,

() (10) (20)

(CLBPPARYETHE
5 *
% *
& 4L ":p<0.01 vscontrol
= .
£ 3t
g *
> *
'.é 2}
€ 1
a
o
0
cPLAi
(M) (=) (0.01)(0.05)(0.1) (0.5) (1)
B42: RAW264. 748 (4515 cPLA2I

(C L BPPARYEHHE



http://www.pharm.or.jp/dictionary/wiki.cgi?%e8%bb%a2%e5%86%99
http://www.pharm.or.jp/dictionary/wiki.cgi?%e7%b3%96%e5%b0%bf%e7%97%85

T 12 ;

3 10 } "1 p<0.01 vs control

k=] .

g s}

z &f

= -

g 4

a0

siRNA control cPLA,

E13: RAW264. 703 (CH1FHPPARYSIRNA
(CLDPPARYENHE

(2) RAW264. 7 i~ AACOCF,. cPLA,i ¥R
WL BB (7 7% FUmgeE) o
PEAAR T K Y 15d-PGJ, DEEA: EH %38
o7,

(3) RAW264.7 #Hf~0> AACOCF, #AMZ X v
cyclooxygenase—2 (COX-2) D EEAHEMN
i,

(4) F£7- C0X-2 siRNA D (s - A RAW264. 7
Al AR C X AACOCF, FRINZ & 5 PPAR v i 1%
L DIHIE R A G DT,

UEDORERNS, ~ 7877 —=TI2BWT
cPLA, DFHLEDS PPARy OIEMAL 2 7HiE T2 =
L. FOMFE L LT COX-2 OFEAMINAZ T L
7= 15d-PGJ, DFEA LH-E 535 Z &R
% X7z,

< PRR224FE P2 T L 7= WFZE D il S >

SERR22AEFE I, cPLARIENC LB~ a7 7 —

BT DR LRSI ROV T, B

T ORERERFT,

(1) 20 uM@ AACOCF, ClHEFMIRTALE L7=rM ¢
TIE, 1 pg/mlOLPSHIBLIC X 5 TINF-a |
MCP-1DmRNAD FEA X, =22 b — L & b
BLTHEEICIHZZ -, SblcZZ
D cPLAFHEANC K 2 5 BLIHIzh F 1%,
PPARy siRNADE{&1-# AlZ K DPPARy
OPEAIHNC L 0 BB Lz,

(2) F7-. cPLA2 siRNADBEETFEAIZ LY
cPLA, DR AP E I H7-rM ¢ TliE, =2
2 —/LsiRNAZ B T EA L7zM e &
el LC, LPSIZ X ATNF- . MCP-17E/4E
DA BEICIES LTz,

(3) EH1TrM ¢ ~DAACOCE,DFM, & L< 1%
cPLA, siRNADEISFEA L7zrM o T,
ABCAL, ABCG10DPEAEREE /3mRNA L~ /L C
BOLNT-, 722 O%hEILPPAR -
sIRNADB R FEAIZ L V355 LT,

ULEOFER NS, ~7a 77 —JIl2B W\ T
cPLA, DAL, PPARy DIEMEALA A L CHEl
JUR AT {785 TR - oD B A 4 ) <2 Bk Y TR AL A
BB L, ZORME, PUBERMELIER 2 548
T2 A[REME DRI S T,

<R 234E I E it L 7o BFZE D Rk R >
SERR234EFE IR, cPLALHIENC X 2 EhRAE L it 2
I F-SU N TapoE KO~ 7 2 & H, LLFD
AR AT,

cross-sectional lesion
area of apoE KO mice

S

5 8- 4 p<0.01
g - %)

'QEG- v 9
= - et
T £

se 47 O y
£2 18

e v
o 2- H
: _

. 0

control AACOCF;

[¥4: AACOCF, 1 5 &2 $h i
TSI NEIRYES

(1) BRE(LEF L~ 2L L TR
apoEKO<= 7 RZxf L, L AT7Tma—/b
540 & R AACOCF, &5 mg/kg/ H D%
H&IZTRO% 57 58, AACOCF, % & 5-
L7aWEa L AT a— /LEBINO A ORE




D2ETH3 T, RO 5-BALESEEZ O Z 1L
D~ T A D KENRIFES O 2 £,
Z DOFREIZ011-Red- 0B 2T o 7= & =
% . AACOCF, 5% 5- 8% C I IR Eh IRAE AL B o
RO E2MENRBO 5z (K4),

(2) FRECL 7= REMIRAEARIC % L, PPAR vy J& M
FHRIE L7 E 2 A, ACOCF, B G-H#ECI
PPAR y {EVEDHE 2 LR Z28d -, &5
IZTNF- @ . MCP-1, ABCA13&E{ & A mRNAL
UL THEHRFT L 72 & 2 A, AACOCF  #% 5-
BETIZINF- o . MCP-1 mRNAZSERL DA 570
X F 7%, ABCAl mRNARELO G E7s FH-%
BT (X5),

1 T % : ££0.01
== 0.8}
‘:é--g 0.6
¥z *
2E o
0.2t T-
0 I
control AACOCF;
1 L * I ££0.01
;12 0.8}
%goﬁ-
Tz *
§ S 0.4}
0.2
0
6 control AACOCF,
- O] aBCA1 *
4 L
%E W oo *
g: 3T * o £0.01
S92
=&
.
0
control AACOCF;
Bg5 : AACOCF; 5k B TNF-o¢
MCP-13&3RHIS R &R U ABCAL/G1
FILHEHR

PLEDFEF D | AACOCF, $% 5-12 X 5 cPLA, DR
FiX, PPARy OIEMAL AT L CEIARAE LA
K PEA A B IR L 2358 L. £ 0
ik, PUENIREE(L AR A 3643 2 Wl REME A R
7,

TG R 21 AR, SRR 22 FREE, SRR 23
TR TG BT W22 DRI cPLA, 23 BE R
KIEE & L ToOERELIRH OFER) 55 1
T 5 & IIT cPLA, FHEAID Z OB FRIp A 1.
BIEIRFICAHIE TH D alfett 2 " LT
2o

5. ERRERLE
(RFFEAREESE . WFSE 03 M ONHLEERFZE 3 12
=Y

UEaEams) (B35 1)

1. Matsumura T, Taketa K, Shimoda S,
Araki E.
Thiazolidinedione—independent
activation of peroxisome
proliferator—activated receptor y is a
potential target for diabetic
macrovascular complications. J
Diabetes Invest. 3;11-23, 2012. e
2l

2. Kondo T, Sasaki K, Matsuyama R,
Morino—Koga S, Adachi H, Suico MA,
Kawashima J, Motoshima H, Furukawa N,
Kai H, Araki E. Hyperthermia With Mild
Electrical Stimulation Protects
Pancreatic [ -Cells From Cell
Stresses and Apoptosis. Diabetes
61:837-847, 2012. &t

3. Tsutsumi A, Motoshima H, Kondo T,
Kawasaki S, Matsumura T, Hanatani S,
Igata M, Ishii N, Kinoshita H,
Kawashima J, Taketa K, Furukawa N,
Tsuruzoe K, Nishikawa T, Araki E.
Caloric restriction decreases ER

stress in liver and adipose tissue in
ob/ob mice. Biochem Biophys Res Commun.
404:339-344, 2011. #HA

4. Matsumura T, Kinoshita H, Ishii N,
Fukuda K, Motoshima H, Senokuchi T,
Taketa K, Kawasaki S,
Nishimaki-Mogami T, Kawada T,
Nishikawa T, Araki E. Telmisartan
exerts anti-atherosclerotic effects
by activating PPARy in macrophages.
Arterioscler Thromb Vasc Biol.
31:1268-1275, 2011. #aih

5. Adachi H, Kondo T, Koh GY, Nagy A, Oike
Y, Araki E. Angptl4 deficiency
decreases serum triglyceride levels
in low—density lipoprotein receptor
knockout mice and
streptozotocin—induced diabetic mice
Biochem Biophys Res Commun.
409:177-180, 2011. #HA

6. Sopasakis VR, Liu P, Suzuki R, Kondo

T, Winnay J, Tran TT, Asano T, Smyth
G, Sajan MP, Farese RV, Kahn CR, Zhao
JJ. Unique Roles of the pll0a Isoform
of Phosphoinositide 3-kinase in



10.

11.

Hepatic Insulin Signaling and
Metabolic Regulation. Cell Metab.
11:220-230, 2010. H&FHAH

Ishii N, Matsumura T, Kinoshita H,
Fukuda K, Motoshima H, Senokuchi T,
Nakao S, Tsutsumi A, Kim-Mitsuyama S,
Kawada T, Takeya M, Miyamura N,
Nishikawa T, Araki E. Nifedipine
induces peroxisome
proliferator—activated
receptor—gamma activation in
macrophages and suppresses the
progression of atherosclerosis in
apolipoprotein E-deficient mice
Arterioscler Thromb Vasc Biol.
30:1598-1605, 2010. AFiA

Adachi H, Kondo T, Ogawa R, Sasaki K,
Morino—Koga S, Sakakida M, Kawashima
J, Motoshima H, Furukawa N, Tsuruzoe
K, Miyamura N, Kai H, Araki E. An
Acylic Polyisoprenoid Derivative,
Geranylgeranylacetone Protects
Against Visceral Adiposity and
Insulin Resistance in High Fat Fed
Mice. Am J Physiol Endocrinol Metab.
299:E764-E771, 2010. 2HiA
Yamashiro T, Nishikawa T, Isami S, Wei
CN, Fukumoto K, Matsuo H, Yoshinaga T,
Kukidome D, Motoshima H, Matsumura T,
Ueda A, Araki E. The effect of
group—based lifestyle interventions

on risk factors and insulin resistance
in subjects at risk for metabolic
syndrome: the Tabaruzaka Study 1.
Diabetes Obes Metab. 12:790-797, 2010
A

Fujisawa K, Nishikawa T, Kukidome D,
Imoto K, Yamashiro T, Motoshima H,
Matsumura T, Araki E. TZDs reduce
mitochondrial ROS production and
enhance mitochondrial biogenesis
Biochem Biophys Res Commun. 379:43-48
2009. #EFAT

Adachi H, Fujiwara Y, Kondo T,
Nishikawa T, Ogawa R, Matsumura T,
Ishii N, Nagai R, Miyata K, Tabata M,
Motoshima H, Furukawa N, Tsuruzoe K,
Kawashima J, Takeya M, Yamashita S,
Koh GY, Nagy A, Suda T, Oike Y, Araki
E Angptl 4 deficiency improves lipid
metabolism,
formation and protects against

suppresses foam cell

atherosclerosis. Biochem Biophys Res

12.

13.

14.

(=

1.

3

4.

Commun. 379:806-811, 2009. #L#cA
Ishii N, Matsumura T, Kinoshita H,
Motoshima H, Kojima K, Tsutsumi A,
Kawasaki S, Yano M, Senokuchi T, Asano
T, Nishikawa T, Araki E. Activation of
AMP-activated protein kinase
suppresses oxidized low—density
lipoprotein—induced macrophage
proliferation. J Biol Chem.
284:34561-34569, 2009. HFif

Kai H, Suico MA, Morino S, Kondo T, Oba
M, Noguchi M, Shuto T, Araki E A novel
combination of mild electrical
stimulation and hyperthermia: general
concepts and applications. Int J
Hyperthermia. 25:655-660, 2009. A&
H

Takaishi K, Miyoshi J, Matsumura T,
Honda R, Ohba T, Katabuchi H.
Hypertriglyceridemic acute
pancreatitis during pregnancy:
prevention with diet therapy and
omega—3 fatty acids in the following
pregnancy. Nutrition. 25:1094-1097
2009. #EFAT

2FEFR] (33 1F)

PRI 8 HE AR 35 1F D BT B
PPAR v IEMEALAR Fr & BhARnE (L F 4 i)
AR, 55 26 [B] H A PRI & DFE 723,
2011/10/14-2011/10/15, K&V = 7
VT4, SWVWTEE, VUARTVU LA
Matsumura T, Ishii N, Kinoshita H,
Fukuda K, Senokuchi T, Nishikawa T,
Araki E: Association of circulating
monocyte count with carotid
intima—medial thickness in Japanese
subjects with type 2 diabetes. Zf 43
[B] H AR REE LR 2,
2011/7/15-2011/7/16, wA bk FLIE,
FLIE

AR, PrEER, REEL, A
K, IBH IR, KTFHEZ, mH—E,
PR, AR —: 2 BB RIFICI T
LHRMEEIHEEROIEE . Lol
HHLERER DA FIME. 5 54 [B] B AKE IR
FAKE, 2011/5/19-2011/5/21, & -
EAEN b Of - £ ofth, FLIR
AEHEZ, GEEZ, RBEZ, HET
M, JTEEEEHL, WEEF], AR @
AKIRAT -, BIHET, JIEE =, ER
Waf, AIHR, THEdtb, &5,
KRIRR, WIEE, WAES, i




10.

e IfUKEFEE & L C o Rt A
VAV URRR -ATuA RICKHHE

REEAERETEX 500 ?2- 540
HABE IR P,
2011/5/19-2011/5/21, XS AEMT

{EDfE - Z DM, FLIR

AR, AR —: w7/ a7y —IIC
1T % Fr#l PPAR v {EPEALAE T D [RE &
PEIRIF R &S OHEMEI~DISH. 56
54 [a] H ABERIF Faiss, 2011/5/19-

2011/5/21, S-S EAEMUbLOSE - %
Offy, fLIR, AT DA

AT, AT, rHEER, A
K, KTz, mE—k, 7mRE,
TR 2 BUREPRIF 235 1T 2 AN . HL
BHcl INT JREJE & RS, 55 48 [A1H
ARBERIN P IUIN R 23,
2010/10/29-2010/10/30, BIffE—= >
7T, Koy

ARERZ, Gz, WEIIRE, TH
A, UTRREEML, (IEVEE], AAATEI
BRI, RAMREMN, miHET,
PrEEER, W E], IRHE —, 7=
Z, AHET, AKRERI, WIS,
KIRIRTE, EAMETE, BATEN, FA
K mEHImbE = e — L fREE L L
TOMmMPAEEA A Y U HKIK o Y
Ta=y NOAF M. 53[5 A AR
RS, 2010/5/27-2010/5/29, 7K
TN T T TR - = X
a vt H— - ZOfh, [l
Matsumura T, Ishii N, Kinoshita H,
Motoshima H, Murata Y, Tsuruzoe K,
Nishikawa T, Araki E: HMG—CoA
reductase inhibitors ameliorate
insulin resistance trough PPARYy
14th International
Congress of Endocrinology,
2010/3/26-2010/3/30, Kyoto
International conference center,

activation.

Kyoto, Japan, Poster
KARTE: 73 PPAR v 1EMALHEFF D[R E
&HEPRIA RIMAE & PHIEFEIE « HERINHIZ)
R OfEH. 55 AT 18] B APE R 52 Jup Hi
22, 2009/10/23-2009/10/24, VJ —7H
v A YR TANE, AETUN, Jui
NS E R
AEEz, WIIRE, GEEZ, W
IEw], BT, N, ERRT
AT, JIEE =, BEZ, REH,
TARII, JTRERE, ERMETE, ek
Ir, AR A R Y UZER
o Y72 =y hEITMEa Y ha—1

1.

2

L7200 2 52 & 52 [0 0 AN RIR
TSRS 2009/5/22-2009/5/23, KK

F M=,

EFR =i, KR

(X&) G2 )

AT FREE B X D APHETBE D

T B A, Visual FERIFEGIR D4~
T HERFAOHE ERIARA > hERA
NEBE GEARR —fmte B8 PEIRE
HHEEE) p251-256, HILIEE, H,

2011

AEWZ, AE], AR —: AMP ¥
— B L EIREEAL. N - BERRIE - (T
R 33(2): 123-132, FlFifaatt, &
o, 2011

6. WFFEH
(D) BFZe s
ARSIl (MATSUMURA TAKESHI)
REAR KT « RS20 B RPE - Bh#

WFgeE 25 1 20398192

(2) WA
FiA  %¢— (ARAKI EIICHI)

REARRZ: - REEfedmBl e oei
FgeE 25 1 10253733

7

-

HEHL (KONDO TATSUYA)

REART: « REFEBeAMmBHFAATIER - Bk

WFFeE 25 1 70398204

AR #EZz (MOTOSHIMA HIROYUKT)
REARREE « R B R RE - Bh#

WF7e& %5 40398201

(3) LT TEA

EL



