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O—LDL Sk HEaB Lt 5o it e
s-ERxshEiRcasFrEe A X K &

B E RS REANMESO-LDL AHMRBHRLRERATGHER, 0 AL AN

. HAREAE—RAAREULETUEARP IR LS E X OARPMREEBAMEL ST
2! Watanabe 114%&33Eiﬁ.ﬁgxdlw%#iﬂtﬁ&éﬂ#ﬁimﬂiﬁ#h Probucol, 3 £ 4= il & — M ix L L H,
CTHLEAANRBEMERERBEGADLAAS S A AL CHFRASKL, AR EHAX LY
FASHHRELAREGLNRBERLRAEARPAAETRER, EFRALLETHEN HAZRAR
RO HLDL M ABAGEE, CARSREASFALSB(ECIE XE mRNA AR PR L RmBLFS
HEHG—-IMCP-DA ¥R M AR FPLANRBHERLATINE K amLE TAL BB EIA
SR ARG A £, MM—LDL #iciz e 28 M—CSF 4 ¥4 &, 4 JE £ B mRNA Aikig
M EAER @B EARATEAFO—LDL 5 A F LM HHEMRE G mRNA, AR R EH
BEHRYVEAEEBEO-LDL AL R AAKREVEA TR FAN AR £, ALK

SR - F LB O-LDL A BRI A RAPO%ER,

X9 R RERIEE G

SRR EEEEQO-LDLMHREET
1981 O, I FES KRB (AN T ERE
HEZ—HAKAREREXTZRAFRENH X
FEP,EEASRERBIHEAERZIANY
BEHO?, HRREIE—SHFIREREETH
FEEHENOESEYERANBEECRERE
14 F 8 Watanabe st 5 EH B MER R As &
JB (¥ P RE [ B¥ 2547 probucol , L TEHIE 2 —F &
kR, EHRTHEARESIHEREREES
(LDL) S LB, MAR EHEEEREN® . BE
1989 4E Steinberg &P M iZ H C M TEM AR YT K}
#H O—LDLE As ) 4 RV BB ARM L
FEE. RIS AR EARMH ART E®S
REBT/AGELHEXRZHERARER O
LDL 7% 5 M8 PR A0 M s X3 P ST 40 B A SRS R, . 448
R LDL S BHARFEAN AR RSB N EH
RB%E. FeEEL O—LDL RR{GE FiH X
As REMREEZR ERBHELEANER
BERE—EE., BEXTAREFKFEA. LHE
% B LDL (MM - LD M % & #93§8,0—
IDL A RRERRAEMELURO-LDL 5FE#X
NOM As RRB BT KB SN W REHR—F

Pk AL AL

RHO-LDLEAs K ERBIHEH.
1 MM-LDLESEZHMBMANNKAN

RIAEEER
SUHRSHEESEANETRAs REH
BEHRZE., SEERBERATHE HLERET
MAHAK,BmERRLEmY LDL &4, /1L
HEREOMER. I TIRBHO-LDL £EEBRER
EARAEE A PHE L, Benliner &2 MM —
LDL(2~-5nmol TBARS/mg JBE B AEREAR
MEHMEZARNESRNEEBNERTFHY
FERYW., SRERMM-LDL HE/ME O
12pg/ml PRI E A EARERLEARBEER
FHEMTEH HAHBHFERN, HEARM
PEARMESREM I~ F. FEHEHHNE
B, £ MM—LDL fERfE 4hr RIS, W7 3]
Bhr, EE AN E S BT UR BN EERAN
HLORAENNESSERERHEX. MM—LDL
A 1~2hr EBARRLIFHE RERES. £4K

'1i8 LDL SR EER RSN ISARS .

Cushing ¥* R A AN AXBRTEF RIS
HRLEBER MM —LDL £ B4 B 88 & 4 M ) v
BF . ZEFHEEZEANSERR U—105MG H K
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EEENSEEILEEH 1(monocyto chemotactile
protein 1,MCP—1), H¥i# M /LERTH
BERE (enti —SMCP) §E 7 £ M#H 28 k2 MM
—LDL SN AEAR. THIARMARSE
REAREFENER AR LGRS xR
MEEHARHANEBRTEH. {H anti—-SMCF
X IMLP BRI E B EEHEHIER, ant
—SMCF BB RUEHIIE EC A H FAY 10 kDa f
12.5kDa EH. FKMIRER MM—LDL fEH¥AE
NEAKAFHNHARAY MCP—1 mRNA #43%
X, EREE BB, MM—LDL X K4
RESHLEEHARBILEEEMCP-1 EAR
MCP—1 mRNA KM V47 R LEAR
BiLEEFRREMCP-1 ES,UEMCP-1 EH
& MM—-LDL #8.

BiE S AN JE £R&HE A MCP—1 #48
Py EEBR LN IRTETARPENRE, X
Tit—#i 8 MM —LDL 3 MCP—1 ZH#yi5#%
B Bork® AR LRI/ L—- RS R GERA
BA,MWED JE—mRNA B9 INE £ MM —
LDL 238 /5 1~4hr, L 4hr A B 1K 20 5. W&
BWHEAMMM--LDL S/ mMETmE ER. 59
JEmRNA MHMATECHRFUEL. H40DA
HEFERXDH MM—LDL HiESEANREL 2T
mELEARARREANASEHEEEYN.

LA MM-~LDL 3T 4R E IS A =
Xt Py EL 40 B B 0 0 B 8 R T 1 I 69 208 L Froste-
gard A O—LDL M ZHRYHER ERTH O—
LDL AWM ERRLE T EREAR. A
TR %% O—LDL 7§ # 4% 4 B HLA — DR (major
histccompatibity complex class I 37 J8) . LeuM, #i%
MMAMCDY RERR KR TERARETES
v H, FREAO-LDL MEBEMYER,
B REAMAEBRYLEENRELRE RSN
Mok, XEBREHTREKHBGEE.

2 MM-LDL &R KM G—CSF
1 M—CSF fhERKIE

EMM—CSF fEEmEMRMBBEY 4L R,
MAGEEARE MERRE AR, IREEE
W 40 R I S S AR B BN apo lipoprotein £ A E %
R EBARmEMERETFREECBIHARY

£°, HmigMES YN SRR ANITA R
B (monocyte precursors) 3 in®.

Rajarshisth %2 5x MM —LDL M A KA K
M—CSF.GM—CSF #1 G—CSF X% S &
M. B R MM—-LDL =4 BHENFEFEH, £%
B $ L E45Ey LDL 3 CSF WEETRIKER. €
fi1i% S & ot | AR, #E A 1hr CSF mRNA H]
B, 4hr A BIE, M—CSF IE#ERE (RERRF
FOHMIRAZAMM-LDL fE AN ESKALESR
KEIERANFB M—CSF 8 & B8, 53 BAH
L BLfER ahr WINE O 8., X FOE A F4E T
ZAM—-CSF B RRHAEEN . AEFEEH N EH
X MM —LDL BRIVt R AM &8 E30 5k
M EL#R B Xt MM — LDL 88 & 57 . T A BY 8 Bk 73 5
WMHEN TR R, X H AR A R 89 ShBREERT & 4 15
BARSMBERHBBRERTELY . FIBENY
LDL(MDA—LDL)fI LDL—# 8 HFHEFEHR. F
F# & LDL ¥ MM—LDL F &S MEIERAT
MDA —LDL % H,i%8 MM —LDL #{E B RiE
SEEAR LUTERREUEENRKORER
MAUEX &Y% E ok N X M—CSF mR-
NAREBRBEERMTREMBAT 2{5. X5
mMmAGzh S R AR R AT B M A
H—.

Hi#— 5 T MM—LDL 7E& N8 W iE#
BRI REEELRENTR Lac®EWNET
HE4 ML E MM—LDL /R ILiE CSF S BMH:
AR JE mRNA H KL, 4 REZ2 . MM~LDL
BRMLE CSF MM, AHHBMNBEXR.H
FEyedE 2 & MM —LDL £ 4)5 10hr 5
8.20hr FFEE T B B3 30 M—CSF Hidkid i i
CSF ¥ E#£ M~—CSF, MM--LDL ¥ 5/ BAF. L
BB F 8 JE mRNA K08 B 3% 07 LDL iF
4134 JEmRNA XA XFRER . FBHEM ZF
BYES SRR L RBE (R E SR
HEAMEE GEARBTREYEWRERMIEIK
HEFE BOF R s FD BT IRR, R TR
B, (Css BL/6) 1 A 80/ /) B (BALB/C 1 CBH) &
%S MiE M—CSF &4 B8 nfM A4 JE mRNA
FE, ALEESRE NEUEFHIDKEREL
BEHRANRBEREFENELEHEEER
HRAEAMER. AN HRSARRANIR
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3% HDL & &% %, T HDL &85 1t LDL #) # 4k
fZ45
3 ESERABRNETIRBFEREHO
~LDL H5EBFXNEFNEHEEST
mRNA

HANHRETEHEMAR 15— §EMEE (5
—LOY B {L 24 LDL® LI R R M A E SR
B HRGEEERTIEELN 15—-L0%f O—

LDL®~®, Yla—Herttuala £® HE I XM ERA

fLHARHRT WHHL 2 £ HHE X 15—-1L0
BEEE.HF—RARER 15—L0 EHM mR-
NA, M REI#FXS O—LDL I X &,

M 15—LO mRNA B YR SHFYH R,
BoR B BERTE R RE T fM % (shoulder)
X & mRNA K, ERBRE, T RBMSEHR
X .NERERHE 15—LO mRNA #i%k,15—LO IE
LEF S—LO R URH M AR YA /AT £ &
R, ALY B ELEF RNase A £7,15—LO mR-
NA X ZRME. HEERE XIFEEH (A retiroic
acid THEHHRLEHREBEER) . 5FH
BRIS—LORZMREXAME FIREFXEH
FHRRARAENERE, EXLEREMAEGHAR
15—LO mRNA. ‘

AEMARFRYERERNASRERAER,
515-LOFHRNHREWMAR. 5t MDA—
LDL il & 265 15— L0 mRNA ME W49 M
ER—%a. B4 —BEXTHREEMe LDL
HNE-LDL)MI LA B RIR HMNE R, AE
HBGpoB)ARRHAEEZEAERARREEFE
ERN, MREASHEVARYANEZEIEE
RH.

FES—LOBRAEHTMIESI WA PCR &
ARIEEBAETAIAEE 15— L0 mRNA, T HH
349bp KM FEVH 3 REERUIEHTHIIE
HEANSEHH IS-LOMBEFIH-H. Ava
P4 270 #1 82bp i BX,sca 1 74 265 1 87bp H
Bopvu LMK AEXMBER. U EERE
Bl WHHL 2 £ 31K REX A 15—L0 EH M mR-
NAWRE ATERTESTERERMFLX,
WHE O—LDL FrfEfi B 40 —H.

YE&® FARR AY AR 7 3 Sh AR G AR R 1L S8

HEEHMKEHEAIMEBRERERETHET . E—
HEPEENRERRAH 15-LO0 EAH mR-
NA #3153 B O—LDL.MDA —LDL # 4HNE —
IDL #E LEERTHSERARBER BT
A LDL M Z 8/t —LDL £ 4 mRNA R ETRE
HERFE mRNA RE, XA URTFESE
WARMKRAER. HR%F LDL %{& mRNA FiX.
BB REMAN 15—L0 ERARX LDL £
e As REPEEEEH.

Rosenfeld %° M\ % As EShBKRG AL WA
MY EBYERAR. REK5H MDA
LDL f1 HNE—LDL 1G4 MAM EH=FH
HEFFR M. REE(# LDL S /L AR O—LDL, %
Bl O—LDL il PR M 2 (8] E BB YEDE 21, LA A
HAsHWEB FHEENNEEFERHARK 15—LO
EE,H RIS As IR R,

4  O—LDL ##l As BRI 3K

AsHIm BRI NEREERIKEETUS
HOoLm. O OMBEEMREROCBRIET. EEER
MEHRBET % E-F(EDREE R NO ¢y EEq, (2
HT As TRAKEEVNEHTR, KRR K
M5 O—LDL .

AEAREOF RS EKER NO.RT
HETHIABOMOKESTRT(LHE.
cGMP & B, MEY ¥ . R ZBEEER 5 .p MR,
MK 5S—BEKEG—HDMSR MK A23187 H08
T % ¥ EC B NO,NO B NO & B BE{LHE
MMERELERN. BTHARTLHFESR S
F. REBEBE. XFRIEHER.

Chester ¥ W LRMETCREE LI
SR (B OCRBHEERBMT FEENR
E., EXRAGETHEP YHEMKKHHKT, B
LCRBEARIRMT R BEREREFZOREE
G980, FER SR A ISR T LA Z ) NO & ST Y
# L NMMA 9. SRi50 As EEEROLE
W F LA F M . Kugiyama H5REO—-LDL 5
AsHIRERBHX UZBEBRIAXEN. ARXT
O—LDL X% 3k I ke %5, 5n—LDL f13
B Bs3 ) O—LDL(A—O—LDL)#E K . O—LDL x¢
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NOWB R O—LDL X S—HT fIMW N ET %A
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LDL #y3m#&4E8,S0D 3 O—LDL @yl tE L
meg, MU EBRIEE O—LDL BT As fER 5,
FY As iEEESLEEEFRETREIRIEE
HE.

3t As TR FBKXT B IR K E F I 58
P ¥ RARSEHVIEFR, Kugiyama® 9 52 13 94
£HTFO-LDL £ RM T EERIEHE ECRER A
§A, FOET RRENY SR EZEEDIBIR,

Minor 453 ZE XL BN B2 it L & 5K &4 = B
BMETNOAR .GRAMN As REREFHHRNE
REAFZBAEREK A20187 HI¥E NOFESE
HEERHEEDKAL, FEREK, MAHBF
BW.EUBRNO =4AMMETHRERER TR,
As £ NO O EV HRIEAHERSS As IF
BRHREMEEEREY EDRF, S A& NO
HEBERMIFEAESELANMEEZM. EHR
AR EHERAEMO-LDLEAT .NOR
BB RFEEBRNYWEIL S Y (nitrosylated com-
pound) 32 I03E T 48 8 71 4+ EDRF 894} 8% (NO-—~
NO,” 8 RNO—R* +NO, ). (L E ¥ A E BT
3 34 Bk 2 B8 (nitrosocystein) , R NOERE. B
{f EDRF. Chin %2 L4 £ 3Bk EC(BAEC)E 4 E-
DRFBE.UESSHFMFLEYNAEEHR
RFL— 6 {E5% W 4 ML cGMP & & {E% EDRF
HEERE ARG R EIF/ULRE. RAEO
—LDL t1®) BAEC & RFL—6 iy i 45 H —
¥, % O—LDL &5 RFL—6 1M A G E A S
¢ Bk W ¥ ¥ BAEC £ (33 F W a7 O—LDL %
B, O—LDL RIEtEH. tE&HZEH NO H#Xt RFL
—6{EH,MET O—LDL th&¥m. ERHNO%H
F RFL—6 31 O—LDL B B BB <GMP §)
% R 7E 51 NO BT Rl Bf A $T 4L 7 BHT,. GE B 8.
B O—LDL WMEEAU R —EE g ¥4
BAEMBEEAHO, 5O—LDL —#EHBH
WH NO X B HFRALBYMEEH, FRE—F
W As "R BB T KEZRMHFETEE O—
LDL 3 EDRF MERER A X, Galle Z°RiHEH
% EC 930 kB3 T O—LDL X NO(cGMP ;& ¥)
METFRFRCAMPERFEROET KEAY
#uq, H forskolin # nitroprusside 4+ B{{E 3% cGMP
1 cAMP #9733, & B O— LDL Xt 7 4 % 8
FREMMET KK GMP # cAMP £, E B B 1

MEER MEXHMHRGREMN, B AMER
H ) 4 nit B B (nitroendipine) #9 3 3K 4 H N X &
Lo

I ESERIEEE, % As A4 8F,0—LDL AT
AROETKE RSB, ERT U EEEM EC
$h,E X BERE K EDRF 89200 , S0B M B8 K,
KW SMC fET5&.

£ X XM

1. Esterbuauer H et al. Biochemical structural and functional

properties of oxidzed low density lipoprotein. Chemn Res
Toxicol 1990;3(2):77~92
2. Heinecke JW ,et al. Free radical modification of low—den-
sity lipoprotein; machanisms and biological consequences.
Free Redical Biol Med 1987:3:65~73
3. Steinberg D, et al. Beyond cholesterol; modifications of
low density lipoprotein that increase its atherogenicity.
New Eng J Med 1989;320,915~924
4. Steinbrecher UP, et al. Role of oxidatively modified LDL
in atherosclerosis. Free Radical Biol Med 1890;9:155~
168
5. Witxum JL,et al. Role of oxidized low density lipoprctein
in atherogenesis. J Clin Invest 1991;88,1785~1792
SRR AR RS RE SHHBEEL. B
HIm ABEE% G ARERYEM, 1994
223~257
7R AR BN RSO EASRERRT
MER.FRPEN GREEGRSER ELN-HE
HAR3E, 1993.52 ~57

8. Steinberg Det al. In vivo inhitition of foam cell develop-

(=]

ment by probucol in watanabe rabbits. Am J Cardiol
1988;62:6B~12B '

9. Berliner JA ,et al. Minimally modified low density lipopro-
tein stimulate mohocyte endothelial interaction. J Clin In-
vest 1990;85:1260~-1266 .

10. Cushing SD, et al. Minimally modified low density
lipoprotein induces monocyte chemotactic protein 1 in
human endothelial cells and smooth muscle cells. Proc
Natl Acad Sci USA  1980;87:5134~5138

11. Bork RW,et al. Mechanism controlling competent gene
expression in murire fibroblsts stimulated with minified
LDL. Arteriosclerosis and Thrombosis 1992;12,800~
206

12. Frostegard ], et al. oxidized low density liporrotein in-

duces differentiation and adhesion of human monocytes

e 72 .



and the monocytic cell line U937. Proc Natl Acad Sdi
USA 1990;87:904~908

13. Clinto SK, Libby P. Cytokines and growth factors in
atherogenesis. Arch Pathol Lab Med  1992;116,1292
~1300

14. Bajavashisth TB, et al. Induction of endothelial cell ex-
pression of granulocyte and macrophage colony — stimu-
lating factor by modified low density lipoprotein. Na-
ture1990:344.:254~257

15. Liao F, Berliner JA, Minmally modified low density
Tpoprotein is biologically active in vivo in mice. J Clin
Invest 1991;87:2253~2257

16. Rankin SM,et al. Evidence for domimant role of lipoxy-
genase(s) in the oxidation of LDL by mouse peritoneal
macrophage. J Lipid Res 1991;32(3)499~456

17. Simon TC, et sl. Formation of 15 — hydroxye-
icosatraenocic acid (15— HETE) as the predominant e-
icosanoid in aortas from Watanabe heritable hyperlipi-
demic and cholesterol — fed rabbits. Atherosclerosis
1989;75:31~38

18. Yla — Herttuala S, et al. Expression of monocyte
chemoattractant protein 1 in macrophage—rich areas of
human and rabbit atherosclerotic lesions. Proc Natl A-
cad Sci USA 1990,;88:5252~5256

19. Yla— Herttuals S, et al. Gene expression in macrophage
— rich human atherosclerotic lesions; 15 — lipoxygenase
and acetyl low density lipoprotein acceptor messenger
RNA colocalize with oxidation specific lipid — protein
adducts. J Clin Invest 1991;87:1146~1152

20. Rosenfeld ME, et al. Macrophage — derived foam cells

freshly isolated from rabbit atherosclerotic lesions de-
grade modified lipoproteins, promote oxidation of low —
density lipoproteins,and contain oxidation — specific lipid
1991;87.90~99

21. Chester AH, et al. Low basal and stimulated release of

— protein adducts, J Clin Invest

nitric oxide in atherosclerotic epicardial coronary arter-
ies. Lancet 1990:336,897~900

22. Kugiyama K,et al. oxidized LDL impairs endothelium—
dependent arterial relaxation. Circulation (Suppl T )
1989;80(4):279

23. Simon BC, et al. Oxidized low density lipoproteins cause
contraction and inhibit endothelium — dependent relax-
ation in the pig coronary artery. J Clin Invest 1990,
86:75~79

24. Kugiyama K,et al. impairment of endothelium — depen-
dent arterial relaxation by lysolecithin in modified low—
density lipoproteins. Nature 1990;334:160~162

25. Minor R, et al. Diet —induced atherosclerosis increase the
release of nitrogen oxides from rabbit aorta. J Clin In-
vest1990;:86,2109~2116

26. Chin JH,et al. Inactivation of endothelial derived relax-
ing factor by oxidized lipoproteins. J Clin Invest 1692;
89:10~18

27. Calle J,et al. Inhibition of cyclic AMP— and cyclic GMP
— mediated dilations in isolated arteries by oxidized low
density lipoproteins Arteriosclerosis and Thrombosis
1992512:180~186

28. Ross R. The pathogenesis of atherosclerosis; a perspec-
tive for the 1990s. Nature 1993;362,801~809

* 73«





