YAKUGAKU ZASSHI 128(10) 1383—1401 (2008) © 2008 The Pharmaceutical Society of Japan 1383

—Reviews—

FIRME({L (Cd5(F D Cholesterol DETE
WREF R - EREE DD T RESHIET

B EEAR, T OREREZ, AR MR, RMIET, ThARE,
Vo —Bs, fEHse—, ML T, BRTET, RHEEXET,
AHELE, R thE, BAEZ, EEHKT

Molecular Pathology in Atherosclerosis: The Mechanism How Cholesteryl
Ester Accumulates in Atheromatous Aorta

Tatsuya TAKANO,* Hiroyuki ITABE, Masahiro MORI, Junji KIMURA, Keiji NAKAGAMI,
Ryuichiro SATO, Ryoichi HASHITA, Yasuko YAGYU, Chieko MINEO, Kimiko AMANUMA,
Tsuneo IMANAKA, Yusuke HIGASHI, Yasuyuki FUIIMOTO, and Eiko FUJITA

Department of Molecular Pathology, Faculty of Pharmaceutical Sciences, Teikyo University,
432-44-3 Terada-cho, Hachioji City 193-0943, Japan

(Received May 31, 2008)

To study how cholesterol accumulates in atheroma, novel monoclonal antibodies were developed, using crude
homogenate of atheroma as immunogens. 212D monoclonal antibody recognizing extra cellular matrix with lipid-laden
deposits was selected by histochemical staining. The antigen was deduced vitronectin from c¢cDNA library. DLH3
monoclonal antibody recognizing oxidized LDL, epitope of which was 5- or 9-phosphatidylcholine. Significant correla-
tions between oxidized LDL and coronary heart disease (CHD) patients were observed from clinical study. 256C
monoclonal antibody recognizing atheromatous lesions in human aorta was selected. Epitope must be PC-cholesterol
complex which may involve in foam cell rupture. Atherogenesis will be discussed from the aspects of these antibodies.
Our working hypothesis is required to elucidate the mechanism. Denatured lipoproteins (either oxidized lipoprotein or
ruptured foam cells) may induce atheroma. Oxidation of lipoprotein may be taken place both in foam cells and/or extra
cellular matrix, and macrophage eliminate these denatured lipoproteins and become foam cells. The foam cells are rup-
tured by either apoptosis or necrosis afterward, and hydrophobic fragments of foam cells dispersed in extra cellular
space, which destroys the function of biological membrane. Since biological function could be maintained by segrega-
tion of hydrophilic circumstances, macrophages uptake these fragmented material and oxidized lipoprotein to maintain
the function. This vicious spiral may enhance chronically the atheroma.
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Fig. 1. Atheromatous Arterial Wall

(A) Normal aorta, (B) Advanced atheroma, (C) Complicated atheroma.
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Fig. 2. Working Hypothesis of the Development of Atheros-
clerosis

Lipoproteins in the blood are transported through the arterial endotheli-
um, then taken by macrophages and smooth muscle cells to be degraded in
the lysosomes. Excess lipoproteins are taken up by scavenger cells such as
macrophages. The free cholesterol liberated from the lysosomes after hydrol-
ysis of cholesteryl ester is re-esterified by microsomal ACAT enzyme, and ac-
cumulates in the cytoplasm as anisotropic lipid droplets. Some lipid droplets
may be transferred directly from the phago-lysosomes to the cytoplasm with
partial hydrolysis. Accumulation of excess lipids within the macrophages
results in the transformation of macrophages into foam cells. The overload-
ed foam cells may rupture and release lipid droplets into the extracellular
spaces. Extracellular lipids, which may be harmful to living tissue because of
their hydrophobicity, are possibly removed and segregated by scavenger cells
such as macrophages and modified smooth muscle cells to maintain a
hydrophilic environment. The lipids which escape uptake by scavenger cells
accumulate in the extracellular spaces of the arterial wall, and may be oxi-
dized and cause additional harm to tissues. This article reviews the morpho-
logical and molecular pathological aspects of the mechanism of development
of atherosclerosis. Recent advances in biochemical techniques should make it
possible to elucidate more details of the mechanisms.
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Fig. 3. Arterial Wall (model), Modified from Benditte, E. B

Fig. 4. [Intracellular and Extracellular Lipid-deposits in
Atherosclerotic Lesions are Stained with Oil-red 0

BEoitl, EEMNETHEMEE CHREL THD L,
0.2-7um [Fig. 6(A), (B)] DOk MmMEEA [Fig. 6
O] ELTHEDLND. ZOIFEERD 95% LA LI
cholesteryl ester & D # Bk =41 [Table 1. (A)], L
me, ZTOMENEBEO 5ST% U L34 L1 B TH D
[Table 1(B)]. IS DHIANS, JEIKRMILD A
WICBIRI NS EERITFICAH LA D BNERD
cholesteryl ester T, #WIKHIEZ IS Z EBH S
Mo 7.9
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Fig. 5. Electron Micrograph of the Cytoplasm of a Foam Cell
Prepared by the Thin Section Method

(A) Lipid droplets are observed as electron-lucent vacuoles because
lipids were extracted during dehydration with alcohol. (B) Quick-Freeze
replica of the perinuclear area of a foam cell. An organelle containing vari-
ous sized granules is seen among onion-like droplets. Part of the membrane
of the organelle shows an F-fracture face. The fractured face of some granu-
lar contents is smooth and that of others contains membrane particles.

Fig. 6. Lipid Droplets Prepared by Flotation Sucrose Density
Gradient Centrifugation (See also Fig. 16. peak A), 65—year—
old man

(A, B) Scanning electron micrograph and (C) Polarized micrograph.
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Table 1. (A) Lipid Composition of Lipid Droplets, which is
Consist of More Than 95% Cholesteryl Ester

A R ERRE R O IEEHLAR

Cholesteryl ester 95.7%
Triglyceride 2.3%
Free cholesterol 1.0%
Phospholipid 1.0%

(B) Fatty Acid Composition of Cholesteryl Ester in Lipid
Droplets which is Consist of More Than 57% Oleic Acid.

B Cholesteryl ester @ 55 RH A%

C20:4 1.0%
C18:0 10.5%
C18:1 57.6%
C18:2 6.1%
C18:3 2.0%
Cl16:0 20.7%
Cl6:1 2.0%

Mm% [Fig. 7(A)]. £/, EERETHME CTHR
IT5&, NEMBIIHAEIZERL, MilEEmicid
microvili WD BN, ZITHUL T BEMAKD F
Mo THERaINS [Fig. 7 (B)]. 517, BmiEH
BEFHEMBECERT S L, MEMICEIARERRNS
tight junction N R S 11, KEEWN ML O T Al
(basolateral) 1Z Id pinotic vesicles 2358 8 b 1 5
[Fig. 7(C) 1.9 N M AERTIZ tight junction 23T K%
INBHE, FbHEMEEEBLUEES /2D, NK
MEEMOESEIHEIELERTIR3TTHS. Z2
T, MluEMoEEiEZ ELZ. 2 D0t
ORIICERICEEI N -NEMZEEL, BEEL
RS EBEBLXEIEOELEZE= Y —T 5 &, H#E1
HHEMSEPUEIX AL, 4 HEEETIZLZEL
7z. LAMEO LDL Z#FERITIE, 2 HnS 4 HiEE
ON M Z A Ww5 Z &2 L7z, RB (rthohdamin
B) THE# L7z LDL 2 Lotz AN, Fotil
%@L TL %2 RB-LDL Z2€£=-%4—79 %. RB-
LDL {3 37°C TIIWN &Ml /E 2 &9 573, 4°C I
T5EBBIIIH SN, 37°C 5 4°CITiEz
T3 EB@IIEIETS (Fig. 8).Y ZOHEMNS
RB-LDL O Nk i el g 25 it 4% 4 130 B2 IR Y C
BB EMNHASNTIR- 7=, LDL O N R e 3 i
BERE (transcytosis) ZEKXMITRT (Fig. 9).
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Fig. 7. Optical Micrograph of Porcine Arterial Endothelial Cells cultured on Collagen Gel supported by a Dacron Sheet.
(A) Cells were cultured for 2 days after seeding and stained with Giemsa. (B) Scanning electron micrograph. (C) Electron micrograph. Tight junctions are ob-
served in the intracellular space. (D) Electron micrograph of porcine endothelial cells. The cells are resting on basement membrane. Here are many pinotic vesicles

along the apical side.
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Fig. 8. Time Course of RB-LDL Transport

RB-LDL (0.2 mg protein/ml) was introduced into the upper compart-
ment and the RB-LDL transported through the endothelial monolayer to the
lower compartment was monitored. Dacron sheet with gelated collagen
(IHE) ; endothelial monolayer on the dacron sheet with gelated collagen at
37°C (@—@), at 4°C (@—@), and at 37°C for 2 h, then at 4°C (O~OQ). The
temperature was reduced at the time indicated by the arrow ( ' ).

Apical

Fig. 9. LDL Transcytosis through Endothelial Monolayer (model)

5. NEMIFEERCIE, /MROKESE - BEEZ
EBTDH20IZ, 50N UOSICr TR LU & Im/h
WEHWTHE LR [Fig. 11(A)]. FOEFHE
WO, NI HEERA A DI /MR DK - BEEE
BIET 2 Z ENTER [Fig. 11(0), Fig. 12(A)]. 9
Z D FRIT stable PGL, (ZEMT DAY SV >t
isocarbacyclin) Z i1z % &, I/ O R EE 13 01 il
INDH, HEEITMHENIED s s, N TR
e~ DI/ - BEICBXTIEET O Y
75V D EIX, stablePGl, >PGI, >PGE, >
PGD, DJIEIZ, ARSI L 7= [Fig. 12(A)].

I 51T, M/MMROREE - B St & OB E &
FD (fluorescein dextran) 7% UV CHlE 2 il A7z,
EH O KN RMEE Tt [Fig. 12(B) : intact EC],
2% 3 R4 T 2.4 nmol/cm? L3 E A EFEE L7

Fig. 10. Some Endothelial Cells were Injured and Adherence
of Platelets were Observed on the Surface of Fatty Streak

Endothelial Cells

LDL binds to receptor located on the apical surface of endothelial cell to foam coated pits. Some LDL transfered to basolateral area via endosome and some are
degraded in lysosome. LDL receptors recycle to the apical surface of endothelial cell.
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Fig. 11. Endothelial Cells were prepared from Porcine Arterial Wall.

(A) Acid soluble collagen type I was mixed with fibrinogen and fibronectin. The cells were cultured on the gel, in the presence of a teflon 0-ring. Once the cell
reached confluence, the teflon 0-ring was removed. The endothelial monolayer was incubated with platelets at 37°C for an appropriate time, fixed with 10% formalin
for 1 h, and washed several times with PBS (—) . 5!Cr activity was measured with a gamma counter. (B) Optical micrograph of partially denuded porcine endothelial
cells. (C) Scanning electron micrographs of platelets aggregated on a partially denuded endothelial monolayer. Platelets (1X108) were introduced and incubated
for 2 h. Endothelial monolayer is left side and denuded area aggregated with platelets is right side. (D) Scanning electron micrographs of platelets adherent to
denuded endothelial monolayer in the presence of isocarbacyclin which inhibits platelets aggregation but not adhesion.
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Fig. 12. Dose-response Curves of Prostaglandins
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(A) The inhibitory effects (%) on fluorescein dextran (FD) transported in 2h in the presence of various concentrations of PCI, (@—@), stable PGIL, (O+Q),
PGE, (@-@®) and PGD, (Q~0Q) are shown. (B) Effect of platelets and isocarbacyclin on FD transport through a partially denuded endothelial monolayer. FD trans-
port was measured through an intact endothelial monolayer (@—@), through a partially denuded endothelial monolayer in the absence (@—@) or presence of plate-
lets with (@—@) or without (O+Q) isocarbacyclin (3X10-6) and through a gel layer (O+Q). The values are mean+SD of three experiments.

V. N R & REEL 722V — 7 Tid [Fig. 12
(B) : denuded EC] 3 Fffii#%, 1.49 nmol/cm? & A
FRifaZ2RE L Thwine & (gelonly) &[FEE
I U7z, FIBEN BRI f iR Z2 DA, 1fi /MR
DR - BENE Z 5 &, 3.9nmol/cm? [Fig. 12
(B) : denuded EC+plt] & %@ iR < Ml X N
72.79 X 512, stablePGL, Z#NA 5 &, FHimikix
5.1nmol/cm? & il & N7z £ £ [Fig. 12(B)
denuded EC+plt+PGL] Tho/z. T 5DHE
M5, NEMAEERICHST 5 LDL O iR I
FAF T /MR OZENL, KOS IR Nz,
IR b EE R I UIE U IR AV RIEE L, i/
WAREE L TV AT ENS (Fig. 10). 7%

ASINOEH (B ZX T AV ARG, Bk Ry >
INTERIETR E) TR D NEMAICEEE B 2 WidH
B AT D &, LDL O BYMREE PN~ D 3F i 4 13 5 0
T5. NEHIRREE « REEBITRA - BESE L i/
i, —fD IhEKR7z) RITK 0 FEE M2 HH
9% [Fig. 13(B)]. 51z, BENEMENS D
WENBTOAY YA 271 > (prostacyclin) 12 &
O If/MR DO EEE 2 Ifl T N5 —F, MEZIHE S h
Wy, HEtkomflidMs S N5 [Fig.
13(C)]. 10 F72b 5, NEMAICREENE U2
AFITWE, M/IMROKEFEIT X 0 BE M & 2 FERE ]
TN, HAHEINTNDEDTHAS. INET
MRS EERICFE AT 5 Z LIk > TEBIEATT
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Fig. 13. Binding Platelets on Partially Denuded Endothelial Monolayer Suppress the Permeability (model)

(A) Fluorescent dextran (FD) transport is enhanced by a partially denuded endothelial monolayer. (B) Marked aggregation of platelets was observed at the
denuded area by scanning electron microscopy. Adherent and aggregated platelets inhibit the transport by covering the denuded area. (C) Prostacyclin (PGI,) in-
hibited platelet binding more than 80%, but little effect on the transport, suggesting that platelet adherence on the denuded area is sufficient to suppress the trans-

port.

EINDEINTEEN, M/MOEEZS S —E
RETHRENRHSD.

5. SERHMREAD Cholesterol DEFE

C. de Duve I3, Wollman JEZEE D EF 1T chole-
steryl ester 77 fif ¥ 32 3 e REYICHE TRIEL T
5. FOHESR, cholesteryl ester 23 gIC /L T
WA DTN, BIIREE{LIEIL, cholesteryl ester
SRR BRI EBE TR T L 72 /53,
cholesteryl ester 2N & BEICER T HHEAETIE AW
M) EWSEEF B Lz, bitbiud, H
Ik B lysosome IZ cholesteryl ester %) i B% 3% 78 & 1F
U, BhiREE(CEETZDIEEME T L TNWS] T&%
AERHL &5 &k A7z, Peters IXIMEEED 5 ¥ A5
fid D4y #f 2 ik & (Fig. 14), 12 il 70 1 2 5l A 7=
LU, 1LOFROMERENS Y N7 &IZLT
Img HYB2DOMIZTBET 2O —HTH >
7=. 2T, XODEE®DEW cholesteryl ester 77 fif
P VG PR E 1R DRESE 2 il A 7. FEE T taurocho-
late (JH{FEED 1 D) ZMATIVIMLT S LI
K050 RELLEICEEE EIF 22 EMTER. L
MNHEME pH 1 lysosome (2 H A7 4.25 T, Km
=0.45uM THH7=. ¥

KT, BhAREE M AL N & 75 M % isopicnic FERE & &
AEEOMEICX DM L& 2 A, acid cholesteryl
esterase D L& 1T 1.17 (Fig. 15) & 720, N-acetyl
B-glucosaminidase (lysosome DF5HE) & —F L /=.
F 7=, cytochrome oxidase (mitochondria D $51Z)
WEHE 118 E RV EWHEICHINE N .

I 512, lysosome DLEZ/NS LT SH I ETH
5N TW5S triton WR-1339 25K REH X D E7FE L,
24 HEE%ICBER:, floatation isopicnic Ji A 55 5 4 il

Fig. 14. Preparation of Rabbit Aortic Smooth Muscle Cells

Arterial wall cut into pieces is incubated with collagenase, elastase and
hyaluronidase for 3 h at 30°C. Undigested materials are removed through 4
folded gauze and cells are collected after centrifugation at 800 rpm for 10
min.

OB Tl B Z i A7 & 25, acid chole-
steryl esterase & N-acetyl S-glucosaminidase O b &
F 114 Endns/ha< koA (Fig. 15, o-
glucosidase (microsome M 54E) D HEIX 1.17 D
FELZE Loz, TNGDOHEICLD, acid
cholesteryl esterase [ BREEMIAL D lysosome NIZ &
EL TS EZHRTHIENTE P

I 50, BAREE (L BE AN AL @ acid cholesteryl es-
terase i MK FHERE 2D Z L2 HMEL T, &)
ARHE (L BE M A 72 S lysosome D F 8 % Gl A /2. 19 B
IREE(LBEL DARED =% — h 2B L, 800 [Al#x 10
sy CEREERIE Z L0 B2 0B, Z0 kg,
BETIHE 1.110 12725 X S ITHAB L T, FhE 1.00
M5 1.25 OFEREREAE T, 2500 [E1#5 90 53 [
EOAZAA 70—y —TELLUE. TORE,
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20 = -
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Fig. 15. Acid Cholesteryl Esterase in Arterial Cells Subfrac-
tionated by Linear Sucrose Density Gradient Centrifugation
Distribution of lysosomal marker enzymes are detected. The relative ac-
tivity distribution is shown as a function of the gradient volume. The shaded
area represents the applied layer of sample (triton WR-1339).

N-acetyl B-glucosaminidase @i 13 Peak B (}LE
1.05) icwmHi /= [Fig. 16(A)]. Z @ peak B 1%
free cholesterol i CNZ U > 8 @ peak & —E L,
H TV ORI lysosome VA L, lysosome
OEELELTHIN TN TV E/REmL 2. BE,
Peak B 07 it T BEMBI BRIIEME 2/~ L [Fig.
16(B)], L7/, acid cholesteryl esterase i I 1% JHl
EFETERNVWEFEERTFLTWEDTH S, —4 lyso-
some N AR & #E % TW /= cholesteryl ester i, 8
kG E L CTpeak AICHEINESNAZDTH S
[Fig. 16(A), Fig. 6(A), (B)].

Acid cholesteryl esterase J& 1 FHRE 2 X 5 127
Wd2aZEZHEHMWEL T, lysosome €D JIEE M A%
Dot eidAle. T DORE, BIRBELEEL O pBEL
7= lysosome i @ free cholesterol & & 13 IF % lyso-
some EDK 6 5 (B b)) 5 1IFICERLTWS
ZEMHS NI o= [Table 2(A)]. %7z, free
cholesterol M _EFH 2> T, SM (sphingomyelin)
H ERLTWS [Table 2(A)]. ZZ T, % lyso-
some 1L, IEHAT lysosome flEZ2WREL 2. &5
12, EhARAEA(LEE lysosome JE CE L < HML Tz
SM & i35 2D & W PC (phosphatidylcholine)
DI RZE T LIZEZ A, WTnol IR
%, C16 : 0 (palmitate) DE|EMNEIML TS Z
EMHSINT/R o 7= [Table 2(B), (C)].19

N-Acetyl- 8 -glucosaminidase Phospholipid

iy

=)

Cholestery! ester

©

Relative activity or amount

o

IS

Density

Density

Volume

Peak A : [l Peak B :
Fig. 16(A).

Preparation of Low-density Lysosomal Membranes

The low-density lysosomal fraction was subfractionated by linear sucrose density gradient centrifugation. Low-density lysosomal membranes were recovered in
the peak B in which phospholipids, free cholesterol and N-acetyl-f-glucosaminidase (lysosomal marker enzyme) were detected. Cholesteryl ester-rich lipid droplets
were recovered in the peak A fraction. The shaded area represents the applied layer of sample.

Fig. 16(B). Electron Micrograph of Peak B
The low-density lysosomal membranes recovered in the Peak B of (A).
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Table 2(A). Phospholipids and Cholesterol Composition of X 512, acid cholesteryl esterase G412 KT 3 Z
Light L 1 Memb - .
e Zysosoma” embrane NS EIEEHEKRDOZE(LZFANRS -9HIZ, acid chole-
Normal Atheroma steryl esterase DK B2 G272, KT DA RHI I,
Human Rabbit _ N
o o o0 o Z v MAF lysosome 2 W= 1D ABEFRZHIET S
ySO . . . .
oM 76 56.0 18.0 2O DERIEE E LT, 4-methylumbelliferyl oleate
PC 41.4 34.0 48.0 D H Rk % Koch Light Colnbrook Co., Ltd. IZ24&#8 L
lyso PE 2.9 — — 7z, BEEZF WD Z EI2X D HH T acid cholesteryl
EIS i'g 1_0 : esterase DFEHLZ ARTH L 7= [Fig. 17(A)]. 1819 F 7=
PE 6.3 10 40 cholesterol & PC (lecithin) TURY —AZFHL,
CL 4.0 — 4.0 acid cholesteryl esterase 1% 112 &I1E 3 PC D5 i g
Others 4.2 - - R EFNTHZ, TOREE, Cl4:0, C16:0,
Free Chol® 0.295 1.79 3.3 C18 : 0 % D fa IS B AR 1 & 0 IE VLI 40 & 4,
Chol ester — 5.79 1.4

*

molar chol/P-lipid ratio.

Table 2(B). Fatty Acid Composition in Phospholipids of
Light Lysosomal Membrane
Normal Atheroma
Cl4:0 3.4 —
Cl6: 0 14.6 46.0
Ci18:0 27.4 10.5
C20:0 — 1.2
C22:0 — 2.0
C24:0 — —
Cl6: 1 1.7 0.8
Ci8:1 5.0 13.9
C24:1 — —
Ci18:2 11.8 17.7
C20:4 22.3 4.5
C20:5 3.8 —
C22:6 10.0 3.3
Table 2(C). Fatty Acid Composition in Sphingomyelin of
Light Lysosomal Membrane
Normal Atheroma
Cl4:0 4.2 —
Cl6:0 21.1 46.0
Ci18:0 8.3 6.3
C20:0 3.5 5.2
C22:0 8.1 7.0
C24:0 19.3 6.2
Cl6:1 8.2 —
Ci8:1 5.6 —
C24:1 14.2 21.7
C18:2 — —
C20:4 — 5.5
C20:5 — —
C22:6 — —

C18 : 1, CI18: 2 %D ARAMNGNIEE TIX & ITIEMEAL
INBDZENHS MRS /= [Fig. 17(B)]. W
Lysosome JED Y Y EE TIX PCEHAEN R D &
<, EIREE(LEED lysosome [ Tlid SM 723 B4

A Y
§ 2
B

150 T

Relative enzyme activity ( % )
)
3
1

50 T

0 f 1
0.5 1.0
Cholesterol/PC ( molar ratio )
Fig. 17(A). SDS Polyacrylamide Gel Electrophoresis of

Purified Acid Cholesteryl Esterase
The sample was run on 7.5% polyacrylamide gel and stained with
Coomassie brilliant blue. Molecular weight of the enzyme was determined to
be 42 kDa (arrow).

Fig. 17(B).
Activity
Effect of fatty acid consisting of phosphatidyl chorine (PC) on acid
cholesteryl esterase is examined. C14: 0, C16: 0 and C18: 0 which are rich in
atheromatous lysosomal membrane inhibited the enzyme activity but C18: 1
and C18: 2 low in same counterpart activated.

Effect of Liposome on Acid Cholesteryl Esterase
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LTwWw3, Lxd, cholesterol FFE F Tld, acid
cholesteryl esterase JH M I HIHIBIZ/ER % C16 : 0
HORFNGHAREAY, 1EMEITEERNCIER 3 % fafnfE
Wik 0 HEMLTWBZENSHET S &, acid
cholesteryl esterase J& 13X FAREE(LEE D lysosome fix
TIEKFLTWD IR 7z, 2028

fliam & U CIE, O8Ikl lysosome (T acid
cholesteryl esterase 23 fE(E9 5. QBENAREEH N lyso-
some D free cholesterol & (X2 SM &= 12 HE N A
FoHN5, @fEH acid cholesteryl esterase DPEE
WK ERITH D, @PC I TNZ SM Z kT 5 fig
it ™ > 5, acid cholesteryl esterase i 1 12 #1 il Y
IHERS 2 afnigife (F:i2 C16 1 0) nE L <4
MLTWS, INoDHRZRET DL, TEIREE
{k &1 cholesteryl ester 23 fEFEZE B RIVIZIEK T L
FRETHD] EWDOIEEKDZFIENICIEHTE
7zEFEZ TS (Fig. 18), 2%

6. SEXMAZD AR

R F DN S, Wik~ 07 7 —
PHRTHDHENDDNZENETOEHTH > /.
Z D%, JIAMIE DKM IZ myofilament AVEI%E X
N5 ENS, IR TMIEAZER L7z
fa (EREET#HE BkTdd EWs BRNE R
L7z, DNONISENRE(LEEZ ML, 255 F—
Y, T92%—¥, 7)o =¥%—+tT30C, 3
e ALEE L, 5% CO, Rt N CIa ik E o 77 Bl
WP L7z [Fig. 19(A)]. UL, Z ikl
FEEmMEEkTHh L), TNEbII/OT 7 —
PHRTH SN, NS TIEEMOEKSEIAT
Hotz. I T, BEICXZ2IYEIMOERZITLD,
FALFEETBREZORMENTERVWNEE A, Wik

faD Bzl A7z, WE L7227 b OB BHIREE
{LEEZIZE A, HIVUDHNTHELY D, explant
ETHET S, TOMKR, MENITEREIRDOE AR
PRA-IAMBENERL TER ZOHRIE, &
IR DE AT A E 7RIS EIE L, JaiRMig
% [ E U 7= BRI RS AR ) E A S N /= D TR
WZEZERBL TV, L bigiEMEaN s %
X, REIIHSZEBD 2 DOMKICEFNENSENE

Coated pit

o L Acid cholestery

Fig. 18. Accumulation of Cholesteryl Ester in Foam Cells
and Acid Cholesteryl Esterase (model)

Lysosomal membrane prepared from atheroma are rich in free
cholesterol and C14: 0, C16: 0 and C18: 0 rich in phosphatidyl chorine. Acid
cholesteryl esterase activity located on the membrane is suppressed by the
lipid composition, suggesting that lysosomal acid cholesteryl esterase may
suppress in the process of atherogenesis, consequently cholesteryl ester ac-
cumulates in atheroma.

(A (B)

(©)

Fig. 19. Time-lapse Cinemicrophotograph of Lipid-laden Cells in the Presence of Normal Arterial Smooth Muscle Cells at 5-Minute

Intervals

(A) Foam cell prepared from atheromatous aorta. (B) A lipid-laden cells were migrating through smooth muscle cell monolayer. A nucleus was migrating
from right to left between the cells (arrowsheads). (C) A foam cell sat between smooth muscle cell layer was also seen (arrow) under phase contrast microscopy.
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NTROE5NS [Fig. 19(B)]. £ T, HlEkE#E
U CTHBW EE Mk z m ARG EE s
Az E A, FHEMfiiEs ORICHEL U &8
Ez L TV SEEF k& BbN S EkAL L,
EEMHEOBRZ#ES KO h#EedTrv 07
7y —TVHREEDODNDEIAME ENBERI N
[Fig. 19(C)]. 333 Z OfERMN S, ERMEICIZ
707y — Y HAROMIE & 2TV AR sk O i
FLEMNFEEL TWD Z ENBHS NI 2.

7. CAFMRORBEEEEDL D ICLTHERSE
nasmn

Cholesterol I3 # il i B FE iz HE Rk 2> TdH 0,
URE N BEICE > T EREMBICHHHB S T
. MfFEENEML 20 (EiFME), MmEN
ERULZD (BE), &2 WIEHN MRS
AUED (BYYE) 9562810k oT, @BfEkLY R
YNNI EHBNIEED RS NI E (B AL
LU RE X E) DEAREENICIHAL TS % &,

o077 =PI INEHERLIEFKRIET S, KED
iRy N EERDAL &, R fENE
T, ZOTIX, BTHEMSER (B SO
L7 7)) FTHEZ I 5. ? Figure 20 (A) ITN &
MR FICHIE L DD & S IEARMIAE (R e i 1 e e 1
s, MREAEHIZREINTNDS) RD 51
5. Figure 20 (B) IZ 133 A M AT O J5 8 ER A3 I AR 12
KDBOLNTVWBEIIMT KM BRI N
Fig. 20(C) T3 L =igikfilanr o5 A& Uz & Bb
N2 CEDNZIEERN T Z—7 > ORITH
TELTWD, SHRd 507 2 i3 i 1 i 55 TR
LTHBE, a7 (LATREER) i
KRS THIEKEZRL XTI NEEINS
[Fig. 20D)]. &sizx7r07y—2lF, InsD
MR E Z M AL NI B A B iEik{k 3 % [Fig.
20(B)].

B WA c A Ry N0 B (TReFIV
L LDL) ZHODAZEEEZH T LI A, WK

Fig. 20. Prepared by the Thin Section Method.

(A) rupturing foam cell (arrow) is seen in the lower left. (B) Prepared by the quick freeze etching method. Rupturing foam cell (arrow) is also seen an aggre-
gation or vesicles in the lower left may be disrupted foam cells a plate crystal is seen. (C) Prepared by the quick-freeze, etching method. A large amount of lipid with
a vesicular structure (arrow) is observed among collagen fibers. (D) Prepared by the thin section method. Lipids are observed as vesicles (arrow) and electron-lu-
cent region among collagen fibers. (E) Electron micrograph of a lipid-laden cell in atherosclerotic aorta. Extracellular materials seem to be removed by these cells.

(A)

Fig. 21. Development of Anisotropic Liquid Crystal

©)

(A) Porcine smooth muscle cells are cultured in the presence of acetylated LDL. (B) Foam cells derived smooth muscle cells were ruptured afterward. (C)

Anisotropic liquid crystal developed in the same counterparts.
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MR AR (Eh7s < oo IR AIE) e
t[ﬁgﬂwﬂ.@#ﬁ<EDEM@%rﬁﬁﬁ
WMTTERIT L, WERBENHEL TV
[Fig. 21 (C)]. VEIRMIAL IR itk D 3 AR DVEI 52
SN, JERMBENAET S Z itk > TR
RSB R SN, ZoREE~Y 7O T 7 —
DHIENICE D IALEZDTHAD LD B

LZORMMBIELWET B 51E, BB N TIER
LR E~< 707 7y —ICROAEENUS, Wl
REIE A 2 M N 47 DA el 2 SR BRI AR B %
ZEMTEBIITTHS. AT cholesteryl oleate
EEFENALGRETREZL, 7T HEFETFTH
T AEE L THB L [Fig. 22(A), (B)] 7O
Ty —PICHA5E, HRMTHBNIZE DA A
TR AR 2 AR &9 D iE ik AliE 2 N TR RR
§THIENTER [Fig. 22(0)]. L,ad, 40°C T
B3 L= & %, cholesteryl oleate ¥ (& & 78
39°C) TFBITHAR L. ZOHIFLL, MAEMNITE
DIAENTZREI DRI ND Z &72<, cholesteryl
oleate & D F EXMAEANITHEL TWB Z L& EK
LT3,

8. imMERIfEEERELEZRERISIE/ /0—F
Lk (212D)

FERESRBR 2 T O N AL 2 7y TR B F D NG
SEUCLEOETH@MT2ZEE2HAMELT, Bk
BLHREOREY 2 — h 2P & L, BhiRELE
Bl 2R 2L AR REAIZK D ER T S

Z&iclr.

Table 3.
Lesions

INETITHE LT Z7O0—F)UPL
k% Table 3 1Z/RY. A TIIOM NI E B
M Z2EHT 2T/ 7 o—F)Liifk (212D),
VARG 2NV BEZRB#T 5Pk (DLH3),
= X ICEET S ik (256C)

OmAt
@7 K

WCHREL TR

Monoclonal Antibodies Recognizing Atheromatous

Antibodies

References

212D

201F
904G
104G

DLH3

256C

DLH2

Matrix with  Vitronectin

apolipoproteins

Oxidized phos-
phatidylcholine

Virchows Ar-
chive (1986)

Am. J. Path.
(1986)

J. Biol.
Chem. (1990)

Virchows Ar-
chive (1986)

Biochim.
Biophys. Acta
(1988)

J. Biol.
Chem. (1994)
J. Lipid Res.
(1996)

J. Biol.
Chem. (1996)
J. Biol.
Chem. (1999)

J. Lipid Res.
(2001)

Biochin.

Biophys. Acta
(1988)

Fig. 22. To Prepare the Liquid Crystals, Cholesteryl Oleate was Dried under a Stream of N, Gas and Then Sonicated for 4 min at 80

+5°C

(A) Spheroids (0.1-3 um diameter) are seen by scanning electron microscopy. (B) An anisotropic cross image on polarizing microscopy. (C) Macrophages
were cultured in the presence of the liquid crystals, anisotropic liquid crystal laden macrophages were observed under 45 degree polarized microscopy.
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Z&ITT 5.

T/ 7 0—F)VPuRIZ, SEREBIRE(CESR R
(WHHL) O#REE(LHERFED = — b 2dili &
LT~Y A (BALB/c) ZRIEL, PulkpEAY >N
REFELZ, 20U )NEREITO—FET/N\A
TUR=<ZFHHEL, HOMZ ML F R
K UER U7 (Fig. 23). TR, MiariEESE
FEEBAL 2 38k 9 B Pk &, JEIRMIRE 2 3858 9 5 Hilk
(212D) ZFET B Z LITHLIH L 7. 3539 iR g
BEESA 2T 25Uk (212D) OHURE = R E
T 27012, BRI LR E L O iR E 250 kR
L, NRu®D 157 I JBEEERE, 73/ BE%
FATHIR T S cDNA 7 5 FilE O #iE 2 5 F Hik
DENORIF > THD EHEL R (Fig. 24). 3
MEHAREE(LHR OB EY 27— b2 HHE &L

\-rv—»

THW, BHMET 22 AT I D RAICK
DR, FUADGERT APUEMEZHET T ) L

IR TIHFT KB H L WFIEE R T E /2,389
9. BV RY N7 BEEREZT D& (DLH3)
Bt Ry N BIINEMdZRET S, H5

Widv o7y =2 OlEkibZRET 2720, Bk

FERIE IO B ERBD OIS D LERI Tz,

UL S, BERNICAYICEIE) Ry 2 X0 H

MEEL TWS ORI s N TWiaho 7z, b
NONIBILY RY NNV EEEH#HTHE /70—
FIFRZHRHET D Z L2k D, BIREELR 5 SR
ANDOFRODIZDNWTHEIT TEUT EMFLZ. Pl
U Ry N7 EPiA (DLH3) Oi#icix, #ifa
Ml EEREIAL 283 5Pk (212D) EL[FEED

BALB/ ¢ Mou: = ) WHHL Rabbit Atheroma
/c % 'j:;‘:“; f 4/7’/'0&'/7 )
(x. =J
Myeloma Cells (P3 / U])
Spleen Cells (&) (48x107)
(44x10°) 0 00
\ / © O
ELISA
Hybridoms, 99% ( 974 Wells ) P A
2 Atheroma
HAT Selection
Limiting Dilution (11 Wells)
Monoclonal Antibodies il Red 0 21z0
2120
Fig. 23. Preparation of Monoclonal Antibodies Specific to

Atherosclerotic Lesions were Carried Out

Spleen cells prepared from BALB/c mice sensitized with delipidated
homogenates of atherosclerotic aorta from male homozygous WHHL rab-
bits were fused with P3/Ul myeloma. The hybridoma was examined for alka-
line phosphatase activity by ELISA and were selected by immuno-histochem-
ical staining. Clones producing monoclonal antibodies that stained atheros-
clerotic lesions but not normal aorta were selected. Finally, one clone
producing antibody against extracellular materials (212D) was obtained af-
ter limiting dilution. The antibodies were of the IgG subclass.

Fig. 24.

Initiation Coden

GCCAGG CCCTCAGCTAGAGGCTCTGTCATGGCACCTCTGAGACCCATCTTCACGCTGGCTCTGCTGCTGTGGGTTGTTCTGGCTGACCAAGAGTCC
M A P L R P I F T L A L L L W V V L A D Q E S

: TGCAAGGACCGCTGCACGGAGGGCTTCAACGCCAACAGGAAGTGTCAGTGTGATGAGCTCTGCTCCTACTACCAGAGCTGCTGCGCTGAC
c K D R ¢C T E G F N A NR K C Q C D E L C S Y Y Q@ 8 C C A D

Signal Peptide TACGCGGCCGAGTGCAAGCCCCAAGTGACCCGCGGGGACGTGTTCACTATGCCGGAAGATGAATATGGGCCCTATGACTACATCGAGCAG
I Y A A E C K P Q V TI R_G DOJv F T M P E D E Y 6 P Y D Y I E Q

: ACCAAAGACAATGCCAGCGTCCATGCACAGCCCGAGAGCCCCACCGTGGGCCAAGAGCCAACCCTGAGCCCTGACCTGCAGACTGAGGGG

Somatomedin B TKDEASVHAQPESPTVGQEPTLSPDLQTEG
Sequence GGCGCTGAGCCTACACACGAGGTCCCCCTGGAGCCTGAGATGGAGACCTTAAGGCCTGAAGGGGAGGACCTGCAGGCCGGGACCACGGAG
G A E P T H E V P L EPEME T LRPE G E DL QA G T T E
CTAGGGACATCGGCGTCCCCAGCAGAGGAGGAGCTGTGCAGTGGGAAGCCTTTTGACGCCTTCACCGACCTCAAGAATGGTTCCCTCTTT
LGTSASPAEEELCSGKPFDAFTDLKEGSLF
GCTTTCCGAGGACAGTACTGCTACGAGCTAGACGAAACGGCAGTGAGGCCCGGGTACCCCAAGCTCATCCAGGACGTCTGGGGTATTGAG

i

Cell Atfached Site

]

4

34

64

94

124

164

184

A F R GG Q@ Y C Y E L DETA AV RP G Y P K L I Q@ D V W 66 T E 3

N-linked  GGCCCCATTGACGCTGCCTTCACCCGCATCAACTGCCAGGGCAAGACCTACCTCTTCAAGGGCAGCCAGTACTGGCGCTTCGAGGACGGT 72
GlycosylationSites o p | p A A F T R I N € @ 6 K T Y L F K 6 s Q Y W R F E D 6 214 &
— ATCCTGGACCCTGACTACCCTCG CATCTCTGAAGGCTTCAGTGGCATCCCAGACAACGTGGATGCGGCCTTTGCCCTCCCTGCTCAC 81
L D P DY P R | s E 6 F S 6 | P D N V D A A F A L P A H 2 s

Glycosaminoglycan

I
binding Sites AGCTACAGTGGCCGGGAGCGGGTCTACTTCTTCAAGGGGGATAAGTACTGGGAGTACCAGTTCCAGCAGCAGCCCAGTCAGGAGGAGTGT

Y 8 6 R E R ¥V Y F F K 6 D K Y W E Y @ F Q@ @ Q@ P 8 @ E E ¢

GAGGGCAGCTCCCTGTCGGCCGTGTTTGAGCACTTCGCCATGCTGCATCGGGACAGCTGGGAGGACATCTTCAAGCTTCTCTTCTGGGGE
E 6 8 8 L 8 A VvV F E H F A M L H R D 8 W E D I F K L L F W ¢

AGACCCTCTGGTGGTGCCAGACAGCCCCAGTTCATCAGCCGGGACTGGCACGGGGTGCCCGGGAAAGTGGATGCAGCCATGGCTGGCCGC
R P 8 6 G AR @ P @ F I 8 R D W H G VvV P G K V D A A M A G R

CGTGGCCGTAGCCAAAACTCCCGCCGGCTGTCCC
Il Y I 8 6 L T P 8 P 8§ A

ATCTACATCTCGGGCTTGACGCCCAGCCCCTCTGCAAAGAAGCAAAAATCTAGGCGTCGCAGCCGCAAACGCTACCGCTCCCGCTATGGC
R G R 8 Q N 8 R RR L 8 R 8 I 8 R L W F 8 8 E E V 8 L G P Y N
TATGAGGACTACGAGACGAGCTGGCTCAAGCCTGCCACCTCGGAGCCCATCCAGAGCGTCTACTTCTTTTCAGGAGACAAGTACTACCGA
Y E b Y E T 8 W L K P A T s E P I @ s VvV Y F F 8 66 D K Y Y R
GTCAACCTCCGCACACAGCGAGTGGACACTGTGAACCCCCCCTATCCCCGCTCCATTGCCCAGTACTGGCTCGGCTGCCCAGCCCCTGGE
vV N L R T @ R VYV DT V NP P Y P R 8 I A Q Y W L GG C P A P G

274

304

334

364

GGCCAGTAGGAGTCAGGGCCCATCCAGTGTGGGGCTTCTGCTGCTCCCTCTCCCACCCCAATAAAGGTCCITGTGGCCCTGAGTGTGAAAAAAAA

Q  Terminal Signal Polyadenylation Signal

Nucleotide Sequence and Predicted Amino Acid Sequence of cDNA of 212D Antigen

456

The nucleotide sequence was determined by the deoxynucleotide chain terminal method. Single-letter amino acid symbols are shown under the nucleotide se-
quence. The cell attachment site (Arg-Gly-Asp) and the glycosaminoglycan binding site are boxed. Possible N-linked glycosylation sites are indicated by an asterisk.
The initiation codon (ATG) and polyadenylation signal, AATAAA, at the 3" end are indicated.
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FlEICKE 7=, L LAENS, $iEEL T FEIR 5 #)'& % Laser desorption spectrum TgE#HT L 7z &
Wby 2 MY, Bt LDL 233 L, FE% LDL ZA, FUE®WHE O 1 D1 9CHO-PC [1-Palmitoyl-

BRELIBWNA T R—=< & @#G| L /=, 34

b MERAIREE (L B O ML b R aic kD, B
LDL I~ 707 v — kORI //mEL T
Wb ZENGMmo. Ld, $i ApoB fifk & D
TEPEGICLD, DLH3HikORMT 2 HHEYE
X ApoB O /TEE —F L Tz (Fig. 25). 25
DHIFIZ KD, DLH3 HifR I3 M RIEL T
WAL LDL 2383k L TWa &L=, £/,
DLH3 fik MR I 2 EME 2 RET 2728
2, WA NS4 R EERWTHEEL H

Fig. 25. Human Atheromatous Aorta are Stained by DLH3
(anti-oxLDL) and Anti-apo-B Antibodies
The location of both antibodies must be same (provided by Prof.
Ueda.).

2- (9-oxonononoyl) PC] T&h % &L [HE L 7= (Fig.
26). % T 5 OFEAIIEE (L LDL 2B IRAE (ks 512
FELTWSZEZWO TRTAHIR SRS 2.

EhifiH @k LDL 2 E L TH B &, EHEE
(Control) 13 112.4+44.4 THVO, —HLERY
JL—7 (CHD) TlZ, 201.3+90.5 2% EHFHL
TW/= [Fig. 27(A)]. 4650 X 507, WEBRGHREK T
@ ROC (Receiver Operating Characteristics Curve)
(HESH I AR R IT NR BRI T2 D BB 22, A U AR o
BN DRBIZRSIRWHEE) 270y 9% & Fig.
21(B) DL DT85, & < HBENR WA IR
AR EOBELRICRD, HEENEWIZE ROl
MIZls, #HBEELT, DEROGBKEKTELT
1%, Bt LDL &g HE<, DWT ApoB, TG, 1/
HDL, T-Chol DJEIZ/E 57/, ZOHMAZHE A
T, WA 1« 7 A/ 5 DLH3 Hifkz AWz
Fz{t LDL OHIEF v ML I 7z, 450

10. BIRE(EFEREZRZISE/ /70—7
Lk (DLH3), L CTHRSE (7R b—2X)

tb%%@ﬁ%%@ﬁgémﬁ?é%/ﬁu va
PRz TEUS, OFURICHEEEZ FEUT
DDS {E#IZ DN D. Q7 1Y h—=TxEDZH
HEEFHIUIRNZHEITR D, QOFRNZBIEEIHH
FSNIUTHEOB R E B TELX51T85
EHIFEL=. UL, B REfio TOEBRIIATHE

38 = 650.1

636.1

34 =

32

1-Palmitoyl-2-( 9-oxonononoyl ) PC

o

0 cHo AAAAAAAAA
20 A S
OCH o+
1 1
OCH0POCH.N'(CHy;
@
MW = 649.9

Standard ( 9-CHO PC ) 649.9

Mass (m/z)

Fig. 26.

FAB-MS Spectrum of the Products of the OsO4/Periodate Treatment

Non-radioactive 1-palmitoyl-2-oleoyl PC and 1-stearoyl-2-arachidonoyl PC were treated with osmium tetroxide and sodium periodate. The products separated
by TLC were subjected to FAB-MS analysis using sodium iodide as matrix. The product from 1-palmitoyl-2-oleoyl PC gave the molecular ions of=650 (M +H —)
together with m/z=672 (M+Na+). The molecular weight of 9-CHO PC is 649 which is one of the candidates of DLH3 antigen.
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Fig. 27(A). Frequency of Coronary Heart Disease (CHD)
and DLH3 Value
65 patients and 181 control.

Fig. 27(B). Receiver-operating Characteristic Curve Analy-
sis of oXLDL Levels in Patients with Coronary Heart Disease
(CHD)

Note that the performance of the assay as shown by the area under
the curve is superior for oxXLDL compared with total cholesterol (TC),
triglyceride (TG), apoB, and 1/HDL levels.

IRV, FRTIOEM 2T 20 OEBGHHE %
MTA, OFFEICE FEIRE(LFERZEZH WS, QU
B X BIIRRE(L N RS 2R T S bk z =T 5.
QP N=PiRN b S BIIRIE(LE R K 2 8T
5 LEMHRT D, @ERLHEEEEL, FET
5ZE%EEH#HRLT, b MR TRIGT 298 %2 Bt
Lan, bbbl Eo&EZiEzdHuRkEL T
256C Hifk 2R TS5 LKLz, Pl THEE
B L 7=hik 2 T EEIRE D &#EL, 48 il
BEERR, A= NI OAT T LERD L, BIRELE

Fig. 28. Monoclonal Antibody (256 C) Recognizes Fatty
Streaks of WHHL Rabbit Aorta In Vivo
123]_]abeled the antibody (185 MBq, 1.5 mg) was injected into normal
and WHHL rabbits through the ear vein. The rabbits were sacrificed 48 h af-
ter the injection, and the original features and autoradiogram of the aortas
were taken.

REBICHEALTWDZENSn5 (Fig. 28). Z
D 256C HFiARN T 2PURYELS, free cholesterol
EYVIEEOEGHRTH A Z ENHENITE-
7258 Lnd ZOHEARIE, WKMo Y R ~—
TAIEHb o TWS S LW, WHHL FRIMEFE
TTxrnyy—TaEEYT L Wk d % (Fig.
29 :day 1). IHICEEERTSE, JHIEMLICH
B (YR r—2R) D55 [Fig. 29(A) day
7 - tunnel, Fig.29(C)]. L o®, 256C PLIkHIZEH
9 % free cholesterol & VU 2 JEHEOESHK D LH T
% [Fig. 29 (A) day4 : 256C]. Z @ & &, free
cholesterol Z EHHEHET 5 EHENIT LA T S
[Fig. 29(A) day4 : filipin, Fig. 29(B)] Z &5,
TR b= AT KON FEE SN TN D S
U722 ULin Ut BEICH W/ VLDL T, ik
fLOFEERS 7R = XFE B [Fig. 29
A), B), (O]. ZOLS5BHRIHMOE ME
PEIMAEBF MG CHAFEINS.

11. &HYIC

OO RFE A, 0 TREEONENS
R ZED TERZ. WE, bDIbiUIBEIREE(L T
it « ERBEBIZ DWW TN O XK D IR K 2T
THIgE2 L TWw5 (Fig. 2). I LDL PN A e
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A
WHHL Serum VLOL
Day 1 Day 4 Day 7
256¢C
Filipin
Oil Red 0
Tunel
B
1 C 0
320 ’
g B Free Cholesterol 100 ¢
SI5] . R 80
o L
N S 60
§101 ¢ <
3 H S
S g S 40
-
S 3 Cholesteryl Ester 20
S 5 L
o 1 2 3 4 %9 2 4 6 8 10
Cultured days Cultured days

Fig. 29(A). Dying Foam Cells Cultured in the Presence of WHHL Rabbit Serum

(A) Stained by 256 C antibodies, (B) free cholesterol by fillipin, (C) by oil red O and by TUNEL method. Apoptotic cells stained using the TUNEL method
were detected in the presence of WHHL rabbit serum, but not in the presence of VLDL.

Fig. 29(B). (A) Macrophages incubated with WHHL rabbits serum (final cholesterol concentration 50 ug/ml) for 24 hrs and main-
tained with medium up to 4days. FC (closed circle) and CE (open circle) were measured. (B) WHHL rabbit serum induced cell
death (closed circle) but VLDL did not (open circle) .

@ transcytosis {2 K D BjREEICHEA L, Z DHERLE FEISE, SiEE, WAMEEEREIZKD, @
57 Cd % cholesterol {I e & D KRk 7> & L THI DURY NV ENHIREEICHRATS E, 707
HAINTWE, —F, RAGHOHEEBET, HlAds 7 =R INZEMENICED AAHERRT 5. HEN
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WCHDAENZYU RS >IN 7 Eid lysosome T 43 iR
%%}, free cholesterol AiTAZ C16 : 0 21X U &
L EMAENEE S EOE WY ZHEE A lysosome [
THEMT 5. FDE, lysosome [RIZHE S L TV
% acid cholesteryl esterase @ 1% 1 & T 2% 4 U
cholesteryl ester NZET 2. HWEDOU RS >\
BENBIREEICIRAL TS 5 &, jEkMAEIZ S 51T
KIELT R =3 AR EITKVRET S, Wik
DRI > T, MHALRE O Wi 3l DN YRR A N
KEASN T EERIIMRICREE NS,
J Tk &4 IR @ cholesteryl ester 23ERE S N, <27
077 —2IK0MBNICIDIAENS. TOH
B &R D cholesteryl ester 2SR NICE R I N
X912 5%. BIREEICHAT DU RS >NV E&E
MIBITEL<T2DE, HDWITEIKRAILIC AR D
DRIND &, EKMEOEKIL & ARE R D RS
N CEMEER), WENSERIND 2 EITk5.
AARIZBUKYE D BRI IC X 0 BUKE DBR B % [k
THI LI THERFINTWS, BUKMEDE W
JENTER S N5 &, A ARIE O il 1) %A% 1 i he 23 A4
U, WREIREE(LIE S WO REE L THRINS.
PR O 87 U R RS DT S NI S B R A S e e V2
mEIniznk DIz, EhoxrF i E Mgy
BNEMT 500 LAk,
BETCIIEBEAMIEDEAITRD, INETOD
WRERDIERSTHDE, ZONBHOESHIZIZEE
RiE2b00NH 5. BEASEEO N D BEMRG
(2007) 12X 3 &, MMERRBIDNDONAIEZ
AOEZTERICLT, EO0EEIT 1995 FEH %
ERIZLTTFRLTWS, bbhOmMEd, #Mi
ETHEMIDFFITEPIRDEBHEBMTEZDT
Fann L EBnizn,

BE  AFEBIEODITULD, KEE
KLEZFZ, Christian de Duve, Rockefeller Univer-
sity, U.S.A. Prof. Emeritus, Timothy J. Peters, Prof.
Emeritus, Univ. of London, Z& Bk ARGEH
B, BUNMERIE axTnoy s a ik $he
EUNKGZEBERE, S8 — R B KA S,
wHE IR CE R, kHR=RORE%, LH
HEFARTREEE, WESELRERGEEE, A
WHEIREREAZHE, HEE=ZR"TRLEH
%, W LPURRRE R A B EER, M EERE=, #

AEZR, FBHHE, Gabor G. Ecsedi, ELRkF],
WMOKRERSIR, ARILDFHI, RENEA, # FE, HA
g, AEDE—, WWOEZ, S STOo&ELEEDT
B AL L RiF E9

KIFZEIL, BT ERATO, JE4: 4 BIVEH A
&, XRE CUE) SRR GLlmse) -
HEmZE, ERdtai—~>UA IR, EXER
e IR B [, ERFIN AR aME, RS
M, /NEFRLRMAE, WERRC SR, IR A iR B
WMHRC SR H], RH SR AR, TV ERE
IRELHE, WEERC SR AIREE, ¥ XU )b,
T—H1, BMES, BNEEEE, HmAT 7 X,
SAREE PR EUER S-S O T A b —T W
A, WA, L, HARA 72 EOBRIC & D i
SNELL.

I, A1 FAMZEREL T<NZELHT
2, 72, FEREOKRIEZ L T NAaEARIEE N
LY.
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