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Oxidized low-density lipoprotein (OxLDL) is thought to be involved in atherosclerotic lesion formation. We estab-
lished a monoclonal antibody, DLH3, that recognizes oxidized phosphatidylcholine (OxPC) formed in OXLDL. A sen-
sitive method for detecting OxLDL was enabled by a sandwich ELISA procedure utilizing DLH3 together with an anti-
apoB antibody. Using the method, we demonstrated the presence of OxLDL in human circulating plasma for the first
time, and the plasma OxLDL level in healthy subjects was estimated to be about 0.1 ng/ug LDL protein. OXxLDL levels
in patients with acute myocardial infarction are more than 3 times higher than in controls. Thus the plasma OxLDL level
could be a good marker for cardiovascular disease. There are multiple metabolic enzymes for OxPC in plasma. We
demonstrated that lecithin: cholesterol acyltransferase (LCAT) is capable of metabolizing OxPC molecules in OxLDL,
and that the plasma OxLDL level in patients with familial LCAT deficiency was about 3.5 times higher than in controls.
OxLDL in vivo is likely to be metabolized by enzymatic activities in plasma, the reticuloendothelial system including
Kupffer cells, and immunological responses. The OXLDL levels determined by this analytical procedure would reflect the
physiologic balance between oxidative modification of LDL and metabolic clearance of OxLDL.
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Fig. 1. Schematic Models of Atherosclerotic Lesion Formation
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An arteries consists of a layer of endothelial cells on the inner surface, a sheet of elastica lamina, and layers of smooth muscle cells. In early atherosclerotic le-
sions, a large volume of lipids accumulates and a number of foam cells are appeared between the layer of endothelial cells and elastica lamina. Oxidatively modified
LDL stimulates endothelial cells to induces monocyte chemoattractant protein—-1 (MCP-1) which recruit circulating monocytes to vessel wall tissue. Macrophages
in intima bind and take up OXxLDL, and subsequently change themselves into foam cells. A part of smooth muscle cells infiltrates and moves it on intimal space from
media. In advanced atheroma, a cap structure is formed with smooth muscle cells and collagens near the surface area of thickened intima, and a large number of
foam cells and smooth muscle cells are appeared in the deep area of intima. Such atherosclerotic lesions are mechanically valneable, and once a part of atheroma is
cracked or some endothelial cells are removed, thrombi are formed quickly which lead to acute myocardial infarction.
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(A) Reactivity of mAb DLH3 to modified LDLs
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(B) Reactivity of mAb DLHS3 to oxidized lipids
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Fig. 2. Characterization of Anti-OxLDL Monoclonal An-
tibody DLH3

(A) Reactivity of anti-OxLDL mAb DLH3 to various modified LDLs.
Microtiter wells were coated with 1 ug each of native and modified LDL.
Direct ELISA was performed with 1 : 10,000 diluted DLH3. OXLDL was
prepared by incubating LDL with CuSO, at 37°C for 0.5, 3 and 24 h. MDA~
LDL: malondialdehyde-treated LDL. (B) Reactivity of anti-OXLDL mAb
DLH3 to various oxidized lipids. Lipids were oxidized by incubating with
FeSO, and ascorbate in the presence of BSA at 37°C for 3 h. Microtiter wells
were coated with 0.1 nmol each of the lipids (modified from Ref. 9).
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Fig. 3. The Structure of Aldehyde-Containing PC
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Sandwich ELISA Procedure for OXLDL Determination
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(A) A sohematic scheme of the sandwich ELISA procedure. To microtiter wells pre-coated with anti-OxPC mAb DLH3, LDL fractions from patients were add-
ed. After washing the microtiter wells, OXLDL bound to DLH3 antibody was detected with anti-apoB pAb and alkaline phosphatase-conjugated 2nd antibody.
(B) A standard curve for the OXLDL determination. Using OXLDL prepared by incubation of LDL with CuSO,, a linear response was observed up to 10 ng of Ox-

LDL protein/well (modified from Ref. 10).

Table 1.
Level

Diseases Associated with Increase in Plasma OxLDL

Acute coronary infarction

Cardiovascular diseases (50% stenosis)

Cerebral infarction

Carotid arteriosclerosis (receiving endoarterectomy)
Familial LCAT deficiency

Hemodialysis

Dilated cardiomyopathy
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Fig. 5. Plasma LDL Oxidation Levels Increase in the Patients with Cardiovascular Diseases

Amounts of OXLDL were determined using the sandwich ELISA procedure. LDL fractions were separated from the plasma from patients with cardiovascular
diseases including acute myocardial infarction (AMI), unstable angina pectris (UAP), and stable angina pectris (SAP) together with age-matched control subjects
(modified from Ref. 11).
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Fig. 6. LCAT is Capable of Metabolizing Oxidized PC

(A) LCAT-dependent metabolites from PC of OxPC were separated on TLC. 1-Palmitoyl-2—[!*C]-linoleoyl PC was incubated with FeSO, and ascorbate at
37°C for 3 h to prepare OxPC. Radioactive PC or OxPC was incubated at 37°C for 18 h with human plasma from normal subject, patients with familial LCAT
deficiency (FLD) or a subject deficient in platelet activating factor-acetylhydrolase (PAF-AH). Total lipids extracted from the reaction mixture was separated n a
TLC. The plate was developed with a solvent system chloroform : methanol : acetic acid=98 : 2 : 1 followed by another solvent system hexane : ethyl ether : acet-
ic acid=80/20/1. Radioactive bands were visualized and quantified using BAS—1500 imaging analyzer. (B) Amounts of the metabolites (CE, products A and B)
from either PC or OxPC were quantified. LCAT—deficient plasma clearly failed to generate the products A from OxPC (Ref. 17).

L5, LCAT A3EE{t LDL EDEE{k PC DRHIT
FELTWD RN RSN, £I T, BHE
W L7= PC &LHfb PC %, f#% # X UX LCAT X8
BEMEEA>FaX—KU7%& (Fig. 6). %M
BIZEXoTPCH5S CENEASIN, £ PC
NoH LB OMRHEY (Fig. 6 @ Products A, B)

WA U, LCAT REEEFMHFETIZ, PCh5D
CE AT <, TN & EBITEIL PC 6 ORGEH

EMHECRMNo 1D 22 THWEEL PCIZ,
PC Z§k1 4 > T L 7=t PCIREMIZ DT,
LCAT IZ X B RHEM B L DEGWIT/E> T
%. LCAT [JHZ#|I® DINB (P F A= FO&REFH
) I2k-oTH, fF Mg OB PCRHHNEMEN
HELE sl &ns, LCAT Ak PC O
REEZ RS, Mg LDL O#ICH G L T
WS ENREINT.



No. 10

751

75T RBPC/s &, ik LDL HICA4 U 5.
{& PC 78 MCP-1 OFHFEZIZI U O I £ /oMl
FRIBIEROEEME TH D EEZL SN TN
5. 89 x7 BEPCIIRI7O7 7 —JICXDE
{t LDL OFF# LY b —7 127> TS Al HetEd s
BEN TV, 20 migEhizid LCAT LI bt
PC OG22 R DBEF & LT, /MG MEILR
Fr7tEFIle RoF—+t (PAF-AH) & % Wid/N
FFF V% —A (PON) OEFEENHISNTWS, 2D
IS OEEFENMAERE (L LDL O &% L X)L OHfefr
KHFELTWDEHDEEZ TS,

AT L7z & Dz, mmiEd gk LDL IZIEH %)
RUNZ7 VY 52 AEIN, TDIFELETFEITHIIE
BT 5.9 gD 7 v N—ffiZ A F NP
Y —ZEERERELTBO, mhns Ok LDL
DIIVT T ARCRKRELFEGLTWA, &L, R
Fr RV —ZFIKSR-A /v 7T TR TR
IZBWT, BIELDLOHFTO U7 F > A2l
ENEZEBNIRIN SR ENS, Ty /N—/IfgIZ
WSOZEERHFIHL TWD Z ENHERITN TN S,

HPER, & <ITHRIRMESIE A EL (b LDL OHEFRIC

FHELTWDAEEENE A oNS. EFSIE, fd#FE
RN BV B I SR {k LDL J& 2 & g {k LDL H
CPUARAE & S AHREBEIfRICH 2 2 & & HE L TW
3.3 HePARMmAE W E MIZOFRIC X > Tl
fELDL ® 7 U7 T > AR EE > Tt
LDL BEENME</m-oTWwad EEZ 6N, &b,
g L 7=~ XA Tld, mHopi#t LDL HE
PURMAME T U, F=BIIREELIRE A KT 205,
T TIERELEZREL TW3 apoE /v 7 77
RUZXDBMEEBRET S &, M~ ZORE
ML <ML, IRIRIEREEIC K 2 BB R L AE A
RSN TS,

Mg L LDL OfHNTIE, BEENIER, 2%
KENTH707 70X, L THEHKZEZN L
PEBRBERE S =N ZNICHT G L Tnbd, Dl &b
FEDHEFFS N TV A IRRETIE, B{t LDL D4R -
L, BIELLDLOV YT I AENHBINT >~
AEEoTHELTWSEHDEEZ TS (Fig.
7. WAWARRBRFIZIZZONT > ADMEHEL,
MAEH O LDL 23 L WEMZ L TWaIZHE
5T, BRI T T A TERWIRIEICH S

{ Oxidative StreSSJ & “mTlssuedamage """"""""" [ Atherosclerosis }
Inflammation
§

OxLDL

Enzymatic Immunological
Clearance metabolism protection
Liver Kupffer cells LCAT Autoantibodies
PAF-AH
PON

Fig. 7. Metabolic Dynamics of OxLDL in vivo

OxLDL is formed through lipid peroxidation on LDL particles, which is caused by a variety of oxidative stress. Once OxLDL is formed, it could act as a factor
for atherogenesis by activating endothelial cells and by taken up by macrophages to form foam cells. However, a multiple function can reduce the OXLDL concen-
tration in circulation. Liver Kupffer cells have a large capacity for clearance of circulation OXLDL. Plasma enzymes including LCAT contribute to detoxify OxLDL,
and autoantibodies to OXxLDL is thought to have anti-atherogenic properties. Plasma OxLDL levels would represent the balance between oxidative stress and pro-

tective conditions.
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