LIPOPROTEINb AND“

ATHEROSCLEROSIS -

5 Edited by C. L. Malmendlel
‘ and P, Alaupovm




LIPOPROTEINS AND
ATHEROSCLEROSIS

Edited by
- C. L. Malmendier

Research Unit on Atherosclerosis
The Free University of Brussels
Brussels, Belgium

and

P. Alaupovic

Lipoprotein and Atherosclerosis Research Program
Oklahoma Medical Research Foundation
Oklahoma City, Oklahoma

PLENUM PRESS * NEW YORK AND LONDON



r

-\.-‘.;“: "ﬁ"” .

Library of Congress Cataloging in Publication Data

Fondation de recherche sur I'athérosclérose de la communauté francaise de Belgxque
International Colloquium (3rd: 1986: Brussels, Belgium)
Lipoproteins and atherosclerosis.

(Advances in experimental medicine and biology; v. 210)

“Proceedings of the Third International Colloquium of the Fondation Je recherche
sur I'athérosclérose de la communauté frangaise de Belgique, held March 13-14, 1986,
in Brussels, Belgium”—T.p. verso. :

Includes bibliographies and index.

1. Atherosclerosis — Congresses. 2. anoprotam—Mehbohsm Conaresm 3. Cor-~
onary heart disease — Etiology — Congresses. 1. Malmendier, Claude L. II. Alaupovic,
P. III. Title. IV. Series. [DNLM: 1. Coronary Arteriosclerosis — congresses. 2. Lipopro-
teins — metabolism — congresses. W1 AD559 v.210 / WG 550 F673 1986L]

RC692.F66 1986 616.1'36071 i - 87-2345
ISBN 0-306-42487-8

Proceedings of tfxe Third International Colloquium of the Fondation
de Recherche sur I’Atherosclerose de la Communauté Frangaise de
Belgique, held March 13-15, 1986, in Brussels, Belgium

© 1987 Plenum Press, New York *
A Division of Plenum Publishing Corporation
233 Spring Street, New York, N.Y. 10013

All rights reserved

No part of this book may be reproduced, stored in a retrieval system, or transmitted
in any form or by any means, electronic, mechanical, photocopying, microfilming,
recording, or otherwise, without written permission from the Publisher

Printed in the United States of America



LIPOPROTEINS AND
ATHEROSCLEROSIS

il

011 3019/// 89 0% 259y



ADVANCES IN EXPERIMENTAL MEDICINE AND BIOLOGY

Editorial Board:

¢ NATHAN BACK, State University of New York at Buffalo
EPHRAIM KATCHALSKI-KATZIR, The Weizmann Institute of Science
DAVID KRITCHEVSKY, Wistar Institute
ABEL LAJTHA, N. S. Kline Institute for Psychiatric Research
RODOLFO PAOLETTI, University of Milan

o
)

Recent Volumes in this Series

Volume 205
. NEW MOLECULAR AND CELLULAR ASPECTS OF REPRODUCTION
Edited by Dharam S. Dhindsa and Om P. Bahl

Volume 206
ROLE OF ESSENTIAL NUTRIENTS IN CARCINOGENESIS
Edited by Lionel A. Poirier, Paul M. Newberne, and Michael W. Pariza

Volume 207 *
THE MOLECULAR AND CELLULAR BIOLOGY OF FERTILIZATION
Edited by Jerry L. Hedrick

Volume 208
PHOSPHATE AND MINERAL HOMEOSTASIS
Edited by Shaul G. Massry, Michel Olmer, and Eberhard Ritz

Volume 209
AMYOTROPHIC LATERAL SCLEROSIS
Therapeutic, Psychological, and Research Aspects
Edited by V. Cosi, Ann C. Kato, W. Parlette, IP Pinelli, and M. Poloni

Volume 210
LIPOPROTEINS AND ATHEROSCLEROSIS
Edited by C. L. Malmendier and P. Alaupovic

Volume 211
BIOPHYSICS OF THE PANCREATIC $-CELL
Edited by Illani Arwater, Eduardo Rojas, and Bemat Soria

Volume 212 b S id
ACUTE RENAL FAILURE: Clinical and Experimental

Edited by Alberto Amerio, Pasquale Coratelli, Vito M. Campese,

and Shaul G. Massry 4 {

’

-~

A Continuation Order Plan is available for this series. A continuation order will bring delivery of each new volume
immediately upon pubhuuon Volumes are billed only upon actual shipment. For further information please contact
the publisher. -




o

L

PREFACE

Atherosclerosis which accounts in Western Europe for more than 40 %
of deaths, is a generalized disease that develops slowly and is symptomless
until lesions have become sufficiently severe to cause myocardial or
cerebral infarction.

Research on specific and precocious markers of atherosclerosis and the
development of non invasive techniques for their early detection represent
major challenges .in biomedical field.

i

We hope that this volume of edited papers, a consequence of the third
international colloquium on atherosclerosis, conducted at the University
of Brussels, Belgium through the support of the "Fondation de Recherche
sur 1'Athérosclérose" will contribute to this goal.

Among the topics discussed the major ones were the mechanism of
action of lipolytic enzymes, the deficiency or dysregulation of cellular
receptors, the genetic deficiencies of apolipoproteins, and the panoply of
external factors as diet, physical exercise, drugs, which modify the
lipoprotein metabolism. Special interest was also devoted to potent
techniques as kinetic analysis of metabolic tracers and use of monoclonal
antibodies. Their contribution to the detection and treatment of
atherosclerosis will be obviously essenti*l in the future.

|

’ C.L. Malmendier
|
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{ETEROGENEITY OF APOLIPOPROTEIN B CONTAINING LIPOPROTEINS

Ross W. Milne, Philip K. Weech and Yves I.. Marcel

Laboratory of Lipoprotein Metabolism
Clinical Research Institute of Montreal :
110, west, Pine avenue, Montreal, Quebec H2W 1R7, Canada

Apolipoprotein (apo) B which is a major protein component of low
density lipoproteins (LDL), very low density lipoproteins (VLDL) and
chylomicrons plays an important role in the transport of 1lipids.
Clinically, LDL apo B has been shown to be a risk factor for coronary
artery disease which is independent of LDL cholesterol™. Apo B is known
to be chemically and metabolically heterogeneous. The major species
present in LDL and VLDL, apo Bl100, which is synthesized in the liver has
an apparent molecular weight of 550,000, whereas' that of chylomicrons,
apo B48, is of intestinal origin and has an apparent molecular weight of
264,0007. Apo Bl00 and apo B48 are clearly related immunologically and
are probably products of the same gene. Like apo E, apo B1l00 is a ligand
for the LDL receptor and is therefore critical for the maintenance of
cholesterol homeostasis. While apo B is relatively abundant and easily
isolated free of other proteins, its insolubility, suseptibility to
proteolysis and tendancy to agg}eﬁate have provided serious technical
obstacles to its characterization™’ . It is only recently that extensive
knowledge of apo B primary structure has become available through the
sequencing of apo B cDNA.

Apo B containing lipoproteins (LpB) are heterogeneous, varying from
large triglyceride (TG)-rich particles such as chylomicrons and VLDL to
much smaller cholesterol-rich LDL. In ‘hormal humans, almost all LDL
originates from VLDL particles of hepatic origin which undergo
intravascular lipolysis and exchanges of lipid and proteins with other
lipoprotein classes. This progessive transfogmation of VLDL to LDL
generates a spectrum of intermediate particles of differing diameter,
hydrated density and chemical composition. Heterogeneity in the chemical
and physical properties of LpB particles is also present within® the LDL
density class. Further heterogeneity within the LDL class can be
introduced by disease. In familial hypercholesterolemia, §hgre is the
appearance of a cholestfrol-rich subfraction”of = EDL™ whereas
hyperapobetalipoproteinemia™ and famtlial combined hyperlipoproteinemia
are associated with an accumulation of small LDL particles which are
relatively depleted of cholesterol and enriched in protein.

There is now considerable evidence to indicate that this physical
and chemical heterogeneity of LpB can introduce heterogeneity in the
conformation of apo B. It has been shown that as VLDL . undergoes
lipolysis, there is a progressive increase in the immunoreactivity of the

, oo
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ape B with certgin anti-apo B polyclonal antieera7 and monoclonal
antibodies (Mabs) and that this can be due to both changes in apparent
antibody affinity and in epitope expression (8). This increase in
immunoreactivity is accompagnied7b§ an increase in the ability of the apo
B to react with the LDL receptor ’°. In large TG-rich VLDL, apo E is the
principal ligand which is recognized by the LDL receptor and as TG are
removed frofi~ the particle, either in vivo o ilfl vitro, the apo B
component: of the binding becomes more important “*7. It would therefore
appear that as VLDL are converted to LDL, the changes in the particle
structure result in either an unmasking of specific regions of apo B or a
change in ite conformation such that interactions with both antibody and
cell surfate receptors are facilitated.

The cifemical and physical heterogeneity within the LDL class is also
manifested in an immunochemical heterogeneity. We have shown that the
immunoreactivity of certain antigenic determinants defined by anti-apo
B Mabs varies in a predictable manner,3s a function of the cholesterol
to protein ratio of  the particles . The larger more buoyant
cholestérol-rich LDL were more immunoreactive than were the smaller less
buoyanticholesterol-depleted LDL. By a comparison of results obtained in
a competitive radioimmunometric = assay with those obtained by
immunoprecipitation (unpublished results), we have concluded that the
reported immunochemical heterogeneity reflects primarily differences in
antibody affinity rather than heterogeneity in antigenic expression. As
others have reported (see above), we have observed that the
immunoreactivity of certain of our anti-apo BL L Mabs with VLDL
increases as the VLDL undergoes lipolysis (unpublis?led results). As was
the case for the LDL, the differences were more evident in the
competitive radioimmunometric assay than in immunoprecipitation

~experiments. Thus, it would appear that the epitopes defined by certain

of the apo Mabs have an optimal conformation when they are present

~on choleatero?l-'rich LDL. The Mabs react with lower affinity when the apo

B is 1in the ' form of either larger TG-rich VLDL or smaller
cholesterol-depleted LDL. It is not known whether particle diameter or
particle composition plays the more important role in modulating apo B
conformation. '

We have' now localized the epitopes of those Mabs whose
immunoreactivity varies with the LDL cholesterol to protein ratio to the
middle one third of the apo B molecule (unpublished results). This may
indicate that changes in the physical and chemical properties of LDL may
alter the conformation of relatively large regions of the apo B molecule
as opposed to that of individual isolated epitopes distributed randomly
throughout apo B. Two of th Mabs are capable of inhibiting the binding
of LDL to the LDL receptor ~. As it is probable that the ability of
these Mabs to block receptor binding reflects the proximity of their
corresponding epitopes to the receptor-binding domaine of apo B, it may
indicate 'that the conformation of the receptor-binding domaine itself may
be auaepti_.ﬁ_ig to modulation by the changes in the LDL composition which,
in turn, Séﬁai’i‘nﬂuence LDL metabolism. In support of this, it has been
demonstrated. that the less buoyant cholesterol-poor LDL have a lorgr
fractional catabolic rate han the larger cholesterol-rich LDL™ .
Furthermore, Kleinman et al. have demonstrated that the small LDL
characteristic of certain hypertriglyceridemic subjects are replaced by
LDL of nermal diameter following treatment with bezofibrate. While the
small LDL present before treatment of the hypertriglyceridemia are poorly
recognized by the LDL receptor, the larger LDL which appear in response
to bezofibrate are normally taken up by cultured human fibroblasts.



We have found that mest epitopi% recognized by anti-apo BLD Mabs
require 1lipid for their expression” . Moreover, individual ep&topee
differ in the minimal lipid ennvironment necessary for their expression.
Thus, while only one of the previously characterized anti-apo B Mabs
reacted with delipided resolubilized apo B (apo B ), reactivity of the
apo B ' . with another Mab (2D8) could be regeneré%ﬁd by reincorporation
of thgoapo B into phospholipid-cholesterol liposomes. Other anti-apo B
Mabs reacted only with apo B which had been reincorporated into
phospholipid-cholesteryl ester’ microemulsions. Thus, in these
experiments, three classes of apo B epitopes were. defined; those which
were independent of 1lipid, those which required the presence of
amphipathic lipids and those which required both amphipathic lipids and a
neutral cholesteryl ester core. It is perhaps significant  that the
anti-apo B DL Mabs with the most stringent lipid requirements were those
which react with epitopes close to the receptor binding domaine of apo BE.
This would again suggest the lipid-dependent conformation of this region
of apo B. Recently, we have prepared and characterized -Mabs against apo
B . Most of the anti-apo B Mabs react preferentially with apo B

338} in contrast to -the anti-apo B Mabs, reincorporation of the apo
B . into lipid vesicles generally resulted in a loss of immunoreactivity
wigﬁ the anti-apo B Mabs. Thus, 1lipids can both negatively and

positively modulate %gpression of apo B epitopes. Furthermore, the
reported temperature-dependent variation in the apparent affinity of
certain anti-apo BLD Mabs for LDL may reflect the dependi%ce of apo B
conformation on the physical state of the associated lipids™ . ;

It would therefore appear that the conformation of apo B is highly
dependent on the physical and chemical properties of the lipoproteins in
which it is found. Moreover, this apparent modulation of apo B
conformation may have consequences on the biological function of the LpB
such as the interaction with cell surface receptors. It has been
suggested that the small cholesterol-poor LDL subfraction which is
prominant in subjects with hyperapobetalipoproteinemia may be especially
atherogenic (1). As described above, Mabs detect immunochemical
differences amongst the LDL subfractions. Therefore antibodies which
have been prepared against and react preferentially with this
cholesterol-depleted LDL ‘subfraction may prove to be particularly
discriminating predictors of atherosclerosis.
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SEPARATION AND IDENTIFICATION OF APO-B-CONTAINING LIPORROTEIN PARTICLES

IN NORMOLIPIDEMIC SUBJECES=AND PATIENTS WITH HYPERLIPOPROTEINEMIAS

Petar Alaupovic, Marcelo Tavella, and James Fesmire

3 Lipoprotein and Atherosclerosis Research Program
& Oklahoma Medical Research Foundation :
Oklahoma City, Oklahoma, USA 73104

INTRODUCTION

The operationally-defined plasma lipoproteins have provided the theo-
retical basis for most studies and current views on the mechanism of lipid
transport [1,2]. The popularity of these classification systems has been
enhanced by clinical studies which have related certain derangements of
lipid transport to particular density classes or electrophoretic patterns.
[2,3]. However, the discovery of a number of apolipoproteins [1,4].and
the detection of marked protein heterogeneity of lipoprotein density clas-
ses and electrophoretic bands [4,5] have become incompatible with the view
that operationally-defined lipoproteins represent the fundamental chemical
and metabolic entities of lipid transport system. Results from laboratories
have shown that major density classes consist of several distinct lipopro-
tein families or particles rather than single lipid-protein complexes [4-
9]. Based on these and similar findings showing that lipoprotein density
classes consist of distinct lipoprotein particles of similar hydrated den-
sities but different apolipoprotein composition, we have proposed that apo-
lipoproteins be used as specific markers for the identification of lipopro-

———-—-tein particles and as a new means for the classification of plasma lipopro-

5 teins [10,11]. According to this proposal, lipoprotein families or parti-
cles which contain a single apolipoprotein are called simple lipoproteins
and those which contain two or more apolipoproteins are referred to as
complex lipoproteins [1l1]. The nomenclature of lipoprotein particles is
based on the.ABC nomenclature of apolipoproteins [10] in that lipoprotein
particles are named after their constitutive apolipoproteins. For example,
lipoprotein particles which only contain ApoB as their protein moiety are
galled lipoprotein B (LP-B), while lipoprotein particles which contain apo-
lipoproteins B, C and E are named lipoprotein B:C:E (LP-B:C:E).

Although the characterization of plasma lipoproteins under normal and
pathophysiological conditions rests on the quantitative determination of
individual lipid and, more recently, apolipoprotein constituents, such mea-
surements encompass the lipid and/or apolipoprotein mass of all plasma or
density class lipoproteins rather than individual simple and complex lipo-
protein particles. If one assumes that simple and complex lipoprotein par-
ticles represent the fundamental physicochemical and functional entities
of the lipid transport, then the proper functioning of this system depends
on certain characteristic concentrations of these lipoprotein particles.
Any alterations of this physiological process ought to result in their



