| Advénces in
CELL CULTURE

- VOLUME 5




Cell Separation

METHODS AND SELECTED APPLICATIONS
EDITED BY

THOMAS G. PRETLOW II aANpD THERESA P. PRETLOW

Institute of Pathology
Case Western Reserve University
Cleveland, Ohio

VOLUME 5

ACADEMIC PRESS, INC.

Harcourt Brace Jovanovich, Publishers

San Diego New York Berkeley Boston
London Sydney Tokyo Toronto



COPYRIGHT © 1987 BY ACADEMIC PRESS, INC.

ALL RIGHTS RESERVED.

NO PART OF THIS PUBLICATION MAY BE REPRODUCED OR
TRANSMITTED IN ANY FORM OR BY ANY MEANS, ELECTRONIC
OR MECHANICAL, INCLUDING PHOTOCOPY, RECORDING, OR

ANY INFORMATION STORAGE AND RETRIEVAL SYSTEM, WITHOUT
PERMISSION IN WRITING FROM THE PUBLISHER.

ACADEMIC PRESS, INC.
1250 Sixth Avenue, San Diego, California 92101

United Kingdom Edition published by
ACADEMIC PRESS INC. (LONDON) LTD.
24-28 Oval Road, London NW1 7DX

Library of Congress Cataloging in Publication Data
(Revised for vol. 5)
Cell separation.
Includes bibliographies and indexes.
1. Cell separation—Collected works. 1. Pretlow,
Thomas G. Il. Pretlow, Theresa P. Ill. Cheret, A. M.
[DNLM: 1. Cell separation—Methods. QH 585.5.C44 C393]

QH585.5.C44C44 1982 574.87°028 82-13949
ISBN 0—12—-564501—5 (v. 1) (alk. paper)

PRINTED IN THE UNITED STATES OF AMERICA

87 88 89 %0 987654321



CELL SEPARATION

METHODS AND SELECTED APPLICATIONS

VOLUME 5§



Preface

In 1975, we published a general review of methods of cell separation.
Because of the interest in this review, we planned a sabbatical year to
write a book with the same scope. Between the writing of the first review
(1973-1974) and the attempt to write a book (1977-1978), the references
to be cited increased from somewhat more than five hundred to somewhat
more than seven thousand. Our bibliography pertinent to this methodol-
ogy was expanding at a rate of two to four dozen articles weekly, and we
were compelled to face the fact that it was no longer feasible for one or
two authors to address this area adequately. The rapid growth in this area
led us to plan this multivolume, multiauthored treatise.

In approaching this work, it was our goal to select critical authors with
considerable personal familiarity with the design and/or application of
methods for the separation of cells. Rather than attempt comprehensive
reviews, they were asked to address relatively finite subjects and to in-
clude sufficient references to direct those readers who want more infor-
mation to the appropriate sources. We have attempted to address this
work to a heterogeneous audience of experimental oncologists, hematolo-
gists, immunologists, cell biologists, endocrinologists, and others who are
not already expert in the use of methods for cell separation. We are
grateful that most of those invited to contribute to this work found the
time to do so, and we hope that their critical, quantitative approaches to
problems in cell separation will stimulate new investigators to examine
critically many of the ‘‘accepted’ methods for cell separation.

THomMmASs G. PRETLOW 11
THERESA P. PRETLOW

xi
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Chapter 1

Isolation and Characterization of Human Vascular
Endothelial Cells with Application to Studies of the
Subendothelial Matrix

RANDALL H. KRAMER,* MARVIN A. KARASEK,T
AND KLAUS G. BENSCHE

*Departments of Anatomy and Stomatology, University of California,
San Francisco, San Francisco, California 94143 and Departments
of tDermatology and iPathology, Stanford University,
Stanford, California 94305
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IV. Concluding Remarks
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I. Introduction

The vascular endothelium is a crucial continuous monolayer that lines
all blood vessels, including the conducting vessels (such as the aorta) and
the microvasculature (composed of arterioles, capillaries, and venules).
This endothelial cell barrier provides a nonthrombogenic interface with
the blood and acts as an efficient conduit by which nutrients, metabolic
wastes, hormones, and blood cells are rapidly transported throughout the
organism. Besides providing a semipermeable membrane, the endothe-
lium participates in wound healing and neovascularization and plays an
important role in the pathogenesis of many disease states, including ather-
osclerosis, thrombosis, and tumor progression and metastasis, to name a
few. The extreme diversity of endothelia is only now becoming apparent
as the various ultrastructural, physiological, and biochemical aspects of
the vasculature are being uncovered. Much of the newly acquired infor-
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2 RANDALL H. KRAMER ET AL.

mation concerning the functions of this complex organ system is a direct
consequence of the successful isolation and culture of the endothelial
cells lining the blood vessel.

The endothelial cell is fastidious and requires a number of unique condi-
tions for its survival and continued proliferation. Furthermore, the envi-
ronmental requirements for each type of endothelial cell may vary sub-
stantially, even in the same species. The realization that most endothelial
cells require highly specific peptide growth factors for optimal prolifera-
tion and the availability of these growth factors have accelerated ad-
vances in this field. Another hurdle that had to be overcome was that
while certain endothelia, such as the large-vessel cells, are easily isolated
free of other stromal cell types, such as fibroblasts or smooth mus-
cle cells, the microvascular endothelial cells are usually enmeshed in a
connective tissue that contains other cells, making their selective
removal difficult. Consequently, specialized techniques had to be
developed to permit clean isolation of the endothelial cells. Obviously,
human tissue is the most relevant source for studies of endothelial cell
biology and disease states. Fortunately, not only can both macrovessel
and microvessel endothelial cells be successfully isolated and serially
passaged, but in addition, these cultured cells seem to retain many of their
differentiated functions.

The production of a subendothelial basement membrane matrix is a
unique feature of most blood vascular endothelial cells. However, this
subendothelial matrix may vary according to location and species. Cer-
tain highly specialized vascular endothelia may lack a distinct basal
lamina, as is the case with the liver sinusoid endothelium. Elsewhere, the
basement membrane may be fused with matrix of neighboring epithelial
cells, such as the capillary endothelia present in the glomerulus and lung
alveoli. In most cases, the basement membrane matrix acts as a permea-
bility barrier, as well as a scaffolding to which the endothelial cell forms
its polarized attachment. In the case of the microvasculature, this struc-
ture may provide flexibility but also integrity to the vessel (Murphy and
Johnson, 1975). During neovascularization, one of the earliest events is
the penetration of the microvascular basement membrane by endothelial
cells and their invasion of the surrounding perivascular connective tissue
matrix (Ausprunk and Folkman, 1977). The basal lamina is probably im-
portant during the regeneration of damaged vessels, acting as an insoluble
pathway by which endothelial cells migrate into the injured tissue to re-
form new capillary loops. Finally, information obtained from culture of
endothelial cells has suggested that their continued proliferation and
maintenance of their unique phenotype is dependent on the macromolecu-
lar composition of the substrate to which they adhere (Gospodarowicz,
1983).



