Cell Culture Methods for Molecular and Cell Biology

David W. Barnes, David A. Sirbasku, dnd Gordon H. Sato, Editors

Volume 2: Methods for Serum-Free Culture of Cells of the Endocrine®
System



Methods for Serum-Free Culture of
Cells of the Endocrine System

Editors
David W. Barnes

Department of Biological Sciences
University of Pittsburgh
Pittsburgh, Pennsylvania

David A. Sirbasku
Department of Biochemistry

and Molecular Biology
University of Texas Medical School
Houston, Texas

Gordon H. Sato

W. Alton Jones Cell Science Center
Lake Placid, New York

Alan R. Liss, Inc., New York



Address all Inquiries to the Publisher
Alan R. Liss, Inc., 150 Fifth Avenue; New York, NY 40041

Copyright © 1984 Alan R. Liss, Inc.
Printed in the United States of America.

Under the conditions stated below the owner of copyright for this book hereby grants permission
to users to make photocopy reproductions of any part or all of its contents for personal or
internal organizational use, or for personal or internal use of specific clients. This consent is given
on the condition that the copier pay the stated per-copy fee through the Copyright Clearance
Center, Incorporated, 21 Congress Street, Salem, MA 01970, as listed in the most current issue
of “Permissions to Photocopy” (Publisher’'s Fee List, distributed by CCC, Inc.), for copying
beyond that permitted by sections 107 or 108 of the US Copyright Law. This consent does not
extend to other kinds of copying. such as copying for general distribution, for advertising or
promotional purposes, for creating new collective works, or for resale.

Library of Congress Cafaloging in Publicaiion Data
Main entry under title:

Methods for serum-free culture of cells of the endocrine system.
(Cell culture methods for molecular and cell biology: v. 2)
Includes index.

1. Cell culture. 2. Culture media (Biology)
3. Endocrine glands. 1. Barnes, David W. {David William).

1949- . II. Sirbasku, David A. (David Andrew),

1941- . Il Sato, Gordon. V. Title: Serum-free

culture of cells of the endocrine system. V. Series.
QH585.M464 1984 591.1'42'0724 84-7202

ISBN 0-8451-3801-4



Contributors

Michael Antoniou, Tumor Biology Lab-
oratory, School of Biological Sciences,
University of Nebraska at Lincoln, Lin-
coln, NE 68588 [143]

Mihir R. Banerjee, Tumor Biology
Laboratory, School of Biological Sci-
ences, University of Nebraska at Lin-
coln, Lincoln, NE 68588 [143]

Mozeena Bano, Laboratory of Patho-
physiology, National Cancer Institute,
National Institutes of Health, Bethesda,
MD 20205 [105]

David W. Barnes, Department of Bio-
logical Sciences, University of Pitts-
burgh, Pittsburgh, PA 15260 [xv,201]

Donna M. Chaproniere-Rickenberg,
Division of Urology, Department of Sur-
gery, School of Medicine, University of
Colorado Health Sciences Center, Den-
ver, CO 80262 [47]

David Danielpour, Department of Bio-
chemistry and Molecular Biology, Uni-
versity of Texas Medical School,
Houston, TX 77225 [217]

Robert E. Donohue, Division of Urol-
ogy, Department of Surgery, School of
Medicine, University of Colorado Health
Sciences Center, Denver, CO 80262
[47]

vil

Peter R. Galle, Department of Bio-
chemistry and Molecular Biology, Uni-
versity of Texas Medical School,
Houston, TX 77225 [217]

Raphael Guzman, Cancer Research
Laboratory, University of California at
Berkeley, Berkeley, CA 94720 [127]

Izumi Hayashi, Division of Cytogenet-
ics and Cytology, City of Hope National
Medical Center, Duarte, CA 91010 [1]

Tatsuhiko Ikeda, Faculty of Nutrition,
Kobe-Gakuin University, Kobe 673,
dJapan [217]

Walter Imagawa, Cancer Research
Laboratory, University of California at
Berkeley, Berkeley, CA 94720 [127]

Tamiko Kano-Sueoka, Department of
Molecular, Cellular, and Developmental
Biology, University of Colorado, Boul-
der, CO 80309 [89]

William R. Kidwell, Laboratory of
Pathophysiology, National Cancer Insti-
tute, National Institutes of Health, Be-
thesda, MD 20205 [105]

Marc E. Lippman, Medical Breast Can-
cer Section, National Cancer Institute,
National Institutes of Health, Bethesda,
MD 20205 [183]



viil

Contributors

Jdennie P. Mather, Center for Biomedi-
cal Research, The Population Council,
. New York, NY 10021 [29]

Satyabrata Nandi, Cancer Research
Laboratory and Department of Zoology,
University of California at Berkeley,
Berkeley, CA 94720 [127]

Joseph Orly, Department of Biological
. Chemistry, Institute of Life Sciences,
The Hebrew University of Jerusalem,
91904 Jerusalem, Israel [63]

David M. Phillips, Center for Biomedi-
cal Research, The Population Council,
New York, NY 10021 [29]

James Richards, Cancer Research
Laboratory, University of California at
Berkeley, Berkeley, CA 94720 [127]
David S. Salomon, Laboratory of Tu-
mor Immunology and Biology, National
Cancer Institute, National Institutes of
Health, Bethesda, MD 20205 [105]
Gordon H. Sato, W. Alton Jones Cell
Science Center, Lake Placid, NY 12946
[xv]

Michael H. Simonian, Department of
Physiology and Biophuysics, University of
lowa, lowa City, 1A 52242 [15]

David A. Sirbasku, Department of Bio
chemiistry and Molecular Biology, Uni-
versity of Texas Medical School,
Houston, TX 77225 [xv,217]

Martha Stampfer, Division of Biology
and Medicine, Lawrence Berkeley Lab-
oratory, Berkeley, CA 94720 [171]

Yasuhiro Tomooka, National Institute
of Environmental Health Sciences, Re-
search Triangle Park, NC 27709 [127]

Mukta M. Webber, Division of Urology,
Departrnent of Surgery, School of Medi-

cine, University of Colorado Health Sci-
ences Center, Denver, CO 80262 [47]

Mark L. White, Department of Physiol-
ogy and Biophysics, University of lowa,
lowa City, 1A 52242 [15]

Jason Yang, Cancer Research Labora-
tory, University of California at Berkeley,
Berkeley, CA 94720 [127]



Contents of Volumes 1, 3, and 4

Volume 1: Methods for Preparation of Media, Supplements, and
Substrata for Serum-Free Animal Cell Culture

METHODS FOR PREPARATION OF BASAL NUTRIENT MEDIA

Formulation of Basal Nutrient Media
Richard G. Ham

Preparation and Use of Serum-Free Culture Media
Charity Waymouth

Preparations and Uses of Lipoproteins to Culture Normal Diploid and
Tumor Cells Under Serum-Free Conditions
Denis Gospodarowicz

METHODS FOR PREPARATION OF MITOGENIC PEPTIDES

Preparation of Human Platelet-Derived Growth Factor
Elaine W. Raines and Russell Ross

Purification of Multiplication-Stimulating Activity
Lawrence A. Greenstein, S. Peter Nissley, Alan C. Moses,
Patricia A. Short, Yvonne W.-H. Yang, Lilly Lee, and
Matthew M. Rechler

Preparation of Guinea Pig Prostate Epidermal Growth Féctor
Jeffrey S. Rubin and Ralph A. Bradshaw

Purification of Human Epidermal Growth Factor From Urine
C. Richard Savage, Jr. and Robert A. Harper



Contents of Volumes 4, 3, and 4

10

1
12

13

14

15

16

17

18

19

Isolation of Growth Factors From Human Milk
Yuen W. Shing and Michael Klagsbrun

Purification of Type 8 Transforming Growth Factors From Non-
neoplastic Tissues

Anita B. Roberts, Charles A. Frolik, Mario A. Anzano,

Richard K. Assoian, and Michael B. Sporn

Preparation of Endothelial Cell Growth Factor
Thomas Maciag and Robert Weinstein

METHODS FOR PREPARATION OF SUBSTRATA

Use of Basic Polymers as Synthetic Substrata for Cell Culture
Wallace L. McKeehan *

Preparation of Cellular Fibronectin
Kenneth M. Yamada and Steven K. Akiyama

Isolation of Laminin
Steven R. Ledbetter, Hynda K. Kleinman, John R. Hassell,
and George R. Martin

"Isolation of Chondronectin
Hugh H. Vamer, A. Tyl Hewitt, and George R. Martin

Human Serum Spreading Factor (SF): Assay, Preparation, and Use in
Serum-Free Cell Culture
Janet Silnutzer and David W. Barnes

Purification of Epibolin From Human Plasma
K.S. Stenn

Preparation of Extracellular Matrices Produced by Cultured Bovine
Corneal Endothelial Cells and PF-HR-9 Endodermal Cells: Their
Use in Cell Culture

Denis Gospodarowicz

Analysis of Basement Membrane Synthesis and Turnover in Mouse
Embryonal and Human A431 Epidermoid Carcinoma Cells in
Serum-Free Medium

David S. Salomon, Lance A. Liotta, Mounanandham Panneerselvam,
Victor P. Terranova, Atul Sahai, and Paula Fehnel

Cell Attachment and Spreading on Extracellular Matrix-Coated Beads
Shing Mai and Albert E. Chung



Contents of Volumes 1, 3, and 4 xi

10

Volume 3: Methods for Serum-Free Culture of Epithelial and
Fibroblastic Cells

SERUM-FREE CULTURE OF EPITHELIAL CELLS

Growth of Primary and Established Kidney Cell Cultures in Serum-Free
Media
Mary Taub

Hormonally Defined, Serum-Free Medium for a Proximal Tubular
Kidney Epithelial Cell Line, LLC-PK;
Milton H. Saier, Jr.

Serum-Free Organ Culture of Embryonic Mouse Metanephros
Ellis D. Avner, William E. Sweeney, Jr., and Demetrius Ellis

Primary Culture of Hepatocytes
H.L. Leffert, K.S. Koch, and H. Skelly

Selective Growth of Human Small Cell Lung Cancer Cell Lines and
Clinical Specimens in Serum-Free Medium

Desmond N. Carney, Martin Brower, Virginia Bertness, and

Herbert K. Oie

Primary Tissue Cultures of Human Colon Carcinomas in Serum-Free
Medium: An In Vitro System for Tumor Analysis and Therapy
Experiments

diirgen van der Bosch

Growth and Differentiation of Human Bronchogenic Epidermoid
Carcinoma Cells in Serum-Free Media
Kaoru Miyazaki, Hideo Masui, and Gordon H. Sato

Serum-Free Cell Culture of A431 Human Epidermoid Carcinoma
David W. Barnes

Growth and Differentiation of Embryonal Carcinoma Cells in Defined
and Serum-Free Media
Angie Rizzino

ag-Macroglobulin, a Contaminant of Commercially Prepared Pedersen
Fetuin: Isolation, Characterization, and Biological Activity

David S. Salomon, Kathryn B. Smith, llona Losonczy, Mozeena Bano,
William R. Kidwell, Giulio Alessandri, and Pietro M. Gullino



xil

Contents of Volumes 1, 3, and 4

11

12

13

14

15

16

17

18

SERUM-FREE CULTURE OF FIBROBLASTIC CELLS

On Deciding Which Factors Regulate Cell Growth
Arthur B. Pardee, Paul V. Cherington, and Estela E. Medrano

Purification of Pituitary and Brain Fibroblast Growth Factors and Their
Use in Cell Culture
Denis Gospodarowicz

Preparation of Bovine Pituitary Fibroblast Growth Factor
Sandra K. Lemmon and Ralph A. Bradshaw

Preparation of Pituitary Acidic FGF
Angelo A. Gambarini, Mari C.S. Armelin, and Hugo A. Armelin

Growth of SV40 BALB/c-3T3 Cells in Serum-Free Culture Medium
G.A. Rockwell

Use of Hormone-Toxin Conjugates and Serum-Free Media for the
Isolation and Study of Cell Variants in Hormone Responses
Nobuyoshi Shimizu

Growth of Human Fibroblast Cultures in Serum-Free Medium
Richard G. Ham

Serum-Free Cell Culture for Growth of NIH 3T3 and 10T1/2 Mouse ,
Embryo Fibroblast Cell Lines, SV40 Virus Propagation and Selection of
SV40-Transformed Cells

Lin-Chang Chiang, Janet Silnutzer, James M. Pipas, and David W. Bames

Volume 4: Methods for Serum-Free Culture of Neuronal and
Lymphoid Cells

SERUM-FREE CULTURE OF NEURONAL CELLS

Culture Methods for Growth of Neuronal Cell Lines in Defined Media )
Jane E. Bottenstein

Preparation of a Chemically Defined Medium for Purified Astrocytes
Richard S. Morrison and Jean de Vellis



10

1

12

13

14

Confents of Volumes 1, 3, and 4 xiii

Growth and Differentiation of Pheochromocytoma Cells in
Chemically Defined Medium
R. Goodman '

Differentiated Mouse Fetal Hypothalamic Cells in Serum-Free
Medium .
A. Faivre-Bauman, J. Puymirat, C. Loudes, and A. Tixier-Vidal

Regulation of Pigmentation and Proliferation in Cultured
Melanocytes
John M. Pawelek

Neuron-Glia Interaction in Mammalian Brain: Preparation and
Quantitative Bioassay of a Neurotrophic Factor (NTF) From
Primary Astrocytes

Wilfried Seifert and Hans Werner Miiller

Preparation and Assay of Nerve Growth Factor
Thomas L. Darling and Eric M. Shooter

SERUM-FREE CULTURE OF LYMPHOID CELLS

Production and Purification of Interleukin-2 for the Initiation and
Maintenance of T-Cell Lines
Diane: Mochizuki and James D. Watson

Methods for Production and Purification of Human T-Cell Growth
Factor
M.G. Sarngadharan, R.C. Ting, and R.C. Gallo

Preparation of Thymosins
Teresa L.K. Low and Allan L. Goldstein

Culture of Lymphocytes and Hemopoietic Cells in Serum-Free
Medium
N.N. Iscove

Growth of Lymphoid Cells in Serum-Free Medium
Frederick J. Darfler and Paul A. Insel

Serum-Free Cultivation of Plasmacytomas and Hybridomas
Hiroki Murakami

Culture of Human Lymphocytes in Serum-Free Medium
John Mendelsohn, Alendry Caviles, Jr., and Janice Castagnola



Contents of Volumes 4, 3, and 4

15

16

Studies of Growth and Differentiation of Human Myelomonocytic
Leukemia Cell Lines in Serum-Free Medium
Theodore R. Breitman, Beverly R. Keene, and Hiromichi Hemmi

Serum-Free Growth of SP2/0-AG-14 Hybridomas
Kathelyn Sue Steimer



Preface

The growth in vitro of a variety of endocrine-responsive cells can be
achieved using serum-containing culture medium. However, results of
studies using these conventional culture systems often have been less than
satisfactory. If in vitro experiments in the areas of biochemical 4nd
molecular endocrinology are to be meaningful, the culture medium must
be as defined as is possible in order to eliminate substances that might
interfere with hormone responses, as well as to.eliminate endogenous
hormones that would mask or otherwise prevent the identification of
expected cellular responses. Further, nontarget cells must be eliminated
from the cultures to prevent measurement of secondary or unrelated
effects.

The serum-free approaches to endocrine cell cultures described here
are workable solutions to these problems, and do provide for identification
of cellular responses that are not identifiable in serum-containing culture
medium. For example, the growth-promoting effects of estrogens described
in this volume -are observed in serum-free, defined media, while these
same responses may not be easily demonstrable in serum-containing
medium. The effect described in this volume of ACTH on normal adrenal
cell steroid biosynthesis is another area of biochemical endocrinology that
is more easily characterized under serum-free conditions. Methods are
detailed for the establishment of fibroblast-free cultures of normal human
prostate cells through serum-free techniques that will be valuable to many
researchers interested in function and growth regulation of this major site
of endocrine-related cancer in man. Although defined media for many cell
types have important components in common (i.e., transferrin, insulin,
and many nutrients), it is possible to design restrictive serum-fre¢ media
that make possible the growth of only selected cell types from primary
cultures. Other methods described further demonstrate the importance of
the substratum and matrix composition in chemically defined media for

xv



xvi Preface

endocrine target cells and the use of serum-free assay conditions to identify
new growth factors for human and rat normal and malignant mammary
cells.

Also detailed are the preparation and use of chemically defined media
specifically developed for the culture of fibroblast-free monolayers of
normal functional endocrine target cells from breast, ovary, testes, and
adrenals and serum-free organ culture of mammary tissue. The methods
for establishing these cultures from tissues are presented, and when applied
along with the general approaches to formulation of serum-free, defined
media described in Volume 1 of this series, suggest ways to approach the
culture of other endocrine target cells not described in these volumes.

The methods given here are intended for ti:ose wishing immediate
directions for application of a previously formulated medium for a given
cell type and for those investigators with the need for developing new
types of defined media, or having the need for modification to suit a new
cell type. We hope that, in addition te the immediate usefulness of the
methods presented, that they will also provide a working base for new
applications. ’

David W. Barnes
David A. Sirbasku
-.Gordon H. Sato
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1
Growth of GH;, a Rat Pituitary Cell Line, in
Serum-Free, Hormone-Supplemented Medium

lzumi Hayashi

GHj3 is a functional rat pituitary cell line [Yasumura et al., 1966] originally
developed from a transplantable pituitary tumor MtT/W5 [Takemoto et al.,
1962] carried in female Wistar/Furth rats. A cloned cell line, GHg secretes
both prolactin and growth hormone into culture medium [Tashjian et al.,
1968, 1970]. Using serum obtained from thyroidectomized cows, Samuels et
al. [1973] demonstrated the dependence of GHj cells on thyroid hormone
for growth. The other growth-promoting factors for GHg that were supplied
by the hypothyroid cow serum were eventually identified, and now GH3 cells
can be maintained in a completely defined culture medium supplemented
with hormones and purified growth factors. There are a number of approaches
one can take to derive the complete elucidation of growth requirements for a
given cell line [Bottenstein et al., 1979; Barnes and Sato, 1980]. This chapter
describes the process that was taken to identify the growth factors for GHgz, as
one such example.

DERIVATION OF THE SERUM-FREE MEDIUM
Studies in Thyroid Hormone-Depleted Medium

The effect of 3,3,5-iriiodothyronine (T3), the biologically active form of
thyroid hormone, on the growth of GHj3 cells can be clearly demonstrated by
using either hypothyroid serum obtained from propyl thiouracil-treated rats,
or serum extracted with activated charcoal (Fig. 1). Initially, the basal medium

. Division of Cytogenetics and Cytology, City of Hope National Medical Center, Duarte, Cali-
fornia 21010
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Fig. 4. Effect of T3 on the growth of GH3 cells in thyroid hormone-depleted media. Medium
F10 supplemented with 8% FCS (A), 8% ChFCS (B) with or without T3 (1 X 1072 M), 8% rat
serum obtained from a normal Wistar-Furth rat (C), 8% hypothyroid rat serum (TU) obtained
from a propyl thiouracil-treated rat (D). The inoculum was 3.5 x 10% cells per 35-mm plate.
The cells were counted on day 4.

used to demonstrate the effect of T3 consisted of Dulbecco’s modified Eagle’s
“medium (DME) or Ham’s F-10 medium (F10} supplemented with charcoal-
extracted fetal calf serum (ChFCS) or calf serum (ChCS). When T3 is added
at 1 x 107° M to ChFCS, growth equivalent to that in rich medium (DME
supplemented with 12.5% horse serum [HS] and 2.5% FCS) is obtained
(Fig. 2). However, unexpectedly, the effect is not observed when T3 is added
to ChCS, indicating the requirement of GH3 cells for substance(s) other than
T3 Since FCS seemed to serve as a better indicator serum, this serum was
chosen over calf serum for the medium in which to further investigate the
growth requirements for GHj cells. Since charcoal extraction is an empirical
method used for the removal of steroids, thyroid hormones, and other aro-
matic compounds, ChFCS was subjected to a repeated treatment with acti-
vated charcoal (2ChFCS) to minimize the background. The effect of T3 at
varying concentrations was examined in medium supplemented with either
8% FCS, ChFCS. or 2ChFCS. The result is shown in Figure 3. The optimal
dose for Tz is 1 x 107° M in all serum supplements Although the basal cell
number is lower for cultures supplemenied with 2ZChFCS than with ChFCS,
the addition of T3 at higher concentrations did not enhance the growth of cells



