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Preface

During the past decade, a wide range of scientific disciplines have “found” adipose-derived
stem/stromal cells (ASC) as a tool for research and discovery. This is reflected by the
exponential growth in the number of publications and citations noted by ISI Web of Science
(Thomson-Reuters) (Fig. 1). However, the cells we now recognize as “ASC” were initially
identified as “preadipocytes” in seminal studies initiated by Martin Rodbell and his col-
leagues during the mid-1960s. His laboratory was among the first to use collagenase
digestion to separate mature adipocytes from the heterogeneous stromal vascular fraction
(SVF) cells in rat fat pads. Since then, primary cultures of preadipocytes have been utilized
by endocrinologists and physiologists to perform in vitro analyses of adipose tissue metab-
olism. By the late 1990s, investigators at the University of Pittsburgh, University of
California — Los Angeles, Zen-Bio, Inc., and other institutions had begun to draw parallels
between the ASC and the more thoroughly characterized bone marrow-derived mesen-
chymal stem/stromal cells (BMSC). Both ASC and BMSC displayed multipotent differ-
entiation potential in vitro, with the ability to form bone, cartilage, hematopoietic
supporting cells, and muscle, in addition to adipocytes. Later studies would document
that they also share similar immunophenotypic and immunomodulatory characteristics.
Unlike bone marrow, subcutaneous adipose tissue is relatively accessible to harvest, abun-
dant, and located in a site that patients are willing, indeed eager, to have biopsied.
Consequently, the demand for ASC has grown; they quickly have become the stem cell of
choice for many tissue-engineering and regenerative medical projects. Bioengineers, clini-
cians, entrepreneurs, and research scientists recognized the need to coordinate this emerg-
ing field and founded the International Federation of Adipose Therapeutics and Science
(IFATS) in 2002. IFATS was envisioned as a society that would promote the free exchange
of information and knowledge relating to ASC. In its efforts to provide standardization
across laboratories, one of the first steps of IFATS was to establish the acronym “ASC” to
describe the collagenase-digested and culture-expanded adipose cell populations. Prior to
reaching this consensus in 2004, the nomenclature had been cluttered with multiple terms
that led to confusion for newcomers in the field. In this volume of Methods in Molecular
Biology, we have solicited defined and established protocols from leaders in the field,
including many IFATS members. While much of the emphasis is placed on human ASC,
additional small and large animal species are included. The chapters are organized around
approaches spanning the discovery, preclinical, and clinical processes. While they are
designed to be accessible to new students, we hope that they will serve as a reference text
for established investigators as well.

The editors have many people to thank for their contributions to this work. First and
foremost are the many authors who agreed to take time from their busy schedules and
prepare chapters on selected topics (with only a minimum of bribes and arm twisting!).
Second is Professor John Walker, Series Editor, whose sage advice and wisdom were greatly
appreciated. Third are the members of the Stem Cell Biology Laboratory, Pennington
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Fig. 1 The ISI Web of Knowledge annual publications and citations for “adipose stem cells”

Biomedical Research Center, and the Center for Stem Cell Research and Regenerative
Medicine, Tulane University School of Medicine, for their critiques and insights. Fourth,
is Ms. Laura Dallam for her outstanding administrative and editorial assistance. And finally,
for sacrificing many evenings and weekends, are our family members: Emma, Jesse, Megan,
Paula, and Xiying.

Baton Rouge, LA
New Orleans, LA

Jeffrey M. Gimble
Bruce A. Bunnell



Contents

Preflice . .. ..o
COntributors. . . ... ..

PArRT I ISOLATION METHODS

1 Isolation and Culture of Rhesus Adipose-Derived Stem Cells .. ..............
Christine Gagliardi and Bruce A. Bunnell

2 Isolation of Human Adipose-Derived Stem Cells from Lipoaspirates. .. ........
Gang Yu, Z. Elizabeth Floyd, Xiying Wu, Yuan-Di C. Halvorsen,
and Jeffrey M. Gimble

3 Isolation of Murine Adipose-Derived Stem Cells. . .. ........ .. ... .. ......

Ganyg Yu, Xiving Wu, Gail Kilvoy, Yuan-Di C. Halvorsen,
Jeffrey M. Gimble, and Z. Elizabeth Floyd

4 In Vitro Adult Rat Adipose Tissue-Derived Stromal Cell Isolation
and Differentiation . . . ... ... ... L
Mandi J. Lopez and Nakia D. Spencer

5 In Vitro Adult Canine Adipose Tissue-Derived Stromal Cell
Growth Characteristics . . .. . oottt
Nakia D. Spencer and Mandi J. Lopez

6 Adipogenic Differentiation of Adult Equine Mesenchymal Stromal Cells. . . . . ...
Martin A. Vidal and Mandi . Lopez

7 Isolation and Culture of Porcine Adipose Tissue-Derived Somatic Stem Cells . . . .
Kellie J. Williams, Robert A. Godke, and Kenneth R. Bondioli

8 Automated Isolation and Processing of Adipose-Derived Stem
and Regenerative Cells . .. ... ...
Kevin C. Hicok and Marc H. Hedvick

ParT II  PHENOTYPING METHODS

9 Methods for the Purification and Characterization of Human
Adipose-Derived Stem Cells . ... ... ... .
Stan Gronthos and Andrew C.W. Zannettino

10 Characterization of Human Adipose-Derived Stem Cells
Using Flow Cytometry . . . . ..ottt e
H. Alan Tucker and Bruce A. Bunnell

11 Evaluation of Cellular and Humoral Immune Responses
to Allogeneic Adipose-Derived Stem/Stromal Cells .. ....... ... ... ... ...
Kevin R. McIntosh

Vil



viii Contents

12 Adipose-Derived Stromal Cells: Cytokine Expression
and Immune Cell Contaminants. . .. ........ ..ttt 151
Paunline Decaunes, David Estéve, Alexia Zakaroff-Givard,
Coralie Sengenes, Jean Galitzky, and Anne Boulonmié

13 Gel-Based and Gel-Free Proteomic Technologies ... ...................... 163
Peter Scherp, Ginger Ku, Liana Coleman, and Indu Kheterpal

PArT III  DIFFERENTIATION METHODS: IN VITRO AND IN VIVO APPLICATIONS

14 Adipogenic Differentiation of Adipose-Derived Stem Cells . .. ............... 193
Gang Yu, Z. Elizabeth Floyd, Xiying Wu, Teddi Hebert,
Yuan-Di C. Halvorsen, Benjamin M. Buehver, and Jeffrey M. Gimble

15 Three-Dimensional Culture Systems to Induce Chondrogenesis

of Adipose-Derived Stem Cells . . ... ... ... . 201
Bradley T. Estes and Favshid Guilak
16 Neural Differentiation of Human Adipose Tissue-Derived Stem Cells . . .. ... ... 219

Ji Min Yu, Bruce A. Bunnell, and Soo-Kyung Kang
17 Osteogenic Differentiation Strategies for Adipose-Derived

Mesenchymal Stem Cells. . .. ... ... 233
Robert Jan Kroeze, Mavlene Knippenbery, and Marco N. Helder

18 Generation of Adipose Stromal Cell-Derived Hepatic Cells. . . ............... 249
Joseph C. Ruiz

19 Adipose Stem Cell Differentiation into Smooth Muscle Cells . ............... 261
Kacey G. Marra, Candace A. Brayfield, and J. Peter Rubin

20 Endothelial and Cardiac Regeneration from Adipose Tissues. ... ............. 269

Louis Casteilla, Valérie Planat-Bénard, Stéphanie Debez,
Sandra De Barvos, Covinne Bavvean, and Miveille André

21 Epithelial Differentiation of Human Adipose-Derived Stem Cells . ... ....... .. 289
Patrick C. Baev, Martin Brzoska, and Helmut Geiger

22 Screening for Epigenetic Target Genes that Enhance
Reprogramming Using Lentiviral-Delivered shRNA . . ... ...... ... ... ... 299
Jong S. Rim, Kaven Strickler, Chrvistian Barnes, Lettie Harkins,
Javoslaw Staszkiewicz, Rachel Power, and Kenneth J. Eilertsen

ParT IV BIOENGINEERING, MANUFACTURING, AND CLINICAL TECHNOLOGIES

23 Adipogenic Differentiation of Human Adipose-Derived
Stem Cells on 3D Silk Scaffolds .. ........ ... .. .. . 319
Jennifer H. Choi, Evangelia Bellas, Gordana Vunjak-Novakovic,
and David L. Kaplan

24 A First Approach for the Production of Human Adipose

Tissue-Derived Stromal Cells for Therapeutic Use. . . ......... ... .. ....... 331
Philippe Bourin, Julie-Anne Peyrafitte, and Sandvine Fleury-Cappellesso
25 Viral Transduction of Adipose-Derived Stem Cells ... ..................... 345

Patricia A. Zuk

26 Use of Adipose-Derived Stem Cells in High-Throughput
Screening to Identify Modulators of Lipogenesis. . ... ..................... 359
Y. Reneé Lea-Currie, David J. Duffin, and Benjamin M. Buehrer



27

28

29

30

31

32

Contents

Preservation Protocols for Human Adipose Tissue-Derived Adult Stem Cells . . . .
Ram Deviveddy and Sveedhar Thivumala

Soft Tissue Reconstruction . . . ... ..ottt
J. Peter Rubin and Kacey G. Marva

Methods for Analyzing MicroRNA Expression and Function

During Osteogenic Differentiation of Human Adipose

Tissue-Derived Mesenchymal Stem Cells. ... ... ... .. ... ... ... ...
Yeon Jeong Kim and Jin Sup Jung

The Generation and the Manipulation of Human Multipotent

Adipose-Derived Stem Cells . ... ... ..o
Brigitte Wdziekonski, Tala Mohsen-Kanson, Phi Villageois,

and Christian Dani

Cell Sheet Technology for Tissue Engineering;:

The Self-Assembly Approach Using Adipose-Derived Stromal Cells. . ... ... .. ..
Benoit Labbé, Guillanme Mavcean-Fortier, and Julie Fradette

Differentiation of Adipose-Derived Stem Cells for Tendon Repair. .. ..........
A. Cagri Uysal and Hiroshi Mizuno

Adipose-Derived Stem Cells for Skin Regeneration . .. .....................
Hiroshi Mizuno and Masaki Nambu

Adipose-Derived Stem Cells for Periodontal Tissue Regeneration . . ...........
Movikuni Tobita and Hiroshi Mizuno






Contributors

MIREILLE ANDRE * UPS, UMR 5241 Métabolisme, Plasticité et Mitochondrie,
CNRS, Université de Toulouse, Toulouse, France

Patrick C. BAER * Division of Nephrology, Department of Internal Medicine 111,
Goethe-University, Frankfurt, Germany

CHRISTIAN BARNES * NuPotential, Inc., Louisiana Emerging Technology Center,
Baton Rouge, LA, USA

CORINNE BARREAU * UPS, UMR 5241 Métabolisme, Plasticité et Mitochondrie,
CNRS, Université de Toulouse, Toulouse, France

EVANGELIA BELLAS * Biomedical Engineerving Department, Tissue Engineering
Resource Center, Tufts University, Medford, MA, USA

KENNETH R. BONDIOLL * Department of Animal Science, Louisiana State University,
Baton Rouge, LA, USA

ANNE BouLouMIE * Institut National de ln Santé et de o Recherche Médicale
(INSERM), Institut de Médecine Moléculaive de Rangueil,
Université Toulouse 111 Paul-Sabatier, Toulouse, France

PHiLIPPE BOURIN * Laboratoire de thévapie cellulaive, EFS-PM, Toulouse, France

CANDACE A. BRAYFIELD * Division of Plastic Surgery, Department of Surgery,
University of Pittsburgh, Pittsburgh, PA, USA

MARTIN BrRzOSKA * Division of Nephrology, Department of Internal Medicine 111,
Gocethe-University, Frankfurt, Germany

BENJAMIN M. BUEHRER * ZenBio, Inc., Research Triangle Park, NC, USA

Bruck A. BUNNELL * Center for Stem Cell Research and Regenerative Medicine,
Tulane University School of Medicine, New Orleans, LA, USA; Tulane National
Primate Research Center, Covington, LA, USA

Louis CastieILLA * UPS, UMR 5241 Métabolisme, Plasticité et Mitochondrie,
CNRS, Université de Toulouse, Toulouse, France

JENNIFER H. CHOI * Biomedical Engineering, Tufts University, Medford, MA, USA

Liana COLEMAN * Protein Structural Biology, Pennington Biomedical Research
Center, Louisiana State University System, Baton Rouge, LA, USA

CHRISTIAN DANI * Institut de Recherche, Signalisation, Biologie du Développement
et Cancer, Centre National de la Recherche Scientifique (CNRS),
Université Nice Sophia-Antipolis, Nice, France

SANDRA DE BARrROS * UPS, UMR 5241 Métabolisme, Plasticité et Mitochondrie,
CNRS, Universite de Toulouse, Tounlouse, France

PAULINE DECAUNES ¢ Institut National de ln Santé et de la Recherche Médicale
(INSERM), Institut de Médecine Moléculaive de Rangueil,
Université Toulouse I1I Panl-Sabatier, Toulouse, France

STEPHANIE DEHEZ * UPS, UMR 5241 Métabolisme, Plasticité et Mitochondrie,
CNRS, Université de Toulouse, Toulouse, France

Xi



Xii Contributors

RaM DEVIREDDY * Bioengineering Laboratory, Department of Mechanical
Engineering, Louisiana State University, Baton Rouge, LA, USA

Davip J. DUFFIN * ZenBio, Inc., Research Triangle Park, NC, USA

KENNETH J. EILERTSEN ¢ NuPotential, Inc., Louisiana Emerging Technology Center,
Baton Rouge, LA, USA; Nuclear Reprogramming and Epigenetics Laboratory,
Pennington Biomedical Research Center, Lonisiana State University System,
Baton Rouge, LA, USA

Davip ESTEVE * Institut National de lo Santé et de ln Recherche Médicale
(INSERM), Institut de Médecine Moléculnire de Rangueil,
Université Toulouse 111 Paul-Sabatier, Toulouse, France

BraprLey T. EsTES © Division of Orthopaedic Surgery, Department of Surgery,
Duke University Medical Center, Durbam, NC, USA

SANDRINE FLEURY-CAPPELLESSO * Laboratoive de thérapie cellulaire,
EFS-PM, Toulouse, France

Z. ELizaBetH FLoyp  Ubiquitin Laboratory, Pennington Biomedical Research
Center, Louisiana State University System, Baton Rouge, LA, USA

JuLie FRADETTE * LOEX (Laboratoive d’Organogénese Expévimentale/Experimental
Organogenesis Laboratory), Centre de Recherche FRSQ du CHA Universitairve de
Qnébec, Québec QC, Canada; Département de Chirurgie, Université Laval,
Québec QC, Canadn

CHRISTINE GAGLIARDI * Center for Stem Cell Research and Regenerative Medicine,
Department of Pharmacology, Tulane University School of Medicine,
New Orleans, LA, USA

JEAN GALITZKY °* Institut National de la Santé et de ln Recherche Médicale
(INSERM), Institut de Médecine Moléculaive de Rangueil,
Université Toulouse 111 Paul-Sabatier, Toulouse, France

Hermutr GEIGER * Division of Nephrology, Department of Internal Medicine I11,
Goethe-Unaiversity, Frankfurt, Germany

JEFEREY M. GIMBLE * Stem Cell Biology Laboratory, Pennington Biomedical Research
Center, Louisiana State University System, Baton Rouge, LA, USA

ROBERT A. GODKE * Department of Animal Science, Lonisiana State University,
Baton Rouge, LA, USA

STAN GRONTHOS * Mesenchymal Stem Cell Group, Department of Haematology,
Institute of Medical and Veterinary Science/Hanson Institute and Centre
for Stem Cell Research, University of Adelaide, Adelaide, SA, Australin

FARSHID GUILAK * Departments of Surgery and Biomedical Engineering,
Duke University Medical Center, Durbam, NC, USA

Yuan-D1 C. HALVORSEN * Center for Computational and Integrative Biology,
Harvard Medical School, Boston, MA, USA

LeTTIE HARKINS * NuPotential, Inc., Louisiana Emerging Technology Center,
Baton Rouge, LA, USA

Teppt HEBeRrT  Stem Cell Biology Laboratory, Pennington Biomedical Research
Center, Louisiana State University System, Baton Rouge, LA, USA

Marc H. Heprick * Cytori Therapeutics, Inc., San Diego, CA, USA

Marco N. HELDER * Orthopaedic Surgery, VU University Medical Center,
Amsterdam, The Netheriands



Contributors Xiii

Kevin C. Hicok * Regenerative Cell Therapeutics Research, Cytori Therapeuntics, Inc.,
San Diego, CA, USA

JIN Sur JUNG * Department of Physiology, School of Medicine, Pusan National
University, Beomeo-ri, Mulgenm-eup Yangsan-si Gyeongsangnam-do, Koren

S00-KYuNG KaNG * Laboratory of Stem Cell Biology, Department of Biotechnoloyy,
School of Veterinary Medicine, Seoul National University, Seoul, Korea

Davip L. KarLAN * Bioengineering Department, Tufts University, Medford, MA, USA

INDU KHETERPAL * Protein Structural Biology, Pennington Biomedical Research
Center, Louisiana State University System, Baton Rouge, LA, USA

GaiL KiLroy * Ubiquitin Laboratory, Pennington Biomedical Research Center, Loni-
siana State University System, Baton Rouge, LA, USA

YEON JEONG KiMm * Department of Physiology, School of Medicine, Pusan National
University, Beomeo-ri, Mulgenm-eupYangsan-si Gyeongsangnam-ao, Korea

MARLENE KNIPPENBERG * MOVE/Skeletal Tissue Engineering Group Amsterdam
(STEGA), Amsterdam, The Netherlands

ROBERT JAN KROEZE * Department of Orthopaedic Surgery, VU University Medical
Center, Amsterdam, The Netherlands; Department of Oral Cell Biology,
Academic Centre for Dentistry Amsterdam (ACTA), Amsterdam, The Netherlands;
Universiteit van Amsterdam and Vrije Universiteit, Amsterdam, The Netherlands,
MOVE/Skeletal Tissue Engineerving Group Amsterdam (STEGA), Amsterdam,
The Netherlands

GINGER KU * Protein Structural Biology, Pennington Biomedical Research Center,
Louisiana State University System, Baton Rouge, LA, USA

BeNoiT LABBE * LOEX (Laboratoirve d’Organogénese Expérimentale/Experimental
Organogenesis Laboratory), Centre de Recherche FRSQ du CHA Universitaive de
Québec, Québec QC, Canada; Département de Chirurgie, Université Laval, Québec
QC, Canada

Y. RENEE LEA-CURRIE * ZenBio, Inc., Research Triangle Park, NC, USA

Manp1 J. Lorez « Laboratory for Equine and Comparative Orthopedic Research,
School of Veterinary Medicine, Louisiana State University, Baton Rouge, LA, USA

GUILLAUME MARCEAU-FORTIER * LOEX (Laboratoire d’Organogénése Expérimentale/
Experimental Organogenesis Laboratory), Centre de Recherche FRSQ du CHA
Unaversitaive de Québec, Québec QC, Canada; Département de Chiruryie,
Université Laval, Québec QC, Canadn

Kacey G. MARRA * Division of Plastic Surgery, Department of Surgery,
McGowan Institute for Regenerative Medicine, Department of Bioengineering,
University of Pittsburgh, Pittsburgh, PA, USA

KeviNn R. McIntosH ¢ Cognate BioServices, Inc., Baltimore, MD, USA

HirosHr M1zuNoO * Department of Plastic and Reconstructive Surgery,
School of Medicine, Juntendo University, Tokyo, Japan

TarLA MOHSEN-KANSON * Institut de Recherche, Signalisation,
Biologie du Développement et Cancer, UMR 6543 Centre National de ln Recherche
Scientifigue (CNRS), Université Nice Sophin-Antipolis, Nice, France

Masakt NaMBU * Department of Plastic and Reconstructive Surgery,
National Defense Medical College, Tokorozawa, Japan



Xiv Contributors

JULIE-ANNE PEYRAFITTE * Laboratoire de thévapie cellulnive, EFS-PM, Toulouse, France

VALERIE PLANAT-BENARD * UPS, UMR 5241 Métabolisme, Plasticité et Mitochondrie,
CNRS, Université de Toulouse, Toulouse, France

RACHEL POWER * NuPotential, Inc., Lowisiana Emerging Technology Center,
Baton Rouge LA, USA

JoNG S. Rim * NuPotential, Inc., Louisiana Emerging Technology Center,
Baton Rouge, LA, USA

J. PETER RUBIN ¢ Division of Plastic Surgery, Department of Surgery,
McGowan Institute for Regenerative Medicine, University of Pittsburgh,
Pittsburgh, PA, USA

JoserH C. Ruiz * Transposagen Biopharmaceuticals, Inc., Lexington, KY, USA

PETER SCHERP * Proteomics and Metabolomics Core, Pennington Biomedical
Research Center, Louisiana State University System, Baton Rouge, LA, USA

CORALIE SENGENES * Institut National de la Santé et de ln Recherche Médicale
(INSERM), Institut de Médecine Moléculnire de Rangueil,
Université Toulouse 111 Paunl-Sabatier, Toulouse, France

Nakia D. SPENCER * Laboratory for Equine and Comparative Orthopedic Research,
School of Veterinary Medicine, Louisiana State University, Baton Rouge, LA, USA

JAROSLAW STASZKIEWICZ * NuPotential, Inc., Louisiana Emerging Technology Center,
Baton Rouge, LA, USA

KAREN STRICKLER * NuPotential, Inc., Lowisiana Emerging Technology Center,
Baton Rouge, LA, USA

SREEDHAR THIRUMALA * Bioengineering Laboratory, Department of Mechanical
Engineering, Louisiana State University, Baton Rouge, LA, USA

Morixunt Tosrta * Office of Surgeon General and Director of Medicine,
Mavritime Staff Office, Ministry of Defense, Tokyo, Japan

H. Arax Tucker * Center for Stem Cell Research and Regenerative Medicine,
Tulane University School of Medicine, New Orleans, LA, USA

A. Cagri UysaL = Department of Plastic and Reconstructive Surgery,
Faculty of Medicine, Baskent University, Ankara, Turkey

MARTIN A. VIDAL * D Wheat Veterinary Orthopedic Reseavch Laboratory,
School of Veterinary Medicine, University of California — Davis, Davis, CA, USA

PH1 VILLAGEOIS * Institut de Recherche, Signalisation, Biologie du Développement
et Cancer, UMR 6543 Centre National de ln Recherche Scientifique (CNRS),
Université Nice Sophia-Antipolis, Nice, France

GORDANA VUNJAK-NOVAKOVIC * Biomedical Engineering, Vanderbilt Clinic,
Columbia University, New York, NY, USA

BRrIGITTE WDZIEKONSKI * Inmstitut de Recherche, Signalisation, Biologie du
Développement et Cancer, UMR 6543 Centre National de la Recherche Scientifique
(CNRS), Université Nice Sophin-Antipolis, Nice, France

KELLIE J. WILLIAMS * School of Animal Science, Louisiana State University,
Baton Rouge, LA, USA

X1yINg Wu » Stem Cell Biology Laboratory, Pennington Biomedical Research Center,
Louisiana State University System, Baton Rouge, LA, USA

GANG YU * Stem Cell Biology Laboratory, Pennington Biomedical Research Center,
Louisiana State University System, Baton Rouge, LA, USA



Contributors XV

Jt MIN YU * Division of Regenerative Medicine, Tulane National Primate Research
Center, Covington, LA, USA

ALEXIA ZAKAROFE-GIRARD * Inmstitut National de ln Santé et de ln Recherche Médicale
(INSERM), Institut de Médecine Moléculnire de Rangueil, Université Toulouse 111
Paul-Sabatier, Toulouse, France

ANDREW C.W. ZANNETTINO * Mpyeloma Research Laboratory, Department
of Haematology, Institute of Medical and Veterinary Science/Centre for Cancer
Biology and the Centre for Stem Cell Research, University of Adelnide,
Adelaide SA, Australia

PatricIA A. ZUK * Regenerative Bioengineering and Repair Laboratory,
Division of Plastic Surgery, Department of Surgery, David Geffen School
of Medicine at UCLA, Los Angeles, CA, USA



Part |

Isolation Methods






Chapter 1

Isolation and Culture of Rhesus Adipose-Derived Stem Cells

Christine Gagliardi and Bruce A. Bunnell

Abstract

Adipose tissue is as an abundant and accessible source of stem cells with multipotent properties suitable
for tissue engineering and regenerative medical applications. Rhesus monkeys are physiologically and
phylogenetically similar to humans, and they and their cells are valuable for biomedical research and
evaluation of preclinical therapies. Here, we describe methods for the isolation, culture, and differentia-
tion of rhesus adipose-derived stem cells (rASCs).

Key words: Adipose-derived stem cells (ASCs), Collagenase, Expansion, Isolation, Mesenchymal
stem cells (MSCs), Rhesus macaque, Stromal vascular fraction (SVF)

1. Introduction

Mesenchymal stromal/stem cells (MSCs) were initially described in
bone marrow and have been found subsequently in multiple tissues,
including subcutaneous adipose tissue (1—4). Although adipose-
derived stromal cells had been termed “pre-adipocytes” (2, 3), there
is now independent evidence demonstrating that they are multipo-
tent, with chondrogenic, neuronal-like, and osteogenic differentia-
tion capability (5-8). Consequently, they are now identified as
adipose-derived stromal /stem cells or ASCs (9). ASCs have been
isolated from adipose tissue of the rhesus macaques and, like human
ASCs, are capable of multilineage differentiation along mesodermal
and neural lineages (10). Rhesus adipose-derived stem cells (rASCs)
have been compared to human ASCs and MSCs and have similar
growth kinetics and potential (11). This protocol describes the iso-
lation and culture of ASCs from rhesus adipose tissue (Fig. 1).
Methods to isolate cells from adipose tissue were established by
Rodbell and colleagues in the 1960s (12-14), and have subsequently
been adapted to isolate cells from human and rhesus adipose

Jeffrey M. Gimble and Bruce A. Bunnell (eds.), Adipose-Derived Stem Cells: Methods and Protocols,
Methods in Molecular Biology, vol. 702, DOI 10.1007/978-1-61737-960-4_1,
© Springer Science+Business Media, LLC 2011
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Field vision cells

Fig. 1. Overview of the rASC isolation protocol. Reprinted with permission from Elsevier.

tissue (3, 10, 15-17). Subcutaneous adipose tissue samples can
be obtained from rhesus monkeys under local anesthesia. The
adipose tissue is washed and finely minced by hand. The small
fragments are then incubated with a collagenase solution to fur-
ther digest the tissue. After centrifugation of the sample, mature
adipocytes will float and can be removed and discarded with the
supernatant. The remaining pellet consists of the stromal vascular
fraction (SVF), containing a heterogeneous population of cells,
which may include blood cells, fibroblasts, pericytes, endothelial
cells, and preadipocytes (12-14). Contaminating red blood cells
are lysed and removed by incubation of the SVF in lysis buffer
and centrifugation. Multipotent stromal cells can then be isolated
based on their ability to adhere to plastic culture dishes.

2. Materials

2.1. Tissue 1. Subcutaneous adipose tissue samples obtained from rhesus
macaques under local anesthesia (see Notes 1 and 2).

2.2. Supplies . 0.2-um filter units.

. 50-mL conical tubes.
. 15-mL conical tubes.
. Cryovials.

. Sterile, disposable scalpels.

QN Ul N~

. Personal protective equipment.



2.3. Isolation
and Culture Media
(see Note 3)

2.4. Differentiation
Stock Solutions and
Media (see Note 5)

14.
15.
16.
17.
18.
19.
20.

Isolation and Culture of Rhesus Adipose-Derived Stem Cells 5

. Multiwell tissue culture dishes.

. 15-cm round tissue culture dishes.
. 70-um cell strainers.

10.
11.
12.
13.

Ice bucket.
Hemocytometer.
Freezing apparatus (alcohol container).

Fluorochrome-conjugated monoclonal antibodies against
stromal, hematopoietic, endothelial, pericytic, and related cell
surface antigens.

Phosphate-buffered saline (PBS).
Dimethyl sulfoxide (DMSO).
Trypsin—-EDTA.

Ethanol.

Isopropanol.

Methanol.

Sterile H,O.

. Wash bufter: 25 mL of a solution of 10,000 U/mL penicillin

and 10,000 pg/mL streptomycin (pen/strep) and 475 mL of
PBS.

. Collagenase solution: 0.75 g type I collagenase and 2 mL of

pen/strep solution in 98 mL of sterile PBS. Filter through a
0.2-um membrane. Use within 1 h.

. Erythrocyte lysis buffer: 155 mM ammonium chloride

(NH,CI), 10 mM potassium carbonate (KCO,), and 0.1 mM
EDTA in sterile, distilled water. Filter through a 2-um mem-
brane. Use within 24 h.

. Stromal medium: 100 mL fetal bovine serum (FBS, see Note 4),

5 mL of 200 mM1-glutamine solution and 5 mL of pen/
strep solution in 394 mL of a-MEM. Filter through a 0.2-um
membrane. Use within 4 weeks.

. Freezing medium: 8 mL FBS, 1 mL. DMEM /Ham’s F-12,

and 1 mL DMSO. Use within 2 weeks.

. Dexamethasone, 1 and 10 mM in sterile H,O (see Note 6).
. B-glycerolphosphate, 0.5 M in stromal medium.
. Ascorbate 2-phosphate, 50 mM and 50 mg/mL in sterile

H,0.

. Isobutyl-methylxanthine, 5 mM in methanol (this solution

may require gentle heating to completely dissolve).

. Indomethacin, 30 mM in methanol.
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10.
11.
12.

13.

14.

15.

16.

17.

18.

19.

. Transforming growth factor-B3 (TGF-B3), 10 ug/mL.
. Bone morphogenic protein-6 (BMP-6), 10 ug/mL.

. Proline, 40 mg/mL.

. Sodium pyruvate, 100 mg/mL.

Epidermal growth factor (EGF), 20 pg/mL.
Basic fibroblast growth factor (bFGF), 20 pug/mL.

Adipogenic differentiation medium: 5 pM dexamethasone,
0.5 uM isobutylmethylxanthine, and 50 uM indomethacin in
stromal medium (Table 1). Filter through a 0.2-um mem-
brane and store at 4°C. Use within 3 weeks.

Oil Red-O staining solution: 0.5 g Oil Red-O in 100 mL of
isopropanol, to make a 0.5% stock solution. Filter through a
0.2-um membrane, and store at room temperature.
Immediately before use, combine three parts of 0.5% stock

solution and two parts PBS. Wait 10 min before staining. Use
within 24 h.

Osteogenic differentiation medium: 1 nM dexamethasone,
20 mM B-glycerolphosphate, and 50 UM ascorbate 2-phos-
phate in stromal medium (Table 1). Filter through a 0.2-um
membrane, and store at 4°C. Use within 3 weeks.

Alizarin Red staining solution: 1 g of Alizarin Red in 100 mL
of sterile H,O, adjust the pH to 4.1-4.3 using 0.1% ammonium
hydroxide. Filter through a 0.2-um membrane and store at
room temperature.

Chondrogenic differentiation medium: 1 pM dexametha-
sone, 50 pug/mlL ascorbate 2-phosphate, 50 ug/mL
ITS + premix (Becton Dickinson: 6.25 ug/ml insulin,
6.25 ng/ml transferrin, 6.25 ng/mL selenous acid, 1.25 mg/
mL bovine serum albumin (BSA), 5.35 mg/mL linoleic acid),
100 pg/mL sodium pyruvate, 40 ug/mL proline, 10 ng/mL
TGEF-B3, and 500 ng/mL BMP-6 in DMEM with high
glucose (Table 1). Use immediately (see Note 7).

Toluidine blue staining solution: 1 g of toluidine blue in 1%
sodium borate (1 g/100 mL sterile H,O, dissolve until water
is clear). Filter through a 0.2-um membrane. Store tightly
capped in an amber bottle at room temperature. Use within
1 month.

Neurosphere medium: Neurobasal medium supplemented
with B27, 20 ng/mL bFGF, and 20 ng/mL EGF (Table 1).
Use within 3 weeks.

Neural differentiation medium: Neurobasal medium with
B27 supplement (Table 1). Use within 3 weeks.
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Table 1
Differentiation media recipes

Stock concentration Final concentration  Volume

Adipogenic differentiation medinm

Stromal medium 200 mL
Dexamethasone 10 mM 5uM 100 uL
Isobutylmethylxanthine 5 mM 0.5 uM 20 uL.
Indomethacin 30 mM 50 uM 333 uL.
Osteggenic differentiation medinm

Stromal medium 192 mL
Dexamethasone® 1 mM® 1 nM® 20 pl?
B-glycerolphosphate 0.5M 20 mM 8 mL
Ascorbate 2-phosphate 50 mM 50 uM 200 uL
Chondrogenic differentiation medium

DMEM, high glucose 50 mL
Ascorbate 2-phosphate 50 mg/mL 50 ug/mL 50 uL
Proline 40 mg/mL 40 pg/mL 50 uL
Sodium pyruvate 100 mg/mL 100 pg/mL 50 uL
ITS Premix 500 uL.

Medium without cytokines (above) can be stored at 4°C for 3 weeks
Medium with cytokines (below) should be prepared fresh before each use

Medium w/o cytokines 10 mL
Dexamethasone 1 mM 0.1 uM 1 uL
TGEF-B3 10 ug/mL 10 ng/mL 10 uL.
BMP-6 10 pg/mL 500 ng/mL 500 pL.
Neural differentiation medinm

Neurobasal medium 50 mL®
B27 supplement 1 uLb
bFGF 20 pg/mL 20 ng/mL 50 uL
EGF 20 ug/mL 20 ng/mL 50 uL

*Dilute the 1 mM stock dexamethasone 1:100 in diH,O, and add 20 pL of the diluted solution
®Medium for neural lineage differentiation medium consists of neurobasal medium with B27 supplement only
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3. Methods

3.1. Preparation 1.
2
3
4
5

3.2. rASC Isolation 1.

and Culture

All media, dishes, tubes, and cells should be kept sterile, and
therefore all work should be performed under a biosafety
hood and sterile techniques should be used.

. Investigators should be trained in the handling of rhesus tis-

sues and blood borne pathogens prior to initiation of any use
of animal tissue.

. Before beginning the procedure, wash buffer, collagenase

solution, erythrocyte lysis butfer, and stromal medium should
be warmed in a 37°C water bath.

. A tissue culture incubator at 37°C, 5% CO, should be avail-

able for sample incubation.

. After transportation to the laboratory, the adipose tissue sam-

ple can be kept at room temperature for no more than 24 h
prior to use.

Wash the tissue sample extensively in wash buffer to remove
any contaminating hematopoietic cells. This can be done in a
disposable conical tube, or by passing the tissue through sev-
eral sterile dishes of wash buffer. In order to maintain sterility,
all tubes and dishes should only be opened under a biosafety
hood.

. Place the tissue sample in a clean dish with warm collagenase

solution to begin tissue digestion. Carefully mince the tissue
with two sterile scalpels. Pipette the minced tissue and solu-
tion up and down several times with a 25- or 50-mL serologi-
cal pipette to facilitate digestion. Incubate the sample for
30 min at 37°C in 5% CO,.

. After 30 min, neutralize the collagenase enzyme by adding

approximately 5 mL of stromal medium. Pipette the solution
to disintegrate any aggregates of adipose tissue, and transfer
to a sterile 50-mL tube. Any solid pieces of tissue that may be
present can be excluded (see Note 8). Centrifuge the sample
at 2,000 rpm (~650x4) for 5 min.

. After centrifugation, there will be a pellet of the SVE. The

SVF will usually include a layer of dark red cells. The rASCs
are in the SVF, while mature adipocytes will be floating in the
supernatant. To complete the separation of the stromal cells
from the primary adipocytes, shake the tube vigorously
enough to thoroughly disrupt the pellet and mix the cells.
Centrifuge again, at 2,000 rpm (~650 x g) for 5 min, and then
carefully remove the supernatant without disturbing the cell
pellet. Leave behind a small volume of collagenase solution
above the pellet so that the cells are not disturbed.
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5. Resuspend the pellet in 1 mL of erythrocyte lysis bufter, and
incubate on ice for 10 min. This will lyse any red blood cells
that may be remaining in the cell pellet. After 10 min, add
20 mL of wash bufter, centrifuge at 2,000 rpm (~650 x g) for
5 min, and discard the supernatant.

6. Resuspend the cell pellet in 2-3 mL of stromal medium, and
filter through a 70-pum cell strainer. Rinse the strainer with an
additional 2 mL of stromal medium to obtain any rASCs that
may have gotten stuck in the filter. The cell strainer will
remove any tissue fragments or large debris that may be left in
the suspension. The strainer can be place on top of a sterile
50-mL tube or held over a sterile culture dish to collect the
rASCs.

7. Plate the rASC cell suspension onto cell culture-treated mul-
tiwell plates, and incubate at 37°C in 5% CO,. The size and
number of plates required will depend on the amount of
starting material. In general, one well of a 24-well plate is suf-
ficient for approximately 150-250 mg of starting adipose tis-
sue, or one well of a 12-well plate for 500 mg of tissue (see
Note 9).

8. Seventy-two hours after plating, remove the dishes from the
incubator and check the cells under a microscope (see Note
10). If the cells appear healthy, aspirate the stromal medium
from the well, and wash the cell layer with warm PBS or wash
buffer. Pipette the PBS over the cell layer several times in
order to remove any tissue fragments and/or blood cells.
Aspirate off the PBS and add a volume of fresh, warm stromal
medium. The volume will depend on the capacity of the well.
Maintain the cells in a humidified tissue culture incubate at
37°Cin 5% CO,. Change the medium every second day until
the cells reach 80-90% confluence. At that point, the cells can
be harvested for expansion and freezing or directly induced
to differentiate.

9. To harvest rASCs, rinse the cell layer by adding a small vol-
ume of sterile, warm PBS to the well. Aspirate the PBS, and
replace with just enough trypsin—EDTA solution to cover the
entire surface of the dish. The volume will depend on the size
of the dish. Incubate for at least 5 min at 37°C in 5% CO,, or
until approximately 90% of the cells have detached from the
bottom of the dish. Progress can be monitored under a micro-
scope. Add an equal volume of stromal medium to the well.
The serum in the medium will neutralize the enzyme and
terminate the reaction (see Note 11). Pipette the cell suspen-
sion around the well a few times to detach any cells that may
be stuck and transfer the suspension to a sterile centrifuge
tube. Centrifuge at 1,200 rpm (~240 xg) for 5 min. Discard
the supernatant and resuspend the cells in a small volume of
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Table 2

10.

11.

12.

stromal medium. Count the cells using the hemocytometer,
and proceed with any of the following options.

Cryopreservation of rASCs: rASCs should be collected at 80%
confluence for freezing. Harvest and count the cells. After
counting, suspend the pellet in room-temperature freezing
medium at a concentration of 1-2x10° cells/mL. Dispense
1-mL aliquots of the cell suspension to sterile, labeled cry-
ovials. Place cryovials in appropriate freezing apparatus (alco-
hol container), and place the apparatus in a -80°C freezer.
The freezing container will cool the vials slowly, at approxi-
mately 1°C every minute, until they reach -80°C. The next
day, transfer the cells on dry ice or other frozen material to a
liquid nitrogen storage container.

Preparation of rASCs for flow cytometry: Harvest approxi-
mately 1.5x10° rASCs and centrifuge at 300 x4 for 5 min at
room temperature in a 50-mL tube. Wash the rASCs twice
with 10 mL of cold PBS (Ca?** and Mg?* free) and resuspend
cells in 500 pl of cold PBS. Aliquot 50 pl of cells into ten 1.5-mL
microcentrifuge tubes, add 50 ul of PBS containing a fluoro-
chrome-conjugated monoclonal antibody or isotype control
antibody (usually 5-10 pL) to each tube. Mix well. Incubate
samples for 20-30 min at room temperature. Critical note:
Keep the tubes protected from light exposure to avoid bleach-
ing of the fluorochrome. Wash the cells with 1 mL of PBS
with 1% BSA and centrifuge at 300 x4 for 3 min at room
temperature to pellet the cells. Repeat the PBS wash three
times. After the third wash, resuspend the cells in 500 pL of
1% formaldehyde in PBS to fix the cells. Keep the tubes at
4°C, protected from light exposure, until they can be
analyzed on a flow cytometer. Cells should be analyzed within
48 h. See Chapter 10, this volume.

Expansion of rASCs: After harvesting and counting cells,
replate the cells at approximately 10,000 cells/cm?. Suspend
the pellet in stromal medium following the concentrations
listed in Table 2 for dishes of various sizes.

rASC plating concentrations

Plate  Area/well (cm?) Area/plate (cm?) Cells/cm? Cells/well Cells/plate Media/well (mL)
6 well 10 60 10,000 100,000 600,000 2.5

24 well 2 48 10,000 20,000 480,000 1

96 well 0.33 32 10,000 3,300 316,800 0.2




3.3. rASC
Differentiation
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1. Adipogenic differentiation of rASCs: Plate 1x10° cells per

well of a 6-well plate in 2 mL of stromal medium. A lower
density can be used if there are not enough cells, as long as
each well is seeded at the same density. In a 6-well plate, it is
convenient to have two wells for adipogenic differentiation,
two wells for osteogenic differentiation, and two wells as con-
trols that will not be cultured in differentiation medium, but
will be stained with the others as a negative control. Monitor
the cells every day for confluency. Every third day, before the
cells reach 100% confluency, remove the stromal medium,
rinse the cell layer with wash buffer or PBS, and add fresh
stromal medium. After the cells have reached 100% conflu-
ency (usually in 2-8 days), remove the stromal medium from
the experimental wells, rinse the cell layer with wash buffer or
PBS, and add 2 mL of adipogenic differentiation medium
(see Note 12). Add stromal medium to the control well.
Replace the medium every 3 days for approximately
14-21 days (see Note 13). Mature adipocytes are usually
observed within approximately 14 days (see Note 14).

After 14 days of differentiation, or when lipid vacuoles
can be seen, the cells can be fixed with 10% formalin, 4%
paraformaldehyde, or 70% ethanol. It should be noted
that, when using ethanol, there is a risk that the lipids will
be eluted from the cells.

After removing the medium and washing the cells with PBS,
immerse the cells in the fixative solution: 10% formalin for 1 h,
4% paraformaldehyde for 10 min, or 70% ethanol for 1 h. Remove
the fixative, rinse with PBS, and proceed to staining. Fixed cells
can be stored in PBS at 4°C for as long as several months, although
shorter times are recommended (see Note 15).

To stain the adipocytes, add 2 mL of Oil Red-O solution to
each well, and incubate for 20-60 min at room temperature.
Rinse the wells with 2 mL of PBS three times, or until the
background is clear. The rinse should become completely
clear, with no red coloring. Do not rinse with a larger volume;
this may raise the level of the solution in the plastic well and
cause staining of the wall of the well. After sufficient washing,
add 2 mL of PBS to each well. Examine the cells under an
inverted microscope for evidence of fat differentiation.

Alternatively, stain can be eluted from the cells by adding iso-
propanol. Elution is immediate. The plate can then be analyzed on
a plate reader. Read the OD,, and subtract the background stain-
ing determined in control wells from the experimental points.

. Osteogenic differentiation of rASCs: rASCs can be induced
to become osteogenic lineage cells in the same manner as
adipogenic lineage cells, substituting osteogenic differentia-
tion medium for adipogenic differentiation medium. As for
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adipogenesis, the medium is replaced every 3 days for
approximately 14-21 days until mineralization is achieved.

After 14 days of differentiation, or when mineralization
can be seen, the cells can be fixed in the same manner as the
adipocytes. Fixed cells can be stored in sterile H,O at 4°C for
as long as several months, although shorter times are recom-
mended (see Note 15).

Stain for mineralization in the same manner as for adipo-
cytes with Alizarin Red solution and sterile H,O washes.
After sufficient washing, add 2 mL of sterile H,O to the wells.
Examine the cells under an inverted microscope for evidence
of bone differentiation (see Note 16).

. Chondrogenic differentiation of rASCs: For chondrogenic

differentiation, the pellet culture system described by Sekiya
et al. can be used (18). After harvesting and counting the cells,
pellet 2x10° cells in a 15-mL conical tube and discard the
supernatant. Resuspend the cell pellet in 0.5 mL of complete
chondrogenic differentiation medium, and pellet the cells again.
Incubate the tube at 37°C in 5% CO,, and change the medium
every 2-3 days for 21 days. It is important to leave the caps
loosely on top of the tubes rather than tightening them, in order
for the medium to maintain a proper pH. When adding fresh
medium, flick the bottom of the tube to dislodge the pellet.
After 21 days, wash the pellet with PBS and fix in 10% neutral-
buffered formalin. The pellets can be embedded in paraffin and
sectioned. The sections can then be stained with Toluidine Blue.

. Neural differentiation: Undifferentiated rASCs cultured at high

density will spontaneously form spherical clumps of cells that
can be isolated and cultured in Neurobasal medium supplemented
with B27 and growth factors on low-attachment dishes (10).
The spheres must be maintained at a density of 10-20 cells /cm?
to prevent self-aggregation. After 4-7 days, the cells can be
induced to neural lineage differentiation. Transfer the neuro-
spheres to PDL-laminin coated chamber slides and culture in
Neurobasal medium with B27 supplement only. Replace approx-
imately 70% of the medium every 4 days. After 10 days, the cells
can be assessed for neural lineage differentiated by immunocy-
tochemistry and RT-PCR for the expression of neuronal- or
glial-associated protein and mRNA (see Notes 17 and 18).

4. Notes

. All animal procedures must conform to the requirements of the

Animal Welfare Act and be approved before implementation by
the Institutional Animal Care and Use Committee (IACUC) of
the institution.
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2. Prior to the implementation of this protocol, all personnel
involved in the processing of rhesus tissue or primary rASC
cultures should complete safety training for the hazards of
blood-borne pathogens. Regardless of whether animals have
been screened for evidence of infection by any transmissible
agents, these precautions are mandatory. In addition, no glass
containers or pipettes should be used, and the use of sharp
objects (scissors, needles) during the processing steps should
be minimized. All procedures involving the rhesus tissue or
cells should be conducted in a biological safety cabinet and
with appropriate personnel protection equipment.

3. Prior to use, it is wise to test the sterility of the medium by
removing a single milliliter from each bottle, placing it in a single
well of a 24-well plate, and incubating the plate in a humidified,
37°C, 5% CO, incubator. After a few days, examine the plate
using a phase contrast microscope for any evidence of contami-
nation. If contaminated, immediately inactivate all bottles and
test plates with 15% bleach solution and discard.

4. Before purchase, the fetal bovine serum should be assayed to test
for its ability to support cell proliferation and differentiation.

5. The stock solutions can be prepared ahead of time, aliquoted,
and stored at -80°C for up to 1 year. Do not filter each stock,
filter at the time of media preparation. Some filter materials
may be sensitive to specific solvents (e.g., DMSO, methanol)
and may disintegrate upon exposure, therefore it is safer to
filter stock solutions after they are diluted in the medium.
Growth factors should be diluted in recommended solvents,
according to manufacturer’s instructions. Thawed aliquots
should not be refrozen.

6. Water-soluble dexamethasone is supplied encapsulated in
2-hydroxypropyl-B-cyclodextrin. The amount of dexametha-
sone varies depending on the lot, but it is approximately
60-70 mg dexamethasone/g of material. That means that
100 mg of dexamethasone is actually supplied in approxi-
mately 1.5 g of material. This must be taken into account
when making up the stock solutions.

7. Medium without cytokines (ascorbate 2-phosphate, proline,
and pyruvate stocks plus ITS+premix in high-glucose
DMEM) can be prepared and stored for 3—4 weeks at 4°C.
TGEF-B3, dexamethasone, and BMP-6 stocks can then be
added to make complete adipogenic differentiation medium
(Table 1). The complete medium should be made fresh as
needed.

8. If, after a 1-h digestion, there are some pieces of undigested
tissue in the sample, make sure that the collagenase solution
is fresh and has not been maintained at room temperature for
an extended period of time. This is necessary to maximize the
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11.

12.

13.

14.

enzyme efficiency. The collagenase solution can also be stored
at —=20°C for a few days, with a minor loss of enzyme activity.
Prior to use, the frozen solution can be slowly thawed at
room temperature and warmed to 37°C. It is not necessary to
have complete digestion before proceeding with the protocol
if only a small amount of tissue fragments is observed in the
solution.

. To accelerate cell adhesion, the culture dishes can be pre-

coated with extracellular matrix proteins, such as gelatin or
Matrigel.

If the cells do not grow very well and do not appear healthy,
there are a few options. Supplementation of the culture
medium with 20-30% conditioned medium (saved from pre-
vious cultures) may facilitate the growth of the cells. If condi-
tioned medium is not available, another alternative is to
increase the FBS concentration in the stromal medium; how-
ever, this may promote premature adipogenesis. Signs of
deterioration, such as granularity around the nucleus, cyto-
plasmic vacuolations, and/or detachment of the cells from
the plastic surface, may indicate inadequate or toxic medium,
microbial contamination, or senescence of the primary cells.
Also, it is important to note that the percent of preadipocytes
obtained from the SVF after digestion is donor dependent.

It is important to not overexpose the cells to the trypsin—
EDTA solution. This could decrease the cell viability.

To prevent the adipocytes from detaching, do not dry the
well when changing the medium since adipocytes tend to
float when new medium is added.

According to the protocol, the medium is changed every
3 days. However, as the adipocytes mature, the medium may
turn yellow within a day, which may be due to a drop in pH.
As the pH falls from 7 to 6.5, cell growth will decline and cell
viability decreases at pH between 6.5 and 6. Monitor the pH
of the medium, going from red (pH 7) through yellow
(pH<6), and change the medium more often if needed.

Several factors can contribute to poor differentiation of rASCs.
The difterentiation process is donor dependent. The age of the
donor can be a factor, since some studies suggest that the
differentiation capacity is higher in culture from younger
subjects compared with older animals. To further enhance
adipogenesis, the following alternatives can be tried:

Different PPARy agonists (troglitazone or pioglitazone,
among others) in the medium may enhance differentiation.

The addition of 5% rabbit serum (RS) can be added to the
differentiation medium, as the ethyl acetate contain in the RS
has been found to be 35-fold more abundant than in FBS (19).
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Another alternative is to perform the addition of the differentiation
medium multiple times after a 3-day rest period; i.e., 3 days
on in the presence of the differentiation medium and
3 days oft'in the presence of adipocyte maintenance medium.
Repeat this cycle until mature adipocytes are obtained.

15. Cells that have been stained in Oil Red-O and Alizarin Red
can be kept after washing for extended periods to allow for
microscopic analysis. Add more PBS (for Oil Red-O wells) or
water (for Alizarin Red wells) as they evaporate.

16. Confluent culture in bone differentiation plates can tend to
lift in sheets or form a ball. The ball can be sliced and made
into slides for microscopic analysis for mineral deposition.

17. Contamination — microbial. In order to keep optimal sterile
conditions, it is recommended that you open and close the
container properly to avoid any potential contaminants. It is
vital that the culture be examined regularly to confirm the
absence of microbial contamination. To avoid this problem,
5% iodine solution can be added to the initial wash solution.
The disinfectant is then washed away in subsequent washes.
In order to avoid this problem in small adipose tissue samples,
itis reccommended to add in the PBS solution 1% of antibiotic
solution and wash the tissue thoroughly.

18. Contamination — cellular. The blood cells could be a source
of contamination and may reduce or prevent adhesion of
stromal cells; it is then important to wash thoroughly the cells
with PBS. When removing the PBS from the cells, aspirate
the solution up and down until the cells appear clean and free
of red cells. An erythrocyte lysis buffer (155 mM NH,CI,
5.7 mM K. HPO,, 0.1 mM EDTA at pH 7.3) can serve to
remove red blood cells. Endothelial cells (EC) could be
another source of contamination. Intraabdominal depots are
more subject to this type of contamination when compared
with subcutaneous adipose tissue, which is essentially free of
EC. Therefore a filtration procedure can be performed by
using a nylon mesh filter with a small pore size (25 pum).
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Chapter 2

Isolation of Human Adipose-Derived Stem Cells
from Lipoaspirates

Gang Yu, Z. Elizabeth Floyd, Xiying Wu, Yuan-Di C. Halvorsen,
and Jeffrey M. Gimble

Abstract

Adipose tissue is as an abundant and accessible source of stem cells with multipotent properties suitable
for tissue engineering and regenerative medical applications. Here, we describe methods from our own
laboratory and the literature for the isolation and expansion of adipose-derived stem cells (ASCs). We
present a large-scale procedure suitable for processing >100-ml volumes of lipoaspirate tissue specimens
by collagenase digestion and a related procedure suitable for processing adipose tissue aspirates without
digestion.

Key words: Adipose-derived stem cells (ASCs), Biopsy, Collagenase, Expansion, Human, Isolation,
Lipoaspirate, Mesenchymal stem cells (MSCs), Stromal vascular fraction (SVF)

1. Introduction

Mesenchymal stromal /stem cells (MSC) were initially described
in bone marrow and have been found subsequently in multiple
tissues, including subcutaneous adipose tissue (1-4). Although
adipose-derived stromal cells had been termed “pre-adipocytes”
(2, 3), multiple independent investigators have demonstrated
that they are multipotent, with chondrogenic, neuronal-like, and
osteogenic differentiation capability (5-8). Consequently, they
have now been identified as adipose-derived stromal/stem cells
or ASCs (9). This protocol, which includes information presented
in earlier volumes of this series (10), describes the isolation of
primary in vitro cultures of ASCs from human adipose tissue.

Jeffrey M. Gimble and Bruce A. Bunnell (eds.), Adipose-Derived Stem Cells: Methods and Protocols,
Methods in Molecular Biology, vol. 702, DOI 10.1007/978-1-61737-960-4_2,
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2. Materials

2.1. Tissue

2.2. Supplies

2.3. Equipment

2.4. Media Stock
Solution (see Note 2)

Subcutaneous adipose tissue samples obtained from liposuction
aspirates (see Note 1).

O NN O\ Ul N
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. 200-ml plastic centrifugation bottles.

. 0.2-um filter units.

. 50-ml conical tubes.

. 2-ml tubes.

. Scissors.

. Hemocytometer.

. Freezing apparatus (alcohol container).

. Fluorochrome-conjugated monoclonal antibodies against

stromal, hematopoietic, endothelial, pericytic, and related cell
surface antigens.

. Inverted microscope — Nikon Eclipse TS100 with Epi-

Fluorescence Attachment (Mercury Lamp Illuminator model
name: C-SHG) and equipped with a camera photometric
cool-snap.

. MetaMorph imaging software.
. Shaking water bath.

. Centrifuge.

. Biosafety hood.

. CO, Incubator.

All the media solutions are filtered through a 0.2-pum filter unit.
1.

Collagenase solution: Weigh out 0.1 g of type I collagenase
and 1 g of powdered bovine serum albumin (BSA, fraction
V). Dissolve these in 100 ml of phosphate-buffered saline
(PBS) supplemented with 2 mM calcium chloride (CaCl,).
After sterile filtration, warm the solution to 37°C. This solu-
tion should be used with 1 h of its preparation.

. Erythrocyte lysis buffer: Using sterile, distilled water, prepare

155 mM ammonium chloride (NH,Cl), 10 mM potassium
carbonate (KCO,), and 0.1 mM EDTA. This solution should
be used within 24 h of its preparation.

. Stromal medium: To 500 ml of DMEM/Ham’s F-12

medium, add 55 ml of fetal bovine serum (10%) and 5.6 ml
of antibiotic (penicillin/streptomycin) /antimycotic (ampho-
tericin) 100x stock solution. This solution should be used
within 4 weeks of its preparation. All fetal bovine serum
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should be prescreened prior to purchase for its ability to support
both cell proliferation and adipocyte ditferentiation.

4. Differentintion medium: In advance, prepare and aliquot the
following stock solutions and store frozen at -20°C until
required.

(a) A 66-mM stock solution of biotin (2,000-fold concentra-
tion) dissolved in 1 N sodium hydroxide.

(b) A 34-mM stock solution D-pantothenate (2,000-fold
concentration) dissolved in water.

(¢) A 1-mM dexamethasone solution (1,000-fold concentra-
tion) dissolved in water or ethanol, depending on its
formulation.

(d) A 250-mM stock solution of methylisobutylxanthine
(1,000-fold concentration) dissolved in dimethyl sulfoxide.

(e) A 200-uM stock solution of human insulin (2,000-fold
concentration) dissolved in PBS.

(f) A'5-mM stock solution of rosiglitazone or equivalent PPARy
agonist dissolved in dimethyl sulfoxide. Use this solution
within 1 month of its preparation for optimal results.

Prepare the Differentiation medium containing the following
final concentrations in DMEM /Ham’s F-12: 3% fetal bovine
serum, 0.25 mM IBMX, 66 uM biotin, 34 uM Dp-pantothenate,
5 uM rosiglitazone (or equivalent PPARY2 ligand), 1 uM
dexamethasone, 200 nM human insulin. Use this solution
within 2 weeks of its preparation.

5. Adipocyte maintenance medinm: This solution is prepared in
an identical manner as Differentiation medium except that it
does not contain either the isobutylmethylxanthine or the
PPARy agonist; these two stock solutions should be omitted.
Use this solution within 2 weeks of its preparation.

6. Oil Red-O staining solution: Weigh out 0.5 g Oil Red-O. Dissolve
in 100 ml isopropanol. Filter through a 0.2-um filter. Store at
room temperature as a stock solution. At the time of use, take
6 ml of Oil Red-O stock solution and add 4 ml of distilled water.
Let the solution stand for 1 h at room temperature before use.
Use this solution within 24 h of'its preparation.

7. Freezing medinm: The freezing medium consists of 8§0% fetal
bovine serum or 80% calf serum, 10% DMEM /Ham’s F-12,
and 10% dimethyl sulfoxide. Use this solution within 2 weeks
of its preparation.

8. Medium sterility test procedure: Prior to use, it is wise to test
the sterility of the medium by removing a single milliliter
from each bottle, placing it in a single well of a 24-well plate,
and incubating it for 48 h in a humidified, 37°C, CO, incubator.
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After this period, examine the plate using a phase contrast
microscope for any evidence of contamination. If contami-
nated, immediately inactivate all bottles and test plates with
15% bleach solution and discard.

3. Methods

3.1. Large Volumes
of Tissue (Liposuction
Aspirates >100 ml)

After transportation to the laboratory, the liposuction sample can
be kept at room temperature for no longer than 24 h prior to use.
Before performing the experiment, warm up the water bath to
37°C.

All of the following procedures are performed in biosafety hoods.
Investigators should be trained in the handling of human tissues and
human pathogens prior to initiation of any studies (see Note 3).

1. Warm up bufter (500 ml or more of PBS or KRB). Line the
surface of the biosafety hood with a disposable bench
protector.

2. Warm up freshly prepared collagenase solution in the 37°C
water bath.

3. Prepare PBS (or KRB) solution with 1% BSA, filter the solu-
tion, and warm it in the 37°C water bath.

4. Prepare stromal medium: ct. Media stock solution. This should
have been done in advance of the procedure.

5. To maintain optimal sterile conditions, open the surgical con-
tainer used for the liposuction procedure under the biosafety
hood (see Note 4). Dispense a volume of adipose tissue in
sterile plastic bottles: for each 175-cm? flask (0.16 ml tissue /
cm?), it is recommended that you distribute approximately
33 ml of tissue; each bottle can accommodate ~100 ml of tis-
sue. We routinely process a total of 200 ml of tissue to be
plated in six 175-cm? flasks. Add an equal volume of warm
PBS. Agitate to wash the tissue and then allow phase separa-
tion for 3-5 min. Suction off the infranatant solution (lower
liquid phase). The wash is repeated several times until a clear
infranatant solution is obtained (usually three to four times)

6. Add an equal volume (60-70 ml) of warm collagenase solu-
tion into the 250-ml bottles containing the clean adipose tis-
sue sample. Wrap the bottles with parafilm and place them in
a 37°C shaking water bath at ~75 rpm for 60 min until the
tissue appears smooth on visual inspection (see Note 5).

7. Isolation of the stromal vascular fraction (SVF): After diges-
tion, spin the samples at 300 x4 in an appropriate centrifuge
for 5 min at room temperature. Take the samples out of the
centrifuge and shake them vigorously to thoroughly disrupt
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the pellet and to mix the cells. This is to complete the separa-
tion of the stromal cells from the primary adipocytes. Repeat
the centrifugation step.

8. After spinning, the SVF will form a pellet at the bottom of the
bottle or tube (this will usually include a layer of dark red
cells). Carefully remove the top layer of oil and fat, the
primary adipocytes (a yellow layer of floating cells), and the
underlying layer of collagenase solution. Leave behind a small
volume of collagenase solution above the pellet so that the
cells are not disturbed.

Resuspend the cells in 10 ml of warm PBS (or KRB) solution
with or without 1% BSA and transfer the solution containing the
cells into a 50-ml conical tube. Centrifuge the cells at 300x 4 in
an appropriate centrifuge for 5 min at room temperature.

Aspirate the remaining collagenase solution. When aspirat-
ing, the tip of the pipette should aspirate from the top so that
the oil is removed as thoroughly as possible. The cell pellet
should be at the bottom of the tubes. At this stage, some pro-
tocols suspend the SVF cells in Erythrocyte lysis buffer for 10
min followed by 300xy4 centrifugation (6); however, we do
not find that this step is necessary. Resuspend the cells with
10 ml of stromal medium in each tube. Pool the cells in one
50-ml conical tube and spin the cells at 1,200 rpm (300 % 4) in
an appropriate centrifuge for 5 min at room temperature.

9. After spinning the cells, aspirate off the supernatant and resus-
pend the cells in 15 ml of stromal medium (see Note 6).

Divide the cells according to the number of flasks. The
cells are plated at a density equivalent to approximately
0.18 ml of liposuction tissue aspirate/cm? of surface area
(volume of ~33 ml of tissue for a 175-cm? flask).

Divide the cells according to the number of flasks. In this
protocol, we use approximately 200 ml of liposuction tissue.
Thus, to each 175-cm? flask (times six), we add 2.5 ml of cell
suspension and 32.5 ml of stromal medium (see Note 7).

10. Forty-eight hours after plating (this period can vary from 24
to 72 h, depending on the number of cells attached to the
plastic surface as observed under a microscope), aspirate the
medium from the flask. Wash the cells with prewarmed PBS
(see Note 8). Add 35 ml of fresh stromal medium.

The medium is then changed every 2—3 days until the cells
achieve 80-90% confluence.

11. Harvesting cells: Remove the medium from the flasks and
save the sterile “conditioned media” in a sterile tube for future
cell culture application (this media should be sterile-filtered
prior to such use). Add 10 ml of sterile warm PBS to the
flasks and allow PBS to remain on cells for 2 min while the
flasks are in a horizontal position. Replace the PBS with 10 ml
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of trypsin—-EDTA solution (0.5%) (see Note 9). Incubate in
an incubator for 5-10 min. Verify under a microscope that
more than 90% of the cells have detached and then add 10 ml
of stromal medium to allow the serum contained in the solution
to neutralize the trypsin reaction.

Transfer the medium containing the suspended cells from
the flask to a sterile 50-ml conical tube. Centrifuge at 1,200 rpm
(300 xg) for 5 min. Aspirate the supernatant and suspend the
cells with a small volume of stromal medium (~2 ml).
Proceed to cell counting by taking an aliquot of cells diluted in
Trypan Blue (for a 1:4 dilution: add 25 pl of suspended cells to
75 ul of Trypan Blue). Count cells using the hemocytometer.

12. After counting, you have several options:

Cryopreservation

Suspend the cell pellet in room-temperature freezing
medium at a concentration of 2 x 10° cells/ml. Dispense 1 ml
of aliquots of the cell suspension to sterile cryovials. Place the
cryovials in an appropriate freezing apparatus (alcohol con-
tainer). Freeze the cells to —80°C. The next day, transfer the
cells on dry ice or other frozen material to a liquid nitrogen
storage container.
Use of cells for flow cytometry

Harvest ~1.5x10° ASCs and centrifuge at 300 x g for 5 min
at room temperature in a 50-ml tube. Wash the ASCs twice
with 10 ml cold PBS (Ca and Mg free) and resuspend cells in
500 ul cold PBS. Aliquot 50 pl of cells into ten 1.5-ml micro-
centrifuge tubes, add a 50-pl volume of PBS containing a fluo-
rochrome-conjugated monoclonal antibody or isotype control
antibody (usually 5-10 pl) to each tube. Mix well. Incubate
samples for 20-30 min at room temperature. Critical note:
Keep the tubes protected from light exposure to avoid bleaching
of the fluorochrome. Wash cells with 1 ml PBS with 1% BSA
and pellet cells at 300 x4 for 3 min at room temperature three
times. Resuspend cells in 500 pl of 1% formaldehyde in PBSto
fix cells. Keep the tubes at 4°C protected from light exposure until
they can be analyzed on a flow cytometer within a 48-h period.
Replating the cells

After cell counting, suspend the cell pellet in stromal medium
following the different concentrations listed in Table 1 to
achieve a confluent culture within 24 h of replating.
Adipocyte diffeventiation

When the cells reach between 80 and 90% confluence (before
or after harvesting the cells), the preadipocytes are induced to
differentiate. Aspirate the medium, add a small volume (~1.5 ml
for a 6-well plate) of prewarmed PBS + 1% antibiotic to wash the
cells, and then remove the PBS by aspiration (see Note 10).
Next, add the differentiation medium.



3.2. Lipoaspirate Fluid
(from (11))
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Table 1
Table for plating
Plate Area/plate  Cells/plate  Cells/well Media/well
6-well plate 60 cm? 1.8x10°¢ 30x10* 2.5 ml
24-well plate 48 cm? 1.44x10° 6x10* 1 ml
96-well plate 31 cm? 0.93x10° 10* 200 ul

The cells will be maintained in the differentiation medium

for 3 days.

Day +3 differentiation

Aspirate the differentiation medium and wash the cells with
prewarmed PBS + 1% antibiotic (see Note 11).Then add a vol-
ume (2.5-3 ml for a 6-well plate) of adipocyte medium.

The adipocyte medium will be changed every 3 days until
mature adipocytes are obtained (Day +9 to +12 differentia-
tion) (see Note 12).

Fixation of cells

After 12 days of differentiation, the cells can be fixed using
10% formalin solution, 4% paraformaldehyde, or 70% ethanol
(using ethanol, there is a risk that the lipids will be eluted from
the cells). After removing the medium and washing the cells
with PBS, immerse the cells in the fixative solution: 10% forma-
lin, 4% paraformaldehyde, or 70% ethanol for 30 min, 10 min,
or 1 h, respectively. Remove the fixative before staining (fixed
cells can be stored at 4°C for as long as several months, although
shorter times are recommended).

Cell staining

Add 50 pl Oil Red-O to cach well for 15 min at room tem-
perature. Rinse three times or more with 50 ul distilled water.
The rinse should become completely clear (no red coloring).
Do not rinse with a volume larger than 50 pl. It will raise the
level of the solution in the plastic well and cause staining of the
wall of the well, resulting in artifactually high background. Elute
the stain from the cells by adding 50 ul isopropanol per well.
Elution is immediate. Read the OD,,, using a plate reader.
Subtract the background staining determined in blank wells (no
cells) from the experimental points. Determine the relative
staining intensity of the differentiated wells compared with the
preadipocyte controls.

1. Aspirate the lipoaspirate fluid fraction using a pipet, separating

the fluid fraction from the lipoaspirate tissue fraction.

2. Transfer the lipoaspirate fluid (LAF) to sterile plastic bottles.

3. Centrifuge for 10 min at 400 x4 at room temperature.
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3.3. Summary

4. Resuspend the LAF cell pellet in erythrocyte lysis bufter.
Let stand at room temperature for 5 min.

5. Filter the LAF cell suspension through a 100-pum filter.

6. Load cells onto a Ficoll density gradient. Centrifuge for
20 min at 800 x4 at room temperature.

7. Aspirate cells from gradient interface. Wash with PBS prewarmed
to 37°C. Filter LAF cell suspension through 100-um filter.

8. Count nucleated cell number using Trypan Blue staining and
a hemocytometer.

9. Suspend LAF cells in Stromal medium. Plate at density of
6.4 x10* cells/cm? on gelatin-coated 175-cm? flasks. Maintain
in culture and proceed as described under 3.1.10-3.1.12

Recently, there has been increased appreciation for the use of
primary cell culture models in the study of human adipocyte
differentiation in vitro. This protocol on the cultivation of human
adipocyte precursor cells can be used by laboratories with access
to human tissues in a scalable manner. The protocol can be adapted
to the use of intact human adipose tissue, which can be minced using
dissecting scissors and then processed in a manner similar to the
lipoaspirates.

4. Notes

1. Prior to the implementation of this protocol, all personnel
involved in the processing of human lipoaspirate material or
primary ASC cultures should complete safety training for the
use of blood-borne pathogens. Regardless of whether tissue
donors have been screened for evidence of infection by hepatitis,
HIV, or other transmissible agents, these precautions are manda-
tory. In addition, no glass containers or pipets should be used, and
the use of sharp objects (scissors, needles) during the processing
steps should be minimized. All procedures involving the human
tissue or cells should be conducted in a biological safety cabinet
and with appropriate personnel protection gear.

2. Before purchase, the fetal bovine serum should be assayed to
test for its ability to support adipogenesis.

3. Contamination — microbial. In order to keep optimal sterile
conditions, it is recommended that you open and close the
container properly to avoid any potential contaminations. It
is vital that the culture be examined regularly to confirm the
absence of microbial contamination. To avoid this problem,
5% iodine solution can be added to the initial wash solution.
The disinfectant is then washed away in subsequent washes.
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In order to avoid this problem in small adipose tissue samples,
itis reccommended to add in the PBS solution 1% of antibiotic
solution and wash the cells thoroughly with this solution.

4. Contamination — cellular. The blood cells could be a source
of contamination and may reduce or prevent adhesion of
stromal cells; it is then important to thoroughly wash the cells
with PBS (1% of antibiotic solution can be added). When
removing the PBS from the cells, aspirate the solution up and
down until the cells appear clean and free of red cells. An
erythrocyte lysis bufter (155 mM NH,CI, 5.7 mM K,HPO,,
0.1 mM EDTA at pH 7.3) can serve to remove red blood
cells. Endothelial cells (EC) could be another source of con-
tamination. Intraabdominal depots are more subject to this
type of contamination when compared with subcutaneous
adipose tissue, which is relatively free of EC. Therefore a fil-
tration procedure can be performed by using a nylon mesh
filter with a small pore size (25 um).

5. After 1 h digestion, if pieces of undigested tissue are still
observed in the tube, make sure that the collagenase solution
is fresh and has not been maintained at room temperature for
an extended period. This is necessary to maximize the enzyme
efficiency. The collagenase solution can also be stored at
-20°C for a few days, with a minor loss of enzyme activity.
Prior to use, the frozen solution is slowly thawed at room
temperature and prewarmed to 37°C. However, it is all right
to not complete the digestion if a small amount of tissue frag-
ments is observed in the solution.

6. A filtration procedure can be performed by using a nylon
mesh filter with a small pore size (100 um). The suspension is
then centrifuged at 1,200 rpm (300 xg) at room temperature
to allow separation of the SVF from the mature adipocytes.
The filtration can be performed after removing the floating
mature adipocytes cells. This step will remove tissue frag-
ments and is used by some investigators (6). However, the
filtration procedure is not recommended for small amounts
of adipose tissue.

7. To accelerate cell adhesion, the culture dishes can be precoated
with extracellular matrix proteins, such as gelatin or Matrigel.

8. If the cells do not grow very well and do not appear healthy,
there are a few options. The percent of preadipocytes
obtained from the SVF after digestion is patient dependent.
Supplementation of the culture medium with 20-30% con-
ditioned medium (saved from previous cultures) should
facilitate the growth of the cells. If you do not have condi-
tioned medium, another alternative is to increase the FBS
contained in the stromal medium to 15-20%; however, this



may promote premature adipogenesis. Signs of deterioration,
such as granularity around the nucleus, cytoplasmic vacuola-
tions, and/or detachment of the cells from the plastic sur-
face, may indicate inadequate or toxic medium, microbial
contamination, or senescence of the primary cells.

. It is important to not overexpose the cells to the trypsin/

EDTA solution. This could decrease the cell viability.

If the adipocytes are detaching, do not dry the well when
changing the medium since adipocytes tend to float when

. According to the protocol, the medium is changed every

2-3 days. However, as the adipocytes mature, you may
observe a yellowing of the culture medium: a drop in pH may
account for this. As the pH falls from 7 to 6.5, cell growth
will decline and cell viability falls at pH between 6.5 and 6.
You can observe this change of pH by looking at the medium
color change, going from red (pH 7) through yellow (pH<6),
indicating the need for an immediate change of the medium.

If the cells do not differentiate very well, consider that the
differentiation process may be patient dependent. The age of
the donor can be a factor, since some studies suggest that the
differentiation capacity is higher in culture from younger sub-
jects compared with older people. To further enhance adipo-
genesis, the following alternatives are proposed:

You may try different PPARy agonists (troglitazone or

e The addition of 5% rabbit serum (RS) can be added to
the differentiation medium to enhance differentiation

(the ethyl acetate contained in the RS has been found to
be 35-fold more abundant than in FBS (12)).

e Another alternative would be to perform the addition of
the differentiation medium multiple times after a 3-day
rest period; i.e., 3 days on in the presence of the differen-
tiation medium and 3 days oft in the presence of the adi-
pocyte medium. Repeat this cycle until mature adipocytes

3. Hauner H, Entenmann G, Wabitsch M,
Gaillard D, Ailhaud G, Negrel R, Pfeiffer EF
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9
10.
new medium is added.
11
12.
pioglitazone, among others).
are obtained.
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Chapter 3

Isolation of Murine Adipose-Derived Stem Cells

Gang Yu, Xiying Wu, Gail Kilroy, Yuan-Di C. Halvorsen,
Jeffrey M. Gimble, and Z. Elizabeth Floyd

Abstract

Murine models of obesity or reduced adiposity are a valuable resource for understanding the role of
adipocyte dysfunction in metabolic disorders. Primary adipocytes grown in culture and derived from
murine adipose tissue are essential for studying the mechanisms underlying adipocyte development and
function. Herein, we describe methods for the isolation, expansion, and long-term storage of murine
adipose-derived stem cells along with a protocol for inducing adipogenesis in this cell population.

Key words: Murine, Adipose-derived stem cells (ASCs), Collagenase, Isolation, Mesenchymal stem

cells (MSCs), Stromal vascular fraction (SVF)

1. Introduction

Murine mesenchymal stem cells (MSCs) are commonly used in
basic research and have the capacity to undergo adipogenic,
osteogenic, chondrogenic, myogenic, and neuronal differentia-
tion in vitro (1-4). MSCs were originally characterized from bone
marrow, but are also found in adipose tissue. Harvesting MSCs
from adipose tissue (termed adipose-derived stromal/stem cells;
muASCs) has several advantages over acquiring bone marrow
ASCs, including better accessibility and the greater abundance of
the MSCs in adipose tissue. This protocol describes the isolation
and expansion of muASCs and the differentiation of the muASCs
into adipocytes in vitro based on the method developed by

Halvorsen et al. in human ASCs (5).

Jeffrey M. Gimble and Bruce A. Bunnell (eds.), Adipose-Derived Stem Cells: Methods and Protocols,
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2. Materials

2.1. Tissue

2.2. Supplies

2.3. Equipment

2.4. Reagents
and Buffers

Adipose tissue: epididymal /gonadal (surrounding the testes), inguinal,
retroperitoneal (surrounding organs in abdominal cavity, one fat pad
each side), mesenteric (surrounding intestines, very diffuse).
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. 50-ml plastic centrifugation bottles, autoclave to sterilize.
. 0.2-um filter units.

. 50-ml conical tubes, sterile.

2-ml microtubes, autoclave to sterilize.

75-cm? tissue culture (T75) flasks.

. Scissors and forceps, autoclave to sterilize.
. Hemocytometer.

. Freezing apparatus.

. Inverted microscope —Nikon Eclipse TS100 with Epi-Fluorescence

Attachment (Mercury Lamp Illuminator model name: C-SHG)
and equipped with a camera photometric cool-snap.

. MetaMorph imaging software.
. Shaking water bath.

. Centrifuge.

. Biosafety hood.

. CO, incubator.

. 70% Ethanol.

. Isopropanol.

. Dimethyl sulfoxide.

. Dulbecco’s Modified Eagle Medium — high glucose.

. Fetal bovine serum/calf serum, supplemented with iron.
. Collagenase type 1.

. Penicillin /streptomycin /amphotericin antibiotic /antimycotic

solution.

. 0.5% Trypsin/EDTA solution.
. Biotin.

10.
11.
12.
13.
14.

D-Pantothenate.
Dexamethasone.
Rosiglitazone.
Methylisobutylxanthine.

Insulin.
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15. Oil Red-O.
16. Trypan Blue.
17. 10% Buffered formalin.

All buffers ave sterile filteved using o 0.2-\m filter unit.

1. 5% Iodine solution: 5% iodine in Krebs—Ringer bicarbonate buf-
ter (KRB) or phosphate-buffered saline (PBS) (see Note 1).

2. Krebs—Ringer bicarbonate buffer (KRB): 118 mM NaCl,
5 mM KCI, 2.5 mM CaCl,, 2 mM KH,PO,, 2 mM MgSO,,
25 mM NaHCO,, 5 mM glucose, pH 7 4.

3. Phosphate-buftered saline (PBS): 37 mM NaCl, 2.7 mM
KCl, 10 mM Na,HPO,, 2 mM KH,PO,, pH 7 4.

4. 1% Bovine serum albumin (BSA, fraction V) in PBS: sterile
filtered using a 0.2 pum filter.

5. Collagenase solution: Weigh out 0.1 g of type I collagenase
and 1 g of powdered BSA (fraction V). Dissolve these in
100 ml of PBS supplemented with 2 mM CaCl,. After sterile
filtration, warm the solution to 37°C. This solution should be
used within 1 h of its preparation.

2.5. Media Solutions All solutions are sterile filtered using a 0.2-um filter unit.

1. Stromal medinm: DMEM /high glucose with 10% fetal bovine
serum, lx antibiotic/antimycotic solution from 100x stock
(penicillin /streptomycin /amphotericin).

2. Differentintion medinm: In advance, prepare and aliquot the
following stock solutions and store frozen at -20°C until
required. (1) A 66-mM stock solution of biotin (2,000-fold
concentration) dissolved in 1 N sodium hydroxide. (2) A 34-mM
stock solution of p-pantothenate (2,000-fold concentration)
dissolved in water. (3) A 1-mM dexamethasone solution
(1,000-fold concentration) dissolved in water or ethanol, depending
on its formulation (see Note 2). (4) A 5-mM stock solution of
rosiglitazone or equivalent PPARyagonist dissolved in dimethyl
sulfoxide (1,000-fold concentration).

Prepare fresh before use: (1) A 500-mM stock solution of
methylisobutylxanthine (1,000-fold concentration) dissolved
in 50 mM NaOH. (5) A 200-uM stock solution of insulin
(2,000-fold concentration) dissolved in 10 mM HCI, made
in a plastic tube, not in glass.

3. Adipocyte maintenance medinm: This solution is prepared in
an identical manner as Differentiation medium, except that it
does not contain either the isobutylmethylxanthine or the
PPARY agonist; these two stock solutions should be omitted.
Use this solution within 2 weeks of its preparation.
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4.

Freezing medinum: The freezing medium consists of 80% calf
serum, 10% DMEM /high glucose, and 10% dimethyl sulfoxide.
Use this solution within 2 weeks of its preparation.

. Oil Red-O staining solution: Weigh out 0.7 g Oil Red-O.

Dissolve in 200 ml isopropanol. Filter through a 0.2-um
filter. Store at room temperature as a stock solution. At the
time of use, make a 60% Oil Red-O solution in distilled water
by adding 30 ml of the Oil Red-O stock to 20 ml distilled
water. Mix and let stand at room temperature for 30 min
before use and filter again if particulates are present. Use this
solution within 24 h of its preparation.

3. Methods

3.1. Obtaining
the Adipose Tissue

3.2. Processing
the Adipose Tissue

All procedures are performed in a biosafety hood.

1.

Ensure the muASC isolation procedure is initiated within
20 min of tissue extraction, especially if a large number of
animals are being completed in 1 day.

. Warm bufters (at least one to two of 500 ml KRB, PBS, or

PBS with 1% BSA) along with the Collagenase solution and
Stromal media in the 37°C water bath (see Note 1).

. Place bench protector down in hood.

. Sacrifice animal using anesthesia or CO, asphyxiation as

approved by the AVMA Guidelines on Euthanasia. Saturate the
tur with 70% ethanol and place the animal ventral side up.

. Using sterile tissue forceps, pull up on the skin and cut the

skin vertically toward the head.

. Using sterile scissors and forceps, open the abdominal cavity

and remove the desired fat pads.

. Place the tissue in a preweighed 50-ml tube. Note the tissue

weight; it will be used to determine the number of flasks
needed for the stromal vascular cells (SVF) in Subheading 3.3,
step 0.

. Add enough KRB or 5% iodine solution in KRB (see Note 1)

to cover the tissue, and incubate at room temperature for
2—4 min. If using the 5% iodine solution, remove the iodine
by rinsing the tissue one to two times with KRB.

. Mince the adipose tissue into small pieces using sterile

SCissors.

. Place approximately 25 ml of the minced tissue into sterile

50-ml centrifuge bottles.
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. Add an equivalent volume of collagenase solution per adipose

tissue volume to each centrifuge bottle (i.e., 10 ml collagenase
solution per 10 ml adipose tissue).

. Cap and wipe the bottles with 70% ethanol, dry, then wrap

with Parafilm before placing the bottles in a 37°C shaking
water bath. Shake at 75 rpm for 45-90 min until the tissue
appears smooth on visual inspection (see Note 3). If a shaking
water bath is not available, swirl the bottles every 5-10 min in
the water bath.

. After the collagenase digestion, centrifuge the tubes at 300 x g

at room temperature for 5 min. Then take the tubes out of
the centrifuge and shake them vigorously for 5-10 s to thor-
oughly mix the cells. This will ensure complete separation of
the stromal cells from the primary adipocytes. Centrifuge
again at 300 x g at room temperature for 5 min.

. Carefully aspirate the oil on top and the primary adipocytes,

which will appear as a yellow layer of floating cells (see Note 4).
Leave approximately 10 ml of the brown collagenase solution
so that the SVF is not disturbed. The SVF will be apparent as
the dark red cells pelleted on the bottom.

. Resuspend the cells in prewarmed PBS with 1% BSA.
. Centrifuge the resuspended cells at 300 x g for 5 min and care-

fully aspirate the remaining collagenase solution. When aspi-
rating, the tip of the pipette should aspirate from the top so
that the oil is removed as much as possible. The stromal cell
pellet should be tightly packed at the bottom of the tube.

. Add 10 ml of stromal media to each centrifuge tube and resus-

pend the cells. If there are more than one tube, pool the cells into
one tube and centrifuge again as in Subheading 3.3 .4.

. Prepare one T75 flask per 40 g tissue harvested. Add 10 ml

stromal media to each flask.

. Divide the cells equally among the appropriate number of

flasks.

. 48 h after plating, aspirate the media from the flask, rinse the

cells with prewarmed PBS, and aspirate. Check the cells using
the inverted microscope; if excess unattached cells remain
after the first PBS rinse, repeat the rinse and aspirate.

. Add fresh stromal media.
10.

The media is changed every 2-3 days until the cells are
80-90% confluent. The cells may begin to detach if the media
is removed completely; leave a small amount of media on the
cells with each media change. At 80-90% confluence, the cells
are cither passaged, stored as frozen stocks as passage one
(P1), or differentiated.
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3.4. Harvesting Cells

3.5. Replating,
Cryopreserving,
or Adipcoyte
Differentiation
of the muASCs

3.6. Cell Fixation
and 0il Red-0
Detection of Neutral
Lipids

. Remove media from flasks and rinse with 10 ml of prewarmed

sterile PBS. Aspirate the PBS and add 2 ml of 0.5% trypsin/
EDTA solution. Incubate in a 37°C incubator for 5-10 min.
Do not allow the cells to remain in contact with the trypsin/
EDTA solution longer than is necessary to detach the cells.
When more than 90% of the cells have detached (verify using
the inverted microscope), add 10 ml of stromal media to the
cells.

. Transfer the resuspended cells to a sterile 50-ml tube and cen-

triftuge at 300 x4 for 5 min at room temperature. Aspirate the
media and resuspend the pelleted cells in 1-2 ml of stromal
media. Use an aliquot of the cells, diluted with Trypan Blue
(a 1:2 or 1:4 dilution is usually convenient) to count the cells
using a hemocytometer.

. Replating the cells: Suspend the cells in stromal media and

replate at 5x 102 cells/cm? in T75 flasks (see Note 5).

. Cryopreservation of the cells: Centrifuge the cells once more

to obtain a cell pellet. Resuspend the pelleted cells in room-
temperature freezing media at a concentration of
1-2x10° cells/ml. Dispense 1-ml aliquots of the resuspended
cells to sterile cryovials. Place the vials in the freezing apparatus
and place at —-80°C overnight. Transfer to long-term storage
the next day.

. Differentiation to adipocytes: When the cells reach approxi-

mately 90% confluency, the muASCs are ready to difterenti-
ate. Exchange the stromal media for the differentiation media
and leave on the cells for 3 days. On day 3 postinduction,
replace the differentiation media with the adipocyte mainte-
nance media. The adipocyte maintenance media will be
changed every 2-3 days, and mature adipocytes should be
formed by day 9-12 postinduction.

. Cell fixation: Once mature adipocytes have formed, the cells

can be used for further analysis or experiments. To fix the
cells for Oil Red-O staining, the media is removed, the cells
are rinsed in PBS, and the PBS is aspirated before adding an
amount of 10% buffered formalin sufficient to completely
cover the cells. Incubate the cells in the formalin for a mini-
mum of 1 h at room temperature or overnight at 4°C. The
cells can remain in the formalin for a longer time, but this is
not recommended unless it is necessary to collect multiple
plates over several days before staining.

. Oil Red-O staining: Add sufficient Oil Red-O to each plate

or well to completely cover the fixed cells. Gently rock at
room temperature for 1 h, and then rinse at least three times
with distilled water. At this point, the cells can be imaged
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using a microscope/camera. If desired, the amount of Oil
Red-O staining can be quantified by removing the distilled
water and adding 100% isopropanol. Add 0.375 ml of 100%
isopropanol/cm? (a 6-well plate is 9.6 cm?/well; a 12-well
plate is 4.0 cm? /well; and a 24-well plate is 2 cm?/well). As a
blank, add an equal amount of isopropanol to an empty well.
Elution of the Oil Red-O should be complete within
10-15 min at room temperature. Determine the absorbance
of the mixture at 500 nm (or 540 nm if using selected UV
filters), and subtract the blank measurement from the other
absorbances.

4. Notes

. Iodine is available at drug or grocery stores. If you are confident

of your sterile technique, this step is optional. We recommend that
you start without including iodine.

. Dexamethasone is available in a water-soluble and water-

insoluble forms from Sigma. For the water-insoluble form (Sigma
D-4902), the 1-mM stock is made by adding 0.39 mg dexam-
ethasome to 1 ml of 100% ethanol. For the water-soluble form
(Sigma D-2915), there is 69 mg dexamethasone /100 mg total
weight. To obtain a 1-mM stock solution using the water-
soluble form, add 6.0 mg of the dexamethasone mixture to
1 ml distilled water.

. The tissue can be filtered at this step to remove any remaining

undigested pieces. Use a 100-um filter (BD—Falcon) that is
available for filtering small volumes. However, if it is desirable
to collect the mature adipocytes at a later step, use a nylon
filter (sterile) screen with a pore size of 250 um.

4. As has been reported (6), it is possible to separate small and

large mature adipocytes for further analysis by using a 75-um
pore size filter at this step. Rather than aspirating the oil and
yellow layer containing the adipocytes, carefully remove the
oil and yellow layer and filter (BD-Falcon has filters of various
pore sizes that work well for small volumes). The flow-
through will contain the smaller adipocytes and the solution
remaining on top of the filter will contain adipocytes greater
than 75 um in size.

. For reasons that are not quite clear, differentiation of the

muASCs (and HuASCs) occurs in a higher percentage of the
total number of cells when the cells are plated in smaller wells
(i.e., the cells will better differentiate in a 12-well plate than a
6-well plate, although both are originally seeded at the same
concentration of cells per square centimeter).
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Chapter 4

In Vitro Adult Rat Adipose Tissue-Derived Stromal Cell
Isolation and Differentiation

Mandi J. Lopez and Nakia D. Spencer

Abstract

Mesenchymal stromal cell research has advanced significantly over the last decade, especially in the area
of adult adipose-derived stem cells (ASCs). There are significant species differences in ASC harvest, as
well as in vitro doubling time and differentiation. Selection of appropriate animal models for preclinical
evaluations is critical for optimization and validation of ASC therapeutic effects. As such, in vitro studies
are necessary precursors to in vivo ASC applications. Additionally, to elucidate environmental, disease, or
trauma effects on native stromal cell populations, characterization of cells from unexposed individuals is
necessary. Rats are an established immunocompetent small animal model for a large number of human
disorders and toxin exposures in the majority of organ systems. Isolation and expansion techniques for
rat ASCs continue to change with advances in technology and ASC biology. The information presented
in this chapter is a summary of rat ASC harvest, isolation, quantification, and in vitro expansion.

Key words: Adult mesenchymal stromal cell, Fat, Adipose, Tissue engineering, Rat

1. Introduction

Stiles documented a morphologically unique phenotype of cells in
human adipose tissue in 1975 (1), and, in 2001, Zuk (2) reported the
plasticity of the cells, previously termed preadipocytes. Since these orig-
inal discoveries of a multipotent cell population within adipose tissue,
the isolation, expansion, and characterization of adult adipose-derived
stromal (stem) cells (ASCs) has advanced significantly. ASCs have
been isolated from a variety of species, and significant variations occur
among species, although the cells from difterent species have similar
characteristics in part. In order to utilize the best animal model for
preclinical studies, detailed knowledge of in vitro ASC behavior is
necessary to align the model with the human counterparts.

Jeffrey M. Gimble and Bruce A. Bunnell (eds.), Adipose-Derived Stem Cells: Methods and Protocols,
Methods in Molecular Biology, vol. 702, DOI 10.1007/978-1-61737-960-4_4,
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The rat is an established immunocompetent small animal
model for numerous human injury and disease states as well as
environmental toxin exposure and substance abuse. Prior to phase
IT clinical trials, standard validation of the safety and efficacy of
human mesenchymal stem cells is completed in athymic preclini-
cal animal models. Although human cells are successfully applied
in the models without complications of host versus graft disease,
the models are limited by the lack of a competent immune system
(3). Activation of inflammatory cascade components is necessary
for normal tissue formation. Additionally, athymic animals are
prone to subclinical infections and systemic illness. These limita-
tions can potentially mask the role of mesenchymal stem cells in
tissue regeneration and healing processes. Hence, immune-
competent animal models are critical to evaluate relevant biology
analogous to clinical application.

Reports of cell isolation from rat adipose tissue date as far
back as 1964 (4), prior to Friedenstein’s (5, 6) description of
bone marrow-derived mesenchymal stem cells. A number of tis-
sues have been utilized for rat ASC harvest, including bone mar-
row (7), as well as epididymal, inguinal (8), omental (3),
subcutaneous (9), and perirenal (10) fat depots. Relatively
homogenous depots of brown and white fat occur in the rat,
unlike many other mammalian species. In addition to distinct
differences between white and brown fat (11), in vitro biology
differs between depots of white fat (12). Primary ASC culture
systems more closely reflect the in vivo characteristics of the native
tissue than established cell lines, and are crucial to comparison of
in vitro stem cell properties between species (7). A limitation
that continues to confound the science of rat ASCs continues to
be the lack of reagents to evaluate specific mesenchymal stem
cell surface markers. Findings from ongoing research in this
arena will further augment the rat as an immunocompetent
small animal model.

The majority of adipose tissue harvested from standard elec-
tive lipoaspiration is white fat (13), so the focus of translational
ASC investigations is primarily on white adipose tissue. Given dif-
ferences in cellular behavior between white fat sources, consider-
ation of adipose harvest location is warranted when comparing
results between investigations. In addition to variations in isola-
tion and culture techniques, differences between harvest loca-
tions also likely contribute to variability between investigations
(10). As in humans, environment, signalment, and overall health
confer properties to rat ASCs elucidated by in vitro investigations
(12). The information summarized below is designed to provide
methods for rat ASC harvest, isolation, quantification, and in vitro
expansion.
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2. Materials

2.1. Adipose Tissue
Collection

[ 2 B O I S I

2.2. ASC Isolation
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14.

15.

16.

17.

18.

2.3. Cell Culture,
Maintenance, and
Cryopreservation
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. Scalpel handles (#3).

. Scalpel blades (#10).

. Brown—Adson forceps.
. 70% Ethanol.

. 4-L graduated beaker.

. Scalpel handle (#3).

. Scalpel blades (#10).

. Brown—-Adson forceps.

. Centrifuge tubes (15 mL).

. Microcentrifuge tubes (1,000 pL).
. Petri dishes.

. Syringes (10 mL).

. 0.22-um sterile syringe filter.

. Double-distilled water.

. Phosphate-buffered saline (PBS).

. Red cell lysis butfer.

. Dulbecco’s Modification of Eagles Medium+Ham’s F12

medium (DMEM-Ham’s F12).

. 1% antibiotic/antimycotic solution: 100x penicillin—

streptomycin—amphotericin B solution containing 10,000 IU /
mL penicillin; 10,000 uG/mL streptomycin; and 25 uG/mL
amphotericin B.

Characterized fetal bovine serum (FBS).

0.4% Trypan Blue.

0.1% Collagenase: collagenase type-1 and 1% bovine serum
albumin (BSA) dissolved in double-distilled water. Filter sterilize
with a 0.22-um syringe filter. Warm to 37°C.

1% BSA: Dissolve BSA in double-distilled water. Filter sterilize
with a 0.22-um filter. Warm to 37°C.

Complete stromal medium: DMEM-Ham’s F12 supplemented
with 1% antibiotic/antimycotic solution and 10% FBS.

. Complete stromal medium.

. T25 tissue culture flasks.

. Trypsin—-EDTA: store long term at —-20°C.

. Cryopreservation medium: 80% FBS, 10% DMEM-Ham’s

F-12, 10% dimethylsulfoxide (DMSO).
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2.4. Cell Doubling

2.5. Adipogenic
Differentiation

2.6. Osteogenic
Differentiation

2.7. Chondrogenic
Differentiation
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. “Mr. Frosty” freezing container (alcohol container).

. Cryovials.

PBS.

. Trypsin—-EDTA.

. 0.4% Trypan Blue.

. Hemocytometer.

. Complete stromal medium.

. 12-well culture plates.

DMEM-Ham’s F-12 medium.

. Characterized FBS (10%).

. 1% Antibiotic/antimycotic solution.
. Biotin (33 umol/L).

. Pantothenate (17 uM/L).

. Insulin (1 uM/L).

. Isobutylmethylxanthanine (IMBX) (0.5 mM/L).
. Rosiglitazone (5 uM /L).

. Dexamethasone (20 nM/L).

. 1% Paraformaldehyde in PBS.

. Oil Red-O.

. Double-distilled water.

. B-glycerol phosphate (10 mM /L).

. Dexamethasone (10 nM/L).

. Sodium 2-phosphate ascorbate (50 ug/mL).

. Complete stromal medium.

. 70% EtOH.

. 150 mM NaCl in double-distilled water.

. 2% Alizarin Red: Dissolve in double-distilled water. Adjust

pH to 4.1-4.3 with dilute NaOH. Filter solution through a
0.2-um syringe filter. Store at room temperature covered with
aluminum foil to protect from the light.

. Complete Chondrogenic Base Media (R&D Systems, Inc.,

Minneapolis, MN): Add antibiotic solution to StemXVivo
chondrogenic base media at a 1:100 dilution (100 pL
antibiotic +9,900 uL base media). Store at 4°C in the dark.

. Chondrogenic Difterentiation Media (R&D Systems, Inc.):

Add StemXVivo Chondrogenic Supplement to the complete
chondrogenic base media at a 1:100 dilution (100 puL supple-
ment+9,900 uL. completed base media). Store at 4°C in the
dark.
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3. Methods

3.1. Adipose Tissue
Collection

ASCs are morphologically similar to MSCs from other tissues
during isolation and culturing. Factors such as donor age, type
and location of adipose tissue, harvest procedure, culture condi-
tions, exposure to plastic, plating density, and media formulations
influence both proliferation rate and differentiation capacity.
Although attachment and proliferation capacity seem to be more
pronounced in ASCs from young donors compared with older
donors, the differentiation capacity seems to be maintained with
aging. In addition to the numerous other factors that can add
variability to in vivo ASC studies, the isolation procedure can sig-
nificantly affect the cells. Not only can viability and difterentia-
tion capacity be affected, but also different collagenase batches
and centrifugation speeds result in isolation of difterent cell sub-
sets. Thus, caution is warranted when making direct comparisons
between studies with different isolation procedures. Isolated
ASCs can be cryopreserved and readily expanded in vitro. Under
standard conditions, the cells develop fibroblast-like morphology
with increasing passages. The greatest number of ASCs is obtained
from cultures plated at low densities. Low plating density and the
use of DMEM-Ham’s F12 can facilitate ASC differentiation. The
media composition also influences gene expression, and use of
antioxidants and low calcium concentrations can increase the
growth rate and life span of ASCs. Increasing knowledge on
the molecular mechanisms regulating ASC proliferation and
differentiation will continue to contribute to improved isolation
and culture procedures. The methods described below reflect
common isolation and expansion procedures.

1. Immediately following CO, asphyxiation or other institu-
tional animal care and use approved humane euthanasia, the
abdomen of the rats is clipped and the rats are submerged
in a 4-L graduated beaker of 70% ethanol for 1 min. (see
Note 1).

2. Place the animal in dorsal recumbency (ventral side up) with
the fore- and hind-limbs abducted (see Note 2).

3. Use a #10 scalpel blade to incise the skin along the length of
the ventrum and reflect the skin.

4. Carefully incise the abdominal musculature into the perito-
neal cavity using a new scalpel blade (see Note 3).

5. The epididymal fat pads are located on either side of the ven-
tral aspect of the bladder. Grasp the fat pad with the forceps
and gently excise from the epididymal /testicular tissue with a
fresh scalpel blade (see Note 4).
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3.2. ASC Isolation Aseptically perform the steps below in a biosafety cabinet, while
wearing appropriate personal protective equipment.

1.

10.

11.

12.

13.

14.

15.

16.

17.
18.

Place adipose tissue in a preweighed sterile petri dish and
weigh to get a final tissue weight (see Note 5).

. Mince the fat into small pieces with a sterile scalpel and blade

until tissue is no longer fibrous.

. Place tissue into a 15-mL tube with an equal volume of

prewarmed PBS and agitate for 45 s.

. Allow the mixture to separate into phases for 3—-5 min and

then remove the infranatant. Continue the process until
the infranatant is clear. It takes about four washes (see
Note 06).

. Add an equal volume of collagenase solution to the adipose

solution (see Note 7).

. Clean the outside of the tube with 70% EtOH, cover the top

with Parafilm, and place in a 37°C shaking water bath at
75 rpm for 1.5 min or until the tissue becomes homogenous
(see Note 8).

. Vortex for 15 s to thoroughly mix cells and then centrifuge at

1,200 rpm (300 x g) for 5 min.

. Vortex solution for 10 s to get as many cells out into the

media as possible. Then centrifuge again at 1,200 rpm
(300x4) for 5 min.

. Carefully remove the supernatant consisting of lipids, primary

adipocytes, and collagenase solution, leaving the pelleted
stromal vascular fraction (see Note 9).

Resuspend the pellet in 1% BSA solution. Transfer solution to
a new 15-mL centrifuge tube (see Note 10).

Centrifuge cells at 1,200 rpm (300 x g) for 5 min and remove
the supernatant. When aspirating, keep the tip of the pipette
very superficial so the majority of liquid is removed.

Resuspend the pellet in 1 mL of stromal media.

Centrifuge a 20-puL aliquot in a microcentrifuge tube at
1,200 rpm (300 % 4) for 5 min.

Remove the supernatant and resuspend the pellet in 20 uL of
red cell lysis buffer. Incubate for 5 min at room temperature.

Add 20 pL of Trypan Blue and count the cells with a
hemocytometer.

Plate the cells at the appropriate density in complete stromal
media and incubate at 37°C and 5% CO.,.

Change the media after 24 h to remove nonadherant cells.

Media should be changed about every 3 days.
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3.3. Cell Culture
(Passage)
and Maintenance

3.4. Gryopreservation
of ASCs

3.5. Cell Doubling

3.6. Adipogenic
Differentiation

. Aspirate the media from the flasks and rinse the cells with

PBS.

. Add enough trypsin to just cover the surface of the flask and

incubate at 37°C for 5 min (see Note 11).

. Check under the microscope to ensure that the cells are

detaching. Once the cells have detached, add complete
stromal media. The FBS in the media will stop the enzymatic
action of the trypsin.

. Pipet the cell solution into a prelabeled 15-mL centrifuge

tube and repeat for all samples.

. Centrifuge for 5 min at 1,200 rpm (300 x4) and discard the

supcrnatant.

. Resuspend the pellet in a known volume of complete stromal

medium.

. Aseptically remove 20 pL of resuspended cells and mix with

20 puL of Trypan Blue.

. Count the cells under the microscope using the

hemocytometer.

. Seed the cells at the appropriate density.
10.
11.

Incubate flasks at 37°C in 5% CO,.

Change medium every 3 days until cells have reached 70-80%
confluence and then repeat cell passage.

. Centrifuge tubes at 1,200 rpm (300x4) for 5 min to pellet

cells.

. Discard supernatant and resuspend cells in freezing media at

a concentration of 1-2x 10° cells/mL..

. Aliquot 1 mL of cell suspension to each cryovial.

. Label cryovials with source, date, cell concentration, and pas-

sage information.

. Store vials in the freezing container at —-80°C for 24 h and

then transfer the vials to liquid nitrogen.

. Repeat steps for cell passage.

. Record cell number and calculate cell doubling time (DT)

and doubling number (CD) using the following formulae:
(1) CD=In(N,/N))/In(2) and (2) DT=CT/CD. CT =culture
time, N,.=final cell number, and N, =initial seeding density.

. Seed cells at the appropriate concentration and incubate at

37°Cin 5% CO,,.

. Change medium every 3 days until cells are 70-80%

confluent.
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3.7. Osteogenic 1.
Differentiation
3.8. Chondrogenic 1.
Differentiation

. Remove the stromal media from each well and add adipogenic

induction media.

. Culture cells in adipogenic induction media for 3 days.

Change the media every 3 days.

. After the 6-day incubation period, remove the media and add

adipogenic maintenance media for an additional 6-10 days.
Change the media every 3 days.

. Fix the cells in 1% paraformaldehyde for 20 min at room

temperature.

. Stain the cells with Oil Red-O at room temperature for

20 min.

. Rinse cells with double-distilled water three times to remove

any residual dye.

Seed cells at the appropriate concentration and incubate at
37°Cin 5% CO,.

. Change medium every 3 days until the cells are 70-80%

confluent.

. When the cells reach 70-80% confluence, replace the stromal

media with osteogenic differentiation media.

. Culture cells in osteogenic differentiation media for 10-15

days with media changes every 3 days.

. Remove media from each well and wash cells three times with

150 mM NaCl solution.

. Fix the cells in 70% EtOH for 1 h at 4°C.

. Stain the cells with 2% Alizarin Red solution at room temperature

for 10 min.

. Rinse cells with double-distilled water three times to remove

any residual dye.

Aliquots of 2.5x10° cells are required for chondrogenic
induction.

. Resuspend cells in 500 pL of prewarmed complete chondro-

genic base media.

. Centrifuge cells at 1,200 rpm (300x4) for 5 min at room

temperature.

. Discard media and resuspend cells in 500 pL of chondrogenic

differentiation media.

. Centrifuge cells at 1,200 rpm (300x4) for 5 min at room

temperature. Do not remove media. Leave the tube cap open
to allow gas exchange and incubate at 37°C and 5% CO,,.

. The cell pellet will form a 1- to 2-mm-diameter sphere in 1-2

days.
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. Change chondrogenic differentiation media every 2 days.

. The chondrogenic pellet will be ready for harvest in 14-21

days.

4. Notes

10.

11.

. Adipose harvest should be completed and ASC isolation

initiated within 20 min of sacrifice.

. Clip, shave, or epilate all areas to be incised for adipose tissue

harvest to avoid hair contamination.

. Be careful not to inadvertently incise any organs. This would

result in sample contamination.

. Other abdominal tissue sources often used include the adi-

pose tissue surrounding the kidneys that are separated from
the abdominal cavity by the peritoneum (renal, retroperito-
neal) and the adipose tissue within the omentum and mes-
entery surrounding the small and large intestines
(mesenteric, omental). The inguinal subcutaneous fat is
just beneath the skin on the caudal abdomen. Brown adi-
pose tissue is located beneath the skin between the shoul-

der blades.

. If the tissue is covered with blood, it is helpful to rinse it with

a few milliliters of PBS in the petri dish and then transfer the
rinsed tissue to a new petri dish.

. The upper supernatant consists of the minced and washed

adipose tissue. The infranatant contains the hemopoietic
cells suspended in PBS. It is helpful to aspirate the infranatant
with a syringe and needle. Some tissue may settle in the bot-
tom of the tube. It should be removed as well.

. A volume of 5 mL of collagenase solution is added per gram

of harvested adipose tissue.

. If a shaking water bath is not available, maintain the tissue in

a 37°C water bath with vortexing every 10-15 min.

. Leave approximately 2—-3 mL of liquid above the pellet to

avoid disrupting the stromal vascular fraction.

Resuspend the pellet in the same volume as was used for the
collagenase solution.

It is important not to exceed 5 min of incubation with the
trypsin solution in order to isolate ASCs from monocytes in
the adipose tissue. Monocytes will typically not be released
with trypsin exposure equal to or less than 5 min.
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Chapter 5

In Vitro Adult Canine Adipose Tissue-Derived Stromal
Cell Growth Characteristics

Nakia D. Spencer and Mandi J. Lopez

Abstract

Stromal cells are undifferentiated cells found in embryonic and adult tissues. Adult mesenchymal stromal
cells (MSCs) possess the properties of self renewal, long-term viability, multipotentiality, and immune
privilege, which make them attractive candidates for regenerative medicine applications. In order to
develop targeted adult stromal cell therapies for diseased and injured tissues in animals and humans, it is
essential to have large-animal models. The dog represents not only a patient population, but is also a
valuable experimental model. The dog has contributed significantly to the understanding of various
human diseases such as genetic and musculoskeletal disorders. In order to optimize the use of stromal cell
therapy in the dog as a patient or disease model, a comprehensive characterization of the cells is
required.

Key words: Adult mesenchymal stromal cell, Fat, Adipose, Tissue engineering, Canine

1. Introduction

Stromal cells are undifferentiated cells found in embryonic and
adult tissues that have self-renewal properties and the capacity to
differentiate into various cell types (1-3). Embryonic stem cells
(ESC) occur are in the early stage embryo, while adult stromal
cells are found in fully differentiated postnatal tissues (2—8). Adult
stromal cells are considered to be a viable alternative to ESCs.
Although adult stromal cells are less versatile than ESCs, there are
no ethical concerns about their tissue source. There are reservoirs
of multipotent cells in bone marrow, bone marrow-derived
stromal cells (BMSCs), and adipose tissue, adipose-derived
stromal cells (ASCs). Given their capacity for self-renewal, long-
term viability, multipotentiality, inhibition of apoptosis, suppression

Jeffrey M. Gimble and Bruce A. Bunnell (eds.), Adipose-Derived Stem Cells: Methods and Protocols,
Methods in Molecular Biology, vol. 702, DOI 10.1007/978-1-61737-960-4_5,
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of inflammation, and immune privilege, these mesenchymal
stromal cells (MSCs) are promising candidates for tissue regeneration
therapies (9).

Adipose tissue has been established as an alternative to bone
marrow as a source of MSCs (10). There are a number of advan-
tages of adipose tissue over bone marrow as an MSC source,
including ease of cell isolation, greater stromal cell density, and
less harvest site morbidity (11). A higher stromal cell yield from
adipose tissue shortens the time to reimplantation following
in vitro expansion (12, 13).

Treatment of musculoskeletal disorders in veterinary patients
with stromal cell technology has had promising early results (14-17).
The dog represents not only a patient population, but is also a valu-
able experimental model for a number of human pathologies given
similarities in physiology, disease presentation, and clinical response
between the species (18-23). Close to 200 reported hereditary
canine diseases are analogous to those in humans (19). Dogs models
are superior to rodent models since the canine life span is more con-
ducive to comprehensive safety studies, and organ sizes can be more
closely aligned between dogs and humans (19, 24). Advances in
canine adult stromal cell technology will enhance both veterinary
and human cell-based therapies.

2. Materials

2.1. Adipose Tissue
Collection and ASC
Isolation

2.2. Cryopreservation
of ASCs

. Scalpel handles (#3, 4) and scalpel blades (#10, 20).
. 50-ml centrifuge tubes.

. Petri dishes.

. Phosphate-buffered saline (PBS).

. 0.1% Collagenase: collagenase type-1 and 1% bovine serum
albumin (BSA) dissolved in double-distilled water. Filter ster-
ilize with a 0.22-um filter. Warm to 37°C.

6. 1% BSA dissolved in double-distilled water. Filter sterilize
with a 0.22-um filter. Warm to 37°C.

7. Red cell lysis buffer.

8. Complete stromal medium: DMEM-Ham’s F12 supple-
mented with 1% antibiotic/antimycotic solution and 20%
characterized fetal bovine serum (FBS; see Note 1).

[ A N I S

9. Trypan Blue.

1. Cryopreservation medium: 80% FBS, 10% DMEM-Ham’s
F12, 10% dimethylsulfoxide (DMSO).

2. “Mr. Frosty” freezing container (alcohol container, see Note 2).

3. Cryovials.



In Vitro Adult Canine Adipose Tissue-Derived Stromal Cell Growth Characteristics 49

2.3. Gell Culture
and Maintenance

2.4. Gell Doubling

2.5. Adipogenic
Differentiation

2.6. Osteogenic
Differentiation

. Complete stromal medium: DMEM-Ham’s F12 supplemented

with a 1% antibiotic/antimycotic solution and 20% character-
ized FBS.

. T25-cm tissue culture flasks.

. 12-well culture plates.

. PBS.
. 0.05% Trypsin (1:250); 1x liquid; 0.05% porcine trypsin in

HBSS with 0.2 g/L ethylenediaminetetraacetic acid (EDTA).

. Trypan Blue.
. Hemocytometer.

. Complete stromal medium: DMEM-Ham’s F12 supple-

mented with 1% antibiotic/antimycotic solution and 20%
characterized FBS.

. DMEM-Ham’s F12 medium.

2. FBS.

O 0 N N Ul W

SO ST NS ]
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. 100x Penicillin—streptomycin—amphotericin B solution with

10,000 IU/ml penicillin, 10,000 pg/ml streptomycin, and
25 pug/ml amphotericin B.

. Biotin (33 umol /L).

. Pantothenate (17 wmol /L).

. Insulin (1 umol/L).

. Isobutylmethylxanthanine (IMBX) (0.5 mmol/L).
. Rosiglitazone (5 umol/L).

. Dexamethasone (20 nmol /L).

10.
. Oil Red-O.
12.

1% Paraformaldehyde in PBS.

Double-distilled water.

. B-glycerophosphate (10 mM/L).

. Dexamethasone (10 nM/L).

. Sodium 2-phosphate ascorbate (50 pg,/ml).

. Complete stromal medium: DMEM-Ham’s F12 supple-

mented with 1% antibiotic/antimycotic solution and 20%
characterized FBS.

. 70% ethyl alcohol (EtOH).

. 2% Alizarin Red solution dissolved in double-distilled water.

Adjust pH to 4.1-4.3 with dilute NaOH. Filter solution
through 0.2-pum syringe filter. Solution can be stored at room
temperature covered with aluminum foil.

. 150 mM NaCl dissolved in double-distilled water.



50 Spencer and Lopez

2.7. Chondrogenic
Differentiation

2.8. RNA Isolation

2.9. Complimentary
DNA Synthesis with
Preprimed 96-Well
Plate

2.10. SYBR Green
Real-time Polymerase
Chain Reaction

2.11. Papain Digestion

2.12. Hydroxyproline
Assay

N QN O o N

w N~

QN Ul R N
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. Complete chondrogenic base medium: Add antibiotic solution

to StemXVivo chondrogenic base media at a 1:100 dilution
(100 pl antibiotic +9,900 pl base media). Store at 4°C in
the dark.

. Chondrogenic differentiation medium: Add StemXVivo Chondro-

genic Supplement to the complete chondrogenic base media at a
1:100 dilution (100 pl supplement+9,900 pl completed base
media). Store at 4°C in the dark.

. Trizol.

. Chloroform.

. DEPC-treated water.

. Turbo DNA-free kit.

. Glyco Blue.

. Isopropanol.

. 75% EtOH in DEPC-treated water.

. Preprimed 96-well plate.
. Nuclease-free water.

. Flat-cap strips.

. SYBR Green Master Mix.

. Nuclease-free water.

. Forward and reverse primers.

. Complimentary DNA (cDNA) samples.
. Low-profile white 96-well plate.

. Flat-cap strips.

. Papain from Carica Papaya (25 mg/ml).
. Double-distilled water.
. Solution A: 10 mM di-sodium EDTA and 0.4 M sodium

acetate dissolved in double-distilled water.

. Solution B: 200 mM 1-cysteine dissolved in double-distilled

water.

. Solution C: Add 1 ml of solution B to 9 ml of solution A

before use (1:10 dilution).

. Solution D: Add 200 ul of papain suspension to 10 ml

solution C.

. Double-distilled water.
. Clear flat-bottom 96-well ELISA plate.
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2.13. PicoGreen
Double-Stranded
DNA Assay

2.14. Lowry Total
Protein Assay

2.15. 1,9-Dimethyl-
methylene Blue Total
Sulfated Proteoglycan
Assay

. 12 N Hydrochloric acid (HCI). Dilute 1:2 in double-distilled

water for 6 N working solution.

. 17% Sodium chloride (NaCl) dissolved in double-distilled

water.

. Acetate /citrate buffer: 120 g sodium acetate trihydrate, 12 ml

acetic acid, 50 g citric acid monohydrate, 34 g NaOH in1 L
double-distilled water (pH 6.0). Store at 4°C.

. Oxidant solution: 0.178 g chloramines T in 15 ml of isopro-

panol and 10 ml of double-distilled water; add 25 ml acetate /
citrate buffer. Make fresh (see Note 3).

. Ehrlich’s reagent: 1 g dimethylaminobenzaldehyde in 20 ml

isopropanol; combine with 6.6 ml perchloric acid and 15.6 ml
double-distilled water. Make fresh (see Note 3).

. Trans-4-hydroxyproline (1 mg/ml) in double-distilled water.

Store at 4°C.

. TE buffer: 10 mM Tris—=HCI, 1 mM EDTA, pH 7.5; dilute

20x TE buffer 1:20 in double-distilled water to a 1x TE
working solution.

. PicoGreen dsDNA dye reagent, dilute 1:200 in 1x TE. Store

at 4°C in dark. Make fresh.

. Black flat-bottom 96-well ELISA plate.
4. Lambda DNA stock (100 pg/ml), dilute 1:50 in 1x TE to

2 ug/ml; dilute standard curve from 1 pug/ml to 1 ng/ml.
Store at 4°C in dark. Make fresh.

. Double-distilled water.

. Biuret’s reagent.

. Folin—Ciocalteu’s phenol reagent diluted 1:2 in distilled

water.

. BSA (1 mg/ml) dissolved in distilled water.

. Double-distilled water.
. 1,9-Dimethylmethylene blue (DMMB) assay bufter: Dissolve

2 g of sodium formate in 980 ml of distilled water and add
2 ml of formic acid (pH 3.5); in a separate beaker, add 16 mg
of DMMB to 5 ml of EtOH and mix until the DMMB is dis-
solved; add the formate solution to the DMMB solution and
bring the volume up to 1 L with double-distilled water.
DMMB assay buffer may be stored at 4°C indefinitely.

. Shark chondroitin-6-sulfate C (1 mg/ml). Prepare glycosamin-

oglycan (GAG) standards at the following concentrations: 100,
50,40, 30, 20, 10, and 5 pg/ml in water. Include a blank. The
stock and working solutions can be stored at -25°C.
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3. Methods

3.1. Adipose Tissue
Collection and ASC
Isolation (25)

A comprehensive characterization of adult canine stromal cells is
necessary for stromal cell therapy in the dog as a patient or animal
model. Knowledge of adult canine ASC and BMSC tissue density
is required to determine the tissue volume required to provide
the necessary multipotent cells for specific tissue regeneration. In
turn, the number of required cells is dependent on the amount of
tissue to be regenerated. As such, cell doubling rates are necessary
to predict the time required between harvest and clinical applica-
tion. Additionally, differentiation capabilities and efficiency of
adult stromal cells are critical to predict appropriate cell numbers
and cell lineage induction strategies for tissue regeneration.

1. Using aseptic technique, collect the adipose tissue from the
appropriate site (subcutaneous, patellar, etc.).

2. Place in a preweighed sterile petri dish and weigh to get a
final tissue weight.

3. Mince tissue using sterile scalpel and blade. Mince /tear until
tissue is no longer fibrous.

4. Place tissue in a 50-ml tube with an equal volume of pre-
warmed PBS and agitate for 15-30 s to wash.

5. Allow to separate into phases for 3 min and then remove the
infranatant solution (lower, aqueous phase) (see Note 4).

6. Some tissue may sink to the bottom of the tube. Remove this
tissue as well since it is not adipose tissue.

7. Rinse the infranatant tissue with PBS to remove the erythrocytes
and white blood cells. Shake for 45 s and allow tissue to float back
to the top. Continue rinsing until the infranatant is clear. Add a
volume of collagenase solution per volume of adipose volume.

8. Clean the outside of the tube with 70% EtOH, cover with
Parafilm, and place in a 37°C shaking water bath at 75 rpm
for 1.5 min or until the tissue becomes homogenous. If a
shaker is not available, use a lab rotator with water bath and
vortex tissue every 10-15 min.

9. Vortex for 15 s to thoroughly mix cells and then centrifuge at
260 x g for 5 min.

10. Vortex the primary adipocyte tissue in the solution to get as
many cells out into the media as possible. Then centrifuge
again at 260 x g for 5 min.

11. Carefully remove the supernatant consisting of lipids, primary
adipocytes, and collagenase solution. Leave behind approxi-
mately 2—-3 ml of liquid above the pellet so that the stromal
vascular fraction is not disturbed.
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12.
13.

14.
15.
16.

17.
18.

3.2. Cryopreservation 1.

of ASCs 2

3

4

3.3. Cell Gulture 1.

(Passage) 2
and Maintenance

3

4

5

6

7

8

9

10.

11.

3.4. Cell Doubling 1.

(26-28) 2

Resuspend cells in 1% BSA solution (see Note 5).

Centrifuge cells at 260 x g for 5 min and remove the superna-
tant. When aspirating, keep the tip of the pipette very super-
ficial so the majority of liquid is removed.

Resuspend the pellet in a known volume of stromal media.
Centrifuge a small aliquot at 260 x g for 5 min.

Discard supernatant and resuspend pellet in an equal volume
of red cell lysis buffer. Incubate for 5 min.

Count the cells using Trypan Blue and the hemocytometer.

Plate the cells at the appropriate density in complete stromal
media.

Centrifuge tubes at 260 x4 for 5 min to pellet cells.

. Freeze cells at a rate of 1-2 million cells/ml of freezing media

in a cryovial.

. Discard supernatant and resuspend cells in freezing media.

. Store vials in a freezing container at —~80°C for 24 h and then

transfer to liquid nitrogen.

Aspirate the media from the flasks and rinse the cells with PBS.

. Add enough trypsin to just cover the surface of the flask and

incubate at 37°C for 5 min.

. Check under the microscope to ensure that the cells are

detaching. Once the cells have detached, add complete
stromal media to flask. The FBS in the media will stop the
enzymatic action of the trypsin.

. Pipet the cell solution into a prelabeled 15-ml centrifuge tube

and repeat for all samples.

. Centrifuge for 5 min at 260 x 4 and discard the supernatant.

. Resuspend the pellet in a known volume of complete stromal

media (~2 ml) of stromal media per flask harvested.

. Aseptically remove 20 pl of resuspended cells and mix with

20 pl of Trypan Blue.

. Count the «cells under the microscope using the

hemocytometer.

. Seed the cells at the appropriate density.

Incubate flasks at 37°C in 5% CO,.

Change medium every 3 days until cells have reached 70-80%
confluence and then repeat cell passage.

Repeat steps for cell passage.

. Record cell number and calculate cell doubling time (DT)

and doubling number (CD) using the following formulae:
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3.5. Adipogenic 1.
Differentiation 2
3.6. Osteogenic 1.
Differentiation 2
3.7. Chondrogenic 1.
Differentiation

(1) CD=In(N,/N,)/In(2) and (2) DT=CT/CD.
CT =culture time, N,=final cell number, and N, =initial
seeding density.

Trypsinize and count cells.

. Plate cells at the appropriate concentration and incubate at

37°Cin 5% CO,,.

. Change medium every 3 days until cells have reached 70-80%

confluence.

. Once cells are 70-80% confluent, remove the media from

each well and add adipogenic induction media.

. Culture cells in adipogenic induction media for 6 days.

Change the media every 3 days.

. After the 6-day incubation period, remove the media and add

adipogenic maintenance media for an additional 6 days.
Change the media every 3 days.

. Fix the cells in 1% paraformaldehyde for 20 min at room

temperature.

. Stain the cells with Oil Red-O at room temperature for 20 min.

. Rinse cells with double-distilled water three times to remove

any residual dye.

Trypsinize and count cells.

. Plate cells at the appropriate concentration and incubate at

37°C in 5% CO,.

. Change medium every 3 days until cells have reached 70-80%

confluence.

. Once cells reach 70-80% confluence, remove the media from

each well, and add osteogenic differentiation media.

. Culture cells in osteogenic differentiation media for 14 days.

Change the media every 3 days.

. Remove media from each well and wash cells three times with

150 mM NaCl solution.

. Fix the cells in 70% EtOH for 1 h at 4°C.

. Stain the cells with 2% Alizarin Red solution at room tem-

perature for 10 min.

. Rinse cells with double-distilled water three times to remove

any residual dye.

It cells are plated, trypsinize and count cells. Aliquots of
2.5x10° cells are required for chondrogenic induction.

. Resuspend cells in 500 pl of prewarmed complete chondro-

genic base media.
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3.8. Isolation of RNA
(29, 30)

10.

11.

12.

13.

. Centrifuge cells at 200 x g for 5 min at room temperature.

. Discard media and resuspend cells in 500 pl of chondrogenic

differentiation media.

. Centrifuge cells at 200 x g for 5 min at room temperature. Do

not remove media. Open the cap of the tube to allow gas
exchange and incubate at 37°C and 5% CO,.

. The cell pellet will form a round ball approximately 1-2 mm

in diameter after 1-2 days.

. Change chondrogenic differentiation media every 2 days.

. Chondrogenic pellet will be ready for harvest after 14-21 days.

. Add Trizol to each well at 1 ml Trizol /107 cells (see Note 6).

. Pipet to detach cells from the culture dish surface and place

in a 1.5-ml microcentrifuge tube.

. Add 2 pl of Glyco Blue to the tube (see Note 7). Keep tubes

on ice.

. Vortex each sample for 45 s. Be careful not to let the sample

get warm during the vortexing process.

. Keep the homogenate for 5 min at room temperature.

. Add 0.2 ml of chloroform per 1 ml of Trizol to the homoge-

nate. Cover the samples tightly and vortex vigorously for 15 s.

. Keep at room temperature for 15 min at room temperature.

. Centrifuge at 12,000 x4 for 15 min at 4°C. The mixture will

separate into a lower red—phenol phase, an interphase, and an
upper aqueous phase. The RNA is in the upper aqueous
phase, while DNA and proteins are in the interphase and
organic phase.

. Carefully transfer the upper aqueous phase to a fresh tube

(see Note 8). Precipitate the RNA by adding 0.5 ml of iso-
propanol per 1 ml of TRI reagent used in the initial homog-
enization. Mix well by inversion.

Store the samples at room temperature for 10 min and centri-
fuge at 12,000 x4 for 8 min at 4°C. The RNA pellet is often
a translucent white pellet (or blue if using Glyco Blue) adhered
to the side or bottom of the tube.

Decant the supernatant without losing the pellet. Wash the
pellet with 1 ml of 75% ethanol in DEPC water.

Centrifuge at 7,500 x4 for 5 min at 4°C. If the pellet floats,
spin tube again at 12,000 x 4.

Decant the ethanol wash and briefly air-dry the pellet for
5-10 min by inverting on a sterile gauze pad or alcohol pad.
Do not completely dry the pellet because it will be difficult to
resuspend the pellet. Completely evaporate as much ethanol
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3.9. Complimentary
DNA Synthesis with
BD Sprint Powerscript
Preprimed 96-Well
Plate

3.10. SYBR Green
Real-time Polymerase
Chain Reaction

3.11. Papain Digestion

14.
15.

16.
17.
18.
19.
20.
21.

22.

as possible because ethanol affects Real-time Polymerase
Chain Reaction (RT-PCR) (see Note 9).

Resuspend pellet in 25 ul of DEPC-treated water.

DNAsing samples: To each PCR tube, add 25 pl of RNA,
5 ul of buffer, 2 ul of DNAse I, and 18 pl of DEPC water.
Keep samples on ice.

Spin tubes briefly to mix contents.

Incubate for 1 h at 37°C.

Add 0.1x volume of DNAse Inactivation reagent and mix.
Incubate at room temperature for 2 min.

Centrifuge tubes at 9,300 4 for 1.5 min.

Carefully transfer supernatant to a fresh tube without disturb-
ing the pellet.

Quantity RNA using a nanodrop or spectrophotometer and
then proceed to RT-PCR (cDNA synthesis) or store at —80°C.

. Quantify RNA and check the absorbance ratio at 260 and

280 nm. A ratio of the readings 260,280 of 1.6 or higher is
acceptable.

. The maximum quantity of RNA that can be used in each

reaction is 1 pg in 20 pl.

. For the volumes less than 20 pl, add nuclease-free water to a

total volume of 20 pl.

. Vortex gently until everything is in solution. Centrifuge

briefly.

. Thermacycling conditions: 42°C for 1 h, 2.5°C/s to 70°C,

70°C for 10 min, 2.5°C/s to 4°C.

. Add 80 pl of nuclease-free water to each sample.
. Samples can be used for RT-PCR or stored at -20°C.

. Dilute primers and samples as necessary.

. Prepare master mix for each sample: 12.5 pul SYBR

Green + 1.5 pl nuclease-free water + 2 pl forward primer + 2 pl
reverse primer.

. Add 20 pl of master mix to each well.
. Add 5 pl of sample to each corresponding well.
. Thermacycling conditions: 50°C, 2 min; 95°C, 3 min; 45 cycles

of 95°C, 15 s and 60°C (annealing temperature), 1 min.

. Add papain solution to each sample to give a final concentra-

tion of 25 mg,/ml.
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3.12. Hydroxyproline
Total Collagen
Assay (31)

3.13. PicoGreen
Double-Stranded DNA
Assay (32)

3.14. Lowry Total
Protein Assay (33)

2.

Incubate papain samples at 60°C overnight. If samples are
not digested, vortex and place them back in the incubator.
Repeat until samples are completely digested (see Note 10).

. Papain digested samples can be stored at -80°C until

needed.

. Dilute samples in an equal volume of 6 N HCI and incubate

overnight or 18 h at 110°C (see Notes 11 and 12).

. Prepare a series of 1:2 serial dilutions (0, 1, 2.5, 5, 10, and

20 pug/well).

. Add 250 pl each of distilled water and 17% NaCl solution to

each sample and mix thoroughly.

. Add 500 pl of oxidant solution to samples and standards and

incubate at room temperature for 5 min.

. After incubation, add 500 ul of Ehrlich’s reagent to each

sample and standard and incubate at 60°C for 12 min.

. Quickly cool samples and standards on ice for 4 min.

. Pipet 100 pl of each sample and standard onto a microtiter

plate.

. Read absorbance at 550 nm.

. Prepare standard curve in 1x TE buffer.

. If necessary, dilute sample in 1x TE buffer so that they fall

within the standard curve.

. Add samples and standards to black microtiter plate.
. Add 100 pl of 1x PicoGreen Dye solution and incubate for

2-5 min in the dark.

. Immediately read plate at 485 and 520 nm.

. Prepare a series of serial dilutions (0, 1,2.5,5,10, and 20 ug/

well) in duplicate to a final volume of 100 pl.

. Dilute samples so that they fall within the standard curve

range of 0-20 pwg,/ml in duplicate.

. Transfer 100 pl of each sample and standard to the flat-bot-

tomed microtiter plate.

. Add 200 pl of Biuret’s reagent to each well and mix thor-

oughly by pipetting several times.

. Allow plate to incubate for 10-15 min at room temperature.

6. Add 20 upl/well of 1.0 N Folin—Ciocalteu’s reagent. Mix

thoroughly with repeated pipetting.

. Allow color to develop for 30 min at room temperature.

. Immediately read the plate at 650 nm absorbance.
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3.15. 1,9-Dimethyl-

1.

Prepare GAG standards at the following concentrations: 100,

methylene Blue Total 50, 40, 30, 20, 10, and 5 pg/ml in water. Include a water
Sulfated blank.
Glycosaminoglycan 2. Dilute samples with double-distilled water if necessary so
Assay (34, 35) values are within the standard curve.
3. Add 40 pl of each sample and standard to a flat-bottomed
microtiter plate.
4. Using a multichannel pipettor, add 250 ul of the GAG assay
buffer to each sample and standard.
5. Immediately read the plate at 540 and 600 nm within 5 min
(see Note 13).
4. Notes

10.

. Complete stromal media can be made with 10% FBS instead

of 20% FBS. We used 20% FBS in our initial cell culture and
continued its use to remain constant throughout the
experiments.

. Mr. Frosty freezing container can be used up to five times

before the isopropanol needs to be changed.

. The oxidant solution and Ehrlich’s reagent can be used up to

2 days after initial use if stored at 4°C.

. We used a 19-gauge, 5-in. needle to remove the infranatant

after each wash step. This made it easy to remove the liquid
without losing some of the sample.

. At this point, we found that transferring the solution to a new

centrifuge tube helped to reduce the amount of oil contami-
nating the sample.

. Lower cell concentrations may be used. See manufacturer’s

instructions for additional information on cell concentration /
Trizol ratio.

. The RNA pellet is normally a clear or white color. The addi-

tion of Glyco Blue in the cell /Trizol solution stains the pellet
blue and aids in easier visualization of the pellet. The Glyco
Blue does not have an effect on RNA purity.

. Transfer the aqueous phase starting from the middle of the

tube. Place just the tip of the pipette tip into the solution.
This helps to minimize phenol and/or DNA contamination.

. If residual ethanol remains in the tube after the air-drying

step, aspirate the ethanol with an insulin syringe and needle.

If pieces of tissue still remain after repeated incubation at
60°C, centrifuge the sample and collect the supernatant.
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11. We found that the use of screw-cap tubes prevented the tubes
from popping open after being exposed to such a high tem-
perature. If snap lid tubes are used, make sure to secure the
lids to prevent them from popping open.

12.

The sample will have a charred appearance after incubating at

110°C. Mix sample well to dissolve.

13.

Read the plate immediately to prevent precipitation of the

sample and inaccurate results.
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Chapter 6

Adipogenic Differentiation of Adult Equine
Mesenchymal Stromal Cells

Martin A. Vidal and Mandi J. Lopez

Abstract

Equine adipose tissue-derived mesenchymal stem cells (ASCs) have only recently been investigated for
their adipogenic, chondrogenic, and osteogenic differentiation potential. This chapter will briefly outline
the molecular mechanisms leading to adipogenesis and the methods of equine adipose tissue harvest,
ASC isolation, and adipogenic differentiation. The reader is also directed to other reported methods of
adipogenesis for ASCs and mesenchymal stem cells (MSCs) from other tissues.

Key words: Adipokines, Peroxisome proliferator-activated receptor-y, CCAAT /enhancer binding
protein, Adipogenesis, Equine, Horse, Adipose, Stromal cells

1. Introduction

Adipogenesis and associated tissue engineering applications are
important considerations in human medicine. Absence or loss of
adipose tissue due to injury, disease, or surgical excision often
leads to tissue defects and significant dissatisfaction due to poor
cosmesis. Design of soft tissue scaffolds that integrate into recipi-
ent tissue and provide improved appearance of injured tissues is a
current research focus. The ultimate goal is to replace the use of
artificial fillers. The focus on cosmetic intervention in equine
medicine is not as important as in human medicine, but adipo-
genesis is important to determination of the multipotential of
equine stromal cells, a relatively new area of investigation (1, 2).
Adipogenesis along with osteogenesis and chondrogenesis is
part of the classic tripotential of MSCs. Adipogenic methods are
reported for MSCs harvested from bone marrow (3, 4), adipose
tissue (5), umbilical cord tissue (6), umbilical cord blood (5, 7, 8),

Jeffrey M. Gimble and Bruce A. Bunnell (eds.), Adipose-Derived Stem Cells: Methods and Protocols,
Methods in Molecular Biology, vol. 702, DOI 10.1007/978-1-61737-960-4_6,
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1.1. Molecular Gontrol
of Adipogenesis

and peripheral blood (3, 9). Adipogenesis and osteogenesis are
intimately related to each other. With the recent discovery of
important adipokine endocrine functions, adipose tissue has
become recognized for functions beyond energy storage and a
physical protection of underlying tissues. Understanding of the
intricacies of adipogenic and osteogenic control in marrow fat
may provide an understanding for future therapeutic interven-
tions in impaired bone healing, a recognized problem in the
horse. This chapter is designed to provide a brief overview of the
molecular mechanisms involved in adipogenesis and to summa-
rize techniques for collection, isolation, and adipogenic differen-
tiation of equine bone marrow and adipose tissue.

Until the 1980s, adipose tissue was largely considered an energy
storage depot and it was thought that individuals were born with
a set number of adipocytes (10). However, it is now believed that
adipogenesis occurs throughout life, and obesity is governed by
adipocyte hypertrophy and hyperplasia (11). New light has been
shed on the role of adipose tissue in the body with a variety of
metabolic regulatory factors such as adipsin (12), tumor necrosis
factor (TNF)-alpha (13), and plasminogen activator inhibitor-1
(14), as well as adipokines such as leptin (15) and adiponectin
(16). Additionally, adipose tissue is related to insulin sensitivity
and obesity, as well as in artherogenesis and inflammation (17).
The very early molecular events determining a primitive mes-
enchymal precursor cell to differentiate into an adipocytic lineage
remain unknown (10). The first stage of fat cell differentiation is
characterized by clonal expansion, an initial growth arrest fol-
lowed by several cell divisions (18). Transcription factors peroxi-
some proliferator-activated receptor-y (PPARY) and CCAAT/
enhancer binding proteins (C/EBP) are expressed during the
process, possibly due to their associated antimitotic properties
(19, 20) leading to a second growth arrest. Activation of PPARy
appears to correlate with the demise of the DNA-binding activity
of E2F /DP, an important transcription factor for many genes asso-
ciated with cell growth and promoting cell division (21). The tran-
sition from a growth-arrested preadipocyte to a fully difterentiated
fat cell occurs in association with a PPARy-mediated induction of
cyclin-dependent kinase inhibitors such as p18 and p21 (10). The
expression of p21 has also been associated with C/EBPa (22).
Attempts to define the beginning and the end of the adipo-
genesis process in culture are difficult, because the process is asyn-
chronous in nature, occurring progressively in cell clusters,
making mRNA level expressions patterns difficult to determine.
However, it appears that adipogenesis is subject to a cascade of
events. An early biomarker of the differentiation process is lipo-
protein lipase (23). The appearance of this protein is closely fol-
lowed by a number of transcriptional factors, which result in the



Adipogenic Differentiation of Adult Equine Mesenchymal Stromal Cells 63

1.2. Transcriptional
Control of
Adipogenesis

1.3. Cellular
and Hormonal Gontrol
of Adipogenesis

expression of the mature adipocyte phenotype and the production
of'a number of adipogenesis end products. These include glycero-
phosphate dehydrogenase, fatty acid synthase, the adipocyte-
specific fatty acid binding protein (aP2), malic enzyme, the
glucose transporter GLUT 4, the insulin receptor, and consider-
able triglyceride accumulation (24).

Key players involved in the transcriptional cascade of adipogenesis
are members of the C/EBP family. The expression of mRNA and
protein levels of CEBPP and C/EBPS will rise early during adipo-
genesis followed by C/EBPa, which is induced later in the dif-
ferentiation process, before other end product genes of fat cells
(10). The transcription factor PPARy governs the function of
most adipocyte-specific genes and required for the fat-selective
enhancers within the genes encoding aP2, lipoprotein lipase
(LPL) (25), and phosphoenolpyruvate carboxykinase (PEPCK),
the rate-limiting enzyme of gluconeogenesis (26). PPARyligands,
such as the thiazolidinedione (TZD) class of antidiabetic drugs,
bind with a range of affinities (K ,=50-700 nM) (10).

Transcriptional control of adipogenesis follows along a cas-
cade of events whereby hormonal cues may initially activate
CEBPPB and C/EBPS, which affect expression of the PPARy-
RXRo complex, subsequently causing the activation of C/EBPo.
The adipocyte determination and differentiation-dependent fac-
tor 1/sterol regulatory element-binding protein (ADD1/
SREBP1) is also induced during adipogenesis and is regulated in
response to variations in food intake (27, 28). It has also been
associated with cholesterol homeostasis (29), adipocyte develop-
ment, and expression of fatty acid synthase (FAS) and lipoprotein
lipase (LPL), two key regulators of fatty acid metabolism (28).
The exact role is still not completely understood but its contribu-
tion to adipogenesis in regulating triglyceride and fatty acid
metabolism has been established. It is considered a weaker stimu-
lus for adipogenesis compared with PPARY or the C/EBP pro-
teins (10), yet it is believed that ADD1/SREBP1-expressing cells
in conditioned medium can activate PPARY directly or indirectly
via promotion of an endogenous PPARY ligand (27).

Hormonal induction of adipogenesis requires activation of
preadipocyte IGE-1 receptors (IGFR) by IGE-1 or insulin (10)
to activate two separate signal transduction pathways, Akt (30)
and Ras (31). Elevation of cyclic AMP (cAMP) has been associ-
ated with early adipogenic events and is strongly upregulated via
the phosphodiesterase inhibitor isobutylmethylxanthine (IBMX)
(32). Cyclic AMP has been associated with the suppression of
Wntl0b (33) and Spl (34) and induction of C/EBPS.
Adipogenic pathways are also mediated either through gluco-
corticoids (35), which bind to the glucocorticoid receptor (GR),
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1.4. Equine Adipose
Tissue Collection

1.5. ASC Isolation
from Adipose Tissue

thereby resulting in C/EBPS activation, and preadipocyte factor
(Prefl), a cell surface glycoprotein with antiadipogenic effects
(36). A variety of growth factors and cytokines act as inhibitors
of adipogenesis (10) affecting mitogen-activated protein kinase
(MAPK), which phosphorylates PPARY and its heterodimeriza-
tion partner RXR (37).

Unlike other species such as the human or the dog, horses have
relatively few reliable sites for adipose tissue harvest and little
amount of adipose tissue in areas that are cosmetically or func-
tionally not detrimental. Therefore the collection of adipose tis-
sue in the horse is mostly limited to the area over the rump and
near the tail head. The texture of equine adipose tissue in this
location, however, is much firmer and more fibrous than adipose
harvests from humans and is therefore surgically removed by
sharp dissection via a small incision. Liposuction techniques for
better cosmetic results are currently under investigation.

The process of isolating MSCs from adipose tissue is based on
collagenase digestion of the tissue followed by a series of centrifu-
gation steps to separate adipocytes from other nucleated cells
based on buoyancy differences (2). The nucleated cell fraction
contains MSCs and is referred to as the stromal vascular fraction
(SVE). The SVEF is currently commercially applied to treat equine
tendons, ligaments, and joints without further in vitro cell
expansion. The quantity of MSCs within the SVF appears to be
directly related to the quantity of adipose tissues collected whereby
there is considerable variation from one animal to another.
Average nucleated cell yields from equine adipose tissue of
3.0+£1.4x10° nucleated cells/mL of tissue have been reported
(2). Therefore collecting more fat may be advantageous for clini-
cal cases but may also be limited by body condition. Factors con-
tributing to the variability in equine ASC harvest have so far not
received much attention. Certainly age and fat depot location
appear to affect functional characteristics of cell proliferation and
sensitivity to apoptosis in humans (38). Morbidity may also limit
ASC collection. In the attempt to better characterize whether
MSCs are associated with perivascular niches, da Silva Meirelles
and coworkers have demonstrated a relationship between ASC
numbers and blood vessel density in fat samples (39).

Up until recently the lack of available antibodies and cross-
reactivity with the equine species has hampered determination of
surface proteins to reliably identify mesenchymal stem cells. The
limited number of equine-specific or validated antibodies for MSC
identification has forced the majority of work on equine MSCs to
rely on adherence to plastic surfaces. However, Ratclift and cowork-
ers recently reported various surface markers for bone marrow-
derived mononuclear cells (40). These cells showed variable
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temporal expression in surface markers, whereby CD44 and CD29
remained robustly positive in culture over 30 days, CD90 expres-
sion increased as MPC cultures became more homogeneous
whereas expression of CD11a/CD18 and CD45RB molecules
decreased over time. The findings should help to improve MPC
isolation methods for BMSCs and may well apply to ASCs as well.
Based on work with non-equine specific antibodies, equine ASCs
also express CD90 and CD44 (41). The use of antibodies against
CD34 and CD45 to determine hematopoietic contaminants in cul-
ture has also been recently described for horses (42).

Ideal culture conditions maintain MSC with: (a) native phe-
notypic and functional characteristics similar, (b) indefinite prolif-
eration, and (c) a capacity to differentiate into multiple lineages
(43). The self-renewal potential of MSCs varies greatly according
to methodology and species (44), but cells can be expected to
expand for at least 40 population doublings (PDs) before their
growth rate decreases significantly (45). Isolation of MSCs from
various tissue sources is achieved through plastic adherence of
primary nucleated cells in culture. Nonadherent cells are removed
within 24-72 h with a media change. After 7-10 days with twice-
weekly medium changes, a bone marrow stroma culture of het-
erogeneous MSCs develops (46). A relatively homogeneous
culture develops by P2. Trypsin digestion for longer than 5 min
tends to result in passage of other myeloid cell populations.
Primary MSC:s isolated from adipose or cord tissue typically form
homogenous cultures within days after seeding the nucleated cell
as long as the medium is changed within 24 h to remove nonad-
herent cells. Culture media may vary, but the most frequently
used are Dulbecco’s modified Eagle’s medium (DMEM) and
o-minimum essential medium (47).

Friedenstein et al. (48) showed that cyclic division that occurs
in cell culture is not characteristic of in vivo behavior. The artifi-
cial environment of serum and exogenous growth factors may
induce the cells to enter and remain in the cell cycle. As such,
cells can expand up to 50 population or cell doublings (CD)
compared with control basal media cultures, which have fewer
than 50 CDs (49, 50). Addition of various growth factors at dif-
ferent concentrations probably contributes to heterogeneity
observed in MSC types. Fibroblast growth factor (FGF)-2,
increases human MSCs to more than 70 PDs (50). Hebert
showed that epidermal growth factor (EGF) and basic fibroblast
growth factor (bFGF) increased proliferation potential of human
ASCs threefold, and ASCs treated with bFGF and EGF under
adipogenic conditions showed more robust functionality (51).
Cell doubling time was also decreased by approximately 50% in
equine ASCS and BMSCs when bFGF was added to the stromal
culture medium while maintaining differentiation potential of
these cells (52).
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1.6. Adipogenic
Induction of Equine
ASCs

Cell seeding density is a further factor that affects expansion
rate but has so far not yet been investigated in equine MSCs (53,
54). Colter and coworkers showed dramatic differences in expan-
sion rates when human MSCs were seeded at low versus high
densities (53). A recent report showed that human bone marrow-
derived MSCs seeded at 10 cells/cm? expanded approximately
500-fold within 12 days with a maximum cell doubling time of
approximately 10 h (55). When the same cells were seeded at
1,000 cells/cm?, they expanded only 30-fold. Also, effects of
seeding density on MSC differentiation was illustrated by Sekiya
(55), who showed that, after adipogenic induction of P3 human
MSCs, there was significant reduction in Oil Red O staining when
cells were seeded at 1,000 cells/cm? compared with those seeded
at 50 cells/cm?.

Methods of equine ASC adipogenic induction have been largely
adapted from protocols for human MSCs (56-58). Initial work
in our laboratory using a protocol (59) for human ASCs resulted
in limited adipogenesis of equine ASCs. Rabbit serum enhanced
adipogenesis in vitro for human (60-63), rat (63), and mouse
(63) MSCs. Our studies demonstrated that the addition of 5%
rabbit serum was necessary to achieve any reliable adipogenesis
and fat droplet accumulation in equine ASCs (1, 2). Cell seed-
ing density (64), culture media, and additives such as thiazoli-
dinediones (65) and rabbit serum (60) all influence the rate of
equine ASC adipogenic differentiation. There is also individual-
dependent variation, as previously reported for human ASCs
(66). Protocols for human equine ASC adipogenesis typically
contain a mixture of insulin, dexamethasone, IBMX, and indo-
methacin (56). This protocol has been modified in our labora-
tory (59), replacing indomethacin with rosiglitazone (5 mM).
Rosiglitazone is a member of the hypoglycemic drug family, thi-
azolidinediones or glitazones. The drugs are used against Type
2 diabetes due to selective PPARY antagonism that affects insu-
lin sensitivity (65).

2. Materials

2.1. Adipose Tissue
Collection

2.2. Isolation of Bone
Marrow-Derived MSCs

1. Detomidine HCI (0.04 mg/kg intravenously).
2. Butorphanol (0.01 mg/kg intravenously).
3. Lidocaine (2%).

1. Stromal growth medium: DMEM-Ham’s F12 medium,
characterized fetal bovine serum (10%), antibiotic/antimy-
cotic solution (1%).
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2.3. Method

of Adipogenic
Induction

for Equine ASCs

2. PBS solution: 1% bovine serum albumin (BSA Type V;
Sigma—Aldrich), collagenase Type I (0.1% ).

3. Red cell lysing bufter.

1. Adipogenic induction medium: DMEM-Ham’s F12, charac-
terized fetal bovine serum (3%), 1% antibiotic/antimycotic
solution, biotin (33 pwmol/L), pantothenate (17 pmol /L),
insulin (1 pumol/L), dexamethasone (1 pumol/L), isobutylm-
ethylxanthine (IBMX; 0.5 mmol /L), rosiglitazone (5 umol /L;
Avandia™, Glaxo Smith Kline, Cidra, Puerto Rico), rabbit
serum 5% (see Note 1).

2. Adipogenic maintenance medium: same as adipogenic induc-
tion medium without the IBMX and rosiglitazone.

3. Oil Red O solution (stock): weigh out 0.5 g Oil Red O, dis-
solve in 100 mL isopropanol, filter through a 0.2-um filter,
and store at room temperature as stock solution.

4. Formalin (10%): made from 37% formaldehyde commercial
stock (vol:vol).

3. Methods

3.1. Adipose Tissue
Collection

3.1.1. Isolation of Adipose
Tissue-Derived MSCs

The emphasis of this chapter is the mesenchymal stromal cell of adi-
pose tissue and hence these methods of tissue collection are described
here. The reader is also directed to references for the collection of
other commonly harvested tissues such as bone marrow (67-69),
equine umbilical cord tissue (6), and umbilical cord blood (7, 8).

1. Horses are sedated with detomidine HCI (0.04 mg/kg intra-
venously (IV)) and butorphanol (0.01 mg/kg IV).

2. The area over the dorsal gluteal muscles or the head of the tail
is aseptically prepared.

3. The skin and subcutaneous tissues are desensitized by local
infiltration of 2% lidocaine directly into the surgical site or via
an inverted L-block around the planned incision site.

4. A 3- to 5-cm incision is made in a sagittal plane over the head
of the tail or abaxial and parallel to the vertebral column.

5. The amount of adipose tissue is harvested will depend on the
body condition score of the horse over the superficial gluteal
fascia, and the skin incision apposed with nylon suture mate-
rial (see Note 2).

1. Fresh adipose tissue is minced with a sterile surgical blade,
washed, and briefly agitated with an equal volume of
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phosphate-buffered saline (PBS) solution to promote separation
into two phases (see Note 3).

2. The upper phase consists of the minced and washed adipose
tissue, and the liquid infranatant containing hematopoietic
cells suspended in PBS is removed.

3. The tissue is then digested in an equal volume of a filtered
(0.2-mm filter) PBS solution containing 1% BSA (Type V;
Sigma—Aldrich) and 0.1% collagenase (Type I; Worthington
Biochemical, Lakewood, NJ) with continuously shaking at
37°C for ~50 min (see Note 4).

4. The sample is then centrifuged at 260 x g for 5 min.

5. To complete stromal cell separation from primary adipocytes,
the sample is briefly and vigorously agitated again followed
by centrifugation at 260 x4 for 5 min, resulting in a SFV
pellet.

6. The supernatant composed of oil, primary adipocytes, and
collagenase solution is carefully removed after centrifugation
to avoid disturbance of the SVF pellet, which is then resus-
pended in 10 mL stromal medium (see Note 5).

7. The SVF is the remaining nucleated cell fraction of adipose
tissue, which contains the ASCs.

8. A small aliquot of the cell suspension is centrifuged, and the
pellet resuspended in an equal volume of a red cell lysing but-
fer (Sigma-Aldrich) for nuclear Trypan Blue staining and
hemocytometer assessment of total nucleated cell numbers
per unit volume of adipose tissue.

3.2. Method The following procedure is used in our laboratory for adipogenic
of Adipogenic induction of bone marrow and adipose tissue-derived MSCs:
Induction for Equine 1. Before the adipogenic induction, early passage MSCs are

ASCs grown to confluence in stromal medium (DMEM-Ham’s

F12, 10% characterized fetal bovine serum, 1% antibiotic/
antimycotic solution).

2. MSCs are then exposed to an adipogenic induction medium
for 3 days (see Note 6).

3. Thereafter, the same medium without the IBMX and the
Avandia™ is used to maintain the adipocyte cell culture (see
Note 7).

4. The cells cultures are then gently rinsed three times with PBS
and fixed in PBS containing 10% formalin and placed on a
cold plate at 4°C for 1 h.

5. Lipid accumulation is stained via Oil Red O (66, 70). The

cells are stained for 20 min followed by three rinses with dis-
tilled water. Take 6 mL of Oil Red O stock solution. Add
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4 mL of distilled water. Let stand for 1 h at room temperature.
Remove all formaldehyde from well. The well should be dry
after fixation and removal. Take Oil Red O solution that has
been sitting for 1 h and filter it through a 0.2-pum filter. Add
50 uL Oil Red O to each well (96-well plate) for 15 min at
room temperature. Rinse three times or more with 50 pL
distilled water until the rinse becomes completely clear (no
red coloring). Do not rinse with a volume larger than 50 pL.
It will raise the level of the solution in the plastic well and
cause staining of the wall of the well, resulting in artifactually
high background.

6. Elute the stain from the cells by adding 50 pL isopropanol
per well. Elution is immediate.

7. Read the OD_,  using a plate reader.

540
8. Subtract the background staining determined in blank wells
(no cells) from the experimental points. Determine the rela-
tive staining intensity of the differentiated wells compared
with the preadipocyte controls.

Table 1 is a summary of all equine related reports to date in
chronological order, which have used adipogenesis in their exper-
iments. The table includes studies of other MSC types and briefly
describes the method used as well as the references for adipo-
genic protocols quoted in these studies. It is interesting to note
that robust adipogenesis in MSCs from bone marrow and adi-
pose tissue was only achieved by those authors (1, 2, 7-9) who
used rabbit serum as part of their adipogenic protocol. Koerner
and his coworkers had adopted the method by Janderova et al.
(60) in which MSCs were exposed to repeated cycles of adipo-
genic induction and maintenance media because three cycles of
the differentiation cocktail the C/EBP protein had completely
disappeared, which suggested that by that point the majority of
the hMSCs had progressed through the adipocytic “commit-
ment” stage (60). Koerner et al., however, reported much weaker
droplet formation in bone marrow and peripheral blood progeni-
tor cells as it is typically seen in human marrow-derived MSCs.
This might suggest that existing adipogenic protocols merely
render equine MSCs at the stage of commitment but not termi-
nal differentiation. Interestingly, MSCs from equine umbilical
cord apparently differentiated into the adipogenic lineage with-
out the addition of rabbit serum (6). These disparate results fur-
ther support the notion that there are profound differences
among mesenchymal stem cells from different tissue sources,
which is the focus of much of the current research efforts in order
to attribute the suitable MSC for appropriate applications in
regenerative medicine.
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Table 1

Other methods reported for equine mesenchymal stromal cells

References Cell type Adipogenic method

Koerner et al. (32) PBMSC, BMSC  Cells cultured until confluence. Then adiopogenic

induction medium (10% ECS), 10 g/mL insulin
(Gibco), 1 M dexamethasone, 100 uM indomethacin,
and 500 uM IBMX (Sigma-Aldrich) for 72 h
followed by adipogenic maintenance medium for 24 h
(one 96-h cycle). This cycle of treatments was
repeated four times in total, with an additional week
in maintenance medium (3, 25)

Vidal et al. (56) BMSC See above description
Vidal et al. (57) ASC See above description
Koch et al. (30) CBMSC The cells are expanded to 100% confluency in regular

expansion media. Authors quote protocols by
Pittenger et al. (42) and Janderova et al. (25)

Hoynowski et al. (23) CTMSC Authors quote the protocol by Wang et al. (58)

Giovannini et al. (16) PBMSC Authors quote protocols by Pittenger et al. (42) and
Janderova et al. (25). Cells are grown to confluence
and then exposed to 4 cycles of: 72 h in induction
medium (DMEM-F12, 10% fetal bovine serum
(FBS), 1% penicillin/streptomycin, 1 mM dexametha-
sone [Sigma, Buchs, Switzerland), 100 mM indo-
methacine [Sigma), 500 mM 3-IBMX [Sigma),
1,700 nM insulin [Life Technologies)), and rabbit
serum. Followed by 24 h in maintenance medium
(DMEM-F12, 10% FBS, 1% penicillin/streptomycin
supplemented with 1,700 nM insulin)

Mambelli et al. (34) ASC Authors quote Zuk et al. (59) and describe their own
protocol: cells are cultured to a monolayer for 72 h in
basal medium. Adipogenic induction (DMEM-HG
culture medium supplemented with 2% KSR, 1 mM
dexamethasone, 100 mM indomethacin [Sigmal],

0.5 mM IBMX [Sigma], 10 mg/mL insulin [Sigma],
and 1% antibiotic solution). Cells are washed and
fixed by Day 4 and 7

Koch et al. (31) CBMSC, BMSC  Cells are cultured for 10 days in adipogenic induction
medium (BulletKit, Lonza) consisting of 1 mM
dexamethasone, 0.5 mM 3-IBMX, 10 mg/mL
recombinant human (rh) insulin, 0.2 mM indometha-
cin, and 10% fetal calf serum (FCS) in DMEM. The
FCS included in the commercial medium kit for
adipogenic induction was discarded and substituted
with 15% rabbit serum (Sigma)

BMSC bone marrow-derived mesenchymal stem cells, ASC adipose tissue-derived mesenchymal stem cells, PBMSC
peripheral blood-derived progenitors, CT-MSC umbilical cord tissue progenitor cells, CB-MSC umbilical cord blood
progenitor cells
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4. Notes

1. The IBMX should be used fresh.

2. The author prefers to limit the surgical incision length to
3—4 c¢m due to cosmetic appearance and to avoid postopera-
tive serum accumulation, swelling, and scaring.

3. Due to the fibrous nature of equine adipose tissue harvested
from the region described above, diligent mincing of the tis-
sues is important and in our hands has resulted in higher
yields of mononuclear cells.

4. Incubation periods in collagenase solution of more than
60-90 min appears to result in lower mononuclear cell yields.

5. After removal of the oil, primary adipocytes and part of the
collagenase solution, there is often still fibrous material above
the SVF pellet. The use of a sterile tea strainer and stromal
medium will allow separation and washing of this fibrous
material from the SVF. The remnant cell suspension is centri-
fuged again to obtain the SVF pellet, the remnant collagenase
solution is removed, and the pellet is resuspended in a known
amount of stromal medium.

6. Adipogenic conversion is typically noted within 24 h of cul-
ture in adipogenic induction media. The cell morphology
changes from elongated spindle to oval cells. The cells have a
distinct ring of dark granules around the cell periphery, which
appear as fat droplets after Oil Red O staining (Fig. 1) (2).

7. The ASCs often begin to detach from the plastic culture
dishes after 68 days in adipogenic culture media. Quantitative
DNA and protein assessments should be made before then.

Fig. 1. Panel ashows unstained equine ASCs with characteristic cytoplasmic droplets by Day 2 after adipogenic induction.
Panel b shows 0il Red 0-stained equine ASCs 4 days after adipogenic induction. Reprinted from (2).
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Chapter 7

Isolation and Culture of Porcine Adipose Tissue-Derived
Somatic Stem Cells

Kellie J. Williams, Robert A. Godke, and Kenneth R. Bondioli

Abstract

Adipose tissue-derived stem cells (ASCs) have been described for a number of laboratory animals and
humans. Improved culture conditions and cellular characteristics of ASCs have been identified. ASCs can
self-renew and differentiate into multiple tissue lineages. Further characterization of ASCs in this manner
could enhance the isolation and purification of a population of mesenchymal stem cells (MSCs) from
casily obtainable adipose tissue. These stem cell populations from domestic animals, which make attrac-
tive models for transplantation studies, will be valuable for the evaluation of their efficacy in tissue regen-
eration applications in the future. These cells may also represent a population more easily reprogrammable
during somatic cell nuclear transfer and thus expedite the development of transgenic animals for models
and production of valuable pharmaceutical proteins.

Key words: Stem cells, Porcine, Adipose tissue, Cell cycle, Clonal expansion, Differentiation

1. Introduction

The expansion of our basic knowledge of stem cell biology will
greatly impact many disciplines including development, cancer,
and aging, as well as provide a foundation for the development of
tissue engineering (1). An array of scientific disciplines have joined
efforts to develop the techniques involved in tissue engineering
for repairing, replacing, or regenerating diseased tissues and
organs. With the advancement of this biotechnology, for example,
scaffold biomaterials can be combined with a variety of stem cells
to treat disease through cell-based therapies. Other cell therapeutic
applications include bone marrow transplants; cartilage, tendon,
ligament, and bone repair; treatment of vascular disease; and even
the production of transgenic animals (1).

Jeffrey M. Gimble and Bruce A. Bunnell (eds.), Adipose-Derived Stem Cells: Methods and Protocols,
Methods in Molecular Biology, vol. 702, DOI 10.1007/978-1-61737-960-4_7,
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Several applications involve the technique of cell transplantation.
Embryonic stem cells have the capability to form biologically
functional cell populations suitable for integration, response, and
function within a diseased tissue. Embryonic stem cells produce
these cell populations in response to signaling pathways induced
by factors such as cytokines, transcription factors, and cell-to-cell
interactions. Multiple cell populations derived from embryonic
stem cells, including cardiomyocytes (2), insulin-secreting cells
(3), and neuronal precursor cells (4, 5), have been successfully
integrated within the host tissue and have displayed appropriate
cell functions. For example, after transplantation into the spinal
cords of myelin-deficient rats, glial precursor cells derived from
embryonic stem cells successfully differentiated into astrocytes
and oligodendrocytes capable of forming myelin at the site of
injection and migrating several millimeters away from the injec-
tion site (4, 6). Candidate cells for such promising applications
must meet several requirements to be eligible for classification as
a stem cell population. Cells must have the capacity for self-
renewal, must have long-term viability, and must have the ability
to give rise to differentiated cell types to be considered “stem
cells” (7). In addition to embryonic stem cells, a number of stem
cell populations isolated from somatic tissues have met these cri-
teria and are being evaluated for tissue engineering applications.
ASCs from human liposuction aspirates have been described and
are being investigated for such applications (8, 9). The availability
of these cell populations from animals such as the pig will expe-
dite the full investigation of these cells for efficacy and safety.

2. Materials

2.1. Cell Isolation

1. Sterile scalpel.
2. Autoclaved 100-ml beakers.

3. DPBS solution: Dulbecco’s phosphate-buffered saline con-
taining 200 U/ml of penicillin, 200 pug/ml of streptomycin,
and 2.5 ug,/ml of Fungizone.

4. Collagenase solution: 0.1% collagenase Type I (240 IU/ml)
in DPBS with 1% bovine serum albumin (fraction V) (see
Note 1).

5. Shaker incubator.

6. Dual filter system, comprised of one nylon net filter with a
20-um pore size and one with a 80-um pore size. The 80-um
filter is placed on top of the 20-um filter in a syringe filter,
and the assembled unit is autoclaved.

7. Centrifuge.
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2.2. Cell Gulture
Maintenance

2.3. Glonal Isolation/
Establishment

2.4. Differentiation
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. Hoechst stain: Hoechst 33342 (2 pg/ml) dissolved in water.

. Expansion medium: Dulbecco’s modified Eagle medium

(DMEM) with high glucose (4,500 mg/L), 4.0 mM glu-
tamine, and sodium pyruvate supplemented with 10% fetal
bovine serum (FBS), 100 U/ml of penicillin and 100 pg,/ml
streptomycin (pen/strep), and 2.5 pg/ml of Fungizone (see
Note 2).

. DPBS solution.
. Enzymatic digestion medium: 0.25% trypsin—EDTA.
. Expansion medium: DMEM with high glucose (4,500 mg /L),

4.0 mM glutamine, and sodium pyruvate supplemented with
10% FBS, pen/strep, and 2.5 pg,/ml of Fungizone.

. DPBS solution.

. Enzymatic digestion medium: 0.25% trypsin—EDTA.
. Expansion medium.

. Cloning rings.

. 100-mm culture dishes.

1.9-cm? culture dishes.

. 9.62-cm? culture dishes.
. 25-cm? culture flasks.

. 75-cm? culture flasks.

. DPBS solution.
. Enzymatic digestion medium: 0.25% trypsin—EDTA.
. Expansion medium.

. Adipogenesis-inducing culture medium (days 1-4): DMEM

supplemented with 3% FBS, pen/strep, 2.5 pg/ml of
Fungizone, 10 ng/ml of insulin, 10® M dexamethasone,
250 uM isobutyl methylxanthine, and 0.2 mM indomethacin.

. Adipogenesis-inducing culture medium (days 4 and beyond):

DMEM supplemented with 3% FBS, pen/strep, 2.5 ug,/ml of
Fungizone, 10 ng/ml of insulin, and 10~ M dexamethasone.

. Chondrogenesis-inducing culture medium: DMEM supple-

mented with 10% FBS, pen/strep, 2.5 ug/ml of Fungizone,
6.25 ng/ml of insulin, 10 ng/ml of transforming growth
factor-f and 10® M dexamethasone.

. Osteogenesis-inducing culture medium: DMEM supple-

mented with 10% FBS, pen/strep, 2.5 pg/ml of Fungizone,
10 mM B-glycerophosphate, 50 ng/ml ascorbic acid, and
10? M dexamethasone (see Note 3).
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8. Nile red staining solution: Stock solution, Nile red 1 mg/ml
in DMSO. Working solution, 500 pl stock solution in 49.5 ml
ot 0.9% saline and 50 mg of polyvinyl pyrrolidone.

9. Safranin O staining solution: Working solution, 50 mg
Safranin O in 50 ml of 0.9% saline.

10. Alizarin red S staining solution: Working solution, 1 g Alizarin
red S in 45 ml of 0.9% saline and 5 ml of ammonium hydrox-
ide (28-30%).

11. Cell fixation solution: 4% paratormaldehyde solution in DPBS
without calcium and magnesium.

3. Methods

Stem cell applications for biomedical treatments continue to face
many challenges concerning the originating source, expansion
and culture, and differentiation. By definition, stem cells must be
able to self-renew as well as differentiate into multiple tissue phe-
notypes. Adult stem cells can be found among differentiated tissues.
Adult stem cells can renew themselves and, when removed from
their niche, they are able to differentiate into the multiple cell
types surrounding them in order to maintain and repair that tis-
sue or organ. The development of an animal stem cell model will
enhance important biomedical treatments, such as tissue engi-
neering and cord blood stem cell transplants utilized in human
patients.

Mesenchymal stem cells (MSCs) have been isolated from
many different mesodermal tissues including bone marrow (8),
fat (9, 10), and human cord blood (11). MSCs are pluripotent
precursors that support hematopoiesis and formation of bone tis-
sue, cartilage, and adipose tissue (8, 9, 12). MSCs have been iso-
lated from various tissues based on their ability to adhere to plastic
and their morphology similar to that of fibroblasts (13-17).
However, hematopoietic cells contaminate MSCs, creating a
heterogeneous population of cells in culture. An important char-
acteristic used to distinguish MSCs from hematopoietic cells is
their ability to support differentiation into several ditferent cell
types depending on culture conditions.

Human adipose tissue-derived adult stem cells (ASCs) are
self-renewing and can be differentiated into multiple tissue
lineages (8, 18). The following is a protocol developed for the
isolation and culture of porcine and bovine ASCs. Growth char-
acteristics including population doublings, cell cycle length, and
proliferative capacities, as well as self-renewal and differentiation
abilities have been determined for porcine ASCs cells using these
methodologies.
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3.1. Cell Isolation

3.2. Culture
Maintenance

3.3. Clonal Isolation/
Establishment

. Subcutaneous fat (approximately 10 g per pig) is harvested

from the dorsal abdominal area at a local abattoir (see Note 4).
Samples are transported on ice in DPBS solution.

. The tissue is finely minced using sterilized scissors and washed

with DPBS solution.

. Each sample is digested with an equal volume of collagenase

solution in a shaker incubator rotating at 200 rpm at 39°C for
approximately 2 h.

. The cell suspension is transferred into a 50-ml centrifuge tube

and is centrifuged at 300 x g for 5 min, shaken vigorously for
30 s to promote separation of the stromal fraction, and centri-
fuged a second time with the same parameters (see Note 5).

. After aspiration of floating adipocytes, the cell suspension is

shaken once more for 30 s and then filtered through the dual
filter system into a fresh 50-ml centrifuge tube.

. Following filtration, the cell suspension is centrifuged at

300 x g for 5 min, the supernatant aspirated, and the pelleted
stromal cells resuspended in 1 ml of expansion medium.

. A 100-pl aliquot is removed and stained by the addition of

10 pl of Hoechst staining solution. The concentration of
nucleated cells in the suspension is determined by counting in
a hemocytometer under UV illumination.

. Cells are plated at ~6,700 nucleated cells/cm? in 10 ml of

expansion medium in a 75-cm? culture flask and incubated at
39°C under a 5% CO, in air humidified atmosphere.

. Approximately 24 h after initial plating, expansion medium is

removed and replaced with fresh medium to remove nonad-
herent cells.

. Fresh medium is supplied every 3—4 days.
. At 70-90% confluence, cells are passaged by trypsinization,

counted using a hemocytometer, and reseeded at a concen-
tration of ~6,700 cells/cm? (see Note 06).

. Cell cycle length is calculated based on the following equa-

tion: number of days in culture/population doublings.
Sample data are presented in Fig. la.

. Population doublings are calculated at each passage using the

following equation: log (final concentration/initial concen-
tration) x 3.33 (19). Sample data are shown in Fig 1b.

. Cells are passaged until replicative senescence is observed (see

Note 7).

. Cells are isolated according to the above procedure and plated

from the initial culture (passage 0) at ~5 cells/cm? in 10 ml of
expansion medium in a 10-cm diameter culture dish and
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3.4. Differentiation
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Fig. 1. Proliferative characteristics of undifferentiated stromal cells: 1 and 2 represent
each cell line while (a) and (b) are replicates. (a) Average cell cycle lengths were recorded
throughout the duration of culture. (b) Proliferative capacity indicates cells have not
reached observed, replicative senescence.

incubated at 39°C under a 5% CO, in air humidified
atmosphere.

2. Adherent cells form colonies after approximately 10 days in
culture and are selected for ring cloning (passage 0) based on
the criteria that colonies contain at least 100 cells and colo-
nies are located a minimum of one microscopic field from all
other colonies.

3. Cells are passaged by trypsinization and reseeded in a 1.9-cm?
culture dish (passage 1) and at 70-90% confluence are passaged
into a 9.62-cm? culture dish (passage 2), a 25-cm? culture
flask (passage 3), and a 75-cm? culture flask (passage 4).

1. At 70-90% confluence (following passage 4 for clones), cells
are passaged by trypsinization and cultured for 21 days in
culture medium designed to induce differentiation. Culture
media are changed every 3—4 days.

2. For adipogenesis, cells are cultured through day 4 in
adipogenesis-inducing culture medium (days 1-4) and cultured
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10.

11.

beyond day 4 in adipogenesis-inducing culture medium (days
4 and beyond).

. For chondrogenesis, cells are cultured for the duration of dif-

ferentiation in chondrogenesis-inducing culture medium.

. For osteogenesis, cells are cultured for the duration of dif-

ferentiation in osteogenesis-inducing culture medium.

. After 21 days in culture, all three cell populations are histo-

logically stained using the following stains: Nile red, which
detects intracellular lipid accumulation used to determine
adipocyte differentiation; Safranin O, which identifies gly-
cosaminoglycans in the extracellular matrix of differentiated
chondrocytes; and Alizarin red S, which detects mineralized
calcium deposition common in osteocytes.

. For staining, differentiation-inducing media are removed, the

cells are washed twice with DPBS without calcium and mag-
nesium, the fixation solution is added to each dish, and the
dishes are stored at 4°C for 24 h.

. The fixation solution is removed and the cells are washed with

DPBS without calcium and magnesium four times. The
respective working solution for each stain is added.

. For cells stained with Nile red for adipocyte differentiation,

cells should be incubated with stain for 24 h at room tem-
perature protected from light. The stain is removed and the
cells are washed once with distilled water. Stained cells are
visualized under fluorescent microscopy with a filter set suit-
able for FITC illumination.

. For cells stained with Safranin O for chondrocyte differentiation,

cells should be incubated at room temperature for 10 min. The
stain is removed, the cells are washed once with distilled water,
and visualized with bright field or Hoffman contrast microscopy.

For cells stained with Alizarin red S for osteocyte differentia-
tion, cells should be incubated at room temperature for
10 min. The stain is removed and cells washed once with
distilled water and visualized with bright field or Hoffman
contrast microscopy.

Cells stained for each differentiation condition are depicted
in Fig 2.

4. Notes

. Collagenase solution is prepared fresh with each use.

. High-glucose DMEM with glutamine and sodium pyruvate

is supplemented with FBS, pen/strep, and Fungizone, filter
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Fig. 2. Differentiation of P4 clones. Adipogenic differentiation stained positive with Nile red staining; viewed with a FITC
filter (@) and Hoffman contrast (b). Undifferentiated stromal cells (control) demonstrated only slight Nile red staining ((c)
FITC filter; (d) Hoffman contrast). Chondrogenic induction was detected by Safranin O in differentiated clones (e) and less
intensely in undifferentiated cell populations (f). Osteocyte differentiation was observed only in induced cells (g) and not
in undifferentiated stromal cells (h). Images (a)—(f) and (h) were magnified using a x20 objective, while image (g) was
magnified using a x40 objective.
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sterilized, stored at 4°C, and used for culture maintenance
and clonal expansion for approximately 2 weeks.

. Additives for differentiation inducing media are prepared as

100x stock solutions, stored at -20°C, and added to DMEM
to prepare fresh differentiation media with each medium
change.

. Much smaller fat samples, as little as 1 g, can also be pro-

cessed if desired. For samples as small as 1 g, 10 ml of colla-
genase solution is used in Step 3 of 3.1 Cell Isolation.

. This remixing of the centrifuged cells by vigorous shaking is

to complete the separation of stromal cells from the fat and is
very important for a good yield of stromal cells.

. Cells are passaged using a typical cold trypsinization proce-

dure. Culture medium is removed and cells rinsed with cal-
cium- and magnesium-free DPBS. Cold trypsin—-EDTA
solution is added to cover the cell surface and excess trypsin—
EDTA is removed. Cells are incubated at 37°C until they
begin to lift oft the plastic, and the reaction is stopped by the
addition of expansion medium.

. Replicative senescence: cells cease to divide and are defined

by a change in morphology from an elongated, spindle-like
shape to a flattened, irregular shape with dispersed cytoplasm

and the appearance of cytoplasmic vacuoles.
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Chapter 8

Automated Isolation and Processing of Adipose-Derived
Stem and Regenerative Cells

Kevin C. Hicok and Marc H. Hedrick

Abstract

The popularity of nonhematopoietic, adult tissue-derived stem and progenitor cells for use as a cellular
research tool, and ultimately as a clinical therapeutic, has increased exponentially over the past decade.
Almost all adult-derived stem /progenitor cells (autologous and allogeneic), with one exception, require
at least some ex vivo expansion or further manipulation prior to use to satisfy efficacy and safety require-
ments for preclinical or clinical use. The principal reason is the relatively low frequency of these therapeu-
tically valuable cells within any given adult tissue, except for adipose tissue, which has been shown to have
at least two log greater concentrations of these progenitor cells. Therefore, use of autologous adipose-
derived cells as both a research tool and cell therapeutic is feasible and has been shown to be both safe
and efficacious in preclinical and clinical models of injury and disease. The development and utilization
of automated processes and instrumentation such as Cytori Therapeutics’ Celution® System to reduce
variability and increase quality of the recovered cells is requisite for clinical use and preferred by basic
researchers. Here, use of an automated, closed processing platform for isolation and concentration of
adipose-derived stem and regenerative cells is described, including a profile of the isolated cells immedi-
ately prior to use, and commonly used methods to quantify and qualitatively assess the recovered cells.

Key words: Adipose-derived stem and regenerative cell, Closed system, Colony forming unit—
fibroblast, Processing platform, Stromal vascular fraction cells

1. Introduction

Adult tissue-derived stem and progenitor cells are now well
established as a therapeutic source for regenerative medicine.
Numerous preclinical and clinical studies have been conducted
using these cells obtained from many different tissues including
adipose, bone marrow, skin, brain, liver, kidney, and skeletal and
cardiac muscle (1-7). Both safety and efficacy are demonstrated,
especially in the repair of tissues damaged by ischemia (2, 8, 9).

Jeffrey M. Gimble and Bruce A. Bunnell (eds.), Adipose-Derived Stem Cells: Methods and Protocols,
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However, with the exception of adipose tissue, the concentration
of adult stem cells and other relevant progenitors is exceedingly
rare, or else the procurement of the cells is complicated by comor-
bidity and limited access to the source tissue. For instance, the
frequency of bone marrow-derived mesenchymal stem/stromal
cells is described to be in the range of 0.001-0.0005% of isolated
cells, depending on the age of the donor (10). Stem cells obtained
from the major organs through biopsies are also relatively rare
and collectively require ex vivo expansion to obtain an efficacious
quantity for clinical use. Adipose tissue, on the other hand, con-
tains at least two log higher concentrations of the cells that give
rise to cultured adult stem cells, and the tissue is both abundant
and easily acquired through comparatively low morbidity lipoaspi-
ration procedures. Therefore, adipose tissue is uniquely poised to
not only provide a more abundant source of cells for ex vivo
expansion but also to provide an autologous source of valuable
regenerative cells for immediate use.

Regardless of the intended application, isolating stem and
regenerative cells from adipose poses some unique challenges.
Multiple variables must be considered and empirically evaluated
to obtain an optimal cell population. Likely the largest variable of
all is the interpersonal difference in adipose composition at the
cellular level. Using a standardized manual isolation procedure
the range of recovered nucleated cell concentration normalized
to volume of starting tissue among 266 female donors was
20,000-680,000 cells/mL. The mean +standard deviation con-
centration of cells from this cohort was 230,000 + 120,000 cells/
mL of tissue (unpublished data, Cytori Therapeutics Inc.). Both
inherent genetic and environmental factors contribute to the ana-
tomical variation; however, a menagerie of other factors during
the procurement and processing of the tissue contributes to the
cumulative variation seen in the recovered cell concentration
(see Table 1). Since overall variability in the isolation of adipose
stem and regenerative cells is so large, automation and standard-
ization of the controllable elements during processing is essential
to obtain an acceptable outcome. Use of an automated cell isola-
tion and enrichment platform such as the one described here
serves to significantly reduce the amount of human subjectivity
and error during the critical steps of cell isolation and enrich-
ment. Furthermore, the instrument and supporting ancillary
products for tissue collection and cell delivery were developed as
a “Design In” technology yielding a platform suitable to support
all stages of research from basic to preclinical to clinical.
Optimization of techniques for adipose tissue acquisition prior to
isolation, and implementation of verified methods for cell charac-
terization afterwards, serve to further standardize the overall pro-
cess. In this manner, an acceptable level of reproducibility in
recovered cell quantity and quality is achievable.
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Table 1

Multiple variables influence recovery of adipose-derived stem and regenerative
cells for therapeutic use

Process step Controllable variables Uncontrollable variables
Tissue quality prior to Anatomical depot Donor sex, age, health status, vascular
collection density
Tissue collection Tissue harvesting method: Amount of peripheral blood and
Syringe /vacuum aspiration wetting solution recovered with
tissue

Initial tissue washing

Enzymatic release
of cells

Enrichment and
concentration of cells

Cell resuspension

iability of cells aft llecti
Ultrasound, Vaser, Bodyjet/ Viability of cells after collection

Waterjet, etc.
Cannula diameter and type
Wetting solution composition
Wait time prior to ADRC process-
ing initiation
Geometry of washing chamber ~ NA
Type of wash solution
Volume of wash solution
Duration of wash solution

Enzyme solution composition Differences in donor tissue extracel-
Enzyme concentration lular matrix quantity and content
Duration of exposure to enzyme affect efficiency of cell release
Reaction temperature Presence of inhibitors of enzymes

within tissue/cells

Volume transferred to concentra- Amount of red blood cells released
tion chamber from intact vasculature

Centrifugation speed

Centrifugation duration

Chamber temperature

Volume and type of solution Final viability of recovered cells
Type of mechanical perturbation Relative amounts of different cell
used to resuspend cells subpopulations

Type of syringe /needle used to
collect cells

1.1. Tissue Acquisition

Prior to the start of adipose-derived stem and regenerative cell
(ADRC) isolation, a number of variables must be considered in
order to optimize cell yield and quality. Donor dependent vari-
ables such as sex and health status have been reported to influence
the quantity and quality of ADRCs (11-17). At the cellular level,
these factors are known to influence both the relative abundance
of'vasculature and the predominant cell population within fat, the
mature adipocyte. While these variables may be controlled when
screening donors for research studies or manufacturing cells for
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ex vivo applications, in the clinical setting where the cells will be
used as a real-time therapeutic, this is not the case. Species-specific
differences in the cellular composition and matrix content of adipose
depots further complicate regenerative cell isolation strategies
aimed at yielding populations of cells that are most similar to the
composition of the human ADRCs. This is particularly important
when justifying use of preclinical model data to rationalize initia-
tion of human clinical trials. For example, rodent adipose tissue
from the inguinal fat pad (commonly used as source tissue in
preclinical studies) contains lymph nodes that must be removed
to avoid overrepresentation of leukocyte cell populations. Failure
to do so results in a noncomparable ADRC population to that of
humans, which may confound data interpretation in regard to
therapeutic safety, efficacy, and dosing.

In a clinical setting, donor-related variables may be used as
inclusion or exclusion criteria for treatment, but for autologous
real-time cell therapies, their effect on ADRC isolation is irrele-
vant (18). Therefore, identifying and understanding the effect of
the controllable elements in adipose tissue collection have been
the central focus in optimizing and automating ADRC isolation
and enrichment. Within the aesthetic and plastic surgery com-
munity, it is well known that the type of force used to physically
release the fat tissue, the instrumentation for tissue collection, the
wetting or tumescent solution composition, and the anatomical
site selected all may affect the quality of autologous fat used for
grafting (19). It is logical to assume that these variables also influ-
ence ADRC quantity and quality. Traditionally, within the aes-
thetic surgery field, syringe-based lipoaspiration is the
recommended method to obtain adipose tissue if cell viability is
important. Yet, even relatively simple syringe-based tissue collec-
tion methods are reported to vary significantly depending on the
size of syringe being used and the amount of force exerted (20).
In our experience, other aspiration methods using vaser and laser
technologies have been observed to adversely affect cell viability
by exposing cells to unacceptable levels of sonic and heat energy
(Fig. 1). Technologies that use focused hydraulic force to disrupt
tissue and extracellular matrix prior to the aspiration process also
alter the profile of the starting tissue by increasing the ratios of
disrupted to intact tissue and of wetting solution to adipose tis-
sue. Further, both the style and inner diameter of the tissue col-
lection cannula are reported to affect adipose tissue quality and
cell viability.

The composition of wetting solution used during tissue harvest
can have a significant impact on automated tissue processing as
well. Levels of epinephrine used influence vascular contraction and
consequently the amount of contaminating peripheral blood
within the tissue. High levels of lidocaine and the pH of the wet-
ting solution both have been reported to affect cell viability (21).
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Fig. 1. Adipose tissue obtained by conventional vacuum-assisted lipoaspirate (a) or by a laser-based method (b) was
washed twice with PBS, fixed with neutral-buffered formalin, and paraffin embedded. Eight-micrometer thick sections
were cut, deparaffinized, and stained with hematoxylin and eosin according to standard histological methods. Note the
increased area of intercellular spaces and adipocyte membrane ruffling (indicative of heat damage to the adipose tissue)
in the section from laser-acquired tissue (b); whereas, vacuum-assisted tissue contained adipocytes that had smooth
membranes and little intercellular space.

1.2. Automation
and Standardization
Using Cytori’s
Celution® System

The amount of inherent variability in cellular health and constitution
prior to even acquiring adipose tissue demands implementation
of standardizing methodology whenever and wherever possible
to generate a system capable of meeting the rigorous require-
ments of regulatory approval, whether it be for GLP compliance
in a research setting or to achieve safety and efficacy in the surgical
suite. Cytori Therapeutics has developed an automated technology
platform to do just that. For researchers from the early basic
research stages of regenerative medicine to those ready to apply
cell therapy in the clinic, Cytori’s Celution® System has been
developed to provide a qualitative and quantitatively consistent
adipose-derived cell suspension that is available for immediate use
or for cryogenic storage until it is needed in the future. As an
investigative team transitions their discoveries into therapies, the
Cytori’s Celution® System provides all of the resources required
to successfully acquire and process source tissue and to recover
and deliver regenerative cells within the surgical suite.

An overview of how the Cytori’s ADRC isolation technology
functions is shown in Fig. 2. (1) Adipose tissue collected into
60-cc Toomey syringes is injected into the tissue injection port of
the disposable sterile container capable of processing up to
~400 mL of aspirated tissue. (2) The tissue is prepared for enzy-
matic release of the ADRCs through a series of washing steps
using Lactated Ringer’s solution. The proprietary Celution
System software algorithms customize the washing parameters
for each tissue depending on starting mass and through monitor-
ing of the wash solution via optical sensors as it is pumped to a
waste solution collection bag. (3) After optimal washing of the
starting tissue is achieved, a proprietary clinical-grade enzyme
solution (Celase®) is reconstituted in Lactated Ringer’s solution
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Fig. 2. Overview of Cytori’s regenerative cell isolation technology.

and then injected into the container, where it is mixed with the
tissue. The Celase™ solution in combination with software-regu-
lated mechanical agitation optimally releases the stem and regen-
erative cell populations from surrounding extracellular matrix and
from each other into the Ringer’s solution and away from the
buoyant lipid-containing mature adipocytes. Through this pro-
cess, the ADRC population undergoes a twofold to threefold
enrichment, since mature adipocytes comprise 50-60% of the
cells within adipose tissue. (4) The released ADRCs are trans-
ported from the container into the microconcentration chamber
where they are further collated in a series of wash and concentration
steps. (5) The final output of ADRCs remains in 5 mL or less of
Lactated Ringers, which is recovered using a syringe and blunt
end needle. At this point, the cells are ready for further use.

At first appearance, the process appears relatively simple. The
development and optimization of automated ADRC isolation
and enrichment processes at each of these steps, however, is not
trivial. Table 2 details some of the challenges that must be
addressed. Broadly these process considerations can be assigned
to three categories: those affecting safety, those affecting efficacy,
and those that affect both.

All components of the Cytori’s ADRC isolation equipment
that come into contact with either the adipose tissue or cells must
be composed of biocompatible materials. An extensive analysis of
all fluidic pathway materials’ biocompatibility was performed to
ensure the highest levels of safety for not only the cells being iso-
lated but for the system user as well. Furthermore, sterility and
stability testing is performed on all of the consumable set compo-
nents to ensure a safe, toxin free, and aseptic pathway is main-
tained during cell isolation and concentration.
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Table 2

A multivariate optimization strategy required to develop an automated ADRC
isolation and enrichment platform

Processing stage

Variable combinations evaluated

Washing

Enzymatic release of cells

Cell concentration

Number of washes

Volume of wash solution to tissue
Duration of agitation

Separation of lipid and aqueous phases
Temperature during wash steps

Enzyme concentration

Temperature during enzymatic release

Volume of cell release solution

Speed and duration of tissue perturbation during enzymatic
processing

Duration of aqueous and lipid phase separation

Volume and repetition of washes after initial released cell removal
for concentration

Centrifuge time and speed

Fluid column height

Removal and addition speed of cell suspension and wash solution
Fluid temperature

Another important parameter requiring optimization is the
tissue preparatory wash steps. Combinatorial evaluations of wash
solution composition, volume, wash time, method of perturbation,
geometry of processing chamber, and subsequent fluid path
design were performed to reduce the content of dead or dying
nucleated cells and red blood cells prior to release of the ADRCs
from the tissue.

Probably the most critical aspect of successful automated ADRC
isolation is the identification of maximally safe and efficacious
conditions for cell release from the adipose tissue. Unlike bone
marrow, peripheral blood, or cord blood cell isolation in which
stem cells are already suspended within the collected body fluid
and can easily be concentrated or enriched through density gradient
separation or magnetic immune-bead methods, the regenerative
cells within adipose are released through enzymatic digestion of
surrounding extracellular matrix and intercellular connecting
proteins. Key elements to successtful enzymatic release of ADRCs
from adipose are the composition of enzyme(s) used, the concen-
tration, or level of enzyme activity, and the duration of tissue
exposure to the enzyme.

Similar to the issues associated with starting tissue composi-
tion, the makeup of the enzyme solution used to release ADRCs
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Table 3
Commonly used commercial enzymes used to manually isolate cells from adipose
Enzyme name Manufacturer Protease composition References
Liberase™ Blendzyme 1,2, 3 Roche Type 1/1I collagenase and (23)
thermolysin (Various ratios) (24)
Sigma collagenase Sigma/Aldrich Type II collagenase, various (25)
contaminating proteases
(thermolysin, clostripain)
Collagenase type I Worthington (Clostridiopeptidase A) caseinase, (26)
clostripain, and trypsin-like
activity

from intact adipose affects automated isolation efficiency and safety.
Historically, commercially available protease products (see Table 3)
have been used by researchers to manually isolate cells from adi-
pose (22-26). Because difterent isoforms of collagen compose the
majority of the extracellular matrix within adipose, collagenase is an
important enzymatic component used. However, different types of
collagenase degrade different isoforms of collagen with varying
degrees of efficiency. To address this limitation, different mixtures
or “blends” of collagenase have been manufactured. Unless highly
purified, these collagenase cocktails also contain various amounts
of other contaminating proteases, which present a potential safety
issue. Since collagenase alone is insufficient to digest all extracellu-
lar matrix proteins, much less all cell-cell adhesion proteins, some
manufacturers have intentionally combined other proteases with
collagenase in order to increase efficiency of cell release. Ultimately
an empirical assessment must be made to identity the composi-
tion that provides the most consistent viable ADRC yield
while maintaining an acceptable safety profile. Cytori’s Celase™
solution is a clinical-grade, proprietary mixture of cGMP manu-
factured proteases demonstrated to be both safe and efficacious
regardless of the Cytori cell isolation platform chosen. The
composition of the enzyme has been rigorously evaluated to
ensure purity of the product and limited variability between pro-
duction lots. This has enabled optimization of automated enzy-
matic tissue processing parameters. Both incubation time and
enzyme activity levels have been identified that provide the maxi-
mal rate of ADRC release while ensuring clinically safe levels of
residual enzyme activity are achieved by the time the cells are
removed from the machine. The development of an efficacious
and clinically safe enzyme or enzymes for automated ADRC isola-
tion poses a significant hurdle for those who wish to develop auto-
mated methodologies independent of those already available.
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1.3. Methods Used to
Quantify and Qualify
Cells Obtained Using
Celution Device

After cell release, ADRCs are moved from the tissue-processing
container into the microenrichment chamber for concentration.
The system takes advantage of fat cell’s buoyancy in aqueous solu-
tion to separate the stem and regenerative cell fraction away from
the mature adipocytes through a port in the bottom of the process-
ing container. Optical sensors and proprietary software algorithms
work in concert to identify when transport of released cells the
enrichment chamber is complete. The microenrichment chamber
performs a series of concentration and wash cycles that function to
remove remaining cellular debris and importantly, reduce any
remaining enzymatic activity to well below the dose determined to
be unsafe. Both duration and speed of rotation during concentra-
tion steps within the microenrichment chamber are optimized to
minimize cell damage while maximizing cell recovery.

After the ADRC isolation and enrichment process is com-
pleted, the cells are resuspended in the approximately 2.5 mL of
Ringer’s solution that remains within the collection recesses
found at each end of the microenrichment chamber. During
resuspension, the ADRCs should be drawn gently in and out of
the transfer syringe several times. At this point, the ADRCs are
ready for use directly, or for further ex vivo manipulation or
study.

The three most basic and commonly evaluated parameters of
automated adipose cell isolation and enrichment processes for
research and development purposes are cell number, cell viability,
and the capacity of the ADRCs to form adherent proliferative
colonies. If one assumes the relative composition of the starting
tissue is equivalent, then recovered cell number and viability give
the most direct assessment of how changes to the device compo-
nents or software algorithms affect the total ADRC output of the
automated system. This is especially true in regard to examining
the reproducibility of effect. However, one should not limit their
assessment of automated output to just viable cell number since
these data do not provide any information in regard to effect on
a particular subpopulation of the ADRCs. Due principally to the
historical development of the adipose-derived stem cell field, an
assay originating from the bone marrow field (the colony forming
unit-fibroblast [ CFU-F] assay) was adopted as a straightforward
evaluator for the subpopulation of ADRCs known to give rise the
cultured adipose-derived adult stem cell population. It should be
noted for those who hypothesize the adherent progenitor cells
that give rise to the cultured adipose stem cells are major con-
tributors to efficacy in their studies, that while the CFU-F assay is
quite useful for examining the similarity of starting populations
between test conditions, it has not been a strong correlate to out-
come in preclinical studies. Therefore, further combinatorial
characterization by flow cytometry, in vitro differentiation assays,
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and ultimately functional verification in preclinical models comprise
the gold standard criteria that must be met to truly validate
efficacy.

The following two methods described here have been verified

for use to quantitatively and qualitatively evaluate ADRCs derived
from Cytori’s cell enrichment systems.

2. Materials

2.1. Cell Gount and
Viability Determination
Using the
NucleoGounter®

2.2. CFU-F Assay

—
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—
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. NucleoCounter Automatic Cell Counter NC-100.
. NucleoCassettes, PN M1293-0100.

. Lysing butffer, reagent A; PN. P0820-5170.

. Stabilizing butffer, reagent B; PN 0820-5180.

1.5-mL microcentrifuge tubes.

. 2-20-uL adjustable volume pipette.

. 2-20-uL pipet tips.

. 20-200-puL adjustable volume pipette.

. 20-200-uL pipet tips.

. 1x Phosphate-butffered saline (PBS) solution.
. 100% Ethanol.

. 70% Ethanol.

. Kim Wipes™.

. DMEM/F-12 50/50, 1x with 1-glutamine, 500-mL bottle.

2. Fetal bovine serum (FBS), heat inactivated, sterile filtered.

w
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. Antibiotic/Antimycotic 100x solution (ABAM), sterile, con-

tains 10,000 U penicillin-G/mL; 10,000 pg streptomycin/
mL; and 25 pg amphotericin B/mL.

. 6-well tissue culture plates.

. Pipet Aid.

. 5-mL pipets, sterile, individually wrapped.

. 10-mL pipets, sterile, individually wrapped.
. 25-mL pipets, sterile, individually wrapped.
. 0.5-10-puL adjustable volume pipette.

10.
11.
12.
13.
14.

10-100-pL adjustable volume pipette.
100-1,000-pL adjustable volume pipette.
0.1-10-uL sterile pipette tips.

1-200-uL sterile pipette tips.
100-1,000-uL sterile pipette tips.
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15.
16.
17.
18.
19.
20.
21.

1.5-mL tubes, sterile.

15 centrifuge tubes, sterile.

50 centrifuge tubes, sterile.

Rack, tube holders.

1x PBS, magnesium and calcium free.

10% Formalin.

Gill hematoxylin IIT stain.

3. Methods

3.1. Sample
Preparation for Cell
Count and Viability
Determination Using
the NucleoCounter

3.2. NucleoCounter
Operation

. Depending on the starting volume of adipose tissue pro-

cessed, the concentration of cells recovered from Cytori’s cell
isolation and enrichment technology is usually greater than
the maximal concentration allowed for use by NucleoCounter
(2 million cells/mL). For example, 200 mL of tissue, which
yields 250,000 cells/mL of tissue, would generate an ADRC
output cell concentration of approximately 10 million cells/mL..
Typically, diluting the ADRCs 1:10 in a diluent solution
(Lactated Ringer’s solution, PBS, physiological saline, etc.) prior
to measurement is satisfactory, in this case yielding a sample of
1x109° cells/mL. A minimum of 50 uL of sample is required for
loading cells into the NucleoCounter (see Note 1).

. Turn the instrument on by pressing the red ON/OFF

button. When the unit has started successfully, the display
should read “NucleoCounter Ready” and the green status
indicator light should be illuminated. Data may be obtained
directly from the display of the instrument or alternatively,
the NucleoCounter can be connected to a computer by a
USB connection and data collection and analysis software
may be used. This method describes use of the NucleoCounter
with NucleoView™ computer software.

. If the computer is not already running, power up the computer

and log on as user. Once the operating system is running,
launch the NucleoView program (see Note 2).

. To determine nonviable cell number acquire samples as fol-

lows: using a 20-200-uL pipette, collect a volume of thoroughly
mixed ADRC sample into a microfuge tube (see Note 3). Either
0.5-mL or 1.5-mL volume tubes are suitable. It is recom-
mended that at least 200 uL of cell suspension is acquired to
ensure representative sampling.

. Obtain a new NucleoCassette and place loading tip into

the sample. Take care to fully immerse the loading tip of the
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10.

11.

12.

13.

14.

15.

16.

NucleoCassette into the sample, to avoid air bubbles in
the flow system.

. Press the loading piston gently with your thumb, until your

thumb and the top of the piston are flush to the surface of the
cassette.

. After loading, release the piston (it will remain in place).

Make sure no sample droplets are attached to the tip, to avoid
contaminating the work surface, NucleoCounter instrument,
or yourself.

. To insert the cassette, flip the lid up or remove and set aside.

Grip the cassette on cither side of the piston barrel, but take
care not to touch the measurement window.

. Insert the cassette, beveled edge down, into the opening. Be

sure to keep the sampling tip parallel to your hand, pointing
toward your wrist.

. Press the cassette down until you hear a click. The tip will lay

parallel to the opening, along the body of the instrument.

Activate measurement by pressing the green “Run” button.
Upon completion of the analysis, the result is shown on the
display. The entire process takes approximately 30 s.

The results and the recorded fluorescent image of the sample
will appear on the computer screen. Verify that the dilution
factor and the file name for the sample are correct before run-
ning another sample.

When the process is finished, the cassette can be safely
removed. Lift the lid and grab the cassette as before and
remove the cassette.

Next the viable cell population of the sample is determined by
performing the following steps. Mix the ADRC sample by
gentle pipetting several times to obtain a homogenous sus-
pension. Transfer 100 uL of the sample into a new microcen-
triftuge tube. Add to the sample 100 uL of NucleoCounter
lysing bufter, Reagent A.

Close the sample tube and mix the sample and buffer
thoroughly for 5 s, by inverting five to ten times. Add 100 pL
of the NucleoCounter stabilization buffer to the mixture.
Mix the sample and buffers thoroughly for 5 s as before.

Obtain a new NucleoCassette and place the loading tip into
the sample. Again, take care to fully immerse the loading tip
of the NucleoCassette into the sample, to avoid air bubbles in
the flow system.

Load the sample into the NucleoCassette and the
NucleoCassette into the NucleoCounter the same as described
when determining the nonviable cell number.



Automated Isolation and Processing of Adipose-Derived Stem and Regenerative Cells 99

3.3. NucleoCounter
Data Acquisition
and Analysis

3.4. Preparation

of Media and Samples

for the CFU-F Assay

1.

Once the NucleoView software has completed the measure-
ment of both nonviable and viable cell counting, a determina-
tion for the total viable cell count and viability can be made.

. Select the Viability menu from NucleoView program.

. Verify that the correct file name is selected for the both the

total cell count and nonviable cell count, and the program
will calculate the values for total viable cells/milliliter and
viability. These values will be displayed at the bottom of the
computer screen.

. The reported numbers are then multiplied by the sample

preparation dilution factor (if' any) and by the volume (in mil-
liliters) in which the ADRCs were resuspended to determine
the total number of cells obtained by processing. The nor-
malized viable ADRC number commonly used to compare
interdonor results is obtained by dividing the total viable cell
number by the starting volume of processed tissue (viable
ADRCs/milliliter of processed lipoaspirate).

Prepare assay cell culture media in a biological safety cabinet
(BSC) as follows:

1.

Obtain an unopened 500-mL bottle of DMEM /F-12 media
(stored at 4°C). Remove 55 mL of media and discard.

. Add 50 mL of sterile-filtered fetal bovine serum and 5.0 mL

of Antibiotic-Antimycotic 100x solution to the remaining
450 mL of media.

. Carefully swirl media several times to ensure added reagents

are mixed into media.

. Label the bottle appropriately to indicate addition of the

reagents and an expiration date 1 month following the date
of preparation. Media should be stored between 2 and 8°C.

. Prior to starting the assay, the viable cell concentration for each

sample should have been determined using the NucleoCounter
as described in the previous section (see Note 4). Samples are
plated in triplicate wells on two plates at two concentrations
(5,000 cells/well and 1,000 cells /well).

. Obtain ADRC samples, refer to the recorded viable cell con-

centration, and calculate the fold dilution to obtain final plat-
ing densities of 5,000 and 1,000 cells/mL. To calculate how
much sample is needed to obtain the minimum amount of
cells required for the assay, use the following equations:

(a) (40,000 cells+viable cell concentration)x1,000=XpL
of ADRC sample
Next, calculate how much DMEM /F-12 media diluent
is needed:
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3.5. CFU-F Assay Cell
Culture

(b) 24 mL - volume of ADRC sample needed=Y mL of
media diluent (see Note 4).

. Gently pipette the ADRC sample several times to ensure

homogenous distribution prior to performing dilution steps
(see Note 5). Eighteen milliliters of media containing ADRCs
at a concentration of 1,667 cells/mL is required to plate three
wells on two 6-well plates with 3 mL of sample per well.

. Further dilute 4 mL of the remaining 1,667 cells/mL cell

suspension with 16 mL of DMEM: F12 media to get a total
volume of 20 mL cell suspension (at 333 cells/mL). Seed the
1,000 cells/well set of wells with 3 mL of cells per well.

. The six-well plate(s) are incubated at 37°C, 5% CO, in a

humidified incubator chamber for 10-14 days.

. Media is replaced with fresh DMEM:F12 media 5 days after

initial plating and every 3—4 days after until the end of the
assay.

. Media should be warmed to at least room temperature prior

to feeding cells.

. Retrieve the cell culture plate(s) from the incubator and place

inside the hood (see Note 6).

. Inspect each plate macroscopically for any sign of microbial

or fungal contamination, e.g., dark or black tiny speckles or
cloudiness in the media.

. If any macroscopic contamination is observed in a plate, set

the plate aside until media changes are made to the remaining
plates.

. Continue changing media of the noncontaminated plate(s) as

follows:

(a) Vacuum aspirate all the media from all wells.
(b) Refill each well with ~3 mL complete media.
(c) Return the plate(s) to the 37°C CO, incubator.

. For contaminated plate(s), follow the steps below:

(d) Evaluate the suspected contaminated wells by micro-
scopic observation to verify macroscopic observations.

(e) If confirmed, add 2 mL of 100% beach into all of the
contaminated well(s). Allow to sit for 10 min then aspi-
rate liquid from the plate and discard into the biohazardous
waste receptacle.

. Check the confluency of the cell colonies by microscopic

observation using an inverted phase microscope after 6-7 days
of culture and every 2—4 days thereafter to ensure colonies are
distinguishable (see Note 6).



Automated Isolation and Processing of Adipose-Derived Stem and Regenerative Cells 101

3.6. Fixation and 1.

Staining of CFU-F
Assays 2

10.

11.

3.7. GFU-F Assay Data 1.

Acquisition and
Analysis

Vacuum-aspirate media and discard into the liquid waste
container.

. Rinse each well of the assay plate by adding approximately

4 mL of PBS.

. Aspirate the PBS from all wells. Discard the PBS into the liquid

biohazard container.

. Add approximately 1 mL of 10% neutral-buftered formalin to

each well of the plate inside a fume hood or using a suitable fume
extractor device. Place culture plate lid back onto each plate.

. Let the plates sit for 15-20 min inside the fume hood.

. Aspirate the formalin from each well and properly discard it

into the formalin waste container.

. Rinse the wells by adding 2—4 mL PBS to each well.
. Aspirate PBS from all wells and discard.
. Add approximately 1 mL hematoxylin Gill III formula to

each well and incubate for 5-10 min at room temperature
(see Note 7).

Aspirate all hematoxylin from all wells and rinse gently with
tap water.

Blot off excess water by inverting and patting the plates onto
a paper towel to dry the plate(s).

After assay plates have been stained and dried, they are ready
for evaluation under a bright-field inverted microscope. If the
microscope is equipped with phase contrast optics, observa-
tion using phase contrast light enables better visualization of
lightly stained cells.

. Examine the entire surface of each sample-containing well

using a 4x objective lens. A four-quadrant grid may be drawn
on the bottom of each well using a light colored marker to
help orient the observer during colony scoring.

. Examples of CFU-F colonies are shown in Fig. 3. Ideal colonies

contain 30 or more cells (see Note 8). When deciding whether
a group of cells is one or two colonies, err on the conservative
side and make the call as one colony (see Note 9).

. For each plating density analyzed, determine the average

number of colonies per well.

. Calculate CFU-F frequency as follows:

(a) CFU-F frequency (%)=(average CFU-F per well+the
number of cells plated in that well) x 100.

. If incubation of the plates was stopped before 14 days, then

this %CFU-F should be reported as a minimum percent
frequency and the harvest day should be noted next to this
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Fig. 3. Representative images of colony forming cell colonies originating from ADRCs.
ADRC-derived CFU-F colonies are composed of cells with heterogeneous morphology
and mobility. As a result, colonies appear as loosely organized clusters of cells.

minimum frequency value. For example, if there were an
average of seven colonies per wells in the 5,000 cells/well set
of wells, and the plates were taken down after 7 days, then the
CFU-F frequency should be reported at >0.14% and the day
that the plates were scored.

4. Notes

. Two measurements are made for each sample (one to measure

dead or dying cells and one to measure all nucleated cells.
The number of viable cells is determined by subtracting the
number of dead cells from the number of total cells mea-
sured. Each measurement uses at least 50 puL of sample and
triple replicates are recommended, thus a minimum volume
of 300 uL for each sample and six Nucleocassettes is required.
To account for pipetting error and the potential need to
recount the sample if it is out of range, an extra 300 puL of
diluted sample is usually set aside.

. Never close the NC Receiver. Data from the NucleoCounter

can only be transferred when the NC Receiver is active.

. Safety precaution: at a minimum, use latex/nitrile gloves

and a lab coat when performing this procedure. Propidium
iodide, the fluorescent dye used in the NucleoCounter may
be mutagenic and/or carcinogenic. Never attempt to reuse
the Nucleocassette, or to empty it once you have loaded it.
Dispose all materials in contact with the chemical, e.g.,
tubes, pipet tips, Kimwipes, and gloves, in hazardous waste
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container(s) located throughout the laboratory. If a
Nucleocassette becomes damaged or begins to leak, any
spill should be handled as potentially hazardous waste.
Consult the propidium iodide MSDS in your laboratory for
complete details and safety precautions prior to using the
cassettes.

4. Ensure that there is a minimum of 40,000 cells per sample
prior to continuing the CFU-F assay. Ifthere are not 40,000 cells
available in the sample, it cannot be used in this assay.

5. Resuspended ADRC:s recovered from automated processing
are typically concentrated at logs higher levels than what is
required for the assay sample plating density and therefore a
stepped dilution procedure should be used when diluting the
cells to the final plating concentrations to avoid technical
error resultant from pipetting very small volumes.

6. Do not move more than six plates into the hood at a time to
avoid excessive periods of time during which cells are exposed
to suboptimal temperature and gas exchange conditions.

7. Alternatively, crystal violet dye (0.1 g crystal violet [Sigma
Aldrich] dissolved in 100 mL dH,0+0.25 mL glacial acetic
acid) can be used to stain the cells if hematoxylin is not avail-
able. After fixation and PBS wash steps, add the 0.1% crystal
violet solution for 30 min and then rinse three times with
5 mL dH,O. Plates are then ready to be counted.

8. Ideally the number of cells within a colony should be greater

than 32 cells (i.e., 5 cell doublings) to be considered a posi-
tive colony that is actively proliferating. When a sample
CFU-F concentration exceeds 2—3%, however, the random
distribution of mother cells across a well sometimes may gen-
erate colonies in close proximity to each other. Furthermore,
daughter cells in a colony may migrate away and establish a
secondary colony. When cell densities become too high, the
ability to distinguish between colonies rapidly diminishes;
therefore, a 16-cell minimum point may be more desirable if
increased accuracy and sensitivity are desired. The following
guideline is used in our laboratories:
If there is at least one colony (containing at least 50 clustered
cells) in at least five wells of the 1,000 cells/well set of wells
and at least five colonies (containing at least 50 clustered
cells) in at least five wells of the 5,000 cells/well set of wells,
then the assay can be stopped before the cells become over-
confluent. If colonies of ~32-60 cells are present and the
largest colonies appear either close to or have already begun
to merge together, incubation should be ceased and proceed
to the next step. If no colonies of this size are noted at this
time, observe semi-daily until these criteria are reached or
until day 14 after plating is reached, whichever comes first.
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If the assay is stopped before the 14-day time point, then the
CFU-F frequency should be reported as a minimum

percentage.

9. Colonies forming along the edge of the well are difficult to see
especially if the wells are not completely dry. When deciding
between one or two colonies along the edge of a well, choose
one. There are often not as many cells as it first appears.
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Chapter 9

Methods for the Purification and Characterization
of Human Adipose-Derived Stem Cells

Stan Gronthos and Andrew C.W. Zannettino

Abstract

Peripheral adipose tissue contains a population of clonogenic precursor cells referred to as adipose-derived
stem cells (ASC) that retain the capacity to differentiate into multiple cell types including osteoblasts,
adipocytes, chondrocytes, myocytes, and neuronal cells following ex vivo expansion. Recent studies have
demonstrated that ASC are most likely derived from a perivascular niche within highly vascularised fat
tissue, analogous to different mesenchymal cell populations identified in other tissues throughout the
body. The following chapter describes techniques to prospectively isolate clonogenic ASC from adult
human adipose tissue using antibodies directed against perivascular markers and methods to immunophe-
notypically characterize their ex vivo expanded progeny.

Key words: Bone marrow stromal stem cells, Mesenchymal stem cells, Magnetic-activated cell
sorting, Fluorescence-activated cell sorting

1. Introduction

Extramedullary adipose tissue is a readily accessible tissue source
for harvesting and propagating large quantities of multipotent
mesenchymal stem cell-like populations known as adipose-derived
stem cells (ASC) (1-7). The progeny of culture expanded ASC
represent potential candidates for cell-based therapies designed
to treat bone and cartilage defects/disorders, cardiovascular
disease, neurological disorders, autoimmune diseases, as well as
improve bone marrow (BM) and solid organ transplantation out-
comes (8, 9). While the accessibility and quantity of ASC that can
be recovered offers much appeal, the practical application and
safety of using ex vivo expanded populations for clinical
applications remains to be determined (10-12). However, what
is clear is the need to better understand the basic properties of

Jeffrey M. Gimble and Bruce A. Bunnell (eds.), Adipose-Derived Stem Cells: Methods and Protocols,
Methods in Molecular Biology, vol. 702, DOI 10.1007/978-1-61737-960-4_9,
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culture-expanded ASC in order to properly assess their growth,
developmental potential, and capacity to modulate immune
responses. An emerging area of research focus centres on the
characterization of the stem cell niche and the identification of
the microenvironmental factors that regulate immature MSC-like
populations in situ. Further studies in this area are expected to
help develop improved methodologies for cultivating safer and
more potent ASC therapeutic cell preparations for regenerative
medicine applications.

Thus far, the majority of studies have utilized plastic adher-
ence for the selection of clonogenic ASC based on the method-
ologies used to isolate MSC-like populations from other tissue
sources. The development of novel antibody reagents to posi-
tively select for BM-derived MSC within a background of hae-
matopoietic cell populations has led to the characterization of the
basic properties that define clonogenic MSC and their progeny
(13-24). More recently, similar immunoselection strategies have
been employed to identity different MSC-like populations pres-
ent within various calcified and soft-tissue sources that appear to
share many genotypic, phenotypic, and functional characteristics
to those described for BM-derived MSC (25-27). Comparative
analyses have demonstrated that some of these antibody reagents
that react with antigens associated with perivascular cells (STRO-1,
CD146, 3G5, alpha-smooth muscle actin) have a high affinity for
selecting MSC-like populations from peripheral adipose tissue or
identifying precursor populations in situ around blood vessels
(25-30). Overall, these reports confirm a perivascular-like phe-
notype for ASC, similar to mesenchymal stem cell-like popula-
tions found in other tissues, including BM, dental pulp,
periodontal ligament, skeletal muscle, pancreas, and placenta
(18, 22, 25, 27, 31, 32). Moreover, several studies have impli-
cated pericytes as the most likely candidate population represen-
tative of multipotent MSC-like populations identified in different
tissues (22, 25, 31, 33, 34). The present chapter describes a
method for generating highly purified preparations of clonogenic
ASC from human extramedullary adipose tissue, based principally
on their expression of perivascular/mesenchymal stem cell-associated
markers (18, 22).

2. Materials

. Collagenase 1.

. Dispase II.

100 mM HEPES, pH 7.35.

. Phosphate-buffered saline solution (PBS), pH 7 4.
. Hanks balanced salt solution (HBSS).

L N I



14.

15

22.
23.
24.
25.
26.
27.
28.
29.
30.
31.

32.

33.
34.
35.

36.
37.
38.
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. HHF wash bufter: HBSS supplemented with 5% (v/v) fetal

bovine serum (FBS) and 10 mM HEPES.

. Blocking bufter: HHF supplemented with 5% (v/v) normal

human AB serum.

. Fetal bovine serum (FBS).

. 40- and 70-pum Falcon cell strainers.
10.
11.
12.
13.

50-ml Falcon tubes.
4-ml polystyrene tubes.
4-ml polypropylene tubes.

FACS Fix: 1% (v/v) formalin in PBS supplemented with
0.1 M d-glucose, 0.02% sodium azide.

Cell Counting Fluid: 0.4% Trypan Blue in PBS.

. Alpha-Modification of Eagle’s Medium (o-MEM).
16.
17.
18.
19.
20.
21.

Bovine serum albumin (Cohn fraction V).
L-Ascorbic-2-phosphate (100-mM stock).
L-Glutamine (200-mM stock).

Sodium pyruvate (100-mM stock).
B-mercaptoethanol (14-M stock).

Penicillin (5,000 U/ml) and streptomycin (5,000 pg/ml)
100x stock solution.

0.5%Trypsin/EDTA solution.

T-25 and T-75 culture flasks.

6-well culture plates.

0.22-um Ministart low protein-binding filters.
1.8 ml Cryo-tubes.

Dimethyl sulphoxide (DMSO).
Paraformaldehyde.

Toluidine Blue.

Tween-20.

Biotinylated goat anti-mouse IgM (u-chain specific) or anti-
mouse 1gG (y-chain specific).

Goat anti-mouse IgM or anti-mouse IgG conjugated to fluo-
rescein isothiocyanate (FITC).

Streptavidin-conjugated FITC.
Polypropylene Falcon tubes, 4 and 14 ml.

Sheep anti-mouse IgG-conjugated or rat anti-mouse IgM-
conjugated magnetic Dynabeads.

MPC-1 magnetic particle concentrator.
Eight-chamber plastic culture slides.
Prolong gold anti-fade mountant with DAPI.
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3. Methods

3.1. Preparation

of Single-Cell
Suspensions from
Human Adipose Tissue

3.2. Fluorescence-
Activated Cell Sorting
for ASC

The methods described below outline: (1) the isolation and
enrichment of clonogenic adipose-derived stem cells (ASC) by
magnetic bead and fluorescence-activated cell separation; (2) ex
vivo expansion and cryopreservation of human ASC; and (3)
immunophenotypic analysis of cultured human ASC.

1. Abdominal wall-derived adipose tissue can be obtained dur-
ing routine adominoplasty following informed patient con-
sent and with institutional human ethics clearance. All
experimental working is carried out within a biohazard lami-
nar flow hood. Aseptic technique is used throughout the pro-
cedure. The adipose tissue is separated from the skin and
dermis crown and cut into small pieces using sterile surgical
scalpels, then washed five times with PBS.

2. The tissue pieces are digested in a solution of collagenase type
I (3 mg/ml in PBS) and dispase II (4 mg/ml in PBS) for
2-3 h at 37°C (approximately 1 mg tissue per 0.5 ml of
enzyme solution). The enzyme-digested cell tissue prepara-
tion is then washed twice in HHF by centrifugation at 400 x g4
for 10 min.

3. A single-cell suspension of adipose-derived cells is obtained
by sequential separation through a 70-um and then a 40-um
cell strainer. The cells are then washed in HHF by centrifuga-
tion at 400 x g for 10 min.

4. Add 20 pl of cell suspension to 80 ul of 0.4% Trypan Blue solu-
tion and count the number of cells using a hemocytometer.

Fluorescence-activated cell sorting (FACS) can be used to selec-
tively identify and isolate the ASC population. Following adipose
tissue harvest and enzymatic digestion, we routinely recover
approximately 2—-3 x 10° cells from 1 mg of adipose tissue.

1. Prior to immunolabelling, adipose cells (5-10x10°) are
resuspended in 0.5-ml blocking buffer and incubated on ice
for approximately 30 min to reduce the possibility of Fc
receptor-mediated binding of antibodies.

2. The cells are then incubated with primary antibodies reactive
with ASC using either STRO-1 (mouse IgM anti-human
MSC) (18, 35), CCY (mouse IgG,, anti-human CD146/
MUC-18) (15, 22), 3G5 (mouse IgM anti-human pericyte)
(22, 27), or STRO-4 (mouse IgG, anti-human heat shock
protein-f) (36) for 1 h on ice at a concentration of 10 pg,/ml
for purified antibodies and one half dilution for hybridoma
supernatants (18, 35) (see Note 1).
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3. Separate tubes containing 2 x 10° cells are incubated with the
relevant isotype-matched control mouse monoclonal anti-
bodies used in this study: 1A6.12 (IgM), IB% (IgG,), and
1A6.11 (IgG,,) (kindly provided by Prof. L.K. Ashman,
University of Newcastle, NSW, Australia) (see Note 2).

4. After washing with HHE, the cells are incubated with either
goat anti-mouse IgM or IgG conjugated to FITC for 45 min
on ice (see Note 3).

5. Single-colour FACS can be performed on any fluorescence-
activated cell sorter fitted with a 250-mW argon laser emit-
ting light at a wavelength of 488 nm able to detect FITC.
Positive reactivity for each antibody was defined as the level of
fluorescence greater than 99% of the isotype-matched control
antibodies.

6. Primary cultures are initiated at a seeding density of 1-10x 10*
cells/cm? in a-MEM supplemented with 20% (v/v) FBS, 2 mM
L-glutamine, 100 uM L-ascorbate-2-phosphate, 50 U/ml
penicillin, 50 pg/ml streptomycin, and B-mercaptoethanol
(5x107° M) (see Note 4).

7. After reaching 90% confluency, primary ASC can be subcul-
tured by washing once with HBSS and liberated by enzymatic
digestion by the addition of 3 ml of 0.5% Trypsin/EDTA
solution per T-75 culture flask for 2-5 min at 37°C (see
Note 5).

8. The single-cell suspension is then washed twice in growth
medium containing as above with 10% FBS at 400xy4 for
10 min and reseeded into fresh culture flasks at a plating den-
sity of 0.5-1x10* cells/cm? in regular growth medium,
o-MEM supplemented with 10% (v/v) FBS, 2 mM
L-glutamine, 100 uM L-ascorbate-2-phosphate, 50 U/ml
penicillin, 50 pg/ml streptomycin, and B-mercaptoethanol
(5x10° M) (see Note 6).

3.3. Magnetic Bead Paramagnetic bead separation can be used as an alternative
Isolation of ASC method to FACS to obtain purified preparations of human ASC.

1. Prior to immunolabelling, cells liberated from adipose tissue
as described in Subheading 3.1 are resuspended in 0.5-ml
blocking buffer and incubated on ice for approximately
30 min to reduce the possibility of Fc receptor-mediated
binding of antibodies.

2. The cells are then incubated with primary antibodies reactive
with ASC using either of the monoclonal antibodies described
in Subheading 3.2.

3. Labelled cells are washed twice with PBS /1% bovine serum
albumin (400xyg for 10 min) then incubated with either
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3.4. Assessment
of ASGC Colony
Efficiency

3.5. Flow Cytometric
Analysis of ASC

sheep anti-mouse IgG-conjugated or rat anti-mouse
IgM-conjugated magnetic Dynabeads (four beads per cell)
for 40 min on a rotary mixer at 4°C. Cells binding to beads
are removed using the MPC-1 magnetic particle concentrator
according to the manufactures recommended protocol.

4. The STRO-1, STRO-4, CD146, or 3G5 bead-positive cells
are then resuspended in regular growth medium described in
Subheading 3.2.

5. Primary cultures are initiated and maintained as described in
Subheading 3.2 (see Note 7).

The expected incidence of CFU-F colony in human adipose tis-
sue is approximately 400 CFU-F per 10° unfractionated cells
plated.

1. Single-cell suspensions of adipose tissue are seeded into
6-well culture plates at 0.3, 1.0, and 3.0 x 10* cells per well in
regular growth medium described in Subheading 3.2 with
20% (v/v) FBS. Cultures are set up in triplicate and incu-
bated at 37°Cin 5% CO, and >90% humidity for 12 days (see
Note 8).

2. For enumeration, day 12 colonies are washed twice with PBS
and then fixed for 20 min in 1% (w/v) paratformaldehyde in
PBS.

3. The fixed cultures can then be stained with 0.1% (w/v) tolui-
dine blue (in 1% paraformaldehyde solution) for 1 h then
rinsed with tap water and allowed to dry. Aggregates of
greater than 50 cells are scored as CFU-F using a dissecting
light microscope. Colonies should be visually checked at day
10 to ensure that there is no overgrowth of cells making it
difficult to enumerate individual colonies.

To characterise the immunophenotype of ex vivo expanded ASC,
flow cytometric analysis can be used to measure the expression of
mesenchymal and non-mesenchymal stem cell-associated surface
markers at different cell passages.

1. Adherent ex vivo expanded ASC at 70-80% confluency are
washed once with HBSS and liberated by enzymatic digestion
by the addition of 3 ml of 0.5% Trypsin/EDTA solution per
T-75 culture flask for 5 min at 37°C. The single-cell suspen-
sion is then washed twice in HHF at 400 x g for 10 min.

2. Cell count and assessment of viability is performed as described
above.

3. Resuspend ASC for immunolabeling in 0.5-ml blocking buf-
fer and incubate on ice for approximately 30 min to reduce
the possibility of Fc receptor-mediated binding of antibodies.



3.6. Immuno-
fluorescence
Staining of Cultured
ASC

3.7. Gryopreservation
of Ex Vivo Expanded
ASC

Isolation and Purification of ASC 115

. Individual 4-ml round bottom polypropylene tubes containing

1x10° culture-expanded ASC are incubated with appropriate
primary murine monoclonal IgG antibodies or isotype-matched
controls at a concentration of 10 pg,/ml for purified antibodies
or one half diluted hybridoma supernatant for 1 h on ice. Wash
the cells twice in 2 ml HHF as described above.

. Incubate cells with appropriate secondary detection reagent

goat anti-mouse IgG ~FITC-conjugated antibody or anti-
mouse IgM-FITC (1:50) or for 45 min on ice (see Note 9).
Wash the cells twice in 2 ml HHF.

. Resuspend cell pellet and add 0.5 ml FACS Fix solution to

each tube to fix the cells.

. Analyse the cells on any fluorescence-activated cell analyser

fitted with a 250-mW argon laser (Fig. 1).

. Staining of cultured adherent ASC can be performed using an

eight-chamber plastic slide. Approximately 15x 10? cells are
seeded per chamber in regular growth medium and allowed
to incubate at 37°C 5% CO, for 2-3 days.

. Wash the cells three times with PBS.
. Fix cells in 2% paraformaldehyde/PBS for 5 min at room

temperature.

4. Wash cells three times in PBS + 0.5% Tween 20.

. Incubate cells with blocking solution of 5% normal goat

serum for 1 h at room temperature.

. Samples are then incubated with either primary antibodies or

relevant isotype control antibodies for 1 h at room temperature.

. Following three washes in PBS +0.5% Tween 20, the wells are

incubated with the secondary detection antibodies, goat anti-
mouse IgM-FITC or IgG-FITC at a 1:50 dilution, for

45 min at room temperature.

. After washing in PBS+0.5% Tween 20, the samples can be

mounted with prolong gold anti-fade mountant containing
DAPI (4',6-diamidino-2-phenylindole dihydrochloride) for
nuclear staining (see Note 10).

. The cells are viewed under a UV microscope such as Olympus

BH2-RFCA fluorescence microscope (Fig. 2).

. Routinely, single-cell suspensions of culture expanded ASC

are prepared by trypsin/EDTA digest as described above.
The cells are then diluted and washed in cold HFF.

. The cell pelletisresuspended ata concentration of 1 x 107 cells /

ml in FBS and maintained on ice. An equal volume of freeze
mix (20% DMSO in cold FBS) is then added gradually while
gently mixing the cells to give a final concentration of
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Fig. 1. Flow cytometric analysis of cell surface antigens. Representative histogram of flow cytometric analysis of ex vivo
expanded ASC at cell passage 2 following trypsin/EDTA detachment. Isotype-matched control antibodies (/ight line) and
test antibodies (dark solid line) were FITC conjugated. The horizontal bars indicate regions showing the percentage of
positive cells above background fluorescence.
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5x10°cells/mlina 10% DMSO /FBS. One-millilitre aliquots
are then distributed into 1.8-ml cryovials pre-cooled on ice,
i.e., 1 ml/tube, then frozen at a rate of -1°C/min using a
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rate-control freezer (see Note 11).
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Fig. 2. In situ immunofluorescence staining of cultured ASC. Representative fields of ex vivo expanded (passage 2) ASC
at 70% confluency, stained with FITC-conjugated antibodies to either STRO-1, CD44 (green), or isotype-matched controls
(1A6.12 and 1B5), respectively. Nuclei were counterstained with DAPI (blue) (x200 magnification).

3. The frozen vials are then transferred to liquid nitrogen for

long-term storage. Recovery of the frozen stocks is achieved
by rapid thawing the cells in a 37°C water bath. The cells are
then resuspended in cold HFF and spun at 280xyg for
10 min.

. To assess viability of the cells, prepare a 1:5 dilution in 0.4%

Trypan Blue /PBS, and the number of cells determined using
a haemocytometer. Typically this procedure gives viabilities
between 80 and 90%.

4. Notes

. The STRO-1 antibody can also be purchased commercially

from R&D Systems Inc., Minneapolis, MN, USA.

. Isotype negative control antibodies can also be purchased

commercially from a variety of vendors including Becton
Dickinson, CALTAG Laboratories, and R&D Systems.
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10.

11.

. Other fluorochrome-conjugated antibodies can also be used,

such as phycoerythrin.

. Variations in FBS batches can severely hamper the

establishment of primary cultures and growth. Batch testing
of FBS is highly recommended to ensure optimal establish-
ment and growth of ASC.

. Adherent cell cultures if overconfluent can be liberated using

collagenase /dispase digestion. Wash the cells with PBS
then incubate in a pre-warmed solution of collagenase I
(3 mg/mlin PBS) and dispase II (4 mg,/ml in PBS) approx-
imately 1 ml/25 cm? surface area for 60 min at 37°C.
Single-cell suspensions are then washed twice in HHF

buffer.

. Growth medium can be pre-made, sterilized using a 0.22-pum

filter, and then stored at 4°C. If the medium is greater than a
week old at 4°C, then fresh 2 mM L-glutamine should be
added prior to use. Prior to culture, if cells appear to be
clumping, pass them through a 70-pum cell strainer.

. Prior to the first subculture, liberated ASC in cell suspension

can be placed onto the MPC-1 magnetic particle concentra-
tor to remove any cells that have engulfed the magnetic beads
before reseeding into culture flasks with normal growth
media.

. Variations in FBS batches can affect colony cell number and

size. Batch testing of FBS is highly recommended to ensure
optimal growth conditions.

. Other fluorochrome conjugates, such as Texas Red, can also

be used to detect red fluorescence.

Itis recommended that clear nail polish be used to seal around
the glass coverslip to stop leakage of the mountant solution
and movement of the coverslip.

The ASC can also be frozen using a Cryo 1°C freezing
container “Mr. Frosty” by placing the container holding
the cryotubes at ~-80°C overnight before transferring the
cells into liquid nitrogen. For serum-free applications,
ProFreeze solution containing a final concentration of
7.5% DMSO can be substituted for 10% FBS/DMSO

freeze mix.
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Chapter 10

Characterization of Human Adipose-Derived Stem Cells
Using Flow Cytometry

H. Alan Tucker and Bruce A. Bunnell

Abstract

One of the hallmark characteristics of human adipose-derived stem cells (hASCs) is their ability to
differentiate into cells of mesenchymal lineages. It is also becoming apparent that ASCs can mediate a
therapeutic benefit through cytokine, paracrine-driven mechanisms influencing apoptosis, angiogenesis,
and potent anti-inflammatory responses. Although there is still no clear consensus on the antigen expres-
sion pattern that will define hASCs, a protocol is also presented for the flow cytometric analysis utilizing
a series of antibody panels. The analysis of these surface epitope patterns can aide in the isolation and
characterization of hASCs. Moreover, using this standardized antibody panel, direct comparisons can be
made between ASCs isolated from various tissue sources, which will benefit the field by providing unifor-
mity to the comparison process.

Key words: Adipose-derived stem cells, Characterization, Expansion, Human, Surface epitopes,
Stem cells

1. Introduction

Adipose tissue is an abundant and accessible source of adult or
somatic stem cells termed adipose-derived stem cells (ASCs).
ASCs have generated a great deal of interest in the field of regen-
erative medicine for tissue engineering applications in last few
years. Rodbell and colleagues first pioneered the procedures for
the isolation of ASCs using rat epididymal fat (1-4). These methods
were later adapted and refined for human tissues by multiple
groups (5-8). The method relies on a combination of physical
disruption of the tissue, collagenase digestion, and final selection
of the ASCs based on their plastic adherence. This final step
enriches the ASCs from the heterogeneous stromal vascular

Jeffrey M. Gimble and Bruce A. Bunnell (eds.), Adipose-Derived Stem Cells: Methods and Protocols,
Methods in Molecular Biology, vol. 702, DOI 10.1007/978-1-61737-960-4_10,
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fraction (SVF) cells by ~30-fold (9). The plastic-adherent cell
population isolated from collagenase digests of adipose tissue has
been described by several different names in the literature, including
adipose-derived stem/stromal cells (ASCs); adipose-derived adult
stem (ADAS) cells, adipose-derived adult stromal cells, adipose-
derived stromal cells (ADSC), adipose stromal cells (ASC),
adipose mesenchymal stem cells (AdMSC), lipoblast, pericyte,
pre-adipocyte, and processed lipoaspirate (PLA) cells. Due to
significant confusion in the literature, the International Fat
Applied Technology Society reached a consensus to adopt the
term adipose-derived stem cells (ASCs) to identify the isolated,
plastic-adherent, multipotent cell population.

The characterization of hASCs can be augmented with a
battery of monoclonal antibodies and flow cytometry analyses to
determine the presence or absence of particular cell surface pro-
teins (Table 1). Unlike hematopoietic cells, however, there is little
consensus on the antigen expression pattern that can precisely
define ASCs. The utility of flow cytometric analysis of cell surface
proteins lies in determining the type of cells obtained and estab-
lishing continuity of results among cell preparations and over
time in culture. Due to the large number of antibodies needed to
evaluate ASCs, a large number of cells is needed to complete the
procedure. This problem can be alleviated in part using a panel of
antibodies in each analysis thus reducing the number of cells
needed from 30 million to 3 million per panel. The number of
antibodies that can be mixed is determined by the type of flow
cytometer, the number of channels that the instrument has available,
the cross-reactivity of the antibodies with each other, and the
availability of fluorochrome conjugates. The list of surface antigens
that can be examined on ASCs is extensive. The protocol presented
here includes the antibody panels that we commonly use for standard
characterization of ASC and MSC preparations.

2. Materials

2.1. Reagents

1. Alpha Minimum Essential Medium (o0MEM) with -glutamine,
without ribonucleosides or deoxyribonucleosides.

2. Fetal bovine serum (FBS), premium select, hybridoma-qualified,
not heat-inactivated — selected from a screen of four to five
lots as providing the most rapid growth of hASCs.

3. L-Glutamine (200 mM) in solution of 0.85% NaCl.

4. Penicillin G (10,000 U/mL) and streptomycin sulfate
(10,000 pg,/mL) in solution of 0.85% NaCl ( Optional).

5. Phosphate-buftered saline (PBS) without Ca** or Mg**, 1x.
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Table 1

Descriptions of CD markers used for MSC updated flow cytometry panel
Marker Description

CD3 OKT3, integral membrane glycoprotein that associates

with T cell antigen receptor (TCR), and is required for
TCR cell surface expression and signal transduction

CDI11b Integrin alpha M, Mac-1; Mediates adhesion to substrates
by opsonization with iC3b and subsequent phagocytosis,
neutrophil aggregation, chemotaxis

CD14 Lipopolysaccharide (LPS) receptor, monocyte differentia-
tion antigen

CD19 Co-receptor with CD21; earliest B cell antigen in fetal
tissue. Present on all B lymphocytes

CD29 Fibronectin receptor. Involved in cell-cell and cell-matrix
activity

CD34 Cell—cell adhesion molecule and cell surface glycoprotein.

Expressed on virtually all hematopoetic progenitor cells,
including multipotential stem cells

CD36 Platelet GPIV or GPIIIb; thrombospondin receptor. Cell
adhesion molecule in platelet adhesion and aggregation,
platelet—monocyte and platelet—tumor cell interaction

CD44 Family of cell surface glycoproteins with isoforms gener-
ated by alternate splicing of mRNA. Important in
epithelial cell adhesion to hyaluronate in basement
membranes and maintaining polar orientation of cells;
also binds laminin, collagen, and fibronectin

CD45 Leukocyte common antigen (LCA) expressed on all human
white blood cells

CD49b Very late antigen (VLA) alpha 2 chain — on T cells, a.k.a.
GPIa/IIa when expressed on platelets

CD49c¢ Very late antigen (VLA) alpha 3 chain. Receptor for
laminin, collagen, fibronectin, thrombospondin

CD49d Reacts with the integrin alpha 4 chain. Mediates binding to
VCAM-1

CD49f Very late antigen (VLA) alpha 6 chain; laminin receptor

CD59 Protectin, regulates complement-mediated cell lysis by
inhibiting formation of membrane attack complex
(MACQ)

CD73 Ecto-5’-nucleotidase

CD79a MB-1, B-cell antigen receptor complex associated protein

alpha-chain

CD90 Thy-1. Associated with multipotent progenitor activity

(continued)



124 Tucker and Bunnell

Table 1

(continued)

Marker Description

CD105 Endoglin, regulatory component of TGF-beta receptor
complex; mediates cellular response to TGF-beta 1

CD106 VCAM-1; alpha 4 beta 1 ligand

CD117 c-kit, stem cell factor receptor

CD146 S-Endo, Mucl8, and MCAM. Expressed in human
endothelium

CD147 Neurothelin, extracellular matrix metalloproteinase inducer

CD166 Activated leukocyte cell adhesion molecule (ALCAM)

CD184 CXCR4, stromal cell-derived factor 1 (SDE-1). Receptor for
the CXC chemokine SDF-1

CD271 Nerve growth factor receptor (NGFR)

c-Met HGER or hepatocyte growth factor receptor

HLA-1, ABC The antigen corresponds to a monomorphic determinant

of human HLA class I molecules. HLA-ABC is associ-
ated with B-2 microglobulin

HILA-2, DR, DP, DQ All major histocompatibility Class II HLA-DR, DP, and
most DQ antigens expressed on B cells, antigen-presenting
cells and activated T cells

Isotype controls Mouse IgG1/mouse IgG2a
PODXL Podocalyxin or PCLP

6. 0.25% Trypsin and 1 mM ethylene diaminetetraacetic acid
(EDTA) in Hanks’ Balanced Salt Solution (HBSS).

7. 0.4% Trypan Blue in solution of 0.85% NaCl.

8. Ethanol (70%, 95%, 100%).

9. Isopropanol (100%).
10. Methanol (100%).
11. Deionized (DI) water.
12. Distilled water (dH,O).
13. Neutral-buftered formalin, 10% (NBF).
14. Clear-rite 3 (Richard-Allan Scientific; catalog # 6901).
15. Permount Mounting Media (Fisher; catalog # SP15-500).
16. CD36 FITC IgG1 (Beckman—Coulter; catalog # IM0766).
17. CD34 PE IgG1 (Beckman—Coulter; catalog # IM1871).
18. CD19 ECD IgGl (Beckman—Coulter; catalog # IM2708).
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CDI11b PeCy5 IgGl (Beckman—Coulter; catalog # IM3611).
CD45 PeCy7 1gGl (Beckman—Coulter; catalog # IM3548).
PODXL FITC IgG2a (MBL; catalog # M084-4).

CD166 PE IgGl (Beckman—Coulter; catalog # A22361).
CD90 PeCy5 IgGl (Beckman—Coulter; catalog # IM3703).
CD49b FITC IgGl (Beckman—Coulter; catalog # IM1425).
CD105 PE IgGl (Beckman—Coulter; catalog # A07414).
CD184 APC IgG2a (BD Biosciences; catalog # 555976).
CD3 PeCY7 IgGl (Beckman—Coulter; catalog # 6607100).
CD147 FITC IgG1 (BD Biosciences; catalog # 555962).
CD49c PE IgGl (BD Biosciences; catalog # 556025).
CD29 PeCy5 IgG1 (BD Biosciences; catalog # 559882).
CD59 FITC IgGl (Beckman—Coulter; catalog # IM3457).
CD146 PE IgG2a (Beckman—Coulter; catalog # A07483).
CD79a PeCy5 IgGl (Beckman—Coulter; catalog # IM3456).

HILA-Class I: ABC FITC IgG1 (BD Biosciences; catalog #
555552).

CD271 PE IgGl (BD Biosciences; catalog # 557196).
CD49f PeCy5 IgG1 (BD Biosciences; catalog # 551129).
CD117 PeCY7 IgGl (Beckman—Coulter, catalog # IM3698).

HLA-Class 1I: DR, DP, DQ FITC IgGl (BD Biosciences;
catalog # 555558).

CD73 PE IgG1 (BD Biosciences; catalog # 550257).
CD106 PeCy5 IgGl1 (BD Biosciences; catalog # 551148).
HGEF(c-Met) FITC IgGl1 (EBioscience, catalog # 11-8858-71).
CD49d PE IgGl1 (BD Biosciences, catalog # 555503).
CD14 ECD IgG2a (Beckman—Coulter, catalog # IM2707).
CD44 APC IgG2a (BD Biosciences, catalog # 559942).

. Biological Safety Cabinet, Class IT (BSC).
. Centrifuge with swinging bucket rotor, capable of holding

various tube sizes up to 200 mL.

. Incubator, water jacketed and humidified with 5% CO,, main-

tained at 37°C.

4. Microscope, inverted, phase.

. Vacuum aspiration source with tubing and waste container.

. Five-color-capable flow cytometer.
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2.3. Supplies

2.4. Solutions

1. Sterile plastic disposable serological pipettes: 5 mL, 10 mL,
25 mL, and 50 mL.

2. Sterile plastic disposable pipettes for vacuum aspiration.

3. Single channel pipettors, air displacement, capable of accu-
rately measuring from 10 to 1,000 pL.

4. Sterile aerosol-barrier pipette tips: 10, 20, 200 and 1,000 pL.

ul

. Sterile plastic disposable conical centrifuge tubes: 15 and
50 mL.

. Plastic disposable snap-cap centrifuge tubes: 1.5 mL.
. Costar 6-well TC-treated microplates.
. Sterile 250-mL filter units 0.22-pum pore size.

O 0 NN O

. Sterile 500-mL filter units, 0.22-pum pore size.
10. Sterile 1,000-mL filter units, 0.22-um pore size.

11. Sterile tissue culture dishes/flasks: 15-cm diameter (145-cm?)
dishes, or T175 (175-cm?) flasks.

12. Whatman #1 filter paper.
13. Disposable transfer pipettes: 3 mL.

14. 5-mL Polystyrene culture test tubes, 12x75 mm or tubes
recommended by the flow cytometer manufacturer.

Complete Culture Medium (CCM): 500 mL o-MEM, 100 mL
FBS (final concentration ~16.5%), 6 mL L-glutamine (final
concentration 2 mM), and 6 mL Penicillin G and streptomycin
sulfate (final concentration 100 U/mL penicillin and 100 pg/
mL streptomycin — Optional).

Filter medium through 0.22-pm sterile filter unit. Divide into
aliquots and store at 4°C for up to 2 weeks (see Note 1).

3. Methods

3.1. Gulture and
Expansion of ASCs
from Frozen Vials
of Viable Cells

All supplies and reagents are sterile and the culture procedure should
be performed in a tissue culture hood using aseptic techniques. All
materials to be used in the biosafety cabinet (BSC) should be wiped
down with 70% ethanol before bringing it in to the BSC. Lab coats
and gloves should be worn when working with the cells.

1. The cells are rapidly thawed at 37°C and immediately seeded
in a 28-cm? or a 175-cm? plate in CCM.

2. Twenty-four hours after plating, aspirate the entire medium from
the plates and replace with fresh CCM (see Notes 1 and 2).

3. The cells are maintained in a humidified tissue culture incubator
at 37°C with 5% CO,.



3.2. Staining Procedure
for Surface Epitope
Characterization

of hASCs
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4. The medium is changed every second day until the cells reach
80-90% confluence, and then the cells can be harvested for
flow cytometric analysis.

5. For harvesting viable ASCs, add a small volume (5-10 mL) of
sterile warm PBS to the plates and allow PBS to remain on
cells for 2 min.

6. Replace the PBS with 5 mL of trypsin /EDTA solution (0.5%).
Incubate in incubator for 5—10 min. Verify under microscope
that more than 90% of the cells have detached and then add
5 mL of CCM to allow the serum contained in the solution
to neutralize the trypsin reaction.

7. Transfer the medium containing the suspended cells from the
well to a sterile 50-mL tube.

8. Centrifuge at 1,200 rpm (300 xg) for 5 min.

9. Aspirate the supernatant and suspend the cells in a small volume
of stromal medium (~250 pL).

10. Proceed to cell counting by taking an aliquot of cells diluted in
Trypan Blue (for a 1:8 dilution: add 12.5 pL of suspended cells to
87.5 uL of Trypan Blue). Count cells using the hemocytometer.
After counting, cells can then be used for flow cytometry.

Viability of the cells can be checked using 0.4% Trypan Blue
(Sigma). To 250 puL of Trypan Blue, add 150 pL. HBSS and
100 pL cell suspension (dilution factor=5). Wait 5-15 min. (If
cells are exposed to Trypan Blue for extended periods of time,
viable cells as well as nonviable cells may begin to take up the dye).
Count cells in five large squares on one side of the hemocytometer
and calculate the number of cells per milliliter using the formula:

total cells counted x dilution factor x 10*

=# cells/ml
number of large squares counted

The four corner squares and the center square (1, 3, 5,7, 9 on
one side or 10, 12, 14, 16, 18 on the other side) in the figure
below are considered the large squares.

Total number of cells : number of cells/mL X total volume (in mL)

Nonviable cells will stain blue and live cells will be unstained.
Count both blue and clear cells.

Total viable cells (unstained) <100

Viability (%):
iability (%) Total cells (stained and unstained )

1. Perform flow cytometer start up and quality control. The
instrument procedure for startup and quality control should
be performed as described by the manufacturer. This should
include the analysis of fluorescent beads to validate the function
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of'the lasers, flow systems, and detection systems. Any problems
encountered during this phase should be corrected before
proceeding with the analysis of prepared samples.

. Following the antibody manufacturer’s recommendations,

the appropriate volume of reagents should be dispensed into
a series of eight 1.5-mL microfuge tubes (a panel) as
follows:

Tube 1: CD36 FITC,CD34 PE, CD19 ECD, CD11b PeCy5,
CD45 PeCy7

Tube 2: PODXL FITC, CD166 PE, CD90 PeCy5

Tube 3: CD49b FITC, CD105 PE, CD184 APC, CD3
PeCy7

Tube 4: CD147 FITC, CD49c¢ PE, CD29 PeCy5

Tube 5: CD59 FITC, CD146 PE, CD79a PeCy5

Tube 6: HLLA-Class I: ABC FITC, CD271 PE, CD49f PeCy5,
CDI117 PeCY7

Tube 7: HLA-Class II: DR, DP, DQ FITC, CD73 PE,
CD106 PeCy5

Tube 8: HGF(c-Met) FITC, CD49d PE, CD14 ECD, CD44
APC

Tube 9: Isotype control, IgGl /IgG2a

Tube 10: Unstained control for background

The tubes containing the antibody cocktails can be made
ahead and stored at 4°C in the dark until needed.

. Harvest cells and count using Trypan Blue or other method

to determine viability. Resuspend cells in PBS at a final concen-
tration of 1 x 10° viable cells/ml. Approximately 4 x10° cells
will be required to complete this protocol.

4. Aliquot between 25 x10* and 5x 10° cells per tube set up in

step 3.2.2. Additionally, set up a 10th tube containing only
cell suspension as a control for autofluorescence. Gently
vortex to mix and incubate in the dark for 20 min at room
temperature (RT).

5. Wash the cells by adding PBS to the 1.5-mL mark on each

tube. Pellet the cells at 100 x g for 3 min at RT. Remove the
supernatant, resuspend the pellet in 1 mL PBS, and centrifuge
again. Repeat one more time for a total of three washes.

. Resuspend the final pellet in 500 L. PBS and gently vortex.

Be sure no aggregates are present.

. Using a transfer pipette, place the cell suspensions into the

12 x75-mm culture test tubes (or recommended device) and
analyze on the flow cytometer. Analyze the unlabeled cells
(Tube 10) first, followed by the isotype control (Tube 9).
Use the results of these two control tubes to set the gates
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and analysis regions. Then read each of the antibody cocktail-

labeled cells.

See Fig. 1 for typical FACS results and Table 2 for expected
expression levels of the panels of antibodies on ASCs and an
example of flow cytometry results performed on hASCs at
passages 1-4 (P1-4).

Institution: Tulane Center for Gene Therapy Run Date: xx xxx
Protocol: 5ColorOverlay.PRO Sample ID: [Mul
Listmode Replay: New Protocol User ID:
Analysis Date: 07-Dec-2009, 12:39:06 Acquisition Time/Events: - / - (UNKNOW
Settings File: XXXXXXXXXXXXXXXXXXX, dd-mm-yyyy hh:mm:ss Tube ID: xxxxxx

Listmode File: (Multiple)

CD45 CD34 CD14

Owverlay Plot 4 Owerlay Plot 1
] =] -} 8 -} 8
CD90 CD105 CD29
Owverlay Plot 2 Overlay Plot § Overlay Plot 7
. potiein - putiee Bl
=} 8 -} 8 -} 8
HLA classIl CD59 CD44
Overlay Plot 5 Overlay Plot 12 Overlay Plot 6
vt | Rl it
m =] m =] m =]

Fig. 1. Representative histogram plots for the detection of cell surface antigens on the presence of ASCs. For a full descrip-
tion, see Table 2.



130 Tucker and Bunnell

Table 2
Surface epitope expression on hASCs at passage 2 for a single donor
as determined by flow cytometry

Antibody — Fluorochrome Expected result
Protocol 1 CD36 - FITC +
CD34 - PE +
CD19 - ECD =
CD11b - PeCy5 -
CD45 — PeCy7 -
Protocol 2 PODXL - FITC +/-
CD166 - PE ++
CD90 — PeC45 +++
Protocol 3 CD49b - FITC -
CD105 - PE ++
CD184 - APC =
CD3 - PeCy5 -
Protocol 4 CD147 - FITC ++
CD49c¢ - PE ++
CD29 - PeCy5 ++
Protocol 5 CD59 - FITC dedb
CD146 - PE ++
CD79a — PeCy5 -
Protocol 6 HIA - abc - FITC +
CD271 - PE +/-
CD49f — PeCy5 +
CD117 — PeCy7 =
Protocol 7 HIA - II - FITC -
CD73 -PE ++
CD106 — PeCy5 -
Protocol 8 HGF - FITC -
CD49d - PE +/-
CD14 - ECD =
CD44 - APC +

The expected level of antigen detection of the six hASC preparations. The unlabeled cells and the isotype controls
should be negative
- Negative, +/- variable, + dimly positive, ++ moderately positive, +++ brightly positive

4. Notes

1. Place CCM in a 37°C water bath until use.

2. During the expansion phase in culture, replace the CCM
media every third day.
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Chapter 11

Evaluation of Cellular and Humoral Inmune Responses
to Allogeneic Adipose-Derived Stem/Stromal Cells

Kevin R. Mcintosh

Abstract

Adipose-derived mesenchymal stem or stromal cells (ASCs) are poised for clinical use in an allogeneic
setting. Although ASCs have been shown to be nonimmunogenic by several laboratories, it is advisable
for the investigator to confirm this for ASCs used in their studies due to variations in ASC production
and the animal models in which they are used. We describe here the use of the mixed lymphocyte reaction
(MLR) assay to determine immunogenicity and suppression by ASCs in vitro as well as assessing T cell
responses to allogeneic ASC transplantation in vivo. A flow cytometry assay to determine serum antibody
titer to transplanted ASCs is also described.

Key words: Adipose-derived stem cells, Immune response, Cellular immunity, Humoral immunity,
Mixed lymphocyte reaction, Allogeneic, Immune suppression, Immunogenicity, T cell priming

1. Introduction

Mesenchymal stem or stromal cells (MSCs) derived from bone
marrow (BMSCs) and adipose tissue (ASCs) are nonimmuno-
genic when cultured with allogeneic T cells and suppressive for
T cells stimulated with alloantigens and mitogens (1-10). As a
consequence of their immunomodulatory activity in vitro, it was
expected that allogeneic MSCs could be transplanted into immu-
nocompetent allogeneic recipients without fear of rejection.
Indeed, studies have shown evidence of MSC survival in allogeneic
hosts by tracking experiments and functional studies demonstrat-
ing T cell tolerance and /or suppression in vivo (11-22). Although
humoral responses have been detected in transplanted recipients
(16, 17, 23-25), antibodies were determined in some studies to
be specific for fetal bovine serum (FBS) proteins, a component of

Jeffrey M. Gimble and Bruce A. Bunnell (eds.), Adipose-Derived Stem Cells: Methods and Protocols,
Methods in Molecular Biology, vol. 702, DOI 10.1007/978-1-61737-960-4_11,
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the MSC culture medium (17, 23, 24). It should be noted that
some studies have indicated immune sensitization to allogeneic
BMSC transplantation (25-29). These disparate results may indi-
cate differences between labs in cell preparation, animal models,
and assay systems used to determine immune sensitization.

The ability of these and other factors to affect cell immuno-
genicity makes it incumbent upon the investigator to assess the
immunologic properties of MSCs produced in thesr laboratories
and with their model system. This chapter will describe use of the
mixed lymphocyte reaction (MLR) assay to obtain information
regarding the immunogenic and suppressive properties of ASCs
derived from humans and animals. We will also describe how to
use the MLR to measure T cell responses to transplanted alloge-
neic ASCs in recipient animals. Finally, measurement of humoral

antibody responses to transplanted ASCs by flow cytometry will
be described.

2. Materials

2.1. Culture Medium

All basic sterile plasticware (centrifuge tubes, pipettes, pipette
tips, etc.) can be purchased from general lab suppliers.

In describing materials and methods for MLR assays, it is
assumed that the investigator has experience with cell handling
and culture. All operations must be performed using sterile tech-
nique in a biosafety cabinet. Tissue and blood products from
humans and animals are potentially infectious and must be treated
according to OSHA regulations and Universal Precautions for
preventing transmission of bloodborne pathogens. Due to space
constraints, basic protocols for working with cells will not be
described. The reader is encouraged to consult Current Protocols
in Immunology (John Wiley & Sons) or other protocol-driven
books and articles for further information.

1. Remove 15.5 mL medium from a 500-mL bottle of Iscove’s
Modified Dulbecco’s Medium (IMDM) containing 25 mM
HEPES and 1-glutamine and discard.

2. Add 5 mL each of 100x nonessential amino acids, 100x
sodium pyruvate, and 100x antibiotic/antimycotic. Add
0.5 mL 1,000x 2-mercaptoethanol.

3. Supplemented media is stored at 4°C in the dark. Media is
stable under these conditions for 1 month.

4. Culture medium for human cells is produced by adding 5 mL
human AB serum (Pel-Freez Biologicals, Rogers, AK) to
95 mL supplemented IMDM (final 5% serum concentration).
Culture medium for animal cells is produced by adding 5 mL



2.2. Responder Cells

2.3. Stimulator Cells

1.
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homologous serum to 95 mL supplemented IMDM (final 5%
serum concentration). Culture medium is stable for 2 weeks
when stored at 4°C in the dark.

Obtain human peripheral blood or a leukopack and purify
peripheral blood mononuclear cells (PBMCs) by centrifuga-
tion over Ficoll-Hypaque density gradient. For rodent exper-
iments, responder cells can be derived from lymphoid organs
(lymph nodes, spleen) by processing the tissues into a single-
cell suspension. For large-animal studies, responder cells can
be derived from peripheral blood as described for human
samples, using an appropriate density gradient suitable for the
species involved.

. Determine the number and percentage of viable cells by dilut-

ing cells in 0.4% Trypan Blue and counting live and dead cells
on a hemocytometer. Cell viability should be above 90% for
human and large-animal cells and above 70% for rodent cells.
Dead cells can be removed from cell populations exhibiting
lower viabilities on species-appropriate density gradients.

. Pellet PBMCs by centrifugation and resuspend in culture

medium at a concentration of 4 x 10° viable cells/mL.

. If purified T cells are desired as responder cells, use negative

selection techniques to remove non-T cells. For human T cell
purification, we use magnetic beads coated with anti-mouse
IgG antibodies to remove non-T cells that have been treated
with mouse monoclonal antibodies. The T cell population
should be at least 85% pure by flow cytometry as assessed
using a fluorochrome-tagged anti-CD3 mAb. If cells are to
be used fresh, resuspend them at 2 x 10° cells/mL in culture
medium.

. Excess cells can be cryopreserved for future studies. We use a

cryopreservation medium consisting of 70% IMDM, 20%
FBS, and 10% DMSO (all final concentrations).

. Methods used for the preparation of unfractionated responder

cells are used for the preparation of stimulator populations.

. ASCs can be obtained from actively growing cultures or cryo-

preserved populations.

. Stimulator cells must be mitotically inactivated prior to cell

culture. We have used a cesium 137 source gamma irradiator
and an X-ray machine for this purpose. Cells should be irradi-
ated with approximately 5,000 rad by X-ray or gamma radia-
tion. If this is not possible, cells can be treated with mitomycin
C (10 pg/mL for 1-2 h at 37°C) followed by extensive wash-
ing to remove the chemical. Mitomycin C is toxic and care
must be exercised in using this chemical as well as its disposal.
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2.4. MLR Assay

2.5. Antibody Assay

Expect high cell losses due to toxicity and extensive cell
washing.

4. Excess cells can be cryopreserved for future studies (see
Subheading 2.2, item 5, above).

1. Flat-bottom, low-evaporation 96-well microtiter plates.

2. 3H-thymidine; Code ART 0178, 5-10 Ci/mmol, 1 mCi/mL,
in aqueous sterilized solution (American Radiolabeled
Chemicals, Inc., St. Louis, MO). Stock 3H-thymidine is
diluted 1:50 in culture medium before use.

3. Filtermats, plastic bags, scintillation fluid.

1. Round-bottom, 5-mL polystyrene tubes suitable for use with
FACSCalibur flow cytometer.

2. Wash butfer: Dulbecco’s PBS (DPBS) containing 0.5% BSA
and 0.1% sodium azide.

3. Fluorochrome-conjugated goat anti-rat IgG or IgM secondary
antibody. We use R-Phycoerythrin (RPE)-labeled antibodies.

4. 1% Paratormaldehyde is prepared by diluting a stock solution
of 20% paraformaldehyde in DPBS.

3. Methods

3.1. MLR Assay:
Evaluation of ASC
Immunogenicity

3.1.1. Protocol

Four methods are described in this section. The first two methods
describe use of the MLR assay to determine immunogenicity and
suppression by ASCs in vitro. The third method describes use of the
MLR to evaluate T cell priming in animals after allogeneic transplan-
tation of ASCs. The final section describes the measurement of anti-
bodies to ASCs in these animals using a flow cytometry method.

The MLR is a quantitative assay used to measure the proliferative
response of T cells to an allogeneic stimulator population. This
section describes the use of the one-way MLR assay to evaluate
the immunogenicity of human or animal ASCs when cultured
with allogeneic T cells. The one-way MLR assay consists of
responder cells reacting to a mitotically inactivated population
of stimulator cells. This ensures that any cell proliferation detected
in the cultures is due to responder T cells. The magnitude of the
T cell response should be instructive in predicting the immune
response to the population of ASCs after transplantation of
these cells to an immunocompetent recipient.

1. A typical 96-well plate setup for an immunogenicity assay is
shown in Fig. 1. To evaluate ASCs from outbred species
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Fig. 1. Template for immunogenicity assay. Layout is shown for a human immunogenicity assay cultured in a 96-well
microtiter plate with groups plated in quadruplicate wells. Shown are responder cells from two different donors (Resp,,
Resp,) cultured with irradiated (x) autologous XPBMCs (rows A, D), allogeneic xPBMCs from donor B (rows B, E) and
allogeneic ASCs from donor C (rows C, F). All stimulator populations are plated at three densities: 5,000, 10,000, and
20,000 cells/well. Control cultures of responder cells and ASCs cultured alone are displayed in rows G and H.

(including humans), responder cells from two different
donors are typically cultured with three different stimulator
populations (1) autologous cells (provides baseline control
response ); (2) allogeneic cells (provides positive control response );
and (3) the ASC test population. If ASCs from inbred strains
of'animals are being evaluated, syngeneic and allogeneic stim-
ulator cells may be obtained from any animal of the responder
and ASC donor strains, respectively, since animals within a
strain should be genetically identical.

. Either unfractionated cells or purified T cells can be used as

responder cells in the MLR (see Note 1). Responder popula-
tions, prepared fresh or thawed from cryopreserved material,
are washed and resuspended in culture medium at
4 x10% unfractionated cells/mL or 2x10°¢ Tcells/mL. Cells
are added to the assay at 100 pL/well corresponding to
400,000 and 200,000 cells /well, respectively.

. Each of the three stimulator populations is titrated in the

MLR to provide dose—response data. Inactivated stimulator
cells, prepared fresh or thawed from cryopreserved material,
are resuspended in culture medium at 2 x 10° cells/mL. Two
doubling dilutions are made of each population in culture
medium to give cell concentrations of 1 x10° cells/mL and
0.5x10° cells/mL, respectively. All three stimulator popula-
tions are added to the plates at 100 pL/well, which corre-
sponds to 2 x 10%, 10%, and 5 x 103 stimulator cells /well.

. The final culture volume per well is 250 uL: 100 pL responder

cells, 100 pL stimulator cells, and 50 pL. complete medium.
In control wells containing only one cell population, add
150 uL culture medium.
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5. Incubate the MLR cultures at 37°C in a humidified atmo-

sphere of 5% CO, for 4-6 days. The optimal culture period
should be determined in pilot experiments by the investigator
as there are significant differences between species and the
use of fresh versus cryopreserved cells.

6. Add 50 pL *H-thymidine diluted 1:50 in culture medium to

each well (1 uCi/well) and continue incubation at 37°C in a
humidified atmosphere of 5% CO, for an additional 18 h.
Radioactivity must be handled according to the rules and
regulations stipulated by the laboratory in which these mate-
rials are used. If the use of radioisotopes is not an option for
measuring T cell proliferation, spectrophotometric methods
offered by commercial vendors may be used.

. Harvest the cells for scintillation counting to determine the

amount of incorporated isotope. We use a Skatron Micro96
Cell Harvester. The cells are harvested on filtermats (see Note 2),
placed in plastic bags with scintillation fluid, sealed with a
plate sealer, and loaded into a cassette. The cassette is placed
into a scintillation and luminescence counter for quantifica-
tion. The amount of radioactivity incorporated is propor-
tional to the degree of proliferation by responder T cells in
the wells and is an indication of ASC immunogenicity.

. Data analysis.

The response to autologous/syngeneic (auto/syn) stimu-
lator cells provides a baseline response with which the
responses against the test ASCs are compared. If the response
to ASCs is significantly higher than the response to the auto/
syn control cells, the stem cell population is considered
immunogenic.

Statistical analysis can be performed several ways. One
method is to calculate an upper threshold response to auto/
syn stimulator cells by adding two standard deviations to the
mean cpm response. Any value above this threshold has a sta-
tistical probability of less than 5% of falling within this group
and is considered statistically significant (68-95-99.7 or
empirical rule). Alternatively, the investigator can use analysis
of variance or the Student’s # test to test the significance of the
difference between the auto/syn group and the test group.

The response to allogeneic cells must be significantly dif-
terent (p<0.05%) from the auto/syn group or the assay is not
valid. Using human cells, we typically find responses to auto/
syn PBMC:s to be less than 500 cpm and responses to alloge-
neic PBMCs to be greater than 20,000 cpm. Responses devi-
ating significantly from these values suggest modifications to
the assay (see Notes 3 and 4).

Proliferative responses of the various cell populations
cultured alone should be less than 500 cpm.



3.2. MLR Assay:
Evaluation of
Suppression by ASCs

3.2.1. Protocol
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Examples of graphical expression of immunogenicity data can
be found in our published studies (4, 6).

9. Interpretation of results.

There are common-sense guidelines for interpretation of
MLR data in predicting the immunogenicity of an ASC pop-
ulation in vivo. A stem cell population that generates a T cell
proliferative response that is not significantly different from
the baseline response is considered nonimmunogenic and
would not be expected to generate a T cell response in an
immunocompetent recipient. Conversely, a stem cell popula-
tion that generates a vigorous response similar to the positive
control is immunogenic and would be expected to be rejected
after transplantation. Interpretation of the gray area in
between both extremes depends on the magnitude of the
MLR response and where it lies on the continuum between
the baseline and positive control responses. Unfortunately, a
threshold value does not exist that can predict a rejection
response requiring implementation of appropriate in vivo
studies to determine immunogenicity.

Multiple responder cell donors are recommended for
human studies and outbred animal studies if the relationship
(HLA disparity) between the responder donor and ASC
donor is not known to avoid misinterpretation of negative
results. Although unlikely, it is possible that the lack of
response to the ASC population may be due to HLA similar-
ity between responder and stimulator populations and not to
a nonimmunogenic profile of the ASC population. The use of
multiple responder donors diminishes this possibility. We
normally use at least two different responder populations in
this situation.

The purpose of this assay is to determine whether ASCs can sup-
press alloreactive T cell proliferation in MLR cultures. The evalu-
ation of suppression in multiple MLR cultures is encouraged to
more accurately gauge the magnitude and variability of
suppression.

1. A typical configuration for a suppression assay is depicted in
Fig. 2. MLR cultures can be set up in either the one-way or
two-way (no irradiation of cells) configuration in 96-well
microtiter plates. The setup is shown for testing the sup-
pression by one ASC stem cell lot on two different MLR
combinations.

2. The two-way MLR configuration is the easiest to utilize for
this assay since the cells do not need to be mitotically inacti-
vated. Two populations of unfractionated cells containing T
cells from different donors are suspended in culture medium
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Fig. 2. Template for suppression assay. Layout is shown is for a human suppression assay cultured in a 96-well microtiter
plate with groups plated in quadruplicate wells. Shown are two different MLR combinations; e.g., MLR1 =PBMC, + PBMC;
MLR2=PBMC,+ PBMC,. MLRs are cultured with various numbers of ASCs ranging from 5,000 to 20,000 cells/well.
MLRs cultured without ASCs serve as the baseline control response to which suppression will be measured. ASCs are
cultured alone to provide a control response check to ensure that these cells are not contributing significantly to the
coculture response.

at 5x10° cells/mL and mixed together in equal volumes
sufficient for plating. The mixed cells are delivered to the
MLR microtiter plate at 100 pL/well (5 x 10° cells/well).

3. ASCs, prepared fresh or thawed from cryopreserved material,
are resuspended in culture medium at 2 x 10° cells/mL. Two
doubling dilutions are made of each population in culture
medium to give cell concentrations of 1 x 10° cells/mL and
0.5x10° cells/mL, respectively. All three dilutions of ASCs
are added to the plates at 100 puL/well, which corresponds
to 2x10%* 10% and 5x 103 ASCs/well. Higher numbers of
ASCs should not be utilized in this assay (see Note 5).

4. Cultures consisting of MLR cells with no ASCs added are
required for baseline control responses. Additional controls
consist of ASCs cultured alone.

5. The final culture volume per well is 250 puL: 100 uL. MLR
cells, 100 uL. ASCs, and 50 pL. complete medium. In wells
containing MLR cells or ASCs alone, add 150 pL culture
medium.

6. Cell culture, *H-thymidine pulse, and cell harvest are per-
formed as described for the immunogenicity assay
(Subheading 3.1, steps 5-7; see Note 2).

7. Data analysis and interpretation.



3.3. MLR Assay: T Cell
Priming in Animal
Models

3.3.1. Protocol
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The MLR response (no cells added) serves as the baseline
response to which all other responses are compared. This
response should be vigorous in order to accurately assess sup-
pression; if not, the assay should be repeated after the MLR is
optimized (see Note 4). The two-tailed Student’s ¢ test can
be used to assess whether a putative suppressor cell popula-
tion significantly enhances or suppresses the MLR response.

Results are typically expressed as percent suppression, which
is calculated by the formula (1-[stem cell+ MLR cpm+ by
MLR cpm]) x100. The amount of suppression of MLR
cultures by ASCs is variable. A range of 30-70% suppression
is expected at the highest dose of ASCs. Suppression should
decrease with the number of ASCs/well (see Note 6).

Graphical expression of data can be found in published
studies (4, 0).

In preclinical animal studies, the investigator can use the MLR
assay to determine whether treatment with allogeneic ASCs
induced T cell priming in recipient animals. T cells derived from
an immunized animal will produce an enhanced proliferative
response of higher magnitude to stimulator cells obtained from
the ASC donor relative to a nonimmunized baseline response. In
experiments where rats or mice are used, control animals treated
with vehicle (or untreated) are required to produce a baseline
response. In large-animal studies, prebleeds performed prior to
ASC treatment can be used to establish baseline responses. We
have used this assay to determine recipient sensitization to BMSCs
derived from rats (15) and baboons (16) as well as ASCs derived
from rats (17).

Prior to embarking on animal studies in which an immuno-
logical evaluation will be performed, the investigator should per-
form pilot studies to determine whether the donor/recipient
combination under consideration will result in a MLR response
of reasonable magnitude and consistency. If such a response can-
not be elicited after attempts to optimize the assay (see Note 4),
the investigator should be prepared to change strains/breeds of
animals used in the experiment.

1. Responder cells. Lymphocytes to be used as responder cells
are harvested from animals at designated time points deter-
mined by the investigator. In rat and mouse models, lym-
phoid tissues (lymph nodes, spleens) need to be procured as
a source of responder cells; lymph nodes that drain the site
of ASC implantation are best. In our experience, freshly
harvested cells produce optimal responses in MLR assays —
cryopreserved rodent cells perform poorly. Lymphoid organs
shipped overnight in cold PBS have produced adequate
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responses when processed upon receipt (17). For large-animal
studies, a prebleed and multiple bleedings at 2—4 week inter-
vals following stem cell treatment are sufficient to perform a
study. PBMCs can be purified and cryopreserved for assess-
ment by MLR when a sufficient number of samples have been
collected. After thawing, responder cells are suspended in
culture medium containing homologous serum at 10x
culture concentration and added to the plates at 100 uL/
well. Although we have had success using responder cells at
3x10® cells /well, optimal cell numbers should be determined
by pilot experiments.

. Stimulator cells. Cell populations to be used as stimulators in

the MLR can be spleen or lymph node cells (rats/mice) or
PBMC:s (large animals) derived from donors of the stem cells.
ASCs should not be used as stimulators in the MLR since
they are immunosuppressive. In rodent studies using inbred
strains of animals as ASC donors and recipients, stimulator
cells can be obtained from any animal of the donor strain
since they are genetically identical. However, in large-animal
studies that typically use outbred species, stimulator PBMCs
must be obtained from the same animals from which the stem
cells were derived. These same rules apply to the procure-
ment of auto/syn cells to be used as controls in the MLR
assay. For this reason, it will be necessary to obtain one large
prebleed (or multiple smaller bleeds) from stem cell donors in
large-animal studies. Once processed and washed, stimulator
cells are irradiated (5,000 rad) and suspended in culture
medium containing homologous serum at 10x culture con-
centration and added to the plates at 100 pL /well. Although
we have used stimulator cells at 2 x 10° cells /well, optimal cell
numbers should be determined by pilot experiments.

. Specificity controls. In some studies, the investigator may

wish to determine whether an effect on the MLR response is
antigen specific. To control for specificity, third-party stimu-
lator cells that do not share MHC antigens with the donor
stem cells can be employed in the MLR assay.

. Mitogenic controls. In order to gauge the overall health of

responder T cells from individual animals, the proliferative
response to a T cell mitogen (Con A, PHA, anti-CD3 anti-
body) is employed. If the responder populations derived from
individual rats have similar numbers of healthy T cells, their
proliferative responses to mitogen stimulation should be sim-
ilar. Low responses by individual animals could indicate that
problems occurred prior to or during the assay.

. A typical configuration for a T cell priming assay is shown in

Fig. 3. The setup is shown for testing four rats treated with vehi-
cle (baseline control) and four rats treated with allogeneic ASCs.
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Rat#1 RC-V + Medium
Rat#2 RC-V + Medium
Rat#3 RC-V + Medium

Rat#4 RC-V + Medium

Rat#1 RC-V + xSyn Spl
Rat#2 RC-V + xSyn Spl
Rat#3 RC-V + xSyn Spl

Rat#4 RC-V + xSyn Spl

Rat#1 RC-V + xAllo Spl
Rat#2 RC-V + xAllo Spl
Rat#3 RC-V + xAllo Spl

Rat#4 RC-V + xAllo Spl
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Rat#5 RC-ASC + Medium

Rat#5 RC-ASC + xSyn Spl

Rat#5 RC-ASC + xAllo Spl

Rat#6 RC-ASC + Medium Rat#6 RC-ASC + xSyn Spl Rat#6 RC-ASC + xAllo Spl

Rat#7 RC-ASC + Medium Rat#7 RC-ASC + xSyn Spl Rat#7 RC-ASC + xAllo Spl

I 6 m m O O W >

Rat#8 RC-ASC + Medium Rat#8 RC-ASC + xSyn Spl Rat#8 RC-ASC + xAllo Spl

Fig. 3. Template for T cell priming assay. Layout is shown for a rat T cell priming assay cultured in a 96-well microtiter
plate with groups plated in quadruplicate wells. Shown is a simplified experiment in which four rats treated with vehicle
(Rats 1-4) are compared with four rats treated with allogeneic ASCs (Rats 5-8). In the first four rows, responder cells
from vehicle-treated rats (RC-V) are cultured in medium alone, with irradiated syngeneic spleen cells (xSyn Spl) or with
irradiated allogeneic spleen cells derived from the ASC donor strain (xAllo Spl). In the last four rows, responder cells from
rats treated with allogeneic ASCs (RC-ASC) are cultured under the same conditions.

Responder lymph node cells from each rat are cultured in
medium alone, with syngeneic spleen cells, or with allogeneic
spleen cells matched to the ASC donor in quadruplicate cul-
tures. Specificity and mitogen controls are not shown.

6. Identical plates can be set up for harvest at a second time point
to assess kinetics of the MLR response — one series of plates is
usually harvested at an early time point (e.g., 3 days) and the
other series of plates is harvested at a later, typically optimal
time point (e.g., 7 days) determined by pilot studies.

7. To set up the MLR cultures, responder and stimulator cells
are each added to the microtiter plate at 100 uL./well. Culture
medium is added to each well to give a final volume of
250 uL/well. Cell culture, *H-thymidine pulse, and cell har-
vest are performed as described for the immunogenicity assay
(Subheading 3.1, steps 5-7) with the exception of mitogen-
stimulated cultures. These should be pulsed with *H-thymidine
on day 2 and harvested on day 3.

8. Data analysis.
The means and standard deviations of quadruplicate cultures
are calculated for each time point. For each rat, the back-
ground response to syngeneic spleen cells is subtracted from
the response to allogeneic cells and expressed as ACPM (see
Note 7). The mean ACPM responses are then averaged for
each group of rats+standard error of the mean. The vehicle
control group’s response to stimulation with allogeneic donor
cells serves as the baseline response with which the allogeneic
ASC group is compared. The significance of differences
between groups can be determined using analysis of variance
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3.4. Flow Cytometry
Assay: Humoral
Antibody Response
in Animal Models

or the two-tailed Student’s ¢ test. Graphical expression of data
can be found in published studies (15-17).

The investigator may wish to determine the percentage of
animals in the ASC-treated group that is significantly differ-
ent from the baseline control group, particularly in circum-
stances in which the means between the groups are not
statistically significant due to high variability of response
between ASC-treated animals. A threshold response can be
calculated for the vehicle control group equal to the group
mean=2 standard deviations. Individual responses falling
outside the threshold are considered significantly different
(p<0.05, 68-95-99.7 or empirical rule).

9. Interpretation.

It animals treated with allogeneic ASCs were primed to
donor alloantigens, they should produce a MLR response
that is significantly greater in magnitude than the vehicle con-
trol response. In a well-primed recipient, T cell proliferation
would be expected to exhibit accelerated kinetics showing
peak response at the early time point. The response of cells
derived from vehicle-treated control animals to stimulation
with allogeneic donor cells should be highest at the later time
point.

If animals treated with allogeneic ASCs were tolerized to
donor alloantigens, they should produce an MLR response
that is significantly lower in magnitude than the vehicle con-
trol response. The response to third-party stimulator cells
would need to be determined in order to claim that tolerance
was antigen specific.

The overall T cell response to stimulation with PHA, Con
A, or anti-CD3 antibody should not be significantly different
between groups.

Treatment with allogeneic MSCs can induce a humoral antibody
response in recipient animals (16, 17, 23-25). To measure these
antibodies, serial dilutions of serum samples obtained from recipi-
ent animals are added to donor ASCs and primary antibody binding
is detected by adding fluorochrome-labeled secondary antibod-
ies. Secondary antibodies specific for primary immunoglobulin
subclasses can be used to distinguish IgM from IgG isotypes.
Flow cytometry is performed to determine the mean fluores-
cence of binding that will be used to calculate an antibody titer
to the ASCs. Bleeds from control animals treated with vehicle (or
untreated) or prebleeds from large animals are required to estab-
lish baseline responses. We have used this assay to determine
antibody titers to allogeneic ASCs in rats (17) and BMSCs in
baboons (16).
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. Obtain blood samples from animals in the study. For small

animals, obtain at least 0.5 mL blood; for large animals,
2-3 mL is sufficient. Do not forget to collect prebleeds in
large-animal studies. Allow the blood to clot, collect serum,
aliquot, and freeze at -20°C or colder.

. Prepare two series of tenfold serial dilutions of serum in wash

buffer to give 1:10 and 1:100 dilutions. Add 20 puL of undi-
luted or diluted rat serum to 5 mL round-bottom tubes as
indicated in Table 1.

. A positive control serum or antibody should be incorporated

into the assay to ensure that the assay is working properly.
Antibodies specific for donor alloantigens or ASC-specific
markers are good candidates. Appropriate dilutions to be
used for labeling ASCs can be obtained from the product lit-
erature or through pilot studies.

. To prepare ASCs as assay target cells, wash them in wash buf-

fer and resuspend them at 3 x 106 cells/mL. Aliquot 80 puL of
cells (2.4x10° cells) to each 5-mL tube. Note that this
increases serum dilution by a factor of 5 so “Undil” becomes
1:5, “1:10” becomes 1:50, and “1:100” becomes 1:500.

. Incubate tubes on ice for 30 min, wash twice with wash buf-

fer, and resuspend cells in 100 uL. of wash buffer containing
10 pug/mL isotype-specific fluorochrome-conjugated goat
secondary antibodies: either anti-IgM antibody (tubes 1 and
5, Table 1) or anti-IgG antibody (tubes 2—4 and 6-8, Table 1).
Alternatively, fluorochrome-conjugated goat anti-rat immu-
noglobulin antibody can be used to detect all subclasses of
humoral antibodies that bind to donor ASCs.

. The suspensions are incubated in the dark on ice for 30 min,

washed, and fixed in 200 pL of 1% paraformaldehyde for a
minimum of 15 min prior to acquisition on the flow cytom-
eter. A minimum of 10,000 events are acquired for flow
cytometry analysis. Mean fluorescence intensities (MFI) can
be determined for each serum sample using CellQuest
software.

. Data analysis.

For each antibody isotype, group means and standard errors
for MFI are calculated for control and treatment groups. The
significance of differences between groups can be determined
using analysis of variance or the two-tailed Student’s ¢ test.
Graphical expression of data can be found in published
studies (17).

Group serum titer for each isotype can be determined by
comparing control and treatment means at each serum dilu-
tion. Titer is defined as the highest dilution of treatment
serum that produces a MFI significantly higher than control
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Table 1
Sample dilutions for the antibody assay (two samples are shown)
Tube Sample donor Sample Sample dilution after Secondary Secondary
number number dilution addition of ASCs anti-IlgM antibody anti-lgG antibody
1 1 Undil 1155 X
2 1 Undil 1:5 X
3 1 1:10 1:50 X
4 1 1:100 1:500 X
5 2 Undil 1:5 X
6 2 Undil 1:5 X
7 2 1:10 1:50 X
8 2 1:100 1:500 X
Undil undiluted

serum. Further serum titrations may be required to determine
antibody titer if there is a significant response above baseline
tor the single IgM determination or if all three IgG serum
dilutions are significantly greater than baseline.

The investigator may wish to determine the percentage of
animals in the ASC-treated group that is significantly differ-
ent from the baseline control group, particularly in circum-
stances in which the means between the groups are not
statistically significant due to high variability of response
between ASC-treated animals. A threshold response can be
calculated for the control group equal to the group MFI
mean + 2 standard deviations. Individual MFI responses fall-
ing above the threshold are considered to be statistically sig-
nificant (p< 0.05, see Subheading 3.1.1.8 for empirical rule).
Individual serum titers can also be calculated using this
method.

8. Interpretation.

Titer provides the investigator with a measurement of IgM
and IgG antibody activity specific for ASCs based on quantity
of antibody molecules in serum as well as their affinity for
ASCs. Titer measurements are useful for comparisons between
treatment groups; however, there is not a titer threshold that
determines whether a serum antibody titer is biologically
significant.

This assay does not discriminate between a response to alloan-
tigens, a response to an ASC-specific antigen, and a response
to components of the cell culture medium that may be present
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on ASC membranes. Additional experiments are required to
determine antibody specificity; e.g., using other cell types express-
ing HLA class I and class II molecules from the donor animal as
target cells to examine alloantigen specificity (16). ELISA has
been used to verify antibodies specific for FBS proteins in animals
(17, 23) and humans (24) treated with BMSCs.

The functional activity of antibodies specific for ASCs is
not measured by this assay. To evaluate whether the antibod-
ies are cytotoxic for ASCs, for example, additional studies
employing complement can be performed and the viability of
cells determined (17).

4. Notes

. The decision to use unfractionated cells or purified T cells as

responder cells is determined by the investigator.
Unfractionated cells represent the entire complement of
immune cells (including macrophages) allowing indirect pre-
sentation of alloantigens to T cells. By contrast, the use of
purified T cells tests the ability of the ASC population to
behave as an antigen-presenting cell requiring both the pre-
sentation of alloantigens on MHC molecules and the expres-
sion of costimulatory molecules. From a purely technical
point of view, purified T cells produce a cleaner response with
lower backgrounds to auto/syn cells and higher responses to
allogeneic cells. However, the use of unfractionated cells as
responders is perhaps more relevant in terms of replicating an
in vivo response. In our experience, unfractionated human
PBMCs produced a higher response to allogeneic BMSCs
than purified T cells derived from the same donor (4).

. Cocultures of T cells and ASCs may be difficult to harvest

from 96-well microtiter plates due to the deposition of matrix
in the wells, which can clog the filtermats and cause overflow
of wells when the cell harvester is in “automatic” mode. To
allow controlled harvest of cultures, we use the cell harvester
in “manual” mode, being careful to aspirate all wells before
delivering the next round of wash water.

. High background responses (greater than 1,000 cpm) by

responder cells cultured alone or cultured with auto/syn cells
may be indicative of a mitogenic or antigenic component in
the culture medium; e.g., FBS. If homologous serum was
used, screening of other lots of serum is suggested. Long cul-
ture periods may also result in high background responses.
The investigator should determine whether shorter culture
periods can be used.
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. Low positive control responses to allogeneic cells (less than

10,000 cpm) may be increased by using different combina-
tions of donors of responder and stimulator cells, shifting
responder-to-stimulator cell ratios, increasing number of
cells/well, changing serum used in the culture medium to a
different lot or using FBS (may increase background), adjust-
ing culture length, or using purified T cells as responder cells.

. A major pitfall of this assay is distinguishing suppression from

cell crowding eftects. To diminish the effect of cell crowding,
we limit the upper number of stem cells added per well to the
number that results in cell confluence (approximately 2 x 10*
cells/well for ASCs). The inclusion of a nonsuppressive con-
trol cell population in the assay can be used to determine
nonspecific inhibition at various densities (0).

. The ASC population should be assessed for Mycoplasma con-

tamination if suppression does not decrease as the ASCs are
diluted in the assay. Mycoplasma can interfere with
SH-thymidine uptake by T cells thus providing a false indica-
tion of suppression.

. Two background controls are performed in this assay:

responder cells cultured in medium and with syngeneic cells.
The rationale for two control groups is that responder cells
often produce a larger response when cultured with synge-
neic stimulators than in medium alone. A significant differ-
ence between control groups within certain animal treatment
groups may alert the investigator to immune responses against
antigens other than those expressed by ASCs. Whether this is
due to a property of the syngeneic cells or to a possible auto-
immune response is not currently clear.
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Chapter 12

Adipose-Derived Stromal Cells: Cytokine Expression
and Immune Cell Contaminants

Pauline Decaunes, David Estéve, Alexia Zakaroff-Girard, Coralie
Sengenes, Jean Galitzky, and Anne Bouloumié

Abstract

The present method describes an immunoselection/depletion approach to isolate the native human
adipose tissue-derived progenitor cells that are free from endothelial cells and immune cells by the use of
magnetic nanobeads and microbeads coupled to antibodies. Moreover, methods to isolate and to analyse
the distinct cell populations that constitute the microenvironment of the human adipose tissue progenitor
cells, i.e. mature adipocytes, endothelial cells, and macrophages, are mentioned.

Key words: Adipose tissue, Obesity, Growth factors, Inflammation, Flow cytometry, Real-time
PCR, Immunoselection

1. Introduction

Human adipose tissue is composed of adipocytes that are the
metabolic active cells and a stromal vascular fraction (SVF) that
contains several cell populations. The culture and the in vitro
expansion of the adherent cells present in the SVF, defined as
adipose stromal cells (ASCs) showed that such cells display mes-
enchymal stromal cell-like properties that have extensive prolif-
erative capacity associated with adipogenic, chondrogenic and
osteogenic potentials (1). Moreover, several approaches have
demonstrated that they exhibit in vivo the capacity to promote
the neovascularization of ischemic tissues (2—4). Such proangio-
genic effects were thought to originate from the endothelial cell
differentiation of the ASCs and/or through paracrine effects via
the secretion of proangiogenic factors and cytokines. Therefore,

Jeffrey M. Gimble and Bruce A. Bunnell (eds.), Adipose-Derived Stem Cells: Methods and Protocols,
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human ASCs represent a source of adult stem /progenitor cells of
therapeutic interest in the field of regenerative medicine.

The high number of stromal cells within the freshly isolated
SVF is compatible with the use of non-expanded isolated native
cells. However, the native SVF of the human adipose tissue is
composed of distinct cell subsets. Indeed, based on several cell
surface antigen expression and flow cytometry analyses, several
cell populations are identified: the CD34+/CD31+ endothelial
cells, the CD34+/CD31- progenitor cells (2, 5), the CD14+
myeloid cells (6) and cells negative for CD34, CD31 and CD14
(mainly mast cells, lymphocytes and minor cell populations). This
chapter describes methods for isolating and analysing native puri-
fied human adipose tissue progenitor cells free from immune cell
and endothelial cell contaminants by the use of magnetic nano-
beads and microbeads associated with flow cytometry and real-
time PCR analyses. Moreover, such a protocol allows one to
isolate and to characterize the other cell types present in the
microenvironment of the progenitor cells (mature adipocytes,
endothelial cells and immune cells) and therefore to analyse the
potential impact of such a microenvironment on the human
adipose tissue native progenitor cells.

2. Materials

2.1. Isolation
of the Stromal
Vascular Fraction

1. Phosphate-buffered saline (PBS): without MgCl, and CaCl,

2. Bovine serum albumin (BSA): 7.5% sterile solution and free
fatty acid fraction V.

3. Collagenase type 1: 250 U/mL in PBS with 2% BSA. pH is
adjusted to 7.4 and the solution sterilized with 0.22-um
filters, and then kept at —20°C in 50-mL Falcon tube aliquots.

4. DNAse 1 from lyophilized bovine pancreas (sterile): reconsti-
tuted at 10 mg/mL in sterile water (stock solution) and used
at a final concentration of 10 ug/mL.

5. Krebs Ringer Bicarbonate Buffer Hepes (KRBHA): 1.8 g/L
glucose and without CaCl, and NaCO,, supplemented with
0.1% free fatty acid BSA.

6. Endothelial Cells Basal Medium (ECBM): supplemented
with penicillin and streptomycin 100 x penicillin /streptomycin
solution.

7. Foeetal calf serum (FCS).

8. 100 mM sterile-filtered ethylene diamine tetra acetic acid
(EDTA).
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2.2. Cell Isolation

2.3. Flow Cytometry
Analyses

2.4. Real-time PCR
Analyses

9. Erythrocyte Lysis Bufter (ELB): 155 mM NH,Cl, 0.1 mM
EDTA, 5.7 mM K, HPO, at pH 7.3 and sterilized by 0.22-um
filtering.

10. Trypan blue solution.

. Easysep bufter: PBS, 2 mM EDTA, 2% FCS.

. Human CD34, CD14 and CD3 Easysep Selection Kit.
. Stem cell magnet.

. Human CD31 microbeads, Dynal.

. Dynal Eppendorf tube magnet.

. Dynal Buffer: PBS, 0.1% BSA.

(@) 2 N NG S T (S ]

1. FACS buffer: PBS, 0.5% BSA, 2 mM EDTA.

. Fluorescent-labeled antibodies isotype control.

[\

3. Fluorescent-labeled antibodies.

1. Rneasy Mini Kit.

. RNA lysis buffer (RLT/DTT): supplemented with 2.5 mM
dithiothreitol.

\S]

. Qiazol lysis reagent.

. SuperScript II Reverse Transcriptase.

. 5x First-strand buffer.

. 10 mM dNTP solution.

. 500 pug/mL Random primers.

. 2x TagMan Universal PCR Master Mix.
. 96-well reaction plates.

10. TagMan probes.

O 0 N O Ul R W

3. Methods

3.1. Collection

and Preparation

of the Human Adipose
Tissue

Cells from the stromal vascular fraction (SVF) can be isolated
from lipoaspirate or dermolipectomy from several anatomical
locations (see Notes 1 and 2). The preparation and isolation are
performed under sterile conditions.

For lipoaspirate, ~200 mL of lipoaspirate is transferred on a
plastic sieve. The tissue fragments are washed several times with PBS
until an erythrocyte-free eluate is obtained. The tissue is then trans-
ferred into a 1,000-mL sterile culture flask. For dermolipectomy,
the lobules of adipose tissue, dissected from blood vessels and extra-
cellular matrix, are transferred into several 50-mL Falcon tubes and
roughly minced with scissors. The minced tissue pieces (200 mL)
are then transferred into a 1,000-mL sterile culture flask.
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3.2. Isolation
of the Stromal-
Vascular Fraction

Stroma Vascular Cell Number

(per 259 adipose tissue)

2500000+

2000000+

1500000

1000000+

500000

Lot 1

. Add one volume (200 mL) of the pre-warmed collagenase

solution supplemented with DNAse 1 (Fig. 1) (see Notes 3
and 4).

2. Resuspend the adipose tissue by shaking the flask.
. Incubate in a shaking water bath at 37°C under rapid shaking

(200 rpm) for 30 min for lipoaspirate or for 60 min for
dermolipectomy.

. Filter the digested tissue on a sterile nylon sieve (250-um

mesh) to remove undigested conjunctive tissue, rinse the
sieve with PBS and spin the filtrate for 30 s at 100 x g at room
temperature. The floating mature human adipocytes are care-
fully removed with a 50-mL pipette and washed in a 50-mL
Falcon tube at 37°C three times with KRBHA volume to
volume.

. The remaining digestion medium is centrifuged for 10 min at

300 x4 at room temperature.

. Discard the supernatant.

. Resuspend the pellet in nine volumes of ELB pre-warmed at

37°C and homogenize for 5 min by pipeting up and down.

. Filter the cell suspension on successively 100 um, 70 pm and

40 um cell strainers.

. Centrifuge for 10 min at 250 xg at room temperature and

re-suspend the pellet in 10 mL Easy Sep Bufter.

Lot 2 Lot 3 Blend 1 Blend 2 Blend 3

Collagenases type 1 Liberases

Fig. 1. The human adipose tissues (25 g) obtained from plastic surgery (lipoaspirate) are digested under constant shaking
with 25 mL of distinct batches and blends of collagenase or liberase (250 U/mL PBS/2% BSA) for 45 min. After centrifu-
gation, the number of viable stromal vascular cells is calculated with Trypan blue staining. The results are means = SEM
of cell numbers obtained with two distinct tissues.
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10. Centrifuge for 10 min at 250 x g at 4°C to eliminate the ELB
residual and re-suspend the pellet in 1 mL cold Easy Sep
Buffer (see Notes 5 and 6).

11. Count the number of viable cells with Trypan blue staining
(exclusion method).

12. Perform flow cytometry analyses to determine the immune
cells contaminants present in the SVF (Fig. 2).

3.3. Flow Cytometry 1. Prepare the stromal vascular cells at a concentration of
Analyses of the SVF 10° cells in 100 puL. FACS buffer.

2. Pipet 5 uL of each fluorescent-labeled isotype control in one
tube (FITC, PE, PerCP) (see Notes 7 and 8).

3. Pipet 10 uL of the specific fluorescent-labeled antibodies in
another tube.

. Add 100 pL of the stromal vascular cell solution to each tube.
. Incubate 30 min on ice in the dark.

. Wash with 2 mL of PBS.

. Centrifuge at 300x g, 10 min at 4°C.

. Discard the supernatant.

. Resuspend the cell pellet in 0.5 mL of PBS.

10. Perform the analysis with the flow cytometer and calculate
the percentage of immune cell contaminants within the SVFE.

O 0 N N Ul

3.4. Isolation 1. Start with a maximum of 4 x 107 SVF cells in 1 mL of Easysep
of the CD34+ Cells buffer (see Note 9).
from the SVF
a b

ng_é %
I < "oy
o E L
- ] —
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CD34 PerCP-A CD45 PerCP-A

Fig. 2. Representative dot plots of the SVF of the human adipose tissue. (a) Dot plot obtained with the antibodies anti-
CD34—PerCP and anti-CD31-PE showing in the lower right quadrant the progenitor cells CD34+/CD31- and in the upper
right quadrant the endothelial cells CD34+/CD31+. (b) Dot plot obtained with the antibodies anti-CD3-PE and anti-
CD45—PerCP showing the immune cells in both right quadrant.
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11.
12.

3.5. Depletion of the 1.

CD31+ Endothelial
Cells Present in the
CD34+ Gells

10.

. Add 200 pL of CD34 Easysep Positive selection cocktail. Mix

well by pipetting up and down and incubate for 15 min at
room temperature with an intermediate mix every 5 min.

. Add 100 pL of nanobeads, mix gently, avoiding bubbles, and

incubate for 10 min at room temperature with intermediate
mix every 5 min.

. Separate the solution into two tubes (650 pL in each tube)

and bring the volume up to 2.5 mL with Easysep bufter.

. Introduce the tubes into the Easysep magnets for 5 min.

. Collect the CD34-negative cell fraction by keeping the 50-mL

Falcon tube within the magnet and turning it upside down to
drain off the supernatant into a fresh tube.

. Remove the tube from the magnet and wash with 2.5 mL

Easysep buffer.

. Homogenize by pipetting up and down.
. Repeat step 8 four times.
10.

Centrifuge the CD34+ and the CD34- cell fraction at 300 x g
for 10 min at 4°C.

Count the number of viable cells with Trypan blue staining.

Re-suspend the CD34+ cells in 1 mL of Dynal buffer for the
depletion of the CD31+ cells.

Transfer the CD34+ cell fraction into a 15-mL Falcon tube.

2. Add 100 pL of prewashed CD31 microbeads (see Notes 10

and 11).

. Incubate at 4°C under constant shaking for 20 min.

. Bring the volume up to 12 mL with Dynal buffer, homoge-

nize and apply 1 mL of the cell suspension in each Eppendorf
tube (12) placed in front of two Dynal Eppendorf tube
magnets.

. Incubate for 1 min.

. Carefully collect (avoid touching the beads) the supernatant

from each tube into a 50-mL Falcon tube.

. Wash the Eppendorf tubes again with 1 mL of cold Dynal

buffer.

. Place the Eppendorf tubes in front of the magnet and incubate

for 1 min.

. Carefully collect the supernatants into the 50-mL Falcon

tube.

Centrifuge the Falcon tube containing the CD34+/CD31-
progenitor cells at 300 x g for 10 min at 4°C and re-suspend the
cell pellet in ECBM /0.1% BSA before counting (see Note 12).
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Fig. 3. Representative density plots of the isolated progenitors cells obtained by flow cytometry analyses. (a) Density plot
of the CD34+CD31- size (FSC) and granularity (SSC). (b) Density plot using CD34-PerCP and CD31-PE. (¢) Density plot
using CD34-PerCP and CD14-PE-Cy7 (gray line: isotype control; black line: specific antibody).

11. Perform flow cytometry analyses to determine the purity of
the CD34+/CD31- cell fraction (Fig. 3) (see Note 13).

3.6. Isolation of the 1. Prepare the CD34- cell fraction at a concentration lower than
CD14+ Cells from the 108 cells/mL in Easysep buffer.
CD34- Cells 2. Add 100 pL of the CD14+ Easysep Positive selection cocktail.

Mix well by pipetting up and down and incubate for 15 min
at room temperature with an intermediate mix every 5 min.

3. Add 50 pL of nanobeads, mix gently, avoiding bubbles, and
incubate for 10 min at room temperature with an intermedi-
ate mix every 5 min.

4. Bring the volume up to 2.5 mL with Easysep buffer.
5. Introduce the tube into the Easysep magnet for 5 min.

6. Collect the CD14-negative cell fraction by keeping the 50-mL
Falcon tube within the magnet and turning it upside down to
drain off the supernatant into a fresh tube.

7. Remove the tube from the magnet and wash with 2.5 mL
Easysep buffer.

8. Homogenize by pipetting up and down.
9. Repeat step 8 four times.

10. Centrifuge the CD14+ and the CD14- cell fraction at 300 x g
for 10 min at 4°C.

11. Count the number of viable cells with Trypan blue staining.

3.7. Real-time PCR Add 350 pL RLT/DTT to 5x10° cells and perform the RNA
Analyses extraction in the RNeasy Mini Spin column as described in the kit

) instructions (see Note 14).
3.7.1. RNA Extraction

of the SVF Cell Population

3.7.2. RNA Extraction 1. Freeze mature adipocytes in Qiazol reagent (volume to volume)
of Mature Adipocytes at —80°C.

2. Allow the adipocyte /Qiazol solution to thaw at 37°C.
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3
4
5
6
7

Nelie]

10

11.

3.7.3. Real-time PCR 1.

. Vortex vigorously for 15-20 s.

. Incubate the sample at room temperature for 5-10 min.
. Centrifuge at 5,000 x g for 1 min.

. Discard the lipid upper phase.

. Add one volume of chloroform (for five volumes of the
remaining phase) to extract the remaining lipids and vortex
vigorously for 15 s.

. Incubate the tube at room temperature for 2—3 min.

. Centrifuge at 5,000 x g for 10 min.

. Transfer the upper aqueous phase to a new tube and add one
volume of 70% ethanol and mix thoroughly by vortexing.

Perform the RNA extraction in the RNeasy Mini Spin column
as described in the kit.

Add to 0.5 pg total RNA, in 1x first-strand buffer, 200 U
superScript II Reverse Transcriptase, 0.5 mM DNTP, 10 mM
DTT, and 50 ng of the Random Primers, in a final volume
of 20 uL.

2. Incubate for 10 min at 25°C, followed by 50 min at 42°C.

Analysis
3
4
3_
c
o
2 2
[}
© 17 W
=II
O_i T T T

. Stop the reaction by heating for 15 min at 70°C. The cDNA
obtained is chilled on ice (if used the same day) or stored at
-20°C until use.

. Perform the amplification reaction in duplicate on 15 ng
(5 puL) of the cDNA samples using 1x TagMan Universal
PCR Master Mix and the TagMan probes for cytokines in a
final volume of 20 uL in 96-well reaction plates in a GeneAmp
7500 detection system under the conditions: 50°C for 2 min,
95°C for 10 min, 40 cycles of 95°C for 15 s and 60°C for
1 min (see Note 15) (Fig. 4).

350+ 0.35
S 3004 S 0.30
2 250+ @ 0.25
7] o
o 200 S 0.20
o X
> 1504 o 0.154
o w
© 1004 O 0.10
_| I
— 504 0.05

0 T T 0.00-i

ADIP  SVF PROG MACRO ADIP  SVF PROG MACRO ADIP  SVF PROG MACRO

Fig. 4. Real-time PCR analysis of various cytokines and factors (interleukin (IL)-6, IL-8 and hepatocyte growth factor
(HGF)) performed on the native human mature adipocytes (ADIP), cells from the SVF (SVF), isolated progenitor cells
CD34+/CD31- (PROG) and macrophages (MACRO) from the human adipose tissues. Values are means = SEM normalized
to 18 S RNA expression from at least five distinct cell preparations.
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4. Notes

. Visceral human adipose tissue contains more immune cells

than subcutaneous adipose tissue (7).

. The percentage of immune cells contaminants within the SVF

increases with the body mass index of the patients (6-8).

. Traditional collagenase is a crude and variable fermentation

by-product of Clostridium histolyticum. Liberase enzymes are
blends of purified enzymes. In order to get reproducible
results, the same lots of collagenase or the same type of lib-
erase must be used. Figure 1 shows the yields of viable stromal
vascular cells obtained from the same amount of adipose
tissue digested in distinct collagenases lots and liberase blends
with the same activity.

. DNase is necessary to disrupt the DNA that is released as a

consequence of tissue digestion, which would otherwise
result in a non-homogeneous and gelatinous cell suspension
that is difficult to process further.

. It all of the extraction protocol cannot be performed in the same

day, the SVF can be kept overnight under constant shaking at
4°C in ECBM supplemented with 0.1% BSA and 2 mM EDTA.

. Stromal vascular cells can be frozen in liquid nitrogen.

We obtained a good viability of the cells when the SVF was
frozen in ECBM supplemented with 45% FCS and 10% dim-
ethylsulfoxide (DMSO) (81 £5% cell recovery compared with
freshly harvested cells, n=3 distinct tissues). Moreover, the
flow cytometry analyses performed on cryopreserved and
freshly harvested stromal vascular cells showed that the cryo-
preservation led to an enrichment of the SVF in the CD34+
cells together with a reduction in the CD14+ cells (1.4-fold
more CD34+ and 0.7-fold less CD14+ cells in the cryopre-
served compared with freshly harvested SVF, z=3 tissues).

. The cells from the SVF are highly auto-fluorescent. Moreover,

due to the heterogeneity in the cell populations, they exhibit
high heterogeneity in size (Forward Scatter) and granularity
(Side Scatter). It is thus necessary to carefully set up the
cytometer settings and to perform the compensation steps
prior to begining multiple labeling.

. The choice of antibodies for flow cytometry analyses must

consider several points. Due to the high autofluorescence in
the FL1 channel, FITC-labeled antibodies must be chosen
for cell surface markers that are expressed at high levels. The
clones for the CD34 and CD14 antibodies used for the FACS
analysis must be distinct from the ones used for the cell
immunoselection.
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10.

11.

12.

13.

14.

15.

. Itis important to keep all buffers at 4°C to avoid non-specific

labeling and cell contamination.

Since the Dynal CD31 beads are microbeads, they are
attracted by a lower magnetic field than the Easysep CD34
nanobeads. Therefore, using the Dynal magnet adapted for
microbeads, it is possible to selectively attract the cells
that are both covered by the CD31 microbeads and the
CD34 nanobeads but not the cells covered only by the CD34
nanobeads.

Before use, beads must be washed three times (on the mag-
net) in Dynal buffer (1 mL of buffer for 100 uL of beads) to
remove residual ethanol.

To eliminate contaminant beads, replace the progenitor cells
suspension on the magnet.

When the aim of the study is to obtain pure human adipose
tissue progenitor cells free from endothelial cells and immune
cell contaminants, the isolation protocol may stop at this step.

When starting with 5x10° cells; we usually obtained
0.1 pg/uL total RNA.

For the ribosomal RNA control (18 S rRNA), the PCR mix-
ture contained 5 puL of 4x primers and fluorogenic probe mix

(Applied Biosystems) and 10 puL of 2x TagMan Universal
PCR Master Mix (Applied Biosystems).
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Chapter 13

Gel-Based and Gel-Free Proteomic Technologies

Peter Scherp, Ginger Ku, Liana Coleman, and Indu Kheterpal

Abstract

Proteomics refers to the analysis of expression, localization, functions, posttranslational modifications,
and interactions of proteins expressed by a genome at a specific condition and at a specific time. Mass
spectrometry (MS)-based proteomic methods have emerged as a key technology for unbiased systematic
and high-throughput identification and quantification of complex protein mixtures. These methods have
the potential to reveal unknown and novel changes in protein interactions and assemblies that regulate
cellular and physiological processes. Both gel-based (one-dimensional [1D] gel electrophoresis, two-di-
mensional [2D] polyacrylamide gel electrophoresis, 2D difterence in-gel electrophoresis [DIGE]) and
gel-free (liquid chromatography [LC], capillary electrophoresis) approaches have been developed and
utilized in a variety of combinations to separate proteins prior to mass spectrometric analysis. Detailed
protocols for global proteomic analysis from adipose-derived stem cells (ASCs) using two central strate-
gies, 2D-DIGE-MS and 2D-LC-MS, are presented here.

Key words: Adipose-derived stem cells, Proteomics, Mass spectrometry, Two-dimensional difference
in-gel electrophoresis, Liquid chromatography, iTRAQ™

1. Introduction

Adipose-derived stem cells (ASCs) have been shown to differentiate
into adipocytes, chondrocytes, osteoblasts, and myoblasts
under appropriate lineage-specific culturing conditions (1-3).
Understanding and controlling differentiation properties of stem
cells in 27z vitro studies are necessary to develop stem cell therapies
for treatment of diseases. Due to the small correlation between
gene and protein expression, this challenging task requires identi-
fication and mapping of stem cell specific proteins, differentiation-
specific intracellular and secreted proteins, changes in protein
levels and posttranslational modifications, and proteins involved
in signal transduction driving differentiation. Proteomics is a

Jeffrey M. Gimble and Bruce A. Bunnell (eds.), Adipose-Derived Stem Cells: Methods and Protocols,
Methods in Molecular Biology, vol. 702, DOI 10.1007/978-1-61737-960-4_13,
© Springer Science+Business Media, LLC 2011
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large-scale study of protein properties including expression,
subcellular localization, posttranslational modifications, protein—
protein interactions, and pathways under a specific condition and at
a specific time. Despite the remarkable advancements in stem cell
biology and proteomic technologies, a limited number of studies
have applied proteomic methods for evaluation of ASCs (4-9).

Mass spectrometry (MS)-based proteomics has emerged as
the central technology for analyzing and characterizing proteins
to understand cellular and physiological processes (10). MS-based
proteomic methods allow an unbiased systematic investigation of
a large number of proteins without the need for antibodies with
high affinity and specificity and have the potential to reveal
unknown and novel changes in protein interactions and assem-
blies that regulate cellular and physiological processes (10-12).
A number of strategies using gel electrophoresis, capillary electro-
phoresis, and liquid chromatography (LC) have been applied for
separation of polypeptides prior to MS analysis (13, 14). These
strategies have been complemented by the development of novel
MS instrumentation, methods for data acquisition, and bioinfor-
matics tools for interpretation of large sets of MS data (15-17).
A majority of the protein separation and MS tools are modular
and can be adapted in a variety of ways to answer biological ques-
tions (18). Two of the most commonly employed MS-based
quantitative proteomic strategies, two-dimensional (2D) difter-
ence in-gel electrophoresis (DIGE) and 2D-LC, are described in
detail in this chapter.

2D-gel electrophoresis is still the most widely used method in
proteomic studies and is the only technique that can be applied
for parallel quantitative expression profiling of large sets of com-
plex protein mixtures (>1,000 proteins) (19-21). In the 2D-DIGE
approach, protein mixtures are labeled (at either lysines or
cysteines) with spectrally resolvable CyDye fluorophores (Cy2,
Cy3, and Cy5).These dyes are matched for mass and charge, so
proteins labeled with any of these fluorophores comigrate on a
2D-gel (22).The samples are pooled together and separated using
two consecutive techniques: isoelectric focusing (IEF), which dis-
criminates proteins based on their isoelectric point, followed by
sodium dodecyl sulfate (SDS) polyacrylamide gel electrophoresis
(PAGE), which discriminates proteins based on their apparent
molecular weight (19-21). Two experimental samples (labeled
with Cy3 and Cy5) and a pooled internal standard (labeled with
Cy2) comprised of equal amounts of protein from each sample
are included on every gel. Each gel is scanned at three different
wavelengths, corresponding to the excitation and emission wave-
lengths of each of the three fluorophores. The abundance of each
protein spot is measured as a ratio to its corresponding spot
present in the internal standard. The pooled internal standard run
on every gel allows an accurate comparison of protein abundance
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between various samples run on different gels (22). The spots
showing statistically significant changes are marked for further
analysis. For protein identification by MS, parallel preparative
2D-gels are run and post-stained with a fluorescent dye such as
SYPRO® Ruby. The gel images using post-staining methods are
matched with images obtained using covalent CyDye fluoro-
phores. Spots of interest are excised, digested with trypsin, and
further analyzed using MS methods. We have used the 2D-gel
electrophoresis approach to characterize proteome and secretome
of ASCs before and after differentiation (5, 9). More recently, we
have utilized the DIGE approach to study human skeletal muscle
cell cultures (23) and adipose tissue (unpublished data).

A gel-free approach utilizing 2D-LC in conjunction with iso-
baric tagging of proteins for relative and absolute quantification
(iTRAQ™) is also presented below. The iTRAQ™ reagents pro-
duce diagnostic low-mass MS/MS signature ions (17, 24, 25),
and the intensity of these signature ions is compared to obtain
relative protein concentrations. Currently, up to eight isobaric
tags are available, allowing quantitative proteomic analysis of up
to eight samples simultaneously. The amine specificity of these
reagents results in labeling of all peptides, providing broad pro-
teomic coverage. In this approach, individual protein samples are
denatured, reduced, alkylated, and proteolyzed with trypsin in
solution prior to any separation. Each trypsin-digested sample is
labeled with a unique iTRAQ™ reagent. Labeled peptide mixtures
are pooled at equimolar concentrations for further separation,
identification, and quantification via LC-tandem mass spectrometry
(MS/MS).The labeled pooled peptide mixture is fractionated
using strong cation exchange chromatography (SCX) in the first
dimension. Peptides in each SCX fraction are further separated by
reverse-phase (RP) LC prior to MS/MS analysis. The advantage
of this approach is that, after proteolysis and labeling, samples are
analyzed together, resulting in higher speed and lower coefficients
of variance. Moreover, a pooled internal standard can be included
in each analysis for relative quantification across large numbers of
samples. This approach has been successtully applied toward stem
cell biology (26-28). Comparative analyses of gel-based and gel-
free proteomic technologies have demonstrated that both of these
methods have advantages for analyzing complex protein samples
and should therefore be seen as complementary rather than exclu-
sive (29, 30).

2. Materials

Unless otherwise stated, all solutions were prepared in deionized
water (18.2 MQ conductivity).
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2.1. Protein Extraction

2.2. Protein
Quantification:
Bradford Protein
Assay

2.3. 2D-DIGE

2.3.1. Protein Precipitation

2.3.2. Protein Labeling

O NN O\ Ul B~ W N

. ReadyPrep™ Sequential Extraction Reagent 3 (Bio-Rad) lysis

buffer: 5 M urea, 2 M thiourea, 2% (w/v) ultrapure
3-([ 3-cholamidopropyl]dimethylammonio)- 1 -propanesul-
fonate hydrate (CHAPS), 2% (w/v) SB 3-10, 0.2% Bio-
Lyte3,/10, 40 mM Tris.

. 100 mM Phenylmethanesulfonylfluoride (PMSF).

. m-Dodecyl-b-d-maltoside.

. 2 mM Tributylphosphine (TBP).

. Benzonase.

. Cell wash solution: 10 mM Tris and 250 mM sucrose, pH 7.
. Orbital shaker.

. Inverted microscope with 20x and 40x phase contrast

objectives.

. Cell scraper.
10.
11.

Digital Sonifier with 3-mm microtip.
1 M Dithiothreitol (DTT).

. Protein Assay Dye Reagent Concentrate (Bio-Rad, Cat No.

500-0006).

. QuickStart™ bovine serum albumin (BSA) standard solutions

(Bio-Rad).

. 96-Well microtiter plates (flat bottom, 96 well, clear, PS,

nonsterile).

. Microtiter plate spectrophotometer.

. UPPA Protein Concentrate™ Kit-Micro (G Biosciences):

UPPA-I, UPPA-II, OrgoSol buffer, UPC-wash, SEED

solution.

2. Gel-loading pipette tips.
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. CyDye labeling bufter: 30 mM Tris, 7 M urea, 2 M thiourea,

and 4% CHAPS. Adjust to pH 8.5 using 1 M HCI.

. pH paper strips (pH 7-14).

. 50 mM NaOH, pH>9.5.

. Alcohol wipes.

. N,N-Dimethylformamide (DMF; anhydrous, 99.8%). Store

in a dessicator for <3 months.

. 1-mL syringe with 20-gauge needle.
. CyDye DIGE fluorophores, minimal dyes Cy2, Cy3, and

Cy5; 5 nmol each (GE Healthcare). Store at -80°C.

. 10 mM vr-Lysine.



2.3.3. Isoelectric Focusing

2.3.4. SDS-PAGE
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8. DeStreak Rehydration Solution (GE Healthcare, Cat. No.
17-6003-19).

9. Bio-Lyte 3/10, 100x ampholytes (20% ampholyte solution,
Bio-Rad).

1. ReadyStrip™ IPG strips pH 3-10 NL, 24 cm (Bio-Rad).

2. Forceps.

3. Isoelectric focusing (IEF) 24-cm tray with electrodes (Bio-
Rad).

4. IPG strip equilibration/storage trays with lid (Bio-Rad).

5. Mineral oil.

6. Protean® IEF cell (Bio-Rad) (see Note 1).

7. Thick blot paper.

8. Electrode wicks.

9. 15 mM DTT.

1. Ettan™ DALTsix gel caster (GE Healthcare).

2. DALT separator sheets (GE Healthcare).

3. DALT filler sheets (GE Healthcare).

4. Ettan™ DALTsix Large Vertical System (GE Healthcare):

o N O v

17.

electrophoresis unit, gel caster, power supply, upper buffer
chamber (UBC), lower buffer chamber (LBC) with ceramic
heat exchanger, Multi Temp™ III Thermostatic Circulator
(see Note 1).

. DALT blank cassette inserts (GE Healthcare).
. Low-fluorescent glass plates with spacers (GE Healthcare).
. 95% Ethanol.

. 60-mL plastic syringe barrel with neoprene rubber tubing

attached.

. Ring stand with clamp.
10.
11.
12.
13.
14.
15.
16.

Hemostat.

30% Acrylamide /Bis solution (Bio-Rad).

1.5 M Tris, pH 8.8.

Sodium dodecyl sulfate (SDS; MW 288.38 g/mol).
Ammonium persulfate (APS).

N,N,N', N -Tetramethylethylenediamine (TEMED).

1-Butanol, saturated with deionized water (50 mL of
1-butanol with 10 mL of deionized water).

10x SDS-PAGE electrophoresis running buffer: 250 mM
Tris, 1.92 M glycine, and 1% SDS.
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2.3.5. Image Acquisition
and Analysis

2.3.6. Total Protein
Detection with SYPRO®
Ruby

2.3.7. Spot Excision
and In-Gel Digestion

18.

19.
20.

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

31.

[\S)
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Equilibration buffer: 6 M urea, 2% SDS, 0.375 M Tris, pH
8.8, and 20% glycerol.

Reduction buffer: 1% DTT in equilibration buffer.

Alkylation bufter: 2.5% iodoacetamide (IAA) in equilibration
buffer.

Thick blot paper.

Gel stand.

Two forceps.

50-mL pipette (see Note 2).

0.75-mm spacer.

Ready Prep™ overlay agarose (Bio-Rad).
Beaker.

Thermometer.

Electrode wicks.

Low molecular weight (LMW) markers (GE Healthcare, Cat.
No. 17-0446-01).

Orbital shaker.

. Fluorescence scanner or imaging system equipped with appro-

priate excitation and emission filters for Cy2, Cy3, and Cy5
dyes and SYPRO® Ruby protein stain.

. 2D-gel analysis software.

. Gel-staining trays.

. Fixation/Destain Solution: 10% ethanol and 7% glacial acetic

acid in deionized water.

. SYPRO® Ruby protein gel-stain (Bio-Rad).
. Gel-cutting sheets.

. One-gallon plastic storage bags.

. Aluminum foil.

. Orbital shaker.

. EXQuest™ Spot Cutter (Bio-Rad).

. Microtiter plates.

. Microtiter plate-sealing film.

. Heating block.

. 100 mM ammonium bicarbonate butffer.
. 100% acetonitrile (LC/MS grade).

. Reduction solution: 10 mM DTT in 100 mM ammonium

bicarbonate buffer.



2.4. 2D-LC-MS/MS

2.4.1. Protein Desalting,
Digestion, and iTRAQ™
Reagent Labeling

2.4.2. Strong Cation
Exchange Chromatography

2.4.3. RPLC-MS/MS

8.

9.

10.
11.
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Alkylation solution: 55 mM IAA in 100 mM ammonium
bicarbonate buffer.

Extraction solution: 1% formic acid and 2% acetonitrile in
LC/MS-grade water.

Trypsin.

Trypsin resuspension solution: 50 mM acetic acid (Promega).

Allsolvents for 2D-LC-MS /MS are prepared using LC/MS-grade
water unless otherwise specified.

1.

Acetone (chilled to -20°C).

2. Gel-loading pipette tips.

N O\ Ul

. ITRAQ™ 4-plex kit (Applied Biosystems, Cat. No. 4352135):

ITRAQ™ Reagent vials, Triethylammoniumbicarbonate buffer
(dissolution buffer), 2% sodium dodecyl sulfate (SDS; dena-
turing agent), 50 mM Tris (2-carboxyethyl) phosphine
(TCEP; reducing agent), 200 mM methyl methane thiosul-
fonate (MMTS; cysteine-blocking reagent), and 100%
ethanol.

. Digital Sonifier with 3-mm microtip.
. Trypsin.
. Trypsin resuspension buffer: 50 mM acetic acid.

. pH paper strips (pH 7-14).

. SCX column: PolySulfoethyl A (2.1x50 mm, 3 pm, 2004,

Nest Group, Cat. No. 052SE0502).

. SCX guard column: PolySulfoethyl (2.1x10 mm, 5 um,

200A, Javelin®, Nest Group, Cat. No. PJ22GCSE0502).

. HPLC system equipped with pumps, autosampler, UV /VIS

detector, and fraction collector.

. Solvent A: 10 ammonium formate, 20% acetonitrile, adjusted

with formic acid to pH 3.

. Solvent B: 600 mM ammonium formate, 20% acetonitrile,

adjusted with formic acid to pH 3.

. Solvent C: 100% LC/MS-grade water.
. Solvent D: 40 mM EDTA, disodium, dihydrate.

. nanoAcquity UltraPerformance LC® (Waters Corp.) equipped

with a Symmetry® C18 trap column (5 pm, 180 um x20 mm,
Waters Corp.) and a BEH C18 analytical column (1.7 um,
75 umx 100 mm, Waters Corp.).

. Quadrupole time-of-flight mass (Q-TOF) spectrometer

(SYNAPT HDMS™, Waters Corp.) interfaced to the nano
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AcquityUPLC® via a nano-electrospray ionization source.
The LC-MS/MS system includes MassLynx™ data acquisi-
tion and ProteinLynx Global Server™ 2.3 data analysis soft-
ware packages.

3. Solvent A: 0.1% (v/v) formic acid in LC/MS-grade water.

4. Solvent B: acetonitrile (LC/MS grade) with 0.1% formic
acid.

3. Methods

2D-DIGE: The 2D-DIGE approach utilizes fluorescent labeling
of proteins followed by separation using IEF and SDS-PAGE.
The 2D-DIGE technology uses either highly sensitive saturation
labeling with cysteine-reactive cyanine fluorescent dyes (CyDyes)
or minimal labeling with lysine-reactive cyanine fluorescent dyes.
Saturation labeling is very sensitive, allowing labeling of as little as
5 ug of protein (22, 31), and is ideal for samples limited in quan-
tity. Minimal labeling with lysine-reactive dyes is used for protein
mixtures extracted from cell cultures where sample is not limited.
The detailed methods presented below use lysine-reactive minimal
labeling. Using minimal labeling, <5% of the proteins in the sample
are labeled; however, presence of the dye can change protein
mobility, especially of low molecular weight proteins. Thus, the
same gels are further poststained with fluorescent stains such as
SYPRO® Ruby to facilitate spot excision. The excised gel plugs
are destained, reduced, alkylated, and digested with trypsin. The
peptides are then extracted from gel plugs and analyzed using
RPLC-MS/MS.

2D-LC-MS/MS: Detailed methods for 2D LC-MS /MS methods
in conjunction with labeling with four iTRAQ™ tags for protein
quantification are presented below. The principle of the ITRAQ™
method is based on the use of isobaric tags consisting of a reporter
group (e.g., 114-117 Da for iTRAQ™ 4plex kit), a balancer
group (31-28 Da, respectively) and a peptide reactive group
(Fig. 1). During the labeling procedure, the reporter and balanc-
ing group are covalently bound to peptides. The reporter groups
result in diagnostic low mass (m/z 114-117) MS/MS signature
ions. The intensity of these reporter ions is compared to
obtain relative protein concentrations in up to four samples
simultaneously.

Individual experimental samples are labeled with four indi-
vidual iTRAQ™ reagents, pooled together, and separated either
using an on-line or off-line 2D-LC approach prior to MS analysis.
In an on-line approach, SCX and RP columns are connected back
to back, and peptides are “bumped” oft the SCX at various salt



3.1. Protein Extraction

3.1.1. Lysis Buffer
Preparation

3.1.2. Cell Lysis
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Fig. 1. Chemical structure of the iTRAQ™ Reagent consisting of the reporter group (a),
the balancing group (b), and the amine specific reactive group (c). The different masses

of the individual reporter groups (114-117) are compensated by the balancing groups
to yield identical total mass of 145 Da for the reporter and balancing group (a and b).

concentrations and injected directly into the RP column, offering
speed and automation. In an oft-line approach, pooled peptide
samples are first separated by charge using SCX chromatography.
Each fractionis then further analyzed individually on a RPLC-MS/
MS system as described below. This approach does not allow
complete automation; however, it allows multiple injections of
fractions containing more complex mixtures of peptides, thus
increasing the number of protein identifications. Furthermore,
mass/charge boundaries of the precursor ions in multiple runs can
be limited (mass segmentation) to increase the number of pep-
tides analyzed.

1. Reconstitute ReadyPrep™ Sequential Extraction Reagent 3
by adding 6.3 mL of deionized water to the reagent bottle
and dissolve completely, yielding 10 mL of lysis buffer (see
Note 3).

2. Add 500 pL of 100 mM PMSF to 10 mL of lysis bufter.

3. Add 200 mg of #-dodecyl-b-pD-maltoside to 10 mL of lysis
buffer for a final concentration of 2%.

4. Aliquot lysis buffer in microfuge tubes (1 mL per tube).
Aliquots can be stored at —~80°C for 6 months if not all of the
solution is needed immediately.

5. Add 25 puLL of 2 mM TBP and150 U of benzonase to 1 mL of
lysis butfer immediately before use.

1. Remove all media from the cell culture dish by decanting.

2. Rinse cells in each culture dish three times with 1.5 mL of cell
wash solution to remove media.

3. Decant off and remove by pipetting as much wash solution as
possible.

4. After the final wash, add 1 mL of lysis buffer to each culture
dish.

5. Incubate samples on the orbital shaker at low speed for 20 min
at room temperature.
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3.2. Protein
Quantification:
Bradford Protein
Assay

11.

12.

. Visualize cells under microscope to verity cell lysis.

. Scrape remaining cells off the dish using a cell scraper and

transfer cell lysate into a microfuge tube using a 1-mL pipette.
If necessary, cell lysates from multiple dishes can be combined
(see Note 4).

. Sonicate samples in 20-s bursts four times and incubate sam-

ples on ice for 20 s in between each burst. Avoid longer cooling
as salts in lysis buffer will precipitate.

. Incubate samples for 45 min at room temperature.
10.

Add 50 pL. of 1 M DTT per 1 mL of lysis buffer into each
tube.

Centrifuge cell lysates for 30 min at 20,800 x g to pellet insol-
uble cell components.

Transfer supernatant into a new microfuge tube and store at
-80°C until further use.

The protocol described here is used to measure total protein con-
centration after cell lysis and prior to labeling with CyDyes and
iITRAQ™ Reagents in DIGE and 2D-LC-MS/MS protocols,
respectively. Appropriate negative controls are specified in the
sections below.

1.

Prepare 20 mL of Bradford dye solution by diluting 4 mL of
Protein Assay Dye Reagent Concentrate with 16 mL of deion-
ized water. This is sufficient to fill 96 0.2-mL wells.

. Dilute protein samples in deionized water in microfuge tubes

and mix. Negative control (lysis buffer containing benzonase,
DTT, and TBP) is diluted according to protein samples.
Deionized water is used as a blank. We generally make 25-fold
and 50-fold dilutions of each sample. Each dilution is run in
triplicate.

. BSA standards at concentration of 0.25 mg/mL to 1 mg/mL

are used directly from the BSA standard solution kit. These
standards can be further diluted in deionized water in order
to accurately measure lower protein concentrations. Each
standard is run in triplicate.

. In a 96-well microtiter plate, pipette 200 pL of Bradford dye

solution into an appropriate number of wells. Add 10 uL of
blank, BSA standards, negative control, or cell lysis samples to
individual wells in triplicate, respectively.

. Mix and incubate at room temperature for 5 min.
. Measure absorbance using the spectrophotometer at 595 nm.

. Calculate the protein concentrations.
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3.3.1. Protein Precipitation

3.3.2. Protein Labeling
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. Aliquot 150 pg of each protein sample into a microfuge tube

(see Notes 5 and 6).

2. Add 450 pL of UPPA I buffer (150 pL. of UPPA I buffer per

50 g of protein) to each sample, and vortex to mix.

. Incubate at 4°C for 15 min.

4. Add 450 pL of UPPA II (150 pL of UPPA II buffer per

10.

11.

12.

13.

14.

15.
16.
17.

18.
19.
20.

50 pg of protein) to each sample, and vortex to mix.

. Centrifuge at 20,800 x g for 10 min at 4°C.

. Remove and discard supernatant without disturbing the pellet

(protein).

. Centrifuge at 20,800 x g for 30 s at 4°C.

. Remove any remaining supernatant using gel-loading tips and

discard.

. Add 60 pL of UPC-Wash (40 uL of UPC-wash per 300 puL

of UPPA I) to the pellet, and vortex to mix.
Centrifuge samples at 20,800 x g for 10 min at 4°C.

Remove the supernatant (wash solution) and add sufficient
volume (usually 25 pL) of deionized water to cover the pellet.
Vortex to mix.

Chill OrgoSol buffer from the UPPA Protein Concentrate kit
at -20°C for at least 1 h before use.

Add 1 mL of OrgoSol buffer and 5 L. of SEED solution (the
volume of OrgoSol buffer must be at least tenfold in excess of
water added in step 11, adjust if necessary). Vortex to mix.

Incubate samples at ~20°C for 15 min. Vortex samples for
20-30s.

Repeat step 14.
Centrifuge samples at 20,800 x g for 10 min at 4°C.

Remove and discard the supernatant without disturbing the
pellet.

Air-dry pellets until they become translucent.
Resuspend each pellet in 15 pL of CyDye labeling bufter.

Determine the protein concentration using the Bradford
Protein Assay as described above using the CyDye labeling
buffer as negative control.

. Centrifuge samples briefly and check the pH by spotting a

small aliquot of samples onto pH paper.

. If necessary, adjust the pH to 8.5 using 0.5 puL increments of

50 mM NaOH (see Note 7).

. Prepare pooled internal standard by combining 25 pg of protein

from each sample.
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3.3.3. Isoelectric Focusing

10.
11.
12.

13.
14.

15.

16.

17.
18.

19.

. Aliquot 50 pg of each sample and 50 pg of pooled internal

standard separately into individual 1.5 mL microfuge tubes
(see Notes 5 and 6).

. Allow lyophilized CyDye DIGE fluorophores to equilibrate

to room temperature. Spin CyDye vials briefly to make sure
that the entire solid is at the bottom of the tube. Place CyDye
vials on ice.

. Wipe the top of the DMF stock container (injection vial with

rubber cap) with an alcohol wipe. Using a 1-mL syringe
equipped with a 20-gauge needle, remove 30 uL. of DMF and
transfer into a microfuge tube.

. Transfer 5 uLL of DMF from the microfuge tube to 5 nmol of

each CyDye vial, yielding a stock solution of 1 nmol/uL of
CyDye.

. Vortex each CyDye vial vigorously to assure complete disso-

lution. Spin down the CyDye solution for 30 s. The solution
is now ready to use and can be stored at -80°C for 3 months
in the dark.

. Add 400 pmol of Cy2, Cy3, and Cy5 to 50 pg pooled internal

standard, protein sample 1, and protein sample 2,
respectively.

Vortex and spin samples briefly.
Incubate samples on ice for 30 min in the dark (see Note 8).

Add 1 pL of freshly prepared 10 mM L-lysine to stop the
labeling reaction. Vortex and spin briefly.

Incubate samples on ice for 10 min in the dark.

If necessary, samples can be stored after CyDye labeling for
up to 3 months at -80°C in the dark.

Prepare DeStreak solution containing 1% ampholytes by mixing
25 pL of Bio-Lyte 3 /10 20% ampholyte stock solution with
475 uL of DeStreak Rehydration solution for each IPG
strip.

Pool Cy2, Cy3, and Cy5 samples to be run simultaneously on
one gel and adjust to a final volume of 450 uL using DeStreak
buffer with 1% ampholytes.

Incubate samples at room temperature for 1 h in the dark.

Centrifuge samples at 20,800xg for 10 min at room
temperature.

Protein samples are now ready for IEF.

. Load each CyDye-labeled sample (as obtained in the section

above) across the length of an individual channel of a clean
IEF tray. Avoid introducing any air bubbles during the transfer.
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12.

13.
14.

15.
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If air bubbles are present in the tray, use the pipette tip to
remove bubbles without removing the supernatant.

. Hold IPG strip with forceps on one end and remove the pro-

tective plastic backing using a second set of forceps. Gently
lay the gel side of the strip in the IEF channel containing the
CyDye sample (see Note 9). Repeat this procedure for as
many IPG strips as needed (one strip per IEF channel).

. Cover IEF tray with aluminum foil and incubate strips in the

IEF tray at room temperature for 30 min.

. Using a 1-mL transfer pipette, completely overlay each IPG strip

with mineral oil (ca. 5 mL per channel) to prevent dehydration.

. Cover the IEF tray with the lid and place tray into the Protean®

IEF cell. Make sure that the IPG gel strip makes contact with
the electrode wire (see Note 9).

. Perform active rehydration at 50 V and 20°C. Samples must

rehydrate for at least 22 h.

. After active rehydration is completed, pour off excess mineral

oil, remove individual strips using forceps, and rinse with
deionized water using a straw squirt bottle to remove as much
oil as possible.

. Blot IPG strips between two blotting paper strips moistened

with deionized water.

. Place IPG strips into channels of a fresh IEF tray.
10.

Add 8 uLL of 15 mM DTT solution to an electrode wick (one
wick per IPG strip).

Place a wick with DTT between each IPG gel strip and the
negative electrode wire of the IEF tray. Make sure that the
ends of the gel on the IPG strip are placed above the elec-
trodes (see Note 10).

Wet another set of electrode wicks with deionized water and
place between each IPG gel strip and the positive electrode
wire.

Cover strips with mineral oil without introducing air bubbles.

Cover the IEF tray with the lid and place tray into the Protean
IEF cell. Cover the IEF cell with aluminum foil.

Perform IEF using the following protocol. Step 1: 150 V|
ramp rapid, 45 min; step 2: 250 V, ramp rapid, 2 h; step 3:
500 V, ramp linear, 1 h; step 4: 1,000 V, ramp linear, 4 h; step
5:2,000 V, ramp linear, 1 h; step 6: 5,000 V, ramp linear, 1 h;
step 7: 9,000 V, ramp linear, 5 h; step 8: 10,000 V, ramp
rapid, 70,000 Vh; step 9: 150 V, ramp rapid, 12 h. IEF is
completed at the end of step 8. The Protean IEF cell can be
stopped at any time during step 9.
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3.3.4. SDS-PAGE:

Assembling Gel Caster Unit

3.3.5. SDS-PAGE: Gel
Casting and Pouring

16.

17.

18.

19.

The positive electrode wicks will accumulate blue dye from
the DeStreak buffer. In order to avoid saturation, replace all
positive electrode wicks moistened with deionized water every
hour until all of the blue dye is absorbed. Absorption of the
blue dye takes about 5-7 h after starting IEF.

After IEF is completed, pour off excess mineral oil; remove
individual IPG strips using forceps and rinse strips with deion-
ized water using a straw squirt bottle. Blot strips between two
blotting paper strips moistened with deionized water.

Strips can be stored in an IEF storage tray at -80°C until
SDS-PAGE.

To store, place IPG strip gel side up in an IEF storage tray.
Place lid on tray, and wrap with stretchable sealing film and
aluminum foil.

. Clean caster, glass plates, separation sheets, and all other gel

caster unit components with 95% ethanol and lint-free wipes.

. Assemble all six individual cassettes using glass plates and

spacers and place them into the Ettan™ DALTszx gel caster
with thin separation sheets between each cassette. If less than
six gels are used, fill the unused positions with DALT blank
cassette inserts. To fill the remaining space between the last
gel cassette and the caster, insert first a thin separator sheet
followed by thicker (1-mm) filler sheets. Seal the caster by
placing the foam rubber gasket in the groove of the gel caster
and close the caster by locking the removable front panel. For
detailed instructions, please refer to the manual for Ettan™
DALTsix electrophoresis system.

. Stand caster up to make sure the top of the cassettes are flush

with the back of the caster. Cover with plastic wrap.

. In order to simplity pouring the polyacrylamide solution into

the caster, we built a funnel-like contraption by attaching a
50-cm-long neoprene rubber tube to the barrel of a 60-mL
syringe.

. The free end of the rubber tubing is placed into the filling

channel in the back plate of the caster and the syringe barrel
is clamped into a ring stand about 10-20 cm above the caster.
The neoprene tubing is clamped off with a hemostat. When
using the filling channel, make sure to seal the gel caster by
plugging the barbed fitting in the faceplate.

. In a 1-L vacuum flask, prepare polyacrylamide solution by

combining 220 mL of 30% acrylamide /bis acrylamide solu-
tion, 137.5 mL of 1.5 M Tris (pH 8.8), 192.5 mL of deion-
ized water, and 5.5 mL of 10% SDS. Mix by gently swirling
the flask.



3.3.6. SDS-PAGE: Gel
Electrophoresis

10.

11.

12.

13.

14.

1.
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. Degas the polyacrylamide solution at room temperature for

2 h by applying a vacuum.

. While degassing the polyacrylamide solution, prepare 6 mL

of 10% APS.

. Once degassing of the polyacrylamide solution is complete,

add 248 uL of TEMED to the polyacrylamide solution in the
vacuum flask. Gently mix without introducing air bubbles.

. Add 5 mL of freshly prepared 10% APS to the polyacrylamide /

TEMED solution. Gently mix without introducing air
bubbles.

. Fill the gel caster with polyacrylamide solution by pouring it

into the 60-mL syringe barrel and opening the hemostat.
Make sure the other end of the neoprene tubing is tightly fitted
in the loading channel of the caster.

. Refill the syringe barrel continuously with polyacrylamide

solution without introducing air bubbles, as polyacrylamide
gels with air inclusions cannot be used (see Note 11).

. Fill the gel cassette to about 2 cm from the top of the glass

plates.

. Overlay gels with 1 mL of water-saturated butanol to obtain

a uniform and straight gel. This allows the IPG strip to lay flat
on the polymerized gel.

Cover the caster with plastic wrap and allow gels to polymerize
for 2 h.

After polymerization, decant butanol and rinse gels with
deionized water until all butanol is removed.

Prepare 500 mL of casting buffer by mixing 125 mL of 1.5 M
Tris (pH 8.8), 5 mL of 10% SDS, and 370 mL of deionized
water.

Pour casting buffer on top of gels, cover with plastic wrap
to prevent dehydration, and allow gels to polymerize
overnight.

Remove all gel cassettes from the gel caster, rinse outer sur-
faces with deionized water, and clean all surfaces with lint-
free wipes.

Prepare 1x SDS-PAGE electrophoresis running buffer by
diluting 10x SDS-PAGE with deionized water.

. Fill Ettan™ DALT szx lower buffer chamber (LBC) tank with

1x running buffer and set temperature to 4°C.The LBC holds
about 4.3 L of 1x running buffer.

. Place upper bufter chamber (UBC) in a sufficiently large pan

filled with 1x running buffer to wet the seals. Cover the pan
with plastic wrap until ready to use.
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10.

11.

12.

13.

14.

15.

16.

17.

18

. Prepare equilibration, reduction, and alkylation buffers (see

Note 12). Allow DTT and IAA to dissolve completely in
reduction and alkylation buffers, respectively.

. Allow frozen IPG strips to equilibrate to room temperature.

. Add 8 mL of reduction buffer to each strip. Incubate on

orbital shaker at low speed at room temperature for 15 min.

. After incubation, remove reduction buffer and rinse strips

with deionized water.

. Add 8 mL of alkylation buffer to each strip. Incubate on

orbital shaker at low speed at room temperature for 15 min.

. After incubation, remove alkylation buffer and rinse strips

with deionized water.

Gel tops of the SDS gels must be straight to accommodate
IPG strip. Do not use gels containing air inclusions or irregu-
larities. Rinse the top of gels with deionized water followed
by a rinse with 1x running buffer. Remove running buffer
and place gels in stand (see Notel 3).

Heat agarose in a microwave in 10 s bursts until it is liquefied.
Place liquefied agarose and a thermometer in a beaker con-
taining warm water. Allow temperature of agarose to reach
25-30°C.

Using forceps, remove IPG strip from the storage tray while
keeping track of the “+” and “-” orientation of the gel strip.
Immerse IPG strip into the 50-mL modified pipette filled

withlx running buffer for 20 s.

Blot IPG strip between two blotting paper strips moistened
with deionized water.

Overlay the top of the gel with agarose using a 1-mL transfer
pipette. Be careful not to introduce air bubbles.

Carefully and quickly position the IPG strip with its gel side
facing forward between the long and short glass plate. The
acidic (“+”) side of the IPG strip is placed on the left side of
the glass plate.

Using a 0.75-mm spacer, gently push the IPG strip between
the glass plates through the liquid overlay agarose until the
entire length of the strip makes full contact with the surface
of the polyacrylamide gel. Be careful to only touch the plastic
backing of the IPG strip, not the gel. Do not introduce air
bubbles.

Wet electrode wicks with 8 pL of LMW marker and place on
acidic (“+”) end of the IPG strip. Refill the top of the gels
with agarose.

. Allow the agarose on top of the gels to solidify for 10 min.



3.3.7. Gel Image
Acquisition

3.3.8. Total Protein
Detection with SYPRO®
Ruby

19.

20.

21.

22.

23.

24.

25.

26.
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Repeat these steps until all IPG strips are incorporated into
their gels. Reheat agarose to liquefy if necessary.

Place gels into gel cassette holder and place cassette holder
into LBC (see Note 14).

Remove the UBC from 1x running buffer and push it onto
the gel cassette holder making a tight seal.

Adjust the volume of 1x running buffer in the LBC to the
maximum fill line.

Dilute 10x SDS-PAGE Running Buffer to 3x running buffer
with deionized water.

Fill the UBC with 3x running buffer to the same height as
LBC to establish hydrostatic balance. The UBC holds about
2.5 L of 3x running buffer.

Place the lid onto the Ettan™ DALTsix tank and cover the
tank with aluminum foil to protect the samples from light.

Set the MultiTemp III temperature to 4°C. Program the
power supply with the following settings: step 1: 10 mA/gel,
80 Vand 1 W/gel for 1 h; step 2: 12 mA/gel, 150 V and
2 W /gel for 15-17 h. (see Note 15). Continue electrophore-
sis until bromophenol blue dye front has reached the bottom
of the gels. Turn off the power supply. Remove the UBC first,
then the gel cassette containing the gels.

. Remove gels from the gel electrophoresis unit while leaving

them in the glass plates. Gels are imaged using a fluorescence
imaging system with three-color detection capabilities.

. After imaging, wrap gels in aluminum foil and store at 4°C

(see Note 16).

. Analyze gel images using 2D-gel analysis software. Routine

statistical analyses available within the 2D-gel analysis soft-
ware are used to identify differentially regulated spots.

. After 2D-gel electrophoresis, remove gels from the glass

plates and place into a staining tray (see Note 17).

. Incubate each gel in 800 mL of fixation solution at room

temperature for 30 min (see Notel8).

. Remove fixation solution and add 500 mL of SYPRO® Ruby

Stain to each gel. Incubate for at least 3 h on orbital shaker at
low speed at room temperature.

. After staining, wash gels in 800 mL of destain solution for

30 min on orbital shaker at low speed at room temperature.

. Incubate gels in deionized water for at least 2 h (see Note 19).

. Image gels using the fluorescence imaging system.
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3.3.9. Spot Excision
and In-Gel Digestion

. For storage, place each gel on a clean gel-cutting sheet and

place the gel into a gallon-size plastic storage bag. Add
100 mL of destain solution to the bag. Seal and wrap bag
with aluminum foil.

. The wrapped gels are stored at 4°C until spot excision.

. Match SYPRO® Ruby gel images with CyDye images and

select spots of interest for further analysis.

. Excise selected protein spots. We use an EXQuest™ Spot

Cutter, but a spot cutter from any manufacturer can be
utilized.

. Place individual gel plugs into separate wells of a 96-well

microtiter plate and place on a heating block (40°C).

4. Remove all excess liquid from each well.

10.

11.

12.

13

14.
15.
16.

17.

18.

19.

. Destain gel plugs by adding 50 puL. of 100 mM ammonium

bicarbonate buffer and 50 pL of acetonitrile to each well.
Incubate for 10 min, and then remove liquid by pipetting.

. Repeat step 5.
. Dehydrate gel plugs by adding 50 pL of acetonitrile to each

well. Incubate for 10 min and remove liquid by pipetting.

. Allow excess acetonitrile to evaporate for 10 min.

. Reduce proteins by adding 50 pL of reduction solution to

each well. Incubate at room temperature for 30 min.
Alkylate the proteins by adding 50 pL of alkylation solution.
Incubate for 20 min.

Add 100 pL of acetonitrile to each well, incubate for 5 min,
and remove all liquid by pipetting.

Wash each gel plug by adding 50 pL of 100 mM ammonium
bicarbonate buffer. Incubate for 10 min and remove liquid by

pipetting.

. Wash each gel plug by adding 50 pL of acetonitrile to each

well. Incubate for 5 min and remove all liquid by pipetting.
Repeat step 13 two more times.
Evaporate oft excess acetonitrile.

Prepare a 100 ng/uL trypsin stock solution by dissolving
20 pg of trypsin in 200 L. of 50 mM acetic acid.

Prepare a working solution of 6 ng/uL of trypsin in 50 mM
ammonium bicarbonate buffer.

Add 25 pL of trypsin working solution (6 ng/uL) to each
well and cover the microplate.

Seal the microtiter plate with sealing film and incubate at
37°C for 6 h.



3.4. 2D-LC-MS/MS
3.4.1. Protein Desalting

3.4.2. Protein Digestion

20.

21.

22.

23.

24.
25.
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Extract peptides from gel plugs by adding 30 uL of extraction
solution.

Cover the microplate and incubate at room temperature for
30 min.

Transfer the supernatant of each well into a well of a new
microtiter plate.

Repeat extraction two more times by adding 12 pL of extrac-
tion solution to each well and incubating for 30 min at room
temperature.

Supernatants from all three extractions are pooled.

Load 1-10 pL of tryptic digest onto a Q-TOF instrument for
LC-MS/MS analysis as described in the LC-MS /MS analysis
section (see Subheading 3.4.5) below.

. Determine the protein concentration of samples in lysis buffer

using Bradford Protein Assay (see Subheading 3.2).

2. Aliquot 200 pg of protein from each sample into 2-mL

microfuge tubes. Chill sample tube to 4°C.

. Add six volumes of 100% acetone (chilled to -20°C) to the

cold sample (see Note 20).

4. Incubate samples overnight at -20°C to precipitate proteins.

. Centrifuge samples at 2,600 x g4 at 4°C for 5 min.

. Remove supernatant from microfuge tubes without disturbing

the pellet. A long-tapered gel-loading tip helps to remove as
much supernatant as possible. Do not dry samples.

. Resuspend protein pellets in 20 pL of iTRAQ™ dissolution

buffer (see Note 21).

. Perform the Bradford Protein Assay as described above to

determine the protein concentration in each sample in
dissolution bufter. Use dissolution buffer as a negative
control.

. Aliquot 100 pg of protein from each sample into individual

microfuge tubes. It is important to use an equal amount of
protein from each sample (see Note 22).

. Adjust the total volume of each sample to 20 pL with iTRAQ™

dissolution buffer if necessary. If more than 20 pL of sample
volume is used, then recalculate the volumes of the subse-
quent solutions accordingly (see Note 23).

. Add 1 pL of 2% SDS per 20 pL of sample to each tube

(see Note 24).Vortex and spin samples.

. Add 2 uL of 50 mM TCEP per 20 uL of sample to each tube.

Vortex and spin samples.
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3.4.3. ITRAQ™ Reagent
Labeling

. Incubate samples at 60°C for 1 h. If urea was added to dissolve

the protein pellet, then incubate samples at 37°C for 1 h (see
Note 25).Vortex and spin samples.

. Add 1 pL of 200 mM MMTS per 20 pL of sample to each

tube. Vortex and spin samples.

7. Incubate samples at room temperature for 30 min.

10.

. Prepare 1 pg/uL of trypsin by dissolving 20 ug of lyophilized

trypsin in 20 puL of resuspension buffer.

. Add 10 pL of trypsin solution to each protein sample (enzyme

to protein ratio 1:10 w/w).

Vortex, centrifuge, and incubate samples at 37°C overnight.

. The pH of the samples after digestion with trypsin must be >7.

Adjust the pH of samples with dissolution bufter if necessary.

. Concentrate samples to approximately 25 puL using a Speedvac

concentrator (see Note 20).

. Equilibrate ITRAQ™ Reagent vials (114-117) to room temper-

ature and spin to bring the solution to the bottom of the tube.

. Add 70 pL of 100% ethanol to each iTRAQ™ Reagent vial.

Vortex and centrifuge.

. Transfer content of one iTRAQ™ Reagent vial to one sample

tube (Fig. 2). Vortex and spin.

Sample 1 lSample 2] |Sample 3|
v v

Protein Extraction,
Denaturation, Reduction, Alkylation, Trypsin Digestion

v v v v
Peptides Peptides Peptides Peptides
Sample 1 Sample 2 Sample 3 Sample 4

v v v v
label with label with label with label with

ITRAQ™Reagent| |iTRAQ™ Reagent| |[iTRAQ™ Reagent| |iITRAQ™ Reagent
114 115 116 117
l l—JCombine ‘ l

] Strong Cation Exchange Chromatography I

[ Reverse Phase Liquid Chromatography |

!

L nanoESI-MS/MS ‘

Fig. 2. A sample preparation workflow for iTRAQ™ Reagent labeling. Proteins are
extracted, denatured, reduced, alkylated, and digested with trypsin. Resulting peptides
are labeled sample specific with iTRAQ™ Reagents and separated by SCX and RPLC
prior to MS analysis.
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3.4.5. LC-MS/MS Analysis

10.

11.

12.
13.
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. Incubate samples at room temperature for 1 h.
. After incubation, add 100 pL of LC/MS-grade water to each

sample to stop the labeling reaction.

. Incubate at room temperature for 30 min.

. Combine the four iTRAQ™ Reagent-labeled samples into one

microfuge tube. Each tube can be further rinsed with LC/
MS-grade water to ensure recovery of the entire protein digest.

Concentrate the sample to ca. 25 pl. using the Speedvac
concentrator.

Add 100 pL of LC/MS-grade water to the tube, vortex, spin,
and concentrate sample to ~25 pL.

Repeat step 11 once and concentrate samples to ~5 uL.

Adjust volume to 125 pL with Solvent A for SCX
chromatography.

. Prepare and degas all solvents immediately before use.

2.

Flush the SCX column for 75 min using 100% Solvent C at a
flow rate of 0.2 mL/min.

. Condition the column using the following method: 20 min,

0-100% Solvent B; 5 min, 100% Solvent B; 20 min, 100%
Solvent A. Repeat this sequence for a total of three times at a
flow rate of 0.2 mL/min.

. The system can be flushed with 100% Solvent D for 24 h at a

flow rate of 0.1 mL/min to passivate all metal surfaces in the
HPLC system as well as the column.

. Condition the SCX column using 100% Solvent B for 75 min

followed by 100% Solvent A for 75 min at a flow rate of
0.2 mL/min (see Note 27) prior to loading samples.

. Load 100 pL of iTRAQ™ Reagent-labeled sample onto the

SCX column and separate peptides using the following gradient
at a flow rate of 0.2 mL/min: 0-30 min, 0—40% Solvent B;
30—45 min, 40-100% Solvent B; 45-50 min, isocratic 100%
Solvent B; 50-65 min, 100-0% Solvent B; 65-80 min, iso-
cratic 100% Solvent A (see Notes 28 and 29).

. Absorbance is monitored at 280 nm, and a representative

chromatogram of an iTRAQ™ Reagent-labeled sample is pre-
sented in Fig. 3.

. Collect fractions at 1-min intervals in a microtiter plate.

. Concentrate all fractions to ~5 pL using a Speedvac

concentrator.

. Reconstitute each SCX fraction to 30 pL using 100% LC/

MS-grade water (see Note 30).
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Fig. 3. A SCX chromatogram of a mixture of iTRAQ™ Reagent-labeled tryptic peptides.
Forty-five fractions were collected from 2 to 46 min.

2. RP chromatographic separation of each fraction is carried out

using a nanoflow ultraperformance LC at a flow rate of
300 nL/min (see Notes 28 and 31).

. Load each SCX fraction (1-10 pL) onto the trap column and

wash with 1% solvent B at 5 ulL/min for 15 min to remove
any salts from SCX.

. Start the chromatographic separation using the following

gradient: 0-5 min, 1-10% Solvent B; 5-60 min, 10-30%
Solvent B; 60-65 min, 30-80% Solvent B; 65-68 min, iso-
cratic at 80% Solvent B; 68-70 min, 80-1% Solvent B; and
70-85 min, isocratic at 1% Solvent B.

. The separated peptides are introduced into the MS via a

nanospray emitter.

. The MS is operated in the positive-ion mode with a resolu-

tion of 10,000 full-width half-maximum using a source tem-
perature of 150°C, capillary voltage of 3.5 kV, cone voltage
35 V, and extraction cone voltage of 2 V (see Note 31).
A representative chromatogram obtained after RP separation
of one of the SCX fractions is presented in Fig. 4a.

. Operate the Q-TOF MS in an automatic data-dependent

acquisition mode. In this mode, MS TOF scans are acquired
from m/z 400 to 1,600, and up to three precursors are
selected for MS/MS from m/z 50 to 1,600, using data-
dependent acquisition and rolling collision energy applied to
promote fragmentation. All of the data acquisition is per-
formed automatically using Mass Lynx™ software (Waters
Corp.). Figure 4b presents a MS,/MS spectrum of a precursor
ion with m/z 624.32 detected at 25.1 min.

. Smooth and centroid raw MS and MS/MS spectra from the

Q-TOF System using ProteinL.ynx Global Server™ (PLGS)
software (Waters, Corp.) for identification and quantification
between samples.



100

%

100

%

Gel-Based and Gel-Free Proteomic Technologies 185

0 20 30 40 50 60
Retention Time (Min)
b
116 100
Yo YaVs Ys Ys Ya '}:J Y2 Y1
PIALT iTiM iTi viL !
114 117 b b, ib, b, b, " ‘
9% : : : 2 :
115
OI sl rII hl.:all.h ¥ éil'All

100 300 500 700 900 1100
m/z 1z

Fig. 4. (@) RPLC-MS chromatogram of peptides eluted in fraction 18 during SCX as pre-
sented in Fig. 3. (b)The tandem mass spectrum of parent ion (m/z 624.32) eluted at

25.1

min during RPLC presented in (a). The peptide sequence derived from the mem-

brane primary amine oxidase (Swiss Prot Accession Number Q16853) is listed on the
spectrum. (c) Ratios of the signature iTRAQ™ reporter ions at m/z 114-117 in the
tandem mass spectrum are measured for peptide quantification.

9.

10.

11.

Perform database searching using PLGS to compare
experimental MS/MS spectra of peptides with those pre-
dicted from a sequence database for peptide identification
(see Note 32). The matched sequence of the MS/MS spec-
trum is included in Fig. 4b. We generally use SwissProt data-
base, but any database of choice can be selected. Multiple
peptide identifications are assembled into a global protein
identification list.

iTRAQ™ Reagents produce diagnostic low mass MS/MS sig-
nature ions at m/z 114, 115,116, and 117 in the MS/MS
spectrum (Fig. 4c). Compare intensities of these signature
ions to obtain relative protein concentrations. The ratios of
these diagnostic low-mass MS/MS signature ions are also cal-
culated in PLGS software. The ratio of diagnostic ions in
Fig. 4c was determined to be 1:0.7:1.7:1 (114:115:116:117).

After rendering of PLGS data, the results are exported and
integrated in a spreadsheet.
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4. Notes

10.

11.

. We have used IEF and SDS-PAGE electrophoresis equipment

from Bio-Rad and GE Healthcare, respectively. These experi-
ments can be performed with instrumentation and reagents
from other manufacturers as well.

. In order to wash the IPG strips prior to assembly on the poly-

acrylamide gel, we modified a 50-mL plastic serological pipette
by excising 3 cm from the back of the pipette and closing the tip
with stretchable sealing film. This modified pipette is filled
with 1x running buffer and acts as a reservoir to immerse the
full length of the IPG strips in running bufter.

. Upon adding water, the solution will cool down significantly.

Do not use until buffer is completely dissolved and the solu-
tion is clear.

. Pipette tips may get clogged during cell transtfer. Alternatively,

cutting the first 2-3 mm of a 1-mL pipette tip can aid in
pipetting larger fragments of cell debris.

. The amount of protein required in this step depends on the

number of biological and technical replicates to be analyzed.
An equal amount of protein from all biological replicates is
pooled together to generate a pooled internal standard. The
amount of protein and reagents listed in this protocol are
needed for running one 2D-DIGE gel consisting of two sam-
ples and a pooled internal standard.

. We generally load 50 ug of each protein sample and 50 pg of

the pooled internal standard on each gel (150 pg total pro-
tein per gel). Our protein yield after protein precipitation is
generally 50%. Therefore, the protocol includes 150 pg of
starting protein mixture per sample.

. The pH of the NaOH solution drops over time; thus, it is

critical to check that pH is greater than 9.5 prior to use.

. CyDyes are light sensitive; hence, avoid prolonged light expo-

sure. Cover samples with aluminum foil during all incubation
steps.

. During IEF focusing, it is important to avoid introduction of

any air bubbles. If air bubbles are present, gently move IPG
strip using forceps to push out air bubbles. Be careful not to
damage the gel strip.

DTT keeps proteins from forming disulfide bonds during
IEE. DTT is placed on only the basic (negative electrode) side
of the strip.

The gel solution needs to be poured quickly as it will begin to
polymerize within 5-10 min after addition of APS.
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The equilibration buffer can be stored at -20°C. The
equilibration buffer will be cloudy until it has reached room
temperature.

Any unused gels can be stored at 4°C for up to 1 week
wrapped in plastic wrap and moist paper towels to prevent
dehydration.

If running less than six gels, unoccupied slots are filled with
blank cassettes.

For quality control and troubleshooting purposes, it is gener-
ally best to record current, voltage, and power throughout
the gel run.

These gels are good for only a few days since the proteins are
not fixed.

Generally, preparative gels containing 200 ug of pooled internal
standard are run to facilitate MS analysis. Since we are using
minimal labeling, and <5% of the protein sample is labeled
with CyDyes, we stain these gels with SYPRO® Ruby after
imaging of CyDyes is completed.

Once gels are fixed, they can be stored at 4°C until spot
excision.

The gels shrink in fixing solution. Incubation in water will
allow them to expand to their original size.

Free amines, detergents, and DTT present in the lysis buffer
interfere with labeling, cysteine blocking, and trypsin diges-
tion. Acetone precipitation removes these interfering
substances.

The protein pellet may not dissolve completely. Sonication
using a 3-mm tip can aid in dissolving the pellet. Also, 6 M
urea can be added. However, it is important that the urea con-
centration must not exceed 1 M in the final sample solution.

It is important to use equal amount of protein from each sample
for accurate peptide quantification using iTRAQ™. The exact
amount of protein used is based on the amount of sample
available and the experiment. We generally use 50-100 pg of
each sample for global proteomics experiments.

The iTRAQ™ Reagent labeling method listed here is the
general method used in our laboratory. We recommend con-
sulting the user manual for iTRAQ™ labeling reagents for
complete details on possible variations and compatibility of
chemicals.

It is important that SDS concentration is <0.05% during
trypsin digestion.

The urea will degrade at temperatures above 40°C and lead
to precipitation of protein.
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Chapter 14

Adipogenic Differentiation of Adipose-Derived Stem Cells

Gang Yu, Z. Elizabeth Floyd, Xiying Wu, Teddi Hebert,
Yuan-Di C. Halvorsen, Benjamin M. Buehrer, and Jeffrey M. Gimble

Abstract

The primary physiological function of adipose-derived stem cells (ASCs) is to differentiate into adipose
tissue. It is now possible to isolate, expand, and cryopreserve ASC from adipose depots of many animal
species. These ASC can be induced to undergo adipogenic differentiation in vitro by exposure to a cock-
tail of chemical agents or inductive growth factors. The current chapter describes methods to induce
adipogenesis and to quantify this differentiation process in vitro.

Key words: Adipose-derived stem cells, Adipogenesis, Basic fibroblast growth factor, Bone morpho-
genetic protein, CCAAT /enhancer binding protein o, Cyclic adenosine monophosphate, Epidermal
growth factor, Glucocorticoid receptor, Indomethacin, Insulin, Isobutylmethylxanthine, Peroxisome
proliferator-activated receptor y2, Rabbit serum

1. Introduction

There is abundant evidence that adipose-derived stem cells
(ASCs) are responsible for regenerating adipocyte numbers in
situ (1, 2). In vivo, mature adipocytes in human adipose depots
have been estimated to display a half-life of 240-465 days based
on mass spectroscopy measures of heavy water labeling (3) and a
10% turnover rate per year based on *C analyses (4). ASCs iso-
lated from adipose depots in multiple species are readily available
as outlined in the chapters of this textbook. The ASCs can serve
as a tool for evaluating the mechanism(s) underlying adipogen-
esis from a molecular biological and pharmacological perspec-
tive. Furthermore, cryopreserved ASCs can be stored long term
with minimal loss of differentiation potential, providing investi-
gators with increased flexibility for experimental design. Adipogenic
differentiation is induced in part through small molecules.

Jeffrey M. Gimble and Bruce A. Bunnell (eds.), Adipose-Derived Stem Cells: Methods and Protocols,
Methods in Molecular Biology, vol. 702, DOI 10.1007/978-1-61737-960-4_14,
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These include agents capable of elevating cyclic adenosine
monophosphate (cAMP) levels, such as forskolin and isobutylm-
ethylxanthine (IBMX) or ligands of the nuclear hormone recep-
tor family members, such as rosiglitazone and dexamethasone,
agonists of the peroxisome proliferator-activated receptor y2
(PPARY2) and the glucocorticoid receptor (GR), respectively
(5). The presence of peptide hormones, such as insulin, bone
morphogenetic proteins (BMP), and basic fibroblast growth factor
(bFGF), can further stimulate this process (6—8). This chapter
will highlight a generalized protocol to promote ASC adipogen-
esis in vitro and provide qualitative and quantitative assays for
monitoring this process.

2. Materials

2.1. Cells

2.2. Supplies

Adipose-derived stem cells (ASC) derived from subcutaneous or
visceral depots from human or other species. These can be freshly
isolated or cultured cells thawed from cryopreserved stocks.

1. Tissue culture flasks and plates.

2. Pipets and disposable reagents for medium preparation and
distribution.

. Filter units for medium preparation (0.2 pum).
. Fetal bovine serum.
. Rabbit serum.

. Dulbecco’s Modified Eagles Medium (DMEM)/Ham’s F-12
Medium.

7. Antibiotic/antimycotic solution (100x).

N U W

o)

. Biotin.

9. Dexamethasone (water soluble).
10. d-Pantothenate.
11. Human insulin (cell culture grade).
12. Isobutylmethylxanthine (IBMX).
13. Dimethylsulfoxide.

14. Rosiglitazone (or alternative PPARy ligand such as ciglita-
zone, pioglitazone, troglitazone).

15. Phosphate-buffered saline (PBS).
16. Oil Red O.

17. Trypsin.

18. RT-PCR primers and reagents.



2.3. Equipment

2.4. Media Stock
Solution (see Note 1)

19.
20.
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RNA isolatin reagents.
Adipokine (adiponectin, leptin) ELISA Kkits.

. Inverted microscope — Nikon Eclipse TS100 with Epi-

Fluorescence Attachment (Mercury Lamp [lluminator model
name: C-SHG) (Nikon Instruments Incorporation, Melville,
NY) and equipped with a camera photometric cool-snap
(Nikon).

. MetaMorph Imaging Software (Universal Imaging Corporation).
. Water bath (37°C).

. Centrifuge.

. Biosafety hood.

. CO, incubator.

. Rocking platform.

. Aspirator.

. Plate reader for optical density measurements.

. Hemocytometer.

All the media solutions are filtered through a 0.2-um filter unit.

1.

Stromal medium: To 500 mL of DMEM/Ham’s F-12
medium, add 55 mL of fetal bovine serum (10%) and
5.6 mL of antibiotic (penicillin/streptomycin) /antimycotic
(amphotericin) 100x stock solution. This solution should
be used within 4 weeks of its preparation. All fetal bovine
serum should be prescreened prior to purchase for its ability
to support both cell proliferation and adipocyte
differentiation.

. Differentintion medinm: In advance, prepare and aliquot the

following stock solutions and store frozen at -20°C until
required.

66 mM stock solution of biotin (2,000-fold concentration)
dissolved in 1 N sodium hydroxide.

34 mM stock solution d-pantothenate (2,000-fold con-
centration) dissolved in water.

1 mM dexamethasone (1,000-fold concentration) dis-
solved in water or ethanol depending on its formulation.

250 mM stock solution of IBMX (1,000-fold concentra-
tion) dissolved in dimethyl sulfoxide.

200 UM stock solution of human insulin (2,000-fold con-
centration) dissolved in PBS.

5 mM stock solution of rosiglitazone or equivalent PPARY
agonist dissolved in dimethyl sulfoxide.

Prepare the Differentiation medium containing the following
final concentrations in DMEM /Ham’s F-12: 3% fetal bovine
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serum, 0.25 mM IBMX, 66 UM biotin, 34 uM d-panthothenate,
5 uM rosiglitazone (or equivalent PPARY2 ligand), 1 uM
dexamethasone, 200 nM human insulin. Use this solution
within 2 weeks of its preparation.

. Adipocyte maintenance medium: This solution is prepared in

an identical manner as Differentiation medium except that it
does not contain either the IBMX or the PPARy agonist;
these two stock solutions should be omitted. Use this solu-
tion within 2 weeks of its preparation.

. Oil Red O staining solution: Weigh out 0.5 g Oil Red O.

Dissolve in 100 mL isopropanol. Filter through a 0.2-pum filter.
Store at room temperature as stock solution. At the time of
use, take 6 mL of Oil Red O stock solution. Add 4 mL of
distilled water. Let stand 1 h at room temperature before use.
Use this solution within 24 h of its preparation.

3. Methods

3.1. Adipocyte
Differentiation

3.2. Fixation of Cells

. Plate fresh or thawed, cryopreserved ASCs (see Note 2) at a

density of 5 x 103 or 10* cells/cm? (see Notes 3 and 4). When
the cells reach between 80 and 90% confluence, the preadipo-
cytes are induced to differentiate. Aspirate the medium, add a
small volume (about 1.5 mL for a single well of'a 6-well plate)
of prewarmed PBS + 1% antibiotic to wash the cells, and then
remove the PBS by aspiration (see Note 5). Next, add the
differentiation medium.

. The cells will be maintained in the differentiation medium for

3 days.

Day +3 differentiation

Aspirate the differentiation medium and wash the cells with
prewarmed PBS+ 1% antibiotic (see Notes 6 and 7). Then
add a volume (2.5-3 mL for a 6-well plate) of adipocyte
medium.

. The adipocyte medium will be changed every 3 days until

mature adipocytes are obtained (Day +9 to +12 differentia-
tion for human ASC) (see Notes 8 and 9).

. After 12 days of differentiation, the cells can be fixed either

using 10% formalin solution or 4% paraformaldehyde.

. After removing the medium and washing the cells with PBS,

immerse the cells in the fixative solution: 10% formalin or 4%
paraformaldehyde for 30 min or 10 min, respectively.

. Remove the fixative before staining (fixed cells can be stored

at 4°C for as long as several months, although proceeding to



3.3. 0il Red 0 Staining

3.4. 0il Red 0
Quantification

3.5. Adipocyte-
Specific Gene and
Protein Upregulation
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stain immediately is recommended since there is a risk of sample
dehydration over time).

. Add 50 pL Oil Red O to each well for 15 min at room

temperature.

. Rinse three times or more with 50 uL distilled water. The

rinse should become completely clear (no red coloring).
Do not rinse with a volume larger than 50 pL. It will raise
the level of the solution in the plastic well and cause stain-
ing of the wall of the well, resulting in artifactually high
background.

. At this stage, take photomicrographs of the stained cultures

for records or publication purposes. To enhance the image,
the cell nuclei can be counterstained with hematoxylin /eosin;
however, do not do so if you intend to quantify the Oil Red
O staining as outlined in the next steps.

. Elute the stain from the cells by adding 50 pL isopropanol

per well. Elution is immediate.

. Read the OD,,  using a plate reader. Subtract the background

staining determined in blank wells (no cells) from the experi-
mental points. Determine the relative staining intensity of the
differentiated wells compared with the preadipocyte controls.
Normalize the Oil Red O stain based on the number of cells
per well.

. Wells of ASCs maintained under identical culture conditions

but left unstained can be harvested by trypsin digestion and
the cell number calculated by Trypan Blue exclusion and cell
count determination using a hemocytometer.

. Adipogenic induction also can be evaluated by lineage-spe-

cific gene and protein expression. To confirm adipogenesis,
upregulation of adipogenic-specific genes can be examined by
RT-PCR for the expression of aP2, LPL, leptin, etc. (a list of
the human adipocyte-specific genes and their primer sequences
are available in Table 1). The mRNA levels should be normal-
ized relative to a “housekeeping” gene control, such as
B-actin, cyclophilin B, or 18S RNA.

. Alternatively, the induction of secreted adipokine proteins

can be determined in conditioned medium using ELISA
assays available from many commercial vendors. The levels of
adiponectin or leptin in the conditioned medium should be
normalized to the cell number. Representative wells of undif-
ferentiated or adipocyte-differentiated ASCs should be har-
vested as outlined in Subheading 3.4, step 3 above for cell
counts.
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Table 1

Human adipogenic mRNA primers

aP2 (Fatty acid 5-TGGTTGATTTT 5-TACTGGGCCA 150 bp
binding protein 4) CCATCCCAT-3’ GGAATTTGAT-3’

Adiponectin 5-GGCCGTGAT 5-TTTCACCGATG 88 bp
GGCAGAGAT - 3’ TCTCCCTTAGG-3’

ILIPIL 5-GAGATTTCTC 5-CTGCAAATGA 276 bp
TGTATGGCACC-3’ GACACTTTCTC-3’

Leptin 5-GGCTTTGGCCC 5-GCTCTTAGAG 325 bp
TATCTTTTC-3’ AAGGCCAGCA-3

PPAR 72 5-GCTGTTATGGG 5-ATAAGGTGGA 325 bp
TGAAACTCTG-3’ GATGCAGGTTC-3’

4. Notes

1

2.

. Before purchase, the fetal bovine serum should be assayed to
test for its ability to support adipogenesis.

My cryopreserved ASCs do not differentiate as well as they
did when freshly isolated; what happened to them? We have
observed this in some, but not all, lots of human ASCs; how-
ever, we can only speculate as to the cause. We have found
that supplementing the stromal medium with basic fibroblast
growth factor (bFGF) and epidermal growth factor (EGF) at
concentrations of 1 ng/mL will reduce this problem. Both
growth factors promote the proliferation of the human ASCs
and, together, enhance the adipogenic response (6).

. Does the size of the well or flask change the adipogenic pro-
cess? Anecdotally, we have seen that adipogenesis is more
robust in small-diameter plates. Furthermore, the adipogen-
esis is most pronounced in the center of a well or immediately
adjacent to the wall of the well. While we can only speculate
on the mechanism accounting for these observations, the
same lot of ASC can show lower adipogenesis when plated in
a large-diameter as compared with a small-diameter plate
under otherwise identical culture conditions.

. Can I change the seeding density? Some groups recommend
seeding at a higher density of 30 x 103 ASC/cm?. This allows
the culture to reach confluence after an overnight incubation;
adipogenic induction can commence the following day.

. My adipocytes are detaching. Do not dry the well when
changing the medium since adipocytes tend to float when
new medium is added.
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6. My medium is turning yellow! According to the protocol, the
medium is changed every 2-3 days. However, as the adipo-
cytes mature, you may observe a yellowing of the culture
medium: a drop in pH may account for this. As the pH falls
from 7 to 6.5, cell growth will decline and cell viability falls at
pH between 6.5 and 6. You can observe this change of pH by
looking at the medium color change, going from red (pH 7)
through yellow (pH<6), indicating the need for an immediate
change of the medium.

7. Some groups recommend allowing the ASC to remain in adi-
pogenic differentiation medium for 7 days without changing
the medium. This reduces the effort and cost involved. Not
everyone washes the cultures with PBS +antibiotic/antimy-
cotic, and this is not a critical step. Whatever you do, do not
allow the ASCs to go dry during the medium changing pro-
cess as this may reduce the adhesion of the cell sheet to the
plastic culture surface.

8. Some groups recommend maintaining the ASC in adipocyte
maintenance medium for 7 days without changing; this
procedure follows the 7-day adipogenic differentiation
medium incubation described in Note 7 above. Again,
this longer incubation period reduces costs and effort.
Furthermore, eliminating additional manipulation of the cul-
tures has the potential to reduce the risk of bacterial or yeast
contamination.

9. My cells do not differentiate very well. The differentiation
process is donor dependent. The age of the donor can be a
factor, since some studies suggest that the differentiation
capacity is higher in culture from younger subjects compared
with culture from older people. To further enhance adipo-
genesis, the following alternatives are proposed:

(a) You may try different PPARYy agonists (troglitazone, pio-
glitazone, indomethacin, among others).

(b) The addition of 5% rabbit serum (RS) can be added to
the differentiation medium to enhance differentiation.
The ethyl acetate contained in the RS has been found to
be 35-fold more abundant than in FBS and this may
increase differentiation, particularly in ASC derived from
nonhuman species (9, 10).

(¢) Another alternative would be to perform the addition of
the differentiation medium multiple times after a 3-day
rest period; i.e., 3 days “on” in the presence of the dif-
ferentiation medium and 3 days “oft” in the presence of
the adipocyte medium. Repeat this cycle until mature
adipocytes are obtained.
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Chapter 15

Three-Dimensional Culture Systems to Induce
Chondrogenesis of Adipose-Derived Stem Cells

Bradley T. Estes and Farshid Guilak

Abstract

Stem cells can easily be harvested from adipose tissue in large numbers for use in tissue-engineering
approaches for cartilage repair or regeneration. In this chapter, we describe in vitro tissue-engineering
models that we have used in our laboratory for the chondrogenic induction of adipose-derived stem cells
(ASC). In addition to the proper growth factor environment, chondrogenesis requires cells to be main-
tained in a rounded morphology in three-dimensional (3D) culture, and thus properties of the biomate-
rial scaffold also play a critical role in ASC differentiation. Histologic and immunohistologic methods for
assessing chondrogenesis are also presented. In general, 10-12 weeks are required to assess ASC chon-
drogenesis in these model systems.

Key words: Adipose-derived stem cells, Chondrogenesis, Tissue engineering, Alginate, Agarose,
Pellet culture

1. Introduction

Damage to articular cartilage, either through trauma or degen-
erative joint disease, poses tremendous challenges to the medical
community, as cartilage exhibits little to no intrinsic repair capa-
bilities. Much effort has gone into the development of methods
to promote regeneration and /or repair of damaged tissue through
microfracture of the subchondral bone, abrasion arthroplasty, or
the transplantation of autologous or allogeneic osteochondral
grafts (1-11). While the early results from these clinical proce-
dures have been somewhat encouraging, complete regeneration
and repair of cartilage has yet to be achieved, and long-term
outcomes show little difference between the microfracture tech-
nique and autologous chondrocyte implantation (12). The most

Jeffrey M. Gimble and Bruce A. Bunnell (eds.), Adipose-Derived Stem Cells: Methods and Protocols,
Methods in Molecular Biology, vol. 702, DOI 10.1007/978-1-61737-960-4_15,
© Springer Science+Business Media, LLC 2011

201



202 Estes and Guilak

common form of arthritis is osteoarthritis, which results in a
degeneration of the articular surfaces of cartilage. With direct and
indirect costs of treatment of osteoarthritis escalating to greater
than $65 billion annually (13), approaches that result in regen-
eration of cartilage and improved patient outcomes are welcomed.
To this end, one promising approach for cartilage tissue regeneration
is through a tissue-engineering approach employing adipose-derived
stem cells (ASCs), as these cells can be autologously harvested in
large numbers and have demonstrated the ability by many investiga-
tors to be capable of chondrogenic differentiation (14-25). This
protocol presents methods that have been used by us and others
to induce chondrogenesis of ASCs in 3D culture systems using
either pellet culture or encapsulation in hydrogels such as agarose
or alginate. These culture systems maintain the cells in a rounded
shape, which appears to be critical for chondrogenesis and pre-
vention of a fibroblastic phenotype.

2. Materials

2.1. Cells

2.2. Supplies

2.2.1. Alginate Bead
Culture

2.2.2. Agarose Culture

ASCs derived from subcutaneous adipose liposuction aspirates
(see Chapter 2) (See Notes 1, 2 and 6.).

. Alginate.

. Sodium chloride.

. Sodium citrate trisodium salt dihydrate.

. Calcium chloride.

. Sterile syringe filter (0.22 mm).

. 150-mL 0.22-pum filter system.

. 50-mL Polypropylene centrifuge tubes, sterile.

O N O Ul R W N

. 24-well plate, with lid, flat bottom, ultra-low attachment
surface.

\O

. Micro stir bars (12.7 mmx 3 mm).

. Type VII low-melting point agarose.

. Phosphate-buffered saline.

. Sterile syringe filter (0.22 mm).

. 15-mL Polypropylene centrifuge tubes, sterile.

S A N I

. 24-well plate, with lid, flat bottom, Ultra-low attachment
surface.

)

. Micro stir bars (12.7 mmx 3 mm).
7. Multiple needle gauges for drawing and dispensing agarose.

8. Mold for agarose gel. Note: molds vary from a simple petri
dish, wells of a specific size plate, or a gel tray to a complex
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custom-designed mold with a more complex, or specifically
defined shape for its intended purposes (26-28).

9. Skin biopsy punches of desired size (used for punching
specific-sized constructs for culture).

2.2.3. Pellet Culture 1. 15-mL polypropylene centrifuge tubes, sterile.

2.2.4. Chondrogenic 1. Dulbecco’s Modified Eagles Medium-high glucose
Induction (DMEM-HG).

. ITS + supplement.

. Dexamethasone.

. L-Ascorbic acid 2-phosphate sesquimagnesium salt.
. Penicillin /streptomycin.

. Transforming growth factor (TGF) B-3.

. Bone morphogenetic protein (BMP)-6.

. Siliconized 200-uL pipette tips.

O 0 N N Ul R W

. Siliconized 0.6-mL Snap-Cap microtubes.

—
=

. 15-mL Polypropylene centrifuge tubes, sterile.

—
p—

. 50-mL Polypropylene centrifuge tubes, sterile.

—

2.2.5. dsDNA Quantitation . PicoGreen dsDNA Quantitation kit (Invitrogen) or equivalent.

p—

2.2.6. Fixation . 16% Paratormaldehyde.

2. Sodium cacodylate, trihydrate.

w

. Barium chloride.

2.2.7. Histology . Xylene.

. Tissue-embedding medium (paraffin).
. Histology cassettes.

. Microscope slides.

. Safranin-O.

. Fast Green FCF.

. Weigert hematoxylin solution.

. Differentiation solution.

O 0 N N O W N

. Mounting solution.

2.2.8. Immunohistochemistry . Immunohistochemical staining kit.
. Type 1I collagen antibody.

. Type I collagen antibody.

. Type X collagen antibody.

. 2-B-6 Chondroitin-4-sulfate antibody.

[ 2T N I S
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2.3. Equipment

2.4. Stock Solutions

. 3-B-3 Chondroitin-6-sulfate antibody.
. Xylene.
. AEC substrate—chromagen.

O 0 N O

. Pepsin.

10. Chondroitinase ABC.
11. PAP pen.

12. Methanol.

13. Hydrogen peroxide.
14. Goat serum.

15. GVA Mounting Medium (Invitrogen) or equivalent.

. Centrifuge.
. Water bath shaker.
. Microplate reader (for fluorescence-based dsDNA quantitation).

. Microtome.

[ A I N S

. Hot plate with temperature control.

1. Cell differentiation: incomplete chondrogenic medium
(Table 1): may be stored at 4°C in the dark for up to 6 weeks.
Complete chondrogenic medium: growth factors are thawed
and added freshly to incomplete chondrogenic medium just
before use. Three different growth factor combinations have
been used successfully to promote ASC chondrogenesis

Table 1

Incomplete chondrogenic medium

Component Concentration
DMEM-HG ~89%

Fetal bovine serum 10%

ITS+ 6.25 pg/mL bovine insulin

6.25 ng/mL transferrin
6.25 ug/mL selenous acid
5.33 ug/mL linoleic acid
1.25 mg/mL BSA

Dexamethasone 100 nM

Penicillin/streptomycin/  1x (100 ug/mL streptomycin, 100 U/mL
Fungizone: penicillin, 250 ng/mL Fungizone)
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Table 2
Growth factor combinations for ASC chondrogenesis?

Options Growth factors®  Final concentration References

1 TGE-B1 10 ng/mL (14, 16, 23)

2 BMP-6 500 ng/mL (25, 32)

3 TGEF-B3 10 ng/mL (33)
BMP-6 10 ng/mL

*Siliconized tips and tubes should be used when working with growth factors. This
will minimize binding of the growth factors to the pipettes and tubes and therefore
ensure greater accuracy for the experiment

(Table 2). Additionally, 37.5-50 pg/mL r-ascorbic acid
2-phosphate is added freshly to overcome the instability of
L-ascorbic acid 2-phosphate in culture medium. Stock 100x
L-ascorbic acid 2-phosphate can be made in DMEM-HG and
stored in frozen aliquots for up to 6 weeks at -20°C.

2. Alginate culture: 1.2% (w/v) alginate solution in 150 mM
saline solution. Heat on a hot plate and stir thoroughly. Care
should be taken that the solution is not boiled or that it is not
overly heated such that excess evaporation occurs. Filter
sterilize using a 0.22-um filter and store at 4°C. Alternatively,
use aseptic technique in a sterile hood to avoid the need for
filter sterilization.

Calcium chloride (102 mM) solution in dH,O: filter sterilize
using a 0.22-um filter and store working solution (102 mM)
at 4°C.

Saline (150 mM) solution in dH,O: filter sterilize using a
0.22-pm filter and store at 4°C.

3. Agarose culture (2% (w/v) type VII agarose in D-PBS): Heat
on a hot plate or in the microwave, taking care not to allow
excess evaporation to take place during heating. Once the
agarose is in solution, quickly filter sterilize the solution using
2 0.22-um syringe filter. Note that if excessive cooling occurs,
it will not be possible to sterilize the agarose in this manner.
If this is the case, reheat the solution and reattempt the filter
sterilization. Maintain the sterilized agarose at ~39 +2°C for
encapsulation of cells.

4. Papain digestion solution: 125 pug/mL papain, 0.1 M sodium
phosphate (NaH,PO,-H,0), 5 mM EDTA (C H N,O,), and
5 mM cysteine hydrochloride (HSCH,CH(NH,)COOH-HCI)
in dH,O. Note: EDTA requires a pH>8.0 to go into solution.
Therefore increase the pH to 8.0 to dissolve all components and
then titrate the solution to pH of 6.5 with HCl prior to use.
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. Sample fixative for histology /immunohistochemistry: 4% para-

formaldehyde, 100 mM sodium cacodylate; it alginate is being
fixed, add 50 mM BaCl, to irreversibly cross-link the alginate
matrix. Titrate the solution with 1 N sodium hydroxide to a
pH of 7.4. Caution: paraformaldehyde and sodium cacodylate
are considered carcinogenic. Only handle these reagents in a
biosafety level 3 cabinet with the sash adjusted to the proper
height to provide maximum protection to the user.

3. Methods

3.1. Pellet Culture
(2 h to Set Up on Day
of Experiment)

. Following trypsinization of the cells, split desired number of

cells (250,000 per pellet) to 15-mL tubes designated for either
negative control or chondrogenic conditions (See Note 3.).

. Resuspend cells in either incomplete (control) or complete

chondrogenic medium at a density of 500,000 cells/mL.

. Pipette 0.5 mL of cell suspension into 15-mL polypropylene

conical tubes. This yields 250,000 ASCs per tube.

. Centrifuge at 300 xg at 21°C for 5 min to form a pellet at the

bottom of the tube.

. Loosen the tops of the conical tubes for gas exchange.

Incubate cultures at 37°C and 5% CO,.

. The following day, the pellets will become rounded in the

bottom of the tube (Fig. 1a).

. Every other day, for the duration of the experiment, prepare

complete chondrogenic medium by adding growth factors

Fig. 1. (@) ASC pellet 24 h after centrifugation in the bottom of a 15-mL conical tube.
(b) Left chondrogenic and Right. control pellets after 8 weeks of in vitro culture. Note:
magnifications differ between (a) and (b). Adapted from Estes BT, Diekman BO, Gimble
JM, Guilak F. Isolation of adipose-derived stem cells and their induction to a chondro-
genic phenotype. Nat Protoc. 2010 Jul;5(7):1294-311. PubMed PMID: 20595958 (34).
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3.2. Making Alginate 1
Beads (4 h to Set Up
on Day of Experiment) 2
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and L-ascorbic acid 2-phosphate and exchange medium.
Typical durations are 2, 4, 6, and 8 weeks.

. At each medium exchange, agitate tube gently to ensure the

pellet has not adhered to the wall of the tubes. See Fig. 1b for
an example of chondrogenic- vs. control-induced ASC pellets
after 8 weeks in culture.

. To harvest, remove the chondrogenic medium and wash the

pellets once with D-PBS. Fix the pellet in the paraformalde-
hyde solution for immunohistochemistry and histology or
digest the pellet in a papain solution for biochemical analysis.

Incomplete chondrogenic medium (Table 1) can be used as a
negative control. Complete chondrogenic medium (Table 2)
with ASCs known to be capable of chondrogenesis may be
used as a positive control.

. Warm alginate and CaCl, to 37°C prior to encapsulation of

ASCs.

. Resuspend ASCs in 1.2% alginate solution at 5x 10° cells/mL

in a 50-mL conical tube. Mix thoroughly by pipetting with-
out creating bubbles, or mix with the use of micro stir bars
using a magnetic stirring plate. Note: if the latter technique is
used for mixing, a volume of greater than 700 pL is required
to avoid making bubbles (Fig. 2) (See Note 3).

. Draw 1 mL of solution into tip of a 1-mL pipette. Note: if

larger beads are desired, the tips of the pipettes may be cut
with a scalpel (Fig. 3a) prior to pipetting to increase the size
of the alginate drops.

. Dispense by tilting the pipette sideways and slowly pipetting

cell suspension such that one drop falls from the pipette tip

Fig. 2. (@) ASC pellet in alginate before mixing, (b) micro stir bar introduced to alginate, (¢) micro stir bar prior to mixing,
and (d) micro stir bar during mixing. Note that no bubbles are introduced in 2 mL of solution using this method. Note: as
little as ~700 mL can be used with this method without introducing bubbles.
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Fig. 3. (a) Preparation of pipette tip for making alginate beads — the size of the bead can be controlled depending on
where the tip is cut. (b) Dropping alginate beads into 102 mM CaCl,, and (c) cross-linked alginate beads in a 24-well
plate.

into 1 mL of prewarmed CaCl,. Typically, three drops of
alginate are added to each well of a low-attachment surface
24-well plate (See Note 5). Note: the alginate bead diameter
will vary from ~4 to 5 mm and will contain approximately
275,000 cells. Five to six wells can be filled per milliliter of
alginate (see Fig. 3b, ¢).

5. Incubate the alginate beads at 37°C for 5 min to allow Ca?
cations to fully diffuse through the alginate and cross-link the
alginate cell suspension.

6. Pipette off the CaCl, solution. Note: aspiration can be used,
but care must be taken to avoid suction pressure on the alg-
inate beads.

7. Wash the beads with 1.5 mL incomplete chondrogenic
medium at 37°C for 15 min. Pipette oft incomplete medium
and repeat for an additional 15 min at 37°C.

8. Replace incomplete medium with complete chondrogenic
medium with 1 mL/well in a 24-well plate. Note: typically
1 mL of medium is used for every 800,000-1,000,000 cells.
A typical culture in one well of a 24-well plate contains three
beads (Fig. 3¢).

9. Incubate at 37°C, 5.0% CO,. Every other day for the dura-
tion of the experiment, prepare complete chondrogenic
medium by adding growth factors and L-ascorbic acid
2-phosphate and exchange medium. Typical durations are
2,4, 6, and 8 weeks.

10. Incomplete chondrogenic medium can be used as a negative
control. Complete chondrogenic medium with ASCs known
to be capable of chondrogenesis may be used as a positive
control.
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Fig. 4. Setup for agarose/ASC construct preparation. Magnetic stirrer with hot plate is
configured with temperature feedback control: agarose temperature control solution
(black arrow) and sterile agarose to be used for experiment (white arrow).

3.3. Making Agarose 1. Molten agarose should be maintained at 39 +2°C prior to
Discs (4 h to Set Up encapsulation of ASCs. A magnetic stirrer with hot plate with
on Day of Experiment) feedback control may be used to precisely control the tem-

perature (e.g., Fig. 4).

2. Resuspend ASCs in the 2% agarose solution (tempera-
ture=~39°C) (See Note 4) at 5x10°¢ cells/mL in a 50-mL
conical tube. Mix thoroughly by pipetting without creating
bubbles, or mix with the use of micro stir bars using a mag-
netic stirrer with hot plate (e.g., same process as used with
alginate in Fig. 2). Note: if the latter technique is used for
mixing, a volume of greater than 700 pL is required to avoid
making bubbles. Work quickly while keeping the tube on the
hot plate as much as possible during cell mixing to avoid pre-
mature gelation (See Note 3).

3. Quickly draw the molten agarose/cell suspension into a
syringe using a 14-gauge needle or larger and add to ASC
pellet (Fig. 5a). Dispense agarose into desired mold for gela-
tion using an ~18-gauge needle (Fig. 5b).

4. Allow agarose to gel for 10 min at room temperature (RT) in
mold.

5. The gel (e.g., Fig. 5¢) may be cut with a sterile biopsy punch
it desired (Fig. 6a—c). Typically, we have cut our agarose slabs
with 6-mm-diameter biopsy punches.
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Fig. 5. Preparation of agarose cultures. (a) Dispensing 2% agarose with a 14-gauge needle onto an ASC pellet. (b) Injecting
molten agarose into custom mold. (c) Agarose/ASC gel after 10 min gelation at RT.

Fig. 6. (@) Punching 6-mm-diameter discs with a skin biopsy punch. (b, ¢) ASC-seeded agarose discs (6-mm diameter)
after punching.

6. Add 1 mL (or appropriate volume) of complete chondrogenic
medium or control medium (i.e., incomplete medium) at
1 mL /well in a 24-well plate. Note: typically 1 mL of medium
is used for every 800,000-1,000,000 cells. Figure 7 shows
6-mm-diameter ASC-seeded agarose discs in a 24-well plate
(See Note 5).

7. Incubate at 37°C, 5.0% CO,. Every other day for the duration
of the experiment, prepare complete chondrogenic medium by
adding growth factors and r-ascorbic acid 2-phosphate and
exchange medium. Typical durations are 2, 4, 6, and 8 weeks.

8. Incomplete chondrogenic medium can be used as a negative
control. Complete chondrogenic medium with ASCs known to
be capable of chondrogenesis may be used as a positive control.



3.4. Total dsDNA
Determination

3.5. Paraffin
Embedding and
Sectioning (1 h to Fix
Samples Overnight,

1 Day to Embed
Samples, 15 min/
sample for Sectioning,
Several Days for
Staining)

Protocol to Induce ASC Chondrogenesis 211

Fig. 7. ASC-seeded agarose discs (6-mm diameter) in a 24-well plate in 1 mL of
medium/well.

. Samples (See Note 3) are harvested at the appropriate time

points and are digested in 1 mL of papain solution (for alginate
beads, three beads /well = one construct) for 15-18 h at 65°C.
If desired, digested samples can be stored at —-20°C and then
thawed for analysis. Note: If wet weight is desired for normal-
ization, weigh the samples before digestion in papain.

. Determine total DNA per construct using the PicoGreen

dsDNA quantitation kit per the instructions from the manu-
facturer. Total dSDNA can then be used, for example, to nor-
malize for total glycosaminoglycan and collagen content
(methods not presented herein).

. Immediately following the culture period, place each con-

struct (three beads=one construct for alginate beads) in
20 mL of the paraformaldehyde solution. Fix for 4 h at RT or
overnight at 4°C.

. Dehydrate constructs with 30% EtOH for 30 min, 50%

EtOH for 30 min, 70% EtOH for 30 min (note: store long
term in 70% if not continuing processing), 80% EtOH for
30 min, 100% EtOH for 30 min, followed by one additional
100% EtOH wash (note: can store overnight at 100%
EtOH).

. Clear constructs by removing 50% of solution and replacing

with xylene yielding a final concentration of 50% EtOH /50%
xylene. Incubate 30 min at RT. Replace this 1:1 mixture with
100% xylene and incubate 30 min at RT. Exchange 100%
xylene and incubate for an additional 30 min at RT. Note:
ensure that constructs are translucent. If not clear, continue
processing with xylene washes until constructs become clear
to translucent.
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3.6. Safranin-0/Fast
Green

. Embed the constructs in paraffin by removing half of the

xylene and replacing it with paraffin such that the final con-
centration is 50% xylene /50% paraffin. Incubate at 60°C for
1 h. Note: work quickly with the paraffin to ensure that the
paraffin does not have time to solidify. If the paraffin solidifies,
incubation times must increase to properly infiltrate the con-
struct with paraffin. Replace 1:1 mixture with 100% paratfin
and incubate at 60°C for 1 h; replace paraffin again with 100%
paraffin and incubate again at 60°C for 1 h. Note: avoid incu-
bation with molten paraffin for longer times than are needed
for complete infiltration as excessive time at 60°C may dena-
ture and obscure detection of epitopes needed for immuno-
histochemistry. Place in embedding tray in desired orientation
(attempt to get all three alginate beads on the same plane for
subsequent sectioning) and allow to harden overnight.

. Cut sections 6-10 pm in thickness with a microtome and

place in a 45-50°C waterbath.

. We recommend placing sections on Superfrost®/Plus

Microscope Slides (Fisher Scientific or equivalent) by using
slides to remove from waterbath. Allow slides to dry over-
night in a 37°C slide warmer. Note: these recommended
slides have been surface treated for improved adherence of
tissue sections to slides during processing.

. For Safranin-O /Fast Green staining,' deparaffinize sections in

xylene three times for 3 min each and rehydrate in 100% EtOH
twice for 5 min, 95% EtOH once for 2 min, and 70% EtOH
once for 2 min followed by a wash in tap water for 30 s.

. Stain in Weigert hematoxylin solution for 8 min and then

wash in tap water for 3 min by repeatedly dipping slides.

. Differentiate in differentiation solution for 30 s (until sections

turn a blue hue) and then wash in tap water for 10 min by
repeatedly dipping slides (until sections turn a blue hue).

. Stain in 0.02% (w/v) aqueous Fast Green for 3 min, rinse for

approximately 10 s in 1% acetic acid, dip the slides in tap
water briefly, and then remove excess water from the slide.

. Stain in 0.1% (v/v) aqueous Safranin-O (See Note 7) for up

to 5 min maximum, rinse in 100% EtOH to remove extra red
staining on the slide.

. Dehydrate in 95% EtOH twice for 5 min, followed by 100%

alcohol twice for 5 min before clearing in xylene three times
for 2 min and mounting with appropriate mounting solution.

"Nuclei are stained black or dark blue. Bone, muscles (collagen) are stained
green, and cartilage is stained orange or red.



3.7. Immunohisto-
chemistry
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. For immunohistochemistry, we recommend use of Zymed

Histostain® Plus Broad Spectrum or equivalent.

. Deparaffinize by washing slides three times for 2 min/wash in

xylene followed by dipping the slides in 100% EtOH for two
washes of 2 min each. After slide dries, circle the section with
the PAP pen.

. Rehydrate slides: 95% EtOH for two washes of 2 min each;

80% EtOH for one wash of 2 min; 50% EtOH for one wash
of 2 min; and D-PBS for one wash of 5 min.

. Quench endogenous peroxidase activity by submerging slides

in 1 part 30% H,O, to 9 parts methanol for 10 min before
washing slides in D-PBS: three washes of 2 min each.

. For antigen retrieval, add sufficient pepsin to completely

cover each tissue section. Incubate at RT for 5 min. Wash
slides in D-PBS: three washes of 2 min each.

. If using antibodies for labeling chondroitin sulfate epitopes,

apply chondroitinase ABC to each section and incubate at
RT for 20 min. If not labeling for chondroitin sulfate, pro-
ceed to blocking step. Wash slides in D-PBS: three washes of
2 min each. Block sections with serum blocking agent. Add
enough reagent to completely cover tissue section (2-3
drops). Incubate at RT for 30 min (ensure sections do not
dry). Blot excess serum from bottom of inclined slide (do
not rinse).

. Dilute primary antibody in nonimmune serum or 10% goat

serum. Note: use recommended dilutions from the manufac-
turer of the antibody. Add antibody onto (+) staining sec-
tions, and blocking serum onto (-) control sections. Incubate
at RT for 1 h or overnight at 4°C in a large plastic petri dish
lined with wet filter paper to keep slides moist. Wash slides in
D-PBS: three washes of 2 min each.

Apply appropriate secondary antibody to cover tissue sections
(two drops). Incubate at RT for 10 min. Wash slides in
D-PBS: three washes of 2 min each. Apply enough enzyme
conjugate to cover tissue sections (two drops). Incubate at
RT for 10 min. Wash slides in D-PBS: three washes of 2 min
each. Add enough substrate chromagen (e.g., AEC) mixture
to cover tissue (two drops). Incubate at RT for 20 min. Gently
dip sections in dH,O (leave wet).

. Counterstain (optional, stains cell nuclei). Add 1-2 drops

hematoxylin to counterstain nuclei. If slides are not counter-
stained proceed to wash step with dH,O. Note: for tissue-
engineering studies, hematoxylin can sometimes obscure the
intracellular and pericellular detection of matrix proteins and
therefore should be used with caution. Incubate at RT for
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3.8. Final Comments

5 min. Wash with tap H,O. Wash slides in D-PBS for 30 s or
until slides turn a blue hue. Wash slides in dH,O: three washes
for 2 min each (let slides remain in H,O until coverslips are
placed). Mount slides by applying mounting medium to one
slide at a time and place coverslips. Note: do not allow slides
to dry before placing mounting medium.

This protocol primarily focuses on 3D culture systems for ASCs
with primary qualitative assessment tools histology and immu-
nohistochemistry to ascertain the degree of chondrogenesis.
Other techniques, even though they are beyond the scope of this
current protocol, may be appropriate for evaluating chondro-
genesis. These assays include, but are not limited, to the
following;:

1.

Dimethyl-methylene blue assay (DMB) to determine gly-
cosaminoglycan content of the constructs (15).

. Hydroxyproline assay to determine total collagen content of

the constructs (15).

. Quantitative PCR (qPCR) to evaluate transcription of growth

factors and extracellular matrix proteins, which can provide early
data on the differentiation profile of the ASCs (25, 28, 29).

. Mechanical testing to ascertain the development of functional

mechanical properties of the constructs during chondrogen-
esis (15, 30).

Finally, this protocol presents three different 3D culture con-
ditions, which have been used by many groups to successfully
differentiate ASCs along a chondrogenic lineage. The reader
is reminded, however, that these are simple model systems
that have been employed, but many other scaffolds have also
been described and used successfully for these same purposes
and should be considered when selecting a model culture sys-
tem for chondrogenesis (29-31).

4. Notes

. Isolation and expansion conditions for ASCs are extremely

important (28). The user should familiarize himself/herself
with the various techniques and procedures before proceed-
ing with the chondrogenic differentiation protocols presented
herein.

. Depending on culture conditions, donor, cell passage, and

serum used, it is not uncommon for a percentage of ASCs to
undergo apoptosis or necrosis during culture. For this reason,
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we recommend monitoring the dsDNA content as a function
of time throughout the culture period.

. The user is encouraged to maintain samples at day O for
dsDNA content in addition to histologic and immunohisto-
logic examination. These samples are valuable reference
points for the evaluation of the efficacy of chondrogenic
differentiation.

. Care should be taken when encapsulating cells in agarose as
too high of a temperature can result in immediate reduction
in cell viability. We closely monitor the temperature of the
agarose using a temperature probe in a control centrifuge
tube, subjected to identical environmental conditions, and
also containing an equal amount of agarose as the experimen-
tal, sterile agarose. This ensures knowledge of the precise
temperature of the experimental agarose solution at all time
points during cell encapsulation (Fig. 4).

. Ultra-low attachment culture plates are used as ASCs that
become detached from the matrix will attach to the bottom
of standard tissue culture plastic and begin to proliferate.
Within days, these cells will overgrow the surface of the well
and become a significant variable in the experiment. Use of
ultra-low attachment plates will not allow the cells to attach,
and the cells can therefore be removed upon medium
exchange. An alternate to using purchased ultra-low attach-
ment plates is to coat the wells of standard tissue culture plas-
tic with a thin layer of sterile agarose prior to the start of the
experiment.

. If the cells do not differentiate well, it may be due to a myriad
of factors including donor, age of donor, and the specific lot
of serum used. Consider combining lots of ASCs from difter-
ent donors to minimize variation and screening additional
serum lots to ascertain their effect on chondrogenesis. Using
different growth factor conditions may also facilitate chon-
drogenesis (see Table 2).

. Fresh Safranin-O should always be used for GAG staining, as
old (or expired) solutions will result in reduced or no staining
of the negatively charged matrix.

. Safranin-O should not be used with alginate sections as the
negatively charged alginate matrix will be heavily stained by
the Safranin-O.

. For immunohistochemistry, the user may consider increasing
antibody specificity with an alternate secondary antibody as
the secondary antibody supplied in immunohistochemistry
kits are often broad spectrum in nature. (e.g., Sigma, B7151
diluted 1:400 in D-PBS with 1% BSA could be used as an
alternate antibody).
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Chapter 16

Neural Differentiation of Human Adipose Tissue-Derived
Stem Cells

Ji Min Yu, Bruce A. Bunnell, and Soo-Kyung Kang

Abstract

While adult stem cells can be induced to transdifferentiate into multiple lineages of cells or tissues, their
plasticity and utility for human therapy remains controversial. In this chapter, we describe methods for
the transdifferentiation of human adipose tissue-derived stem cells (ASCs) along neural lineages using
in vitro and in vivo systems. The in vitro neural differentiation of ASCs has been reported by several
groups using serum-free cytokine induction, butylated hydroxyanisole (BHA) chemical induction, and
neurosphere formation in combination with the cytokines, such as brain-derived neurotrophic factor
(BDNF) and basic fibroblast growth factor (bFGF). For in vivo neurogenic induction, ASCs are treated
with BDNF and bFGF to form neurospheres in vitro and then delivered directly to the brain. In this
chapter, several detailed protocols for the effective neurogenic induction of ASCs in vitro and in vivo are
described. The protocols described herein can be applied to further molecular and mechanistic studies of
neurogenic induction and differentiation of ASCs. In addition, these methods can be useful for differen-
tiating ASCs for therapeutic intervention in central nervous system disorders.

Key words: Adipose tissue-derived mesenchymal stem cells, Transdifferentiation, Neurogenesis,
Reprogramming, Neurosphere

1. Introduction

Tissue-specific stem cells, commonly termed adult stem cells, are
derived from specific organs such as brain, gut, lung, liver, adipose
tissue, and bone marrow in humans (1). It has become evident
that these stem cells persist in several adult tissues, although they
represent a rare population localized in small niches (2). Among
tissue-specific stem cells, human adipose tissue-derived stem cells
(ASCs) differentiate along multiple mesenchymal lineages, as well
as the neural lineage (2-6). In addition, ASCs display self-renewal
capacity and long-term viability (7). Thus, ASCs have emerged as
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a promising tool for therapeutic applications for regenerative
medicine in tissue engineering as well as cell and gene therapy due
to their multipotency and accessibility (3). However, the specific
environmental cues that serve to induce the proliferation of ASCs
by cytokines and growth factors are not well understood. Brain-
derived neurotrophic factor (BDNF), interleukin (IL)-6, and vas-
cular endothelial growth factor (VEGEF) are some of the primary
cytokines secreted by ASCs in culture (2—4). Together, these fac-
tors are known to act in synergy with other cytokines in vitro to
promote the proliferation of multipotent hematopoietic progeni-
tor cells and rat spinal cord-derived neural progenitor cells (NPCs)
(8, 9). Together, these factors are known to act in synergy with
other cytokines in vitro to promote the proliferation of multipo-
tent hematopoietic progenitor cells and rat spinal cord-derived
NPCs (10-12).

Although the classic definition of stem cell plasticity specifies
the ability of cells to differentiate into a variety of cell lineages, the
term is also currently applied to the ability of a given cell type to
reciprocally de-differentiate, re-differentiate, and/or trans-
differentiate in response to specific stimuli (28-29). ASC repro-
gramming also represents the withdrawal of cells from a given
differentiated state into a stem cell-like state, a process that pre-
cedes reentry into the cell cycle (13) and transdifferentiation into
different lineage of mature cell or tissue, including the neural lin-
eages. Several cytokines have been associated with adult neuro-
genesis, and have been demonstrated to mediate neurogenesis
after brain injuries such as trauma and ischemic damage. After
ischemia in the adult brain, the regenerative process requires a close
association between angiogenesis and neurogenesis at the lesion
site (14, 15). Thus, cytokines or growth factors are strong candi-
dates as injury-induced mitotic and neurogenic factors that are able
to modulate the recovery of traumatic lesions in the brain.

Transdifferentiation of ASCs involves reprogramming. Cell
reprogramming is characterized by the reversed differentiation of
cells from a lineage-specific differentiated phenotype into a more
embryonic stem cell-like phenotype; this is associated with pluri-
potency and reentry into the cell cycle. Transdifferentiation of
ASC:s can be identified by changes in cell morphology, chromatin
remodeling, and gene expression. Ultimately, the reprogrammed
ASC has the capability of differentiating into various cell types
(4, 15). Before transdifferentiation into the neural lineage, ASCs
transit through a more primitive stem cell state after exposure to
various physical factors such as low oxygen or electric stimuli, or
after exposure to a novel antioxidant that has been associated with
cell de-aging and neural lineage differentiation. Previously, sev-
eral groups hypothesized that the antioxidants selenium and
4-(3,4-dihydroxy-phenyl)-derivative (DHP-d), a botanical extract
with powertful reactive oxygen specie (ROS) scavenger function,
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were capable of inducing de-aging, cell reprogramming, improved
proliferation, and differentiation of adult stem cells or ASCs into
mesodermal, ectodermal, and endodermal lineages (1, 16). On
the basis of these observations, we proposed that the combina-
tion of a natural antioxidant, VEGF, BDNF, and basic fibroblast
growth factor (bFGF) would enhance cell reprogramming and
transdifferentiation and improve the maintenance or induction of
stem and/or precursor cells and mature neurons at a high ratio.
Consistent with this, adult somatic stem cells have the capacity to
participate in the regeneration of different tissues (17, 18), sug-
gesting that restrictions on differentiation are not completely
irreversible and can be reprogrammed with de-differentiation and
trans-differentiation processes (16).

In this chapter, several detailed protocols for effective neuro-
genic induction of ASCs in vitro and in vivo are described. The
protocols described herein can be applied to further molecular
and mechanistic study of neurogenic induction and full differen-
tiation of ASCs in vitro. In addition, these methods can be useful
for differentiating ASCs for therapeutic intervention in central
nervous system disorders (19, 20).

The approaches can be summarized in three basic procedures:

1. Neurogenic induction of cultured ASC cells in vitro.
2. Evaluation of neurogenic potency and efficiency.

3. In vivo neurogenic induction of ASC cells in the fetal mouse

brain.
2. Materials
2.1. Preparation 1. 0.075% Collagenase type 1A.
0( ASC fo.r A!e"ral 2. o-MEM, 10% fetal bovine serum (FBS), Hank’s buffered salt
Differentiation solution (HBSS).

w

. 100 U/mL penicillin, 100 ug/mL streptomycin.

2.2. Neuronal
Induction: Serum-Free
Induction

. 2% B27 supplement.

. Neurobasal media (NB).

. 2 mM r-Glutamine.

. 20 ng/mL Epidermal growth factor (EGF).

. 20 ng/mL Basic fibroblast growth factor (bFGF).
. Poly-p-lysine (PDL).

. Laminin.

. Chamber slide.

. 10 ng/mL BDNEF.

O 0 N O\ Ul W N
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2.3. Neuronal 1. DMEM, DMEM /F12.
Induction: Chemical 2. 200 mM Butylated hydroxyanisole (BHA).
3. 5 mM KCL
4. 2 uM Valproic acid.
5. 10 uM Forskolin.
6. 1 uM Hydrocortisone.
7. Insulin.
8. 1 mM B-mercaptoethanol (BME).
9. 2% Dimethylsulfoxide (DMSO).
10. 200 uM Indomethacin.
11. 0.5 mM Isobutylmethylxanthine (IBMX).
2.4. Immunocyto- 1. 4% Paraformaldehyde in PBS.
chemistry 2. 5% normal serum from the host of the secondary antibody.
3. Triton X-100.
4. Primary antibodies — see Table 1.
2.5. Western Blot 1. RIPA lysis buffer.
Analysis 2. Sample buffer.
3. 10% SDS-PAGE reducing gels.
4. PVDF membrane.
Table 1
Common markers used to confirm neuronal induction
Cell marker Specificity Company Dilution Cat. #
Nestin Neural stem cell marker Chemicon 1:200 AB5922
NeuN Early neuronal Chemicon 1:100 MAB377
B-tubulin ITT Early neuron Chemicon 1:500 MAB1637
Tau Mature neuronal Abcam 1:50 Ab3931
MAP2 Mature neuronal Sigma 1:500 M4403
NE-70 Mature neuronal Chemicon 1:100 MAB5294
Trk-A Neuronal Chemicon 1:100 AB5372
Vimentin Early glial Sigma 1:50 V4630
GFAP Mature glial (astrocyte) Dako 1:500 70334
GalC Oligodendrocyte lineage Chemicon 1:100 MAB342
04 Immature and mature Chemicon 1:100 MAB345

oligodendrocytes




2.6. Reverse
Transcriptase (RT)-
PCR

2.7. Real-Time PGR

2.8. In Vivo Neural
Differentiation Assay
of ASC (Mouse Fetal
Brain)
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. 5% Non-fat dry milk.
. Primary antibodies — see Table 1.

. Western blot detection reagents.

. Trizol reagent.
. RNase-free DNase.
. Reverse transcription system.

. Taq DNA polymerase.

. First-strand ¢cDNA synthesis and qRT-PCR Kkits.
. DNA master SYBR Green real-time PCR kit.

. Animals.

Postnatal ICR newborn mice (~3 days of age).

. Cell transplantation.

Stereotaxic apparatus.
Microinjector controller.
Microinjection needle.

CEDA.

HBSS, pH 7 4.

ASCs (5x10%*1 x 10° cells/animal).

N e

. Detection of engrafted cell in in vivo animal tissue.

1. Confocal microscopy or fluorescence microscopy.
2. Microtome.

3. PDL-coated slide glass.

4. Cover glass.

5. Mountin g solution.

6

. Pap pen.

. Detection of engrafted cells by immunohistochemistry.

1. 4% Paraformaldehyde in PBS.

2. 5% Normal goat serum.

3. Triton X-100.

4. Primary antibodies — see Table 1.
5

. Rabbit or mouse source secondary antibodies.

cells.

1. Homogenizer.

2. Trizol reagent.

3. RNase-free DNase.

223

. RT-PCR analysis of neurogenic differentiation of engrafted
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6.

4. Reverse transcription system.

5. Taq DNA polymerase.

Western blot analysis of engrafted cells.
1. RIPA lysis buffer.

Sample buffer.

10% SDS-PAGE reducing gels.
PVDF membrane.

5% Nonfat dry milk.

Primary antibodies — see Table 1.

N e e

Western blotting detection reagents.

3. Methods

3.1. Isolation of ASC

3.2. Neural
Differentiation In Vitro

The Institutional Review Board approved all protocols involving
human subjects. Adipose tissue samples were obtained from indi-
viduals undergoing elective abdominoplasty after obtaining
informed consent. The ASCs are isolated according to the meth-

ods described (21).

1.

Digest adipose tissues at 37°C for 30 min with 0.075% type 1A
collagenase.

. Neutralize the enzyme activity with o-modified Eagle’s

medium (0.-MEM) containing 10% FBS.

. Centrifuge the cell suspension at 1,200 x4 for 10 min to pellet.

4. Suspend the pellet in red blood cell (RBC) lysis buffer and

incubate for 10 min at room temperature to lyse the contami-
nating RBCs, if necessary.

. Collect the stem cell pellet and incubate overnight at 37°C /5%

CO, in 10% FBS containing o- MEM medium.

. Plate the cell suspension for 24 h and wash nonadherent cells

away with media.

. Following incubation, wash the tissue culture plates to remove

any residual nonadherent cells and maintain at 37°C/5% CO,
in the control medium.

. When the monolayer of adherent cells reach a level of 50-60%

confluence, trypsinize and subculture the cells at a concentra-
tion of 2,000 cells/cm? in o- MEM containing 10% FBS.

To induce neuronal differentiation for murine and human ASCs,
the cells at passage 2-5 are grown to 50-60% confluency, at which
point, cell differentiation is initiated. Subconfluent cultures of
ASCs are maintained in DMEM /10% FBS. The procedures are
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modified from various published induction protocols (22, 23).
For the induction of neural differentiation through neurosphere
and cytokine methods, cells are incubated in a neurobasal medium
(NB) supplemented with B27 containing 20 ng/mL bFGF and
20 ng/mL EGF for 4-7 days. The culture density of the spheroid
bodies is maintained at 20-50 cells/cm? to prevent self-aggregation.
Then, neurospheres derived from the cells are layered and cul-
tured further on PDL-laminin double-coated well chamber slide
for 7 days.

3.2.1. Serum-Free 1.

Induction Protocol

ASCs are plated on low-attachment plastic tissue culture
plates at 1x10% cells/cm? in neurosphere-induction
medium composed of NB supplemented with 2% B27,
2 mMtr-glutamine, 20 ng/mL EGF, and 20ng/mL bFGF.
After 5-7 days, the formation of three-dimensional spheres
will be observed (see Note 1).

. Neurospheres are layered on PDIL-laminin double-coated

chamber slides.

. Spheres are cultured and maintained for 10 days in NB media

containing the 2% B27 supplement and 10 ng/mL recombi-
nant human (rh)-BDNEF, 2 mM L-glutamine, and 1% penicillin/
streptomycin.

. During differentiation, 70% of the media is replaced every

3 days (see Note 2).

3.2.2. Chemical Induction Chemical Induction Protocol 1

(Three Protocols)

1.
2.

Plate the ASC suspension in DMEM and 10% FBS.

Remove the growth medium from the cells at 50-60%
confluence.

. Add preinduction medium composed of DMEM, 10 ng/mL

bFGF, and 10 ng/mL EGF for 24 h.

4. After this preinduction, cells are washed with PBS buffer.

6.

. Medium is replaced with neural induction medium composed

of DMEM, 1% N2 supplement, 200 mM BHA, 5 mM KCI,
2 uM valproic acid, 10 uM forskolin, 1 uM hydrocortisone,
and 5 pg/mL insulin.

Media is changed every 3 days for 2 weeks.

Chemical Induction Protocol 2

1.
2.

Plate the ASC suspension in DMEM and 10% FBS.

Remove the basal medium from the cells at 50-60%
confluence.

. Add preinduction medium composed of DMEM, 20% FBS,

and 1 mM B-mercaptoethanol (BME) for 24 h.
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3.3. Confirmation of
Neural Differentiation

3.3.1. Immunocyto-
chemistry

3.3.2. Western Blot
Analysis

4.
5.
6.

Remove the preinduction medium.
Wash the cells with PBS buffer.

Replace bufter with neural induction medium composed of
DMEM, 2% DMSO, and 200 mM BHA for up to 9 h and
analyze by immunocytochemistry.

Chemical Induction Protocol 3

1.

Plate the ASC suspension in DMEM /10% FBS.

2. Remove the basal medium from the cells at 50-60% confluence.
3.
4. Add neural induction media composed of DMEM, 10% EBS,

Wash the cells with PBS buffer.

1% antibiotic/antimycotic, 5 ug/mL insulin, 200 uM indo-
methacin, and 0.5 mM IBMX.

. Replace with fresh neural induction medium every 3 days, for

a total differentiation time of 2 weeks.

Most studies rely only upon morphological changes and /or neu-
ral marker gene expression at the mRNA or protein level by
immunocytochemistry or Western blot. Previous studies have
performed electrophysiological analysis on potential MSC-derived
neurons (24, 25).

To determine the expression of the neural markers, the cells are
incubated with primary antibodies against neural epitopes (e.g.,
anti-TuJ1 and anti-GFAP). The details are as follows:

1.

After neural induction, fix the cells with 4% paraformaldehyde
for 15 min at room temperature.

. Incubate for 30 min in blocking solution (PBS, 5% normal

host serum, and 0.1% Triton X-100).

. Incubate with each primary antibody at 4°C overnight and

subsequently with appropriate secondary antibody for 1 h at
room temperature.

. Visualize staining under a fluorescent microscope.

. Rinse the neuronal induced and noninduced ASCs in PBS

buffer.

. Scrape the cells off and transfer the lysate to a microcentri-

fuge tube. Centrifuge for 30 s at 15,000 x4 and discard the
supernatant.

. Add lysis buffer to whole cell lysate.
. Lyse the cells further by sonication.
. Centrifuge at 14,000 x 4 for 30 min at 4°C and collected the

supernatant.
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6. Dissolve protein samples (50 pg each) in sample bufter, boil
for 5 min, and separate on 10% SDS-PAGE reducing gels.

7. Electroblot proteins to PVDF membrane.

8. Block the membranes in 5% nonfat dry milk /PBS for 1 h and
incubate with primary antibody.

9. Reveal antibody binding by incubation with an appropriate
secondary antibody on the second day.

10. Incubate the membranes with Western blotting detection
reagents and image using a digital imaging system.

3.3.3. Reverse 1. Total RNA was extracted from neuronal induced ASCs by
Transcription (RT): TRIzol reagent.
Polymerase Chain Reaction 2 Treat with RNase-free DNase to remove any residual genomic

(PCR) DNA.

3. For RT-PCR analysis, 2 ug aliquots of total cellular RNA are
subjected to cDNA synthesis with avian myeloblastosis virus
(AMV) reverse transcriptase and oligo (dT) 15 primer.

4. The cDNA in 2 pL of the reaction mixture is amplified with
Taq DNA polymerase and 10 pmol each of sense and anti-
sense primers.

5. The thermal cycle profile is as follows: 35 cycles at 94°C for
30 s, 55-62°C (depending on the primers used) for 30 s, and
72°C for 45 s.

3.4. Neural The experimental evaluation of neurogenic potency of ASCs
Differentiation In Vivo in vivo in the mouse brain is important (26, 27). For this, adult
female ICR mice weighing 30 g or approximately 5-week-old are
used. All animal procedures require approval by the Institutional
Animal Care and Use Committee, Institutional Review Board,
and /or the ethics committee. Before initiating the experiment, mice
are anesthetized with ketamine (75 mg/kg) and xylazine (10 mg/kg).
The animal is placed on a heating pad, and a core body temperature
is maintained at 38 +0.2°C during the operation.

3.4.1. Animal Care

3.4.2. Cell Preparation for 1. ASC preparations (1 x 10° cells/animal).
Transplantation into 2. Label cells using fluorescent dye (CFDA or CM-Dil) accord-
Newborn Mouse Brain

ing to manufacturer’s instructions.

3. Confirm both the fluorescent labeling and viability of the
ASCs by Trypan blue exclusion method and fluorescence
microscopy of labeled, viable cells.

4. Suspend the labeled cells in 10 pL. of HBSS or PBS bufter.

5. Ten microliters of cell suspension will be implanted into ICR
mouse (3—4 days after birth) brain using microsyringe.
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3.4.3. Detection of
Engrafted Cell in In Vivo
Brain Tissue

3.4.4. Inmunohisto-
chemistry for Evaluation
of Neurogenic Potency
of Engrafted Cells

3.4.5. Functional
Evaluation of ASCs

in In Vivo Brain Through
Electrophysiological
Recording

. Recover the transplants 6 weeks later, fix with 4% formalin

for 24 h, and transfer the tissue into 30% sucrose solution for
2 days.

. Embed tissue on OCT compound and transfer into a -80°C

freezer for longer than 6 h.

. Slice 10-pum-thick tissues on a microtome, attach sections to

PDL-coated glass slides, and dry for 24 h.

. Detect fluorescent-labeled engrafted cells with direct fluores-

cence microscopy.

. Fix the frozen sections for 30 min in 4% paraformaldehyde.

. Wash the sections three times in PBS and block nonspecific

binding with 10% normal horse serum (see Note 3).

. Incubate the sections overnight at 4°C with the following anti-

bodies: anti-GFAP, anti-Tuj, and anti-NF160 (see Note 4).

. After extensive washing in PBS, incubate the cells for 30 min

with FITC- or Texas Red-conjugated secondary antibodies
(see Note 5).

. Evaluate the specimens by fluorescence microscopy.

. Visualize colocalization of CM-Dil/engrafted cells with sev-

eral neural lineage markers via confocal microscopy.

. For the relative quantification of NF160- or Tu]J-positive

cells, conduct area counts of the striatum.

Hippocampal slice preparation

1.

After induction of in vivo neurogenesis of ASCs, mouse brain
hippocampal slices are prepared from donor ICR mice. The
mice are rapidly decapitated under ketamine and xylazine
anesthesia.

. The brain is quickly removed and immersed in oxygenated

(95% O,; 5% CO,), ice-cold artificial cerebrospinal fluid
(ACSF). The composition of the ACSF is (in mM) 125 NacCl,
2.5 KCl, 1 MgCl,, 25 NaHCO,, 1.25 NaH,PO,, 2 CaCl,, 25
glucose, 3 pyruvic acid, and 1 ascorbic acid, which is continu-
ously gassed with 95% O, and 5% CO, at 34°C for at least 1 h
before being used for the recording.

. Three or four coronal slices (300-um thick) containing the

hippocampus are cut from the brain with a vibrating tissue
slicer.

. For recordings, a slice is transferred to a submersion-type

recording chamber continuously perfused with the 95%
0,/5% CO,-saturated ACSF at ~34-35°C.

. Individual cells are viewed with a microscope fitted with a

40x water-immersion objective and differential interference
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Patch-Clamp Recordings
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contrast optics. The injected CM-Dil-labeled ASCs are identified
by their fluorescence signal under a microscope equipped
with an appropriate filter cube and visualized using differen-
tial interference contrast video microscopy (see Note 6).

. Whole-cell patch-clamp recordings are made using a patch-

clamp amplifier.

. The recording pipettes are pulled from borosilicate capillaries

(1.5-mm OD, 1.0-mm ID) using a micropipette puller.

. The resistance of the pipette should be 4-6 MQ when it is

filled with a solution containing (in mM): potassium glucon-
ate, 130.0; MgCl,, 1.0; HEPES, 10.0; EGTA, 10.0; CaCl,,
1.0; and adenosine triphosphate-Mg, 4.0 that is adjusted to
pH 7.25 with 1 M KOH (290-320 mOsm).

. The slice is then placed in a glass-bottomed recording cham-

ber and fixed with a grid of parallel nylon threads supported
by a U-shaped stainless steel weight.

. The solutions are perfused at a rate of 34 mL/min at

34-35°C.

. A tight GQ seal is obtained on the identified neuron.

Recordings begin ~5 min after whole-cell access is obtained
and the current reaches a steady state. Series resistances typi-
cally range from 15 to 30 m&Q, which is estimated directly
from the amplifier.

. Data is digitized by a Digidata device.

. The recording is abandoned if the input resistance changes

more than 15% during the recording.

4. Notes

. The culture density of the spheroid bodies should be main-

tained at 10-20 cells/cm? to prevent self-aggregation.

. Analyze the cultures of cells at intervals from 3 h to 14 days

tfollowing neuronal induction to determine whether ASC cells
display changes in cellular morphology or antigen expression.

. For immunohistochemical analysis of the frozen tissues, non-

specific binding is blocked with 10% normal horse serum and
the tissues are not washed for the next step of primary anti-
body reaction.

. For immunofluorescence analysis of differentiated cells or tis-

sues, dilutions of specific antibodies should be optimized.
The optimum dilutions of antibodies are different between
different cell and tissue types.
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5. Controls in which the primary antibodies are omitted or
replaced with irrelevant IgG should result in no detectable

staining.

6. For electrophysiological analysis of brain tissue, mice are rap-
idly decapitated under ketamine and xylazine anesthesia and
the brains are quickly removed and immersed in oxygenated,
ice-cold artificial cerebrospinal fluid (ACSF) to reduce cell
death in the brain slices.
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Chapter 17

Osteogenic Differentiation Strategies for Adipose-Derived
Mesenchymal Stem Cells

Robert Jan Kroeze, Marlene Knippenberg, and Marco N. Helder

Abstract

Adipose stem cell preparations, either obtained as a freshly isolated so-called stromal vascular fraction
(SVF) or as cells cultured to homogeneity and then referred to as adipose stem cells (ASCs), have found
widespread use in a broad variety of studies on tissue engineering and regenerative medicine applications,
including bone repair.

For newcomers within the field, but also for established research laboratories having up to 10 years
of expertise in this research area, it may be convenient to strive for, and use consensus protocols (1) for
studying the osteogenic differentiation potential of ASC preparations in vitro, and (2) for osteogenic
induction regimes for in vivo implementation. To assist in achieving this goal, this chapter describes vari-
ous step-by-step osteogenic differentiation protocols for adipose-derived stem cell populations (SVF as
well as ASCs) currently applied within our laboratory, with particular emphasis on protocols aimed at
intra-operative use. The protocols describe the use of inducing compounds, including the bone morpho-
genetic proteins (BMPs), 1,25-dihydroxyvitamin-D3, and polyamines, as well as methods and parameters
for evaluating the level of differentiation achieved.

We would appreciate receiving feedback on the protocols described; this will facilitate the develop-
ment of consensus protocols, which in turn will allow better comparison of data sets generated by differ-
ent research groups. This continuing standardization, which might be reported on at international
meetings like those of IFATS (http: //www.IFATS.org), might be of benefit for the whole ASC research
community.

Key words: Adipose tissue, Stem cells, Differentiation, Osteogenic, Tissue engineering

1. Introduction

The discovery of adult stem cells in adipose tissue has changed
the perspective of bone tissue engineering in our group. At first,
we established a stem cell bank by using waste adipose tissue after
liposuction or resection surgeries, complying with the VU Medical

Jeffrey M. Gimble and Bruce A. Bunnell (eds.), Adipose-Derived Stem Cells: Methods and Protocols,
Methods in Molecular Biology, vol. 702, DOI 10.1007/978-1-61737-960-4_17,
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Center ethical committee guidelines. Thereafter, we developed
the so-called “one-step surgical procedure” (OSP) based on the
large relative (per gram of adipose tissue) and absolute yields in
stem cell numbers, compared with bone marrow tissue samples
(1). This surgical procedure allows us to harvest adipose tissue,
process it to obtain a single-cell suspension (stromal vascular frac-
tion [SVF]) and directly re-implant this SVF into the patient, all
within 2.5-3 h, thus fitting in one surgery, for bone tissue-engi-
neering purposes. With regard to the aforementioned time restric-
tions, we performed experiments on differentiation of adipose
stem cells (ASC) towards the osteogenic lineage with a triggering
stimulus of only 15 min (2). Furthermore, since attachment of
cells to biomaterials is crucial for the later implantation, we use
rather short attachment times (10-60 min). We thus conducted
the majority of the in vitro experiments to fit within the OSP. We
will discuss in this chapter the various experimental settings we
have used to differentiate ASCs towards the osteogenic lineage.
While some of these experiments are tailored for the OSP, other
experiments are used to obtain more insight into the biology of
these stem cell preparations. It needs to be kept in mind that
some experiments were performed on goat adipose tissue mes-
enchymal stem cells (MSCs) and others on their human coun-
terparts, both in vitro and in vivo. In order to clarity this
difference, we will use the following symbols after each sub-
heading to indicate under what settings the experiments were
performed: OSP (*), goat-MSCs (1), human-MSCs (1), in vitro
(+), and in vivo (++).

2. Materials

2.1. Items

2.2. Gell Gulture

1. The procurement of SVF from human and/or goat adipose
tissue is outside the scope of this paper. For detailed informa-
tion see refs. (2, 3), respectively.

2. For dissolving powders, we use milli-Q® water (mQ) obtained
through a 0.2-pm filter instead of distilled water.

3. If appropriate, both the stock concentration (s.c.) and the
final concentration (f.c.) of materials are indicated.

1. Culture flasks, culture plates.

2. Dulbecco modified Dulbecco’s Modified Eagle’s Medium
(DMEM 31885) containing the following substances to
obtain “DMEM*”:

e Fetal-calf serum (FCS): Filter through a 0.2-um filter.
Add in a 1:10 ratio to the culture medium (f.c. 10%).
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2.3. Osteogenic Media

2.3.1. Growth Factor*t#+++
24

o Streptomycin sulfare (Fw 1457): Add 2.5 g streptomycin
sulfate to 50 ml mQ. Filter using a 0.2-um filter, and store
at -20°C in working aliquots (s.c. 50 mg/ml mQ). Add
to culture medium in a 1:100 ratio (f.c. 500 pg/ml).

o Penicillin G-sodium salt (Fw 356.4): Add 3 g penicillin G
to 50 ml mQ. Filter using 0.2-um filter, and store at
-20°C in working aliquots (s.c. 60 mg/ml mQ). Add to
culture medium in a 1:100 ratio (f.c. 600 pg,/ml).

o Amphotericin B (Fungizone): Store at —20°C in working
aliquots (s.c. 250 pug/ml). Add amphotericin B to culture
medium in a 1:100 ratio (f.c. 2.5 ug/ml).

3. Trypsinizing solution to trypsinize the cells upon confluency:
Phosphate-buffered saline (PBS) containing 0.25% trypsin
and 0.1% ethylenedinitrilotetraacetic acid disodium salt dihy-
drate (EDTA). Dissolve 1 g Trypsin 1:250 (1,120 BAEEU/
mg) (porcine pancreas), in 400 ml mQ using a magnetic stir-
rer (f.c. 0.25%). Subsequently, dissolve 0.4 g EDTA (Mw
372.24 g/mol), in this solution (f.c. 0.1%). Store at —-20°C in
working aliquots (see Note 1).

4. Dimethyl sulfoxide (DMSO) 100%. Dilute DMSO 100% at a
1:5 ratio using DMEM** (s.c. 1: 20%). Store at 4°C for 1 week
maximum. Dilute DMSO,/DMEM* solution 1:1 with cell-
containing DMEM** solution (f.c. 10%, see Subheading 3.1).

In our studies, we use various osteogenic induction factors, in
either continuous or short incubation regimes. These will be
described in Subheading 3.2. For the use of dexamethasone in
osteogenic media (see Note 2), the induction medium always
contains standard culture medium to which is added:

*  Glycerol-2-phosphate disodinm salt hydrate (§-GP, Mw 216.06 g/
mol): Dissolve 50 mg $-GP in 10 ml DMEM and sterilize
using a 0.2-um filter (s.c. 5 mg/ml). Store in working aliquots
at -20°C. Add to medium in a 1:100 ratio (f.c. 50 ng/ml).

*  2-Phospho-l-ascorbic acid trisodium salt (vitamin C, Mw
322.05): Dissolve 2.5 mg in 2.5 ml mQ, filter through a 0.2-
um filter (s.c. 1 mg/ml) and add to medium in a 1:200 ratio
(f.c. 50 pug/ml). Make fresh for every medium change and
keep powder in the dark (see Note 3).

Recombinant human bone morphogenetic protein (BMP)-2
dissolved in mQ containing bovine serum albumin fraction V
(BSA): Dissolve 1 mg of BSA in 2 ml mQ, sterilize through a 0.2-
um filter, and add 1 ml to 10 pg of protein (s.c. 10 ug,/ml). Store
at -20°Cin working aliquots (see Note 4). Add to culture medium
ina 1:1,000 to 1:100 ratio (f.c. 10 ng/ml to 100 ng/ml, respec-
tively) (see Note 5).
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2.3.2. Polyamines™1++
(5, 6)

2.3.3. Vitamin D,}** (7)

2.4. Osteogenic
Differentiation
Analysis

2.4.1. Alkaline
Phosphatase (ALP) Activity

2.4.2. ALP Staining

Spermine tetvabydrochlovide (Mw 348.18 g/mol), f.c. 3-30 WM:
Dissolve 1.04 mg spermine in 10 ml DMEM (Invitrogen, s.c.
300 uM). Store at -20°C in working aliquots. Add to culture
medium in a 1:100 or 1:10 ratio (f.c. 3 uM and 30 uM,
respectively).

10, 25-Dihydroxyvitamin-D, (Mw 416.6 g/mol) in ethanol 100%:
Dissolve 10 pug in 800 pl ethanol (s.c. 12.5 pg/ml = 30 uM).
Store at -80°C in working aliquots. Add to culture medium in a
1:3,000 ratio (f.c. 4.2 ng/ml =10 nM). This dilution factor avoids
potential adverse effects of the vehicle (ethanol) in cell cultures.
Keep in the dark, it is light sensitive.

1. To determine the ALP activity:

Substrate solution 4-nitrophenyl phosphate disodium salt.
Dissolve 18.56 mg 4-nitrophenyl phosphate disodium salt
(Mw 371.15 g/mol) (f.c. 5 mM) in a 10-ml buffer solution
at pH 10.3 (see below).

Buffer solution: 5 nM MgCl,*6H,0 and 0.5 M 2-amino-2-
methyl-1-propanol (AMP): Dissolve 100 mg MgCl,*6H,O
(Mw 203 g/mol, Merck) in 50 ml mQ using a magnetic stir-
rer. Add 1 ml of 6 M hydrochloric acid (HCI) to this solution.
Add 5 ml stock solution 37% HCL (~12 M, Merck) to 5 ml
mQ in a fume hood to obtain 10 ml of 6 M HCL. Add4.45 g
AMP (Mw 89 g/mol, Fluka) to the 51 ml solution, while
stirring. Adjust to pH 10.3 with droplets of 6 M HCl using a
pH gage. Supplement with mQ up to 100 ml. Store at 4°C.

Stop solution sodium hydroxide (NaOH): Dissolve 3 g
NaOH (Mw 40 g/mol) in 250 ml mQ (f.c. 0.3 M) and store
sealed at room temperature (RT).

Standard curve 4-nitrophenol: Add 13.9 mg 4-nitrophenol
(Mw 139 g/mol) to 10 ml buffer solution (s.c. 10 mM).
Dilute the 10-mM stock solution by tenfold with the buffer
solution, to obtain 1 ml of 1 mM 4-nitrophenol in buffer
solution (=f.c.). Use a 96-well ELISA plate, U-bottom, and
microplate reader to assay.

2. To determine the amount of protein, use a bicinchoninic acid
(BCA) protein assay reagent kit with a 96-well ELISA plate,
U-bottom, and microplate reader.

3. To determine the amount of DNA, use a CyQUANT Cell
Proliferation Assay Kit with a 96-well ELISA plate, U-bottom,
and microplate reader.

1. 1x PBS.
2. 4% Formaldehyde.

3. Tris(hydvoxymethyl) aminomethane buffer: 0.1 M Tris-AM
(Mw 121.14 g/mol) at pH 10. Dissolve 2.42 g of Tris in
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2.4.3. Colony Forming Unit
Assay (CFU)-ALP

2.4.4. Alizarin Red Staining

6.

100 ml mQ using a magnetic stirrer (s.c. 0.2 M). Adjust pH
to 10 using droplets of 6 M HCL. Dilute with mQ in a 1:1
ratio (f.c. 0.1 M).

. 0.1 M Tris buffer containing 0.1 M NaCl and 0.05 M

MyCi2e¢6H20: 0.2 M NaCl (Mw 58.44 g/mol). Dissolve
1.17 g NaCl in 100 ml mQ using a magnetic stirrer (s.c.
0.2 M). When dissolved, add 0.1 M MgCL (Mw 203 g/mol):
Dissolve 2 g MgCl,*6H,O in the abovementioned 100 ml of
0.2 M NaCl solution while stirring (s.c. 0.1 M). Add 0.2 M
Tris buffer (s.c.) 1:1 with the abovementioned solution con-
taining 0.2 M NaCl and 0.1 M MgCl,*6H,O. This will result
in an 0.1 M Tris buffer containing 0.1 M NaCl and 0.05 M
MgCl,*6H,0.

. 4-Nitro blue tetrazolium chloride/5-bromo-4-chloro-3-in-

dolyl-phosphate, di-sodium salt (NBT/BCIP): Supplied
stock solution comprised of 18.75 mg/ml NBT (Mw
817.7 g/mol) and 9.4 mg/ml BCIP (Mw 433.6 g/mol) in
67% DMSO (v/v).

100% Methanol.

CFU

1.
2.
3.
4.

One 6-well plate.
1x PBS.
4% Formaldehyde.

0.2% Toluidine blue solution in 0.2% borax in mQ; Dissolve 1 g
of toluidine blue and 1 g of borax in 100 ml mQ on a hot
plate at 100°C using a magnetic stirrer. After cooling the
solution, filter using paper filter (595%), (s.c. 1% toluidine
blue and 1% borax). Before staining make a 1:5 dilution (f.c.
0.2% toluidine blue and 0.2% borax).

CFU-ALP (see Subheading 2.3.2)

1.

. Osteogenic medium.

N

One 6-well plate.

1x PBS.

. 4% Formaldehyde.
. 0.1 M Tris-AM.

0.1 M Tris containing 0.1 M NaCl and 0.05 M
MgCl,*6H,0.

7. NBT/BCIP.

o

p—d

. 100% Methanol.

. 2% Alizarin red-S: Dissolve 2 g of Alizarin red-S in 100 ml

mQ using a magnetic stirrer. Adjust the pH to 5.5 using



238 Kroeze, Knippenberg, and Helder

2.4.5. Bone Sialo-Protein
(8) and Osteonectin (9)
Immunohistochemical
Staining

2.4.6. Real-Time
Polymerase Chain Reaction

droplets of 0.1% ammonium hydroxide (NH,OH) while
constantly measuring the pH.

. 0.1% Ammonium hydroxide: Dilute ammonia (NH,, 37%,

Merck) to a 1:370 ratio using mQ to obtain a f.c. of 0.1%
NH,OH.

. 96 and 30% Ethanol.

4. 0.2% Toluidine blue: Dissolve 1 g of toluidine blue in 100 ml

distilled water on a hot plate at 100°C using a magnetic stir-
rer. After cooling the solution, filter using a paper filter (s.c.
1%). Before staining, make a 1:5 dilution (f.c. 0.2%).

. 0.2-um filter.

. 1x PBS.

2. 4% Paraformaldehyde.

. Ix PBS containing 1% BSA and 0.1% saponin (from quillaja

bark) (=PBS++).

4. 1:400 dilution of Alexa Fluor® 488 goat anti-rabbit IgG.

N N U W

. Propidium iodide (PI): Dissolve 1 mg,/ml PI (1.5 mM) 1:200

in 1x PBS to obtain an final concentration of 7.5 uM.

. Bone sialo-protein (BSP) antibody: 1:20 dilution of normal

goat serum and 1:200 dilution of a rabbit antibody against
human BSP.

. Osteonectin antibody: 1:20 dilution of normal goat serum and

1:200 dilution of a rabbit antibody against osteonectin.

. Negative control antibodies:

(a) 1:1,000 non-immune mouse serum.

(b) 1:1,000 non-immune rabbit serum.

. RNA: isolated using Trizol® reagent according to the manu-

facturer’s instructions.

. 20 ml reaction mix consisting of 5 U Transcriptor Reverse

Transcriptase (RT).

. 0.08 A, units random primers.

. 1 mM of each dNTPD.

. 1x concentrated Transcriptor RT reaction buffer.

. LightCycler —480 SYBR green I Master reaction mix.

. Primers used for real-time PCR for human adipose tissue

mesenchymal stem cells (hAT-MSC) are listed in Table 1.

. Primers used for real-time PCR for goat AT-MSCs are

uploaded at: http: /www.STEGA.nl.
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Table 1
Primers used for real-time PCR for hAT-MSCs (4, 7)

Housekeeping genes Oligonucleotide sequence Product size (bp) Preferred time points

18S forward (4) 5'-gtaacccgttgaaccccatt-3’ 151 All time points
18S reverse 5'-ccatccaatcggtagtageg-3'

YWHAZ forward (12)  5'-cactacccaacaccaagaca-3' 229 All time points
YWHAZ reverse 5'-ctggtttcectacagetgat-3’

HPRT forward (12) 5'-gctgacctgetggattacat-3' 260 All time points
HPRT reverse 5'-cttgcgaccttgaccatct-3'

Tnrget genes

Runx-2 forward (4) 5'-atgcttcattcgectcac-3’ 156 0, 4 days
Runx-2 reverse 5'-actgcttgeagecttaaat-3'

OPN forward (4) 5'-ttccaagtaagtccaacgaaag-3' 181 0, 4, 14 days
OPN reverse 5’-gtgaccagttcatcagattcat-3’

OCN forward (4) 5'-agccaccgagacaccatgaga-3' 288 0, 4, 14 days
OCN reverse 5'-ctcctgaaagecgatgtggte-3'

COLIAI forward (13)  5'-tccaacgagatcgagatcc-3' 195 0, 4, 14 days
COLIAI reverse 5'-aagccgaattectggtct-3'

ALP alkaline phosphatase, OPN osteopontin, OCN osteocalcin, COLIAI collagenl1Al

3. Methods

3.1. Cell Culture After seeding SVF, media are refreshed after 24 h to remove cell

and Storage debris and the non-adhering cell fraction, but otherwise media
are changed twice per week. When cells reach 70-80% conflu-
ency, cells are trypsinized and either stored in liquid N, in a
DMSO solution or cultured for another passage. For liquid nitro-
gen storage, cells are frozen in a 1-ml CryoTube™ whereby 0.5 ml
of 20% DMSO,/DMEM** is added to 0.5 ml of the cell-contain-
ing culture medium (DMEM*). Cells are always cultured in a
humidified incubator at 37°C and 5% CO,.

3.2. CFU-F Assay 1. Prepare two 6-well plates in which the SVF is diluted tenfold

and CFU-F ALP across both rows, resulting in an upper row containing

10* and a lower row containing 10? nucleated SVF cells.

2. For the CFU-fibroblast (CFU-F) assay, the time of culture
until fixation is generally between 10 and 20 days, depending
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3.3. Induction
of Osteogenic
Differentiation

3.3.1. Osteogenic Induction
with BMP-2 (Continuous
Stimulation)

3.3.2. Osteogenic Induction
with BMP-2 (Short-Term
Stimulation; see Fig. 1)

on the amount of cells and the growth kinetics of the
colonies, which is donor dependent (merging of colonies
should be avoided) (see Note 6).

At the appropriate time point,

1. Remove the medium

2. Wash the cells with 1x PBS

3. Fix with 4% paraformaldehyde for 10 min
4

. After removal of paraformaldehyde, wash once with 1x PBS,
and add 0.2% toluidine blue solution in borax buffer for
1 min

. Excess stain should be removed using distilled water

AN O

. Air dry (rinse properly, since dried-in toluidine blue stains can
interfere with colony counting)

7. Count the colonies

CFU-F ALP
Cells of the duplicate 6-well plate will be processed in a CFU-
ALP assay.

1. Culture the 6-well plate in normal medium for 7 days (to
obtain colonies and to remove contaminating cells)

2. After 7 days, add osteogenic medium for 2 weeks
3. Perform ALP staining (see Subheading 3.3).

Various protocols exist for induction of osteogenic differentia-
tion, of which, some examples will be given below. The induction
media always consist of standard culture medium (DMEM*) to
which £-GP and 2-phospho-l-ascorbic acid are added (see
Subheading 2.2).

1. Add the BMP-2 stock solution (see Subheading 2.2) to
DMEM** /B-GP /ascorbate culture medium in a 1:100 ratio
(f.c. 100 ng BMP-2/ml) (see Note 7)

2. Add this medium to the cells (either in suspension prior to
plating, or on plated and attached cells)

3. Refresh media every 2—-3 days

4. At the appropriate time point, process for osteogenic differ-
entiation analysis (see Subheading 3.3).

1. Add the BMP-2 stock solution (see Subheading 2.2) to
DMEM* /B-GP /ascorbate culture medium in a 1:500 ratio
(f.c. 20 ng BMP-2/ml) (see Note 7).

2. Resuspend the pelleted SVF in 250 ul DMEM*/B-GP/
ascorbate culture medium. Add an equal volume of the
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3.3.3. Osteogenic
Induction with
1,25-Dihydroxyvitamin-D,
(Continuous Stimulation)

3.3.4. Osteogenic Induction
with the Polyamine
Spermine (Short-term
Stimulation)**++ (5, 6)
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Fig. 1. Effect of 10 ng/ml BMP-2 and BMP-7 on the number of cells, protein content, and
ALP activity by gAT-MSCs. Freshly isolated gAT-MSCs were treated for 15 min with
10 ng/ml BMP-2 or BMP-7 followed by a post-incubation period of 7 or 14 days without
growth factor. BMP-2 and BMP-7 up-regulated ALP activity by gAT-MSCs at day 14.
Values are means+=SEM of three to five cultures. BMP bone morphogenetic protein,
gAT-MSCs goat adipose tissue-derived mesenchymal stem cells, ALP alkaline phos-
phatase. *Significant effect of growth factor, p<0.05 (Reprinted with permission from
ref. (2).).

BMP-2-containing medium (see previous step) to the cell
suspension (f.c. BMP-2: 10 ng/ml). Mix well.

3. Incubate the cell suspension for 15 min at 37°C.
4. Wash the cells twice with 1x PBS to remove excess BMP-2.

5. Plate the cells in DMEM* /B-GP /ascorbate culture medium
without BMP-2 for in vitro analysis, or use for in vivo cell
implantation studies (one-step surgical procedure (1)) directly.

6. For in vitro studies: refresh media every 2-3 days.

7. At the appropriate time point, process for osteogenic difter-
entiation analysis (see Subheading 3.3).

1. Switch off the light in the safety cabinet, since 1,25-
dihydroxyvitamin-D, is light sensitive

2. Add the 1,25-dihydroxyvitamin-D, stock solution (see
Subheading 2.2) to DMEM*/B-GP/ascorbate culture
medium in a 1:3,000 ratio (f.c. 10 ng/ml)

3. Add this medium to the cells (either in suspension prior to
plating, or on plated and attached cells)
4. Refresh media every 2-3 days

5. At the appropriate time point, process for osteogenic differ-
entiation analysis (see Subheading 3.3)

1. Add the spermine stock solution (see Subheading 2.2) to
DMEM* /B-GP /ascorbate culture medium in a 1:50 or 1:5
ratio (f.c. 6 uM and 60 UM, respectively).
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3.4. Osteogenic
Differentiation
Analysis

3.4.1 ALP Activity

2.

Resuspend the pelleted SVF in 250 ul DMEM*/B-GP/
ascorbate culture medium. Add an equal volume of the spermine-
containing medium (see previous step) to the cell suspension
(f.c. spermine: 3 and 30 uM, respectively). Mix well.

. Incubate the cell suspension for 30 min at 37°C.

. Wash the cells twice with Ix PBS to remove excess

spermine.

. Plate the cells in DMEM* /B-GP /ascorbate culture medium

without spermine for in vitro analysis, or use for in vivo cell
implantation studies (one-step surgical procedure (1)) directly.

. For in vitro studies: refresh media every 2—3 days.

. At the appropriate time point, process for osteogenic differ-

entiation analysis (see Subheading 3.3).

Preparation of cell lysate:

1.
. Wash with PBS twice
. Add 300-600 ul of MiliQ

. Incubate for 10 min

O NN O\ Ul B~ W N

Remove culture medium

. Scrape cells off with cell scraper

. Transfer into 1.5-ml Eppendorf tube

. Sonicate in bath for 5 min (see Note 8)
. Centrifuge 10 min at 600 x4 at RT

9.

Freeze at -20°C until further use

Protein assay:

BCA, according to manufacturer’s protocol (http:/www.

piercenet.com).

1.
2.

Make a protein concentration standard curve (0400 pg,/ml).

Make “color solution” by adding solution “B” to solution
“A” in a 1:50 ratio.

. Pipette 40 ul per sample (cell lysate) and 40 pl per standard

(in the same lysis solution as the sample, here mQ) into a
96-well plate in duplicates. Use row 1 and 2 for standards, Al
and A2 contain the highest concentration and H1 and H2
contain lysis solution only.

. Add 160 pul of “color solution” to both the sample as the

standard.

. Incubate for 30 min at 60°C.

. Determine colorimetric values directly by spectrophotometry,

reading at 562 nm.
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3.4.2. ALP Staining

ALP activity in the cell lysate:

. Make a standard curve (0, 0.05, 0.1, 0.2, 0.4, 0.5, 0.75 mM).
. Pipette 40 pl per sample (cell lysate) and 40 pl per standard

(in the same lysis solution as the sample, here mQ) into a
96-well plate in duplicates. Use row 1 and 2 for standards, Al
and A2 contain the highest concentration and H1 and H2
contain lysis solution only.

. Add 60 pl mQ to both the sample as the standard.
. Add 100 pl substrate solution to both the samples and

standards.

. Incubate for 60 min at 37°C (see Note 9).
. Terminate reaction with 100 ul stop solution.

. Determine colorimetric values directly by spectrophotometry,

reading at 405 nm.

DNA content in the cell lysate:

1.

Make two color solutions by adding 5 pl Component A (CompA)
to 2 ml mQ (CompA 1, f.c. 1:400) and the second solution by
adding 5 pl CompA to 1 ml mQ (CompA 2, f.c. 1:200).

. Make a DNA concentration standard curve (0-600 ng/ml)

by adding 4 ul of DNA stock solution to 396 ul of CompA 1
(= 1,000 ng/ml). From this concentrated solution, pipet var-
ious amounts into a black 96-well plate and add CompA 1
(see Note 10). Use row 1 and 2 for standards, Al and A2
contain the highest concentration and H1 and H2 contain
lysis solution only.

. Pipette 50 ul per sample (cell lysate) and 100 pl per standard

(in the same lysis solution as the sample, here MilliQ) into the
well of a 96-well plate in duplicates (see Note 11). Before
measurement, pipet 50 pl of CompA 2 into each of the 50-ul
cell lysate samples.

. Determine colorimetric values directly by spectrophotometry,

reading at 520 nm.

Preferred time points:

1.
2.

|9 2 B N I S

4 days
14 days and later

. Remove culture medium

. Wash with PBS twice

. Fix cells in 4% paraformaldehyde for 15 min at 4°C

. Wash with PBS twice

. Incubate with 0.1 M Tris buffer at pH 9.5 for 10 min at RT
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6. Stain cells using NBT/BCIP in a 1:50 dilution with 0.1 M
Tris buffer containing 0.1 M NaCl and 0.05 M MgCl, for
30 min

7. Rinse with aquadest

8. Incubate in 100% methanol for 5 min to remove non-specific
background staining

Preferred time points:
1. 14 days and later

3.4.3. Alizarin Red Staining ~ When counterstaining for cartilaginous tissue, perform steps 1-5.
If not, start the staining protocol at step 6.

—

. Filter toludine blue solution through a 0.2-um filter

. Stain the slides/wells for 5-10 min

. Rinse in 30% ethanol

. Rinse in distilled water

. Air dry

. Place the slides/wells on a hot section (54°C)

. Pipet alizarin red-S on the slide /well and incubate for 60-180 s

. Remove the staining solution by jets of distilled water

O 0 N O Ul W

. Remove the water by jets of ethanol 96%

—
=]

. Put back on hot plate and air dry
Preferred time points:

1. 21 days and later

3.4.4. BSP and Osteonectin ~ We visualize all the staining in culture wells and in 3D scaffolds

Immunohistochemical using (confocal) microscopy.

Staining For the staining of 3D scaffolds, we use plastic labtek™
chamberslides™ for containment of the various solutions during
the staining procedure and since glass interferes with confocal
lasers. For each step, 150-200 pul of the appropriate solution is
generally sufficient to cover the scaffold, but the amount is greatly
dependent on the scaffold size.

BSP:

1. Wash scaffolds/slides once with PBS and once with PBS /1%
BSA/0.1% saponin (=PBS++)

2. Add normal goat serum 1:20 in PBS++ for 10 min at RT

3. Remove normal goat serum

4. Add a 1:200 dilution of a rabbit antibody against human BSP
in PBS++ and add a 1:1,000 dilution of non-immune rabbit
serum in PBS++ to the negative controls. Incubate for 1 h at
RT on a shaker and subsequently overnight at 4°C
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3.4.5. Real-Time
Polymerase Chain Reaction

5. Wash with PBS++ three times

6. Add a 1:400 dilution of Alexa Fluor® 488 goat anti-rabbit
IgG in PBS++ for 1 h at RT. Keep in the dark

7. Wash with PBS three times

8. Add 7.5-15 uM propidium iodide in PBS for 15 min in the
dark

9. Wash with PBS three times
10. Keep samples in the dark until analysis

Osteonectin:

1. Wash scaffolds/slides once with PBS and once with PBS++
2. Add normal goat serum 1:20 in PBS++ for 10 min at RT

3. Remove normal goat serum
4

. 1:200 dilution of a rabbit antibody against osteonectin in
PBS++ and add a 1:1,000 dilution of non-immune rabbit
serum in PBS++ to the negative controls. Incubate for 1 h at
RT on a shaker and subsequently overnight at 4°C

5. Wash with PBS++ three times

6. Add a 1:400 dilution of Alexa Fluor® 488 goat anti-rabbit
IgG in PBS++ for 1 h at RT. Keep in the dark

7. Wash with PBS three times

8. Add 7.5-15 uM propidium iodide in PBS for 15 min in the
dark

9. Wash with PBS three times
10. Keep samples in the dark until analysis

Preferred time points:

1. 21 days and later

Total RNA is isolated according to the manufacturer’s instruc-
tions (Invitrogen, Carlsbad, CA). cDNA synthesis is performed
using 0.5-1 pg total RNA in a 20-ml reaction mix consisting of
five units transcriptor reverse transcriptase (RT), 0.08 A260 units
random primers, 1 mM of each dNTP, and 1x concentrated
Transcriptor RT reaction buffer. Real-time PCR reactions are
performed using the LightCycler 480 SYBR green I Master reac-
tion mix according to the manufacturer’s instructions in a
LightCycler 480, and relative expressions of a housekeeping gene
(18S) and target genes (runx-2, OPN, and COL1Al) are deter-
mined. Primers used for real-time PCR are listed in Table 1.
Values of target gene expression are no