


METHODS IN
~ CELL TRANSPLANTATION

Epitep BY CamiiLo Ricorbi, M.D.

SECTION A: HEMATOPOIETIC CELLS
Edited by Edward D. Ball

SECTION B:  EPIDERMAL CELLS
Edited by John F. Hansbrough

SECTION C:  GENE THERAPY
Edited by Joseph C. Glorioso

SECTION D:  HEPATOCYTES AND GASTROINTESTINAL CELLS
Edited by Jorg Gerlach

SECTION E: LYMPHOCYTES IN IMMUMOTHERAPY
Edited by Theresa L. Whiteside

SECTION F: NEURAL AND PARANEURAL CELLS
Edited by William J. Freed

SECTION G:  PANCREATIC CELLS
Edited by Garth L. Warnock

SECTION H:  BONE, CARTILAGE AND MUSCLE
Edited by Joseph Vacanti

49> Springer

i R.G. LANDEs COMPANY
New York Berlin Heidelberg London Paris

Tokyo Hong Kong Barcelona Budapest AUSTIN



METHODS IN CELL TRANSPLANTATION

R.G. LANDES COMPANY
Austin, Texas, U.S.A.

U.S. and Canada Copyright © 1995 R.G. Landes Company
All rights reserved. Printed 1n the U.S.A.

Please address all inquiries to the Publisher:
R.G. Landes Company, 909 Pine Street, Georgetown, TX 78626 U.S.A.
or
P.O. Box 4858, Austin, TX 78765 U.S.A.
Phone: 512/ 863 7762; FAX: 512/ 863 0081

International Copyright © 1995 Springer-Verlag, Heidelberg, Germany
All rights reserved.

U.S. and Canada ISBN: 1-57059-189-X
International ISBN: 3-540-60151-1

While the authors, editors and publisher believe that drug selection and dosage and
the specifications and usage of equipment and devices, as set forth in this book, are in
accord with current recommendations and practice at the time of publication, they
make no warranty, expressed or implied, with respect to material described in this
book. In view of the ongoing research, equipment development, changes in govern-
mental regulations and the rapid accumulation of information relating to the
biomedical sciences, the reader 1s urged to carefully review and evaluate the informa-
tion provided herein.

Library of Congress Cataloging-in-Publication Data

Methods in cell transplantation / edited by Camillo Ricordi.
p. cm.
Includes bibliographical references and index.
ISBN 1-57059-189-X (alk. paper)
1. Cell transplantation. I. Ricordi, Camillo.
QP89.M46 1995 95-15153
617.9'S -- dc20 CIP



METHODS IN
CELL TRANSPLANTATION

Epmep By Camitto Ricorbi, M.D.



CONTRIBUTORS

SectioN A: Hemaroroienic CELLS

Editor: Edward D. Ball, M.D.
Chief, Division of Hematology/
Bone Marrow Transplantation
University of Pittsburgh Medical Center
Director, Bone Marrow Transplantation Program
Pittsburgh Cancer Institute
Pittsburgh, Pa., U.S.A.
Chapters A3, A4

Margaret A. Beeler, M.T. (ASCP)
Bone Marrow Processing

Laboratory
University of Pittsburgh Medical Center
Pittsburgh, Pa., U.S.A.
Chapter A4

Elana J. Bloom, M.D.
Division of Hematology/

Bone Marrow Transplantation
University of Pittsburgh Medical Center
Pittsburgh, Pa., U.S.A.

Chapter A6

Margarida de Magalhaes-Silverman, M.D.
Division of Hematology/

Bone Marrow Transplantation
University of Pittsburgh Medical Center
Pittsburgh, Pa., U.S.A.

Chapter A8

Albert D. Donnenberg, Ph.D.

Bone Marrow Transplantation Program
The Pittsburgh Cancer Institute
Assistant Professor of Medicine
Division of Hematology/

Bone Marrow Transplantation
University of Pittsburgh Medical Center
Pittsburgh, Pa., U.S.A.

Chapter A2

Andreas Gschwend, M.D.
Division of Hematology/

Bone Marrow Transplantation
University of Pittsburgh Medical Center
Pittsburgh, Pa., U.S.A.

Chapter Al

John Lister, M.D., FRCPC
Division of Hematology/

Bone Marrow Transplantation
University of Pittsburgh Medical Center
Pittsburgh Cancer Institute
Pittsburgh, Pa., U.S.A.

Chapters A5, A10

Joseph A. Mierski, M.T. (ASCP) B.B.
Bone Marrow Processing Laboratory
University of Pittsburgh Medical Center
Pittsburgh, Pa., U.S.A.

Chapters A2, A4

Maya T. Nimgaonkar, M.D., MRCP
Division of Hematology/

Bone Marrow Transplantation
Univeristy of Pittsburgh Medical Center
Pittsburgh, Pa., U.S.A.

Chapter A3

Steven M. Pincus, M.D., Ph.D.
Division of Hematology/

Bone Marrow Transplantation
University of Pittsburgh Medical Center
Pittsburgh, Pa., U.S.A.

Chapter A7

Gayle Rosner, Ph.D.

Department of Pathology

University of Pittsburgh Medical Center
Pittsburgh, Pa., U.S.A.

Chapter A7

Witold B. Rybka, M.D., FRCPC

Division of Hematology/
Bone Marrow Transplantation

University of Pittsburgh Medical Center

Clinical Director, Bone Marrow Transplantation
Program

The Pittsburgh Cancer Institute

Pittsburgh, Pa., U.S.A.

Chapters Al, A4, A9

SectioN B: EPiDERMAL CELLS

Editor: John F. Hansbrough, M.D.
The Department of Surgery
The University of California
San Diego Medical Center
San Diego, Calif., U.S.A.



CONTRIBUTORS

SectioN C: GeNE THERAPY

Editor: Joseph C. Glorioso, Ph.D.

Department of Molecular Genetics and
Biochemistry

University of Pittsburgh School of Medicine

Pittsburgh. Pa.. U.S.A.

Edward D. Ball, M.D.
Chief, Division of Hematology/
Bone Marrow Transplantation
University of Pittsburgh Medical Center
Director, Bone Marrow Transplantation Program
Pittsburgh Cancer Institute
Pittsburgh, Pa., U.S.A.
Chapter C1

C.H. Evans, Ph.D.

Musculoskeletal Research Center Ferguson
Laboratory

Department of Orthopedic Surgery

University of Pittsburgh School of Medicine

Pittsburgh, Pa.. U.S.A.

Chapter C4

Lisa J. Fisher, Ph.D.

Department of Neurosciences
University of California, San Diego
La Jolla, Calif., U.S.A.

Chapter C2

F.H. Gage, Ph.D.

Department of Neurosciences
University of California, San Diego
La Jolla, Calif., U.S.A.

Chapter C2

G.L. Huang, Ph.D.

Department of Pharmacology

University of Pittsburgh School of Medicine
Pittsburgh, Pa., U.S.A.

Chapter C4

Elizabeth G. Nabel, M.D.

Division of Cardiology

Cardiovascular Research Center
University of Michigan Medical Center
Ann Arbor, Mich., U.S.A.

Chapter C3

Gary J. Nabel, M.D., Ph.D.

Departments of Internal Medicine and Biological
Chemistry Howard Hughes Medical Institute

University of Michigan Medical Center

Ann Arbor, Mich., U.S.A.

Chapters C3, C4

Maya T. Nimgaonkar, M.D., MRCP
Division of Hematology/

Bone Marrow Transplantation
University of Pittsburgh Medical Center
Pittsburgh, Pa., U.S.A.

Chapter CI

J. Ray, Ph.D.

Department of Neurosciences
University of California, San Diego
La Jolla, Calif., U.S.A.

Chapter C2

Paul D. Robbins, Ph.D.

Department of Molecular Genetics &
Biochemistry

University of Pittsburgh School of Medicine

Pittsburgh, Pa., U.S.A.

Chapter C4

Marie-Claude Senut, Ph.D.
Department of Neurosciences
University of California, San Diego
La Jolla, Calif., U.S.A.

Chapter C2

SectioN D: HepATOCYTES
AND GASTROINTESTINAL CELLS

Editor: Jorg Gerlach, M.D.

AG Experimentelle Chirurgie

Freie Universitidt Berlin

Chirurgische Universitatsklinik

Klinikum Rudolf Virchow/Charlottenburg
Berlin, Germany

Chapter D1

Gregory M. Organ, M.D.
Department of Pediatric Surgery
Arkansas Children’s Hospital
Little Rock, Ark., U.S.A.
Chapter D2

Joseph P. Vacanti, M.D.
Department of Surgery
Children’s Hospital
Harvard Medical School
Boston, Mass., U.S.A.
Chapter D2



CONTRIBUTORS

SectioN E: LYMPHOCYTES
IN IMMUMOTHERAPY

Editor: Theresa L. Whiteside, Ph.D.
Department of Pathology and Otolaryngology
Pittsburgh Cancer Institute

Pittsburgh, Pa., U.S.A.

Chapters E1, E2, E4, E5, E7

Elaine M. Elder. Sc.D.
Pittsburgh Cancer Institute
Pittsburgh. Pa., U.S.A.
Chapters E3, E4, E5

Elieser Gorelik , M.D., Ph.D.
Pittsburgh Cancer Institute
Pittsburgh, Pa., U.S.A.
Chapter E6

Deborah Rosenfelder, R.N., B.S.N.
Pittsburgh Cancer Institute
Pittsburgh. Pa.. U.S.A.

Chapter E5

Nikola L.Vujanovic, M.D., Ph.D.
Pittsburgh Cancer Institute
Pittsburgh, Pa., U.S.A.

Chapter E2

SectioN F: NEURAL
AND PARANEURAL CELLS

Editor: William J. Freed, Ph.D.

NIMH Neuroscience Center at St. Elizabeths
Washington, D.C., U.S.A.

Chapters Fl, F7

John D. Elsworth, Ph.D.
Department of Pharmacology

Yale University School of Medicine
New Haven, Conn., U.S.A.

Chapter F8

Dwaine F. Emerich, Ph.D.
CvtoTherapeutics, Inc.
Providence, R.1., U.S.A.
Chapter 4

Magda Giordano, Ph.D.

Facultad de Medicina

Departamento de Fisiologia

Universidad Nacional Auténoma de México
México, D.F., México

Chapter F7

Christopher G. Goetz, M.D.

Department of Neurological Sciences
Rush-Presbyterian-St. Lukes’s Medical Center
Chicago, Ill., U.S.A.

Chapter F6

Aldric T. Hama, Ph.D.

Department of Anatomy and Cell Biology
University of Illinois at Chicago

Chicago, Ill., U.S.A.

Chapter F2

Vicky R. Holets, Ph.D.

The Miami Project

University of Miami School of Medicine
Miami, Fla., U.S.A.

Chapter F3

Mark D. Lindner, Ph.D.
CytoTherapeutics, Inc.
Providence, R.I., U.S.A.
Chapter F4

George D. Pappas, Ph.D.

Department of Anatomy and Cell Biology
University of Illinois at Chicago

Chicago, Ill., U.S.A.

Chapter F2

Richard D. Penn, M.D.

Neurosurgery Division

Rush-Presbyterian-St. Lukes’s Medical Center
Neuroscience Institute

Chicago, Ill., U.S.A.

Chapter F5

Maciej Poltorak, M.D., Ph.D.

Section on Preclinical Neuropsychiatry
Biochemistry

NIMH Neuroscience Center at St. Elizabeths

Washington, D.C., U.S.A.

Chapter F1

D. Eugene Redmond. Jr., Ph.D.
Department of Psychiatry and Pharmacology
Yale University School of Medicine

New Haven, Conn., U.S.A.

Chapter F8 '



CONTRIBUTORS

Robert H. Roth, Ph.D.

Department of Pharmacology

Yale University School of Medicine
New Haven, Conn., U.S.A.

Chapter FS

Jacqueline Sagen, Ph.D

Department of Anatomy and Cell Biology
University of Illinois at Chicago

Chicago, 11, U.S.A.

Chapter F2

John R. Sladek, Jr., Ph.D.
Professor and Chairman
Department of Neuroscience
Chicago Medical School
North Chicago, Ill., U.S.A.
Chapter FS8

Jane R. Taylor, Ph.D.

Department of Psychiatry

Yale University School of Medicine
New Haven, Conn., U.S.A.

Chapter F8

Hong Wang, Ph.D.

Department of Anatomy and Cell Biology
University of Illinois at Chicago

Chicago, Ill., U.S.A.

Chapter F2

Scott R. Whittemore, Ph.D.

The Miami Project

University of Miami School of Medicine
Miami, Fla., U.S.A.

Chapter F3

Shelley R. Winn, Ph.D.
CytoTherapeutics, Inc.
Providence, R.1., U.S.A.
Chapter F4

SectioN G: PANcreaTIC CELLS

Editor: Garth L. Warnock, M.D.
University of Alberta
Surgical-Medical Research Institute
Edmonton, Alberta, Canada
Chapters G1, G2, G10, G11

Simon A.F. Bain, M.D

Division of Chnical Sciences

The John Curtin School of Medical Research
Canberra, A.C.T. Australia

Chapter G7

Giuseppe Basta, M.D.

Instituto di Medicina Interna e Scienze Endocrine

e Metaboliche Universitd di Perugia
Perugia, Italy
Chapter G15

Gillian M. Beattie, M.D.

Department of Clinical Research

The Whittier Institute for Diabetes and
Endocrinology

La Jolla, Calif., U.S.A.

Chapter G9

P.R.F. Bell, M.D.
Leicester University
Department of Surgery
Leicester Royal Infirmary
Leicester, United Kingdom
Chapter G4

Mathias D. Brendel, M.D.

Diabetes Research Institute

University of Miami School of Medicine
Miami, Fla., U.S.A.

Chapter G13

Reinhard Bretzel, M.D
University of Giessen

Med. Klinik III u. Poliklinik
Rodthohl, Giessen, Germany
Chapter G5

Debra J. Brown, M.D.

Division of Clinical Sciences

The John Curtin School of Medical Research
Canberra, A.C.T., Australia

Chapter G7

Riccardo Calafiore, M.D.

Instituto di Medicina Interna e Scienze Endocrine

e Metaboliche Universita di Perugia
Perugia, Italy
Chapter G15

D.R. Chadwick, M.D.
Leicester University
Department of Surgery
Leicester Royal Infirmary
Leicester, United Kingdom
Chapter G4

William L. Chick, M.D.
BioHybrid Technologies, Inc.
Shrewsbury, Mass., U.S.A.
Chapter G16



CONTRIBUTORS

Benigno J. Digon 111, M.D.

Diabetes Research Institute

University of Miami School of Medicine
Miami, Fla., U.S.A.

Chapter G13

William P. Duguid, M.D.
Montreal General Hospital
Department of Surgery
Montreal, Quebec, Canada
Chapter G14

K.F. Federlin, M.D.
University of Giessen

Med. Klinik III u. Poliklinik
Rodthohl, Giessen, Germany
Chapter G5

Anita L. Gainer, M.D.
Surgical-Medical Research Institute
University of Alberta

Edmonton, Alberta, Canada
Chapter G11

Paul F. Gores, M.D.

Department of Surgery

University of Minnesota Medical School
Mineapolis, Minn., U.S.A.

Chapter G6

Alberto Hayek. M.D.

Chairman

Department of Clinical Research

The Whittier Institute for Diabetes and Endocri-
nology

La Jolla, Calif., U.S.A.

Chapter G9

B.J. Hering, M.D.

University of Giessen

Med. Klinik III u. Poliklinik
Rodthohl. Giessen, Germany
Chapter G5

R.F.L. James, M.D.
Leicester University
Department of Surgery
Leicester Royal Infirmary
Leicester. United Kingdom
Chapter G4

Norman L. Kneteman, M.D.
Surgical-Medical Research Institute
University of Alberta

Edmonton, Alberta, Canada
Chapter G2

Maria Koulmanda, M.D.

Transplantation Unit

The Walter and Eliza Hall Institute
of Medical Research

Royal Melbourne Hospital

Transplantation Unit

Parkville, Victoria, Australia

Chapter G8

Jonathan R.T. Lakey, M.D.
Department of Surgery and Medicine
Surgical-Medical Research Institute
University of Alberta

Edmonton, Alberta, Canada
Chapters G1, G2, G10

Robert P. Lanza, M.D.
BioHybrid Technologies, Inc.
Shrewsbury, Mass., U.S.A.
Chapter G16

Jo Ellen K. Lloveras, M.D.

Department of Surgery

University of Minnesota Medical School
Mineapolis, Minn., U.S.A.

Chapter G6

Nick J.M. London, M.B., Ch.B., MRCS, M.D.
Leicester University

Department of Surgery

Leicester Royal Infirmary

Leicester, United Kingdom

Chapter G4

Martin 1. Mally, M.D.

Department of Clinical Research

The Whittier Institute for Diabetes and Endocri-
nology

La Jolla, Calif., U.S.A.

Chapter G9

Thomas E. Mandel, M.D.

Transplantation Unit

The Walter and Eliza Hall Institute
of Medical Research

Royal Melbourne Hospital

Transplantation Unit

Parkville, Victoria, Australia

Chapter G8



Daniel H. Mintz, M.D.
Diabetes Research Institute

University of Miami School of Medicine

Miami, Fla., U.S.A.
Chapter G13

Timo Otonkoski, M.D.

Department of Clinical Research

The Whittier Institute for Diabetes
and Endocrinology

La Jolla, Calif.. U.S.A.

Chapter G9

Ray V. Rajotte, M.D.

Director

Surgical-Medical Research Institute
University of Alberta

Edmonton, Alberta Canada
Chapters G1, G2, G10

Christiana Rastellini, M.D.
Transplant University of Pittsburgh
Pittsburgh, Pa., U.S.A.

Chapter G3

Camillo Ricordi, M.D.
Co-Director
Diabetes Research Institute

University of Miami School of Medicine

Miami, Fla., U.S.A.
Chapter G3

Gavin S.M. Robertson, M.B., Ch.B., FRCS, M.D.

Leicester University
Department of Surgery
Leicester Royal Infirmary
Leicester, United Kingdom
Chapter G 4

Lawrence Rosenberg, M.D.
Montreal General Hospital
Department of Surgery
Montreal, Quebec Canada
Chapter G14

Robert D. Schachner, M.D.
Diabetes Research Institute

University of Miami School of Medicine

Miami, Fla., U.S.A.
Chapter (13

CONTRIBUTORS

Jirgen Schrezenmeir, M.D.
IWK Children’s Hospital
Pathology Department
Halifax, Nova Scotia, Canada
Chapter G12

Charmaine J. Simeonovic, M.D.

Division of Clinical Sciences

The John Curtin School of Medical Research
Canberra, A.C.T., Australia

Chapter G7

Barry A. Solomon, M.D.
BioHybrid Technologies, Inc.
Shrewsbury, Mass., U.S.A.
Chapter G16

Katja U.S. Teittinen, M.D.

Division of Clinical Sciences

The John Curtin School of Medical Research
Canberra, A.C.T., Australia

Chapter G7

Michelle J. Townsend, M.D.

Division of Clinical Sciences

The John Curtin School of Medical Research
Canberra, A.C.T., Australia

Chapter G7

Bernard E. Tuch, M.D.

Division of Clinical Sciences

The John Curtin School of Medical Research
Canberra, A.C.T., Australia

Chapter G7

Arthur 1. Vinik, M.D.
Montreal General Hospital
Department of Surgery
Montreal, Quebec, Canada
Chapter G14

J. Dennmis Wilson, M.D.

Division of Clinical Sciences

The John Curtin School of Medical Research
Canberra, A.C.T., Australia

Chapter G7

James R. Wright, Jr., M.D.
IWK Children’s Hospital
Pathology Department
Halifax, Nova Scotia, Canada
Chapter G12



CONTRIBUTORS

SectioN H: BoNE, CARTILAGE AND MUSCLE

Editor: Joseph P. Vacanti, M.D.
Department of Surgery
Children’s Hospital

Harvard Medical School
Boston, Mass., U.S.A.

B. Broznck

Transplant Institute

University of Pittsburgh Medical Center
Pittsburgh, Pa., U.S.A.

Chapter HI

Joanne E. Davies, B.S.
Leicester University
Department of Surgery
Leicester Royal Infirmary
Leicester, United Kingdom
Chapter H3

S.F. Dodson

Transplant Institute

University of Pittsburgh Medical Center
Pittsburgh, Pa., U.S.A.

Chapter HI

P.A. Fontes

Transplant Institute

University of Pittsburgh Medical Center
Pittsburgh, Pa., U.S.A.

Chapter HI

J.J. Fung

Transplant Institute

University of Pittsburgh Medical Center
Pittsburgh, Pa., U.S.A.

Chapter HI

Mirjana Kocova, M.D., Ph.D.
Division of Immunogenetics
University of Pittsburgh
Children’s Hospital of Pittsburgh
Pittsburgh, Pa., U.S.A.

Chapter H2

Peter K. Law, Ph.D.

Cell Therapy Research Foundation
Memphis, Tenn., U.S.A.

Chaprer 115

Keith T. Paige, M.D.
Children’s Hospital
Harvard Medical School
Boston, Mass., U.S.A.
Chapter 114

A.S. Rao

Transplant Institute

University of Pittsburgh Medical Center
Pittsburgh, Pa., U.S.A.

Chapter HI

Camillo Ricordi, M.D.

Diabetes Research Institute

University of Miami School of Medicine
Miami, Fla., U.S.A.

Chapter HI

Gavin S.M. Robertson, M.B., ChB, FRCS, M.D.
Leicester University Department of Surgery

Leicester Royal Infirmary
Leicester, United Kingdom
Chapter H3

William A. Rudert, M.D., Ph.D.
Division of Immunogenetics
University of Pittsburgh
Children’s Hospital of Pittsburgh
Pittsburgh, Pa., U.S.A.

Chapter H2

Witold B. Rybka, M.D., FRCPC
Division of Hematology/

Bone Marrow Transplantation
University of Pittsburgh Medical Center
The Pittsburgh Cancer Institute
Pittsburgh, Pa., U.S.A.

Chapter H1

Thomas E. Starzl

Transplant Institute

University of Pittsburgh Medical Center
Pittsburgh, Pa., U.S.A.

Chapter HI

Massimo Trucco, M.D.

Division of Immunogenetics
University of Pittsburgh
Children’s Hospital of Pittsburgh
Pittsburgh, Pa., U.S.A.

Chapter H2

F.O. Ukah

Transplant Institute

University of Pittsburgh Medical Center
Pittsburgh, Pa., U.S.A.

Chapter HI

Charles A. Vacanti, M.D.
Children’s Hospital
Harvard Medical School
Boston, Mass., U.S.A.
Chapter H4



FOREWORD

Some books should never be published because they are not true, and
others less harmful may be merely a loss of time for the editor, the con-
tributors, and the readers. For a scientific book to be successful (and above
all this means useful) it must meet the standards of relevance, need, proper
timing, and currency. Furthermore, if its preparation is not a learning ex-
perience for the contributors, it will not be a valuable tool for the readers.
Methods in Cell Transplantation fulfills these requirements.

The relatively new field of cell transplantation is evolving with incred-
ible rapidity. Three decades ago, organ transplantation was a discipline
confined to a small club of visionary surgeons within which it was easy to
communicate scientific progress and technical advances. Cell transplanta-
tion developed in a different way, like a comatose baby turned into a
slumbering giant by parenteral feeding until suddenly it woke up, looked
into a mirror, and was confronted by a colossus which it did not recognize.

When I learned that I had been designated an Honorary President of
the new Cell Transplantation Society and attended the First International
Congress in 1992, I thought that I was going to a small party, almost a study
group. Instead, there were over 500 founding fathers from some 33 coun-
tries. Their interest in many shared aspects of cell transplantation created
an instant common language for workers in seemingly unrelated fields. The
goals and problems were similar, as well as many of the potential research
and clinical opportunities. The technologies were appearing or changing so
quickly that it was necessary to invent new ways of communication and
new means for information transfer.

Aside from the arrival of this gathering tide, the timing of the First
International Congress was fortuitous in an unexpected way. Research to
which Camillo Ricordi, the society's first president, was a key contributor
had just been completed establishing a linkage between the whole organ
and cell transplantation fields, which some had previously construed to be
lined up at a competitive interface. Evidence was produced only a few
weeks earlier that the ubiquitous traffic on non-parenchymal cells of bone
marrow origin (the passenger leukocytes of the organs) and the survival of
these migrants peripherally was the long sought-after explanation of organ
"acceptance", and the key to the controlled induction of tolerance. Organ
transplantation had turned out to be merely cell transplantation in artful
disguise.

This book, which is completely up to date, will provide an invaluable
resource for those who want to learn each other's techniques and concepts,
and equally for those who must begin with no base at all and want to be
armed with a primer. The list of contributors is comprehensive and includes
familiar names as well as authors who have been identified as natural lead-
ers of the next cell transplant generation.

A labor of love radiates warmth back to its creator in many ways. One
channel will be through the appreciation of those whose work was made
casicer by the organizational genius and personal scientific contributions of
the cditor, Camillo Ricordi.

Thomas E. Starzl, M.D., Ph.D.
Honorary President
The Cell Transplant Society



PREFACE

When 1 first joined the University of Pittsburgh Transplantation Insti-
tute in 1989, my objective was to unify into a single program the seemingly
unrelated fields of cellular transplantation. One may question a need to
unify or attempt to coordinate widely different clinical applications of cel-
lular transplantation when the trend in subspecialties seems to be leading
towards micro-subspecialty societies. My view, however, on the need for a
unifying initiative flowed from my own research experience in the field.
Investigators involved in what could appear to be very distantly unrelated
areas of cellular transplantation (i.e, pancreatic islets, bone marrow, endo-
thelial, hepatocytes, epidermal, myoblasts, neural, stem cells, etc.) soon
discover that the problems they face within the parochial walls of their
laboratories are problems shared by investigators in companion areas and
that have, in fact, more in common amongst them than apparent from the
subspecialty motifs of so-called unrelated research.

Separation and purification techniques for cells, culture methods,
cryopreservation and banking, pre-transplant immunomodulation, micro and
macro encapsulation, bioartificial organs, tolerance induction, xeno-
transplantation, quality control and regulatory issues, manipulation of the
environment at the implant site, techniques of transplantation, and gene
therapy are all, in fact, very related to each other either in the field of
experimental or clinical transplantation

It was with the mission of promoting research and collaboration in
these apparently unrelated fields that the Cell Transplant Society was
founded in 1991. The initiative, that I first thought would be restricted to
a very select group of investigators, maybe 30 to 50 worldwide, rapidly
outgrew my most optimistic prediction and the Society found itself at the
First International Congress in Pittsburgh in 1992 with over 500 founding
scientists from some 35 countries. This first international congress was an
overwhelming success and clearly indicated that there was a real need for
a forum for intradisciplinary debate. The decision was made to hold this
congress once every two years, and we are soon to embark on our third
edition to be held in Miami, Florida in 1996.

Soon after the creation of the Cell Transplant Society, the journal Cell
Transplantation became the official publication of the society. This book on
methods in cellular transplantation is a natural and collected extension of
the mission that fueled the origin of the Cell Transplant Society and the
creation of the journal Cell Transplantation. To provide an example on why
such a general book is important, I will draw on my own particular field of
interest in pancreatic islet transplantation. What initially appeared to be
simply a technique to reverse diabetes by providing a transferable source
of insulin- producing tissuc turned out to become a very important tool in
co-transplant experiments to maintain hepatocytes when implanted in sites
that are not perfused by portal blood. The field of hepatocellular transplan-
tation was suffering because hepatocytes transplanted in ectopic sites would
rapidly become atrophic. We then did a series of experiments proving that
co-transplantation of pancreatic islets with hepatocytes was able to provide,
at the transplant site, factors that would significantly enhance the survival
of the hepatocellular implants. This was shown first in rodents and the
observations were then extended to human hepatocyte transplants. This



provided for me one of the first examples of this intimate relation of two
apparently unrelated cellular grafts.

We also showed that co-transplantation of adrenal cells could provide
local immunosuppression that might enhance survival of other grafts co-
transplanted with these steroid-secreting cells. This is still a relatively ncw
ficld of endeavor and it is still to be determined whether, for example, the
local production of steroids at the transplant site could enhance survival of
other cellular and tissue grafts in vivo. But the notion that co-culturing
enhances survival by paracrine effect, or so influences the transplant site so
as to affect prolonged survival of allo- and xenografts is now extended to
microencapsulation and bioartificial organs. Here co-transplantation of cells
within the encapsulation devices could provide a means of manipulation of
the microenvironment at the transplant site to affect the toxicity of small
molecules, like free radicals and cytokines that can diffuse across most ot
the semi-permeable membranes used in immunoisolation devices

For us, it has been extremely encouraging to realize how relatively
easy it is to expand a well-organized cellular transplantation laboratory to
isolate and study different cells utilized in transplantation without expen-
sive and labor intensive development of individual laboratories for each
cell of interest.

Once a group has set up a laboratory to meet quality control stan-
dards for pancreatic islet separation and purification, it was extremely easy
to perfect techniques for hepatocyte isolation and isolation of hematopoi-
etic cells, such as bone marrow, in the same laboratory.

We then started to study the use of bone marrow cell transplant as an
approach to induce tolerance to other organ tissues or cellular transplants.
Here, again, an apparently unrelated field of cellular transplantation, namely
one that was created as a replacement transplant to salvage lethally irradi-
ated recipients who suffer from malignancies like leukemia became the
forerunner of a procedure that holds promise to assist in, regimens for
tolerance induction to allografts and maybe even xenografts.

This book will be of assistance as cross reference manual for investi-
gators in the different areas of cellular transplantation who have the curi-
osity to learn how other investigators, in an apparently unrelated field, are
addressing similar problems, or to just start, from scratch, a new cell trans-
plant field in a laboratory that was previously focused on a different aspect
of cellular transplantation. Our personal experience, though concentrated
mainly in the field of islet separation technology and bone marrow prepa-
ration for studies of bone marrow infusion in tolerance induction, have
valued greatly the contributions of colleagues working in the same labora-
tories in fields seemingly disparate of hepatocellular and epidermal cell
transplantation, for example.

The book is divided into sections. Section A will address methodology
related to hematopoietic cell transplants, from sources for marrow trans-
plantation to techniques for lymphocyte depletion and stem cell purifica-
tion. This section then deals with cryopreservation techniques and
immunomodulation in vitro and clinically-oriented procedures, such as
patient selection, pretransplant assessment and immunosuppressive condi-
tioning regimens for bone marrow transplantation. Finally, the topics of
assessment of engraftment following a bone marrow transplant, and the
problems related to graft-versus-host disease is covered.

In Section B the topics related to the methodology in epidermal cell
preparation and transplantation are covered in detail.

Section C will provide an overview of some recent advanced methods
in selected fields of gene therapy, including hematopoietic progenitor cell



eene therapy and somatic gene therapy in brain cells, vascular cells and
synovial cells.

Section D will cover hepatocytes and gastrointestinal cells methodolo-
gies and extends from the description of larger scale isolation and in vitro
culture of primary hepatocytes to enterocyte transplantation for tissue en-
gineering of neointestinal mucosa.

Section E will address the problem related to lymphocyte preparation
in immunotherapy of cancer, detailing procedures from the technique for
lvmphocyte harvest and purification, the selection of lymphocyte subsets
and culture, and the microbiological assessment of lymphocytes for immu-
notherapy. In addition, morphologic, phenotypic and functional assessment
of lymphocytes used in immunotherapy will be addressed in detail, to-
gether with the clinical techniques of both the harvesting and infusion of
cultures or activated lymphocytes, respectively. Intravenous transfusion of
lymphocytes is described for protocols in the mouse and in human studies.
The section concludes with a chapter on assessment of lymphocyte function
after immunotherapy.

Section F describes methods in neural and paraneural cell transplan-
tation, beginning with cell preparation, assessment and culture techniques
from neural tissue suspensions to adrenal chromaffin cells. Further studies
on labeling and identification of cells for CNS transplantation are described,
together with the technique for behavioral assessment of cell graft function.
Transplantation techniques are described in small animals and in subhu-
man primates. Clinical approaches to neural tissue transplants in humans
rounds out this section.

Section G is dedicated to techniques in pancreatic islet cell transplanta-
tion. The section begins with the description of quality control issues in the islet
isolation laboratory. Pancreas procurement techniques, as well as islet isola-
tion, purification and quantification are described in detail for both adult tissue
and fetal tissue. The section then details culture techniques, cryopreservation
and immunomodulation procedures to decrease immunogenicity of the islet
preparation. A description of the transplantation techniques in the islet field is
followed by a chapter on growth factors and islet neogenesis. The section
concludes with a methods section on microencapsulation and hollow fibers
production and macroencapsulation technology.

Section H includes techniques for bone, cartilage and muscle cell prepa-
ration and transplantation. An additional chapter describes procedures related
to human vertebral bodies as a source of bone marrow cells and the molecular
methods for assessment of microchimerism following transplantation of bone
marrow derived cells. These final two chapters may better fit in Section A, but
are probably justified at the end of this book, since they will undoubtedly
become an independent section as an explosion of new information appears in
the near future due to the increasing interest of this approach for tolerance
induction. The third chapter of this section is also of general interest since the
technique of immunomagnetic bead cell separation has different applications
to cell transplantation. The section then continues with a chapter on tissue
engineering of cartilage and bone, and concludes with methods for human
myoblast culture and transplantation.

Overall, this is a very global and multidisciplinary cross reference text,
that will be periodically updated and extended to newly emerging areas
and techniques, to enlighten and help train interested investigators in these
rapidly growing fields. All the contributors have done excellent work, es-
pecially the section editors, who had to diligently and patiently wait for the
final printing of this very time consuming initiative.
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