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J. KEVIN DONAHUE 323

20. Recombinant AAV-Mediated Gene Delivery
Using Dual Vector Heterodimerization

ZIYING YAN,
TERESA C. RITCHIE,
DONGSHENG DUAN, AND
JOHN F. ENGELHARDT 334

21. Designing and Characterizing Hammerhead
Ribozymes for Use in AAV Vector-Mediated
Retinal Gene Therapies

JASON J. FRITZ,
D. ALAN WHITE,
ALFRED S. LEWIN, AND
WILLIAM W. HAUSWIRTH 358

22. Adeno-Associated Viral Vector-Mediated Gene
Therapy of Ischemia-Induced Neuronal Death

TAKASHI OKADA,
KUNIKO SHIMAZAKI,
TATSUYA NOMOTO,
TAKASHI MATSUSHITA,
HIROAKI MIZUKAMI,
MASASHI URABE,
YUTAKA HANAZONO,
AKIHIRO KUME,
KIYOTAKE TOBITA,
KEIYA OZAWA, AND
NOBUFUMI KAWAI 378

23. Recombinant Adeno-Associated Viral Vector Pro-
duction Using Stable Packaging and Producer
Cell Lines

LYDIA C. MATHEWS,
JOHN T. GRAY,
MARK R. GALLAGHER, AND
RICHARD O. SNYDER 393

24. Streamlined Large-Scale Production of Recombi-
nant Adeno-Associated Virus (rAAV) Vectors

MARK POTTER,
KYE CHESNUT,
NICHOLAS MUZYCZKA,
TERRY FLOTTE, AND
SERGEI ZOLOTUKHIN 413

Section IV. Lentivirus

25. Gene Transfer to the Brain Using Feline Immuno-
deficiency Virus-Based Lentivirus Vectors

COLLEEN S. STEIN AND
BEVERLY L. DAVIDSON 433

26. Generation of HIV-1 Derived Lentiviral Vectors ANTONIA FOLLENZI AND
LUIGI NALDINI 454



viii TABLE OF CONTENTS

27. Design, Production, Safety, Evaluation, and
Clinical Applications of Nonprimate Lentiviral
Vectors

JONATHAN B. ROHLL,
KYRIACOS A. MITROPHANOUS,
ENCA MARTIN-RENDON,
FIONA M. ELLARD,
PIPPA A. RADCLIFFE,
NICHOLAS D. MAZARAKIS, AND
SUSAN M. KINGSMAN 466

28. Gene Transfer to Airway Epithelia Using Feline
Immunodeficiency Virus-Based Lentivirus Vec-
tors

GUOSHUN WANG,
PATRICK L. SINN,
JOSEPH ZABNER, AND
PAUL B. MCCRAY, JR. 500

29. Transduction of a Gene Expression Cassette Using
Advanced Generation Lentiviral Vectors

MICHELE DE PALMA AND
LUIGI NALDINI 514

30. Construction, Purification, and Characterization
of Adenovirus Vectors Expressing Apoptosis-
Inducing Transgenes

SEMYON RUBINCHIK,
JAMES S. NORRIS, AND
JIAN-YUN DONG 529

Section V. Retrovirus

31. Ligand-Inducible Transgene Regulation for Gene
Therapy

XIANGCANG YE,
KURT SCHILLINGER,
MARK M. BURCIN,
SOPHIA Y. TSAI, AND
BERT W. O’MALLEY 551

32. Large-Scale Production of Retroviral Vectors for
Systemic Gene Delivery

MATTHEW J. HUENTELMAN,
PHYLLIS Y. REAVES,
MICHAEL J. KATOVICH, AND
MOHAN K. RAIZADA 562

33. Oncoretroviral and Lentiviral Vector-Mediated
Gene Therapy

THIERRY VANDENDRIESSCHE,
LUIGI NALDINI,
DESIRE COLLEN, AND
MARINEE K. L. CHUAH 573

Section VI. Other Strategies

34. HSV-1 Amplicon Vectors SAM WANG,
CORNEL FRAEFEL, AND
XANDRA BREAKEFIELD 593

35. Microencapsulation of Genetically Engineered
Cells for Cancer Therapy

J.-MATTHIAS LÖHR,
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WALTER H. GÜNZBURG (35), Institute of Vi-
rology, University of Veterinary Sciences,
A-1210 Vienna, Austria

YUTAKA HANAZONO (22), Division of Ge-
netic Therapeutics, Center for Molec-
ular Medicine, Jichi Medical School,
Kawachi, Tochigi 329-0498, Japan

KRISTINE HANSON (7), Departments of Pe-
diatrics and Medical Genetics, University
of Wisconsin, Madison, Wisconsin 53705

DENNIS HARTIGAN-O’CONNOR (13), De-
partment of Neurology, University of
Washington School of Medicine, Seattle,
Washington 98195

WILLIAM W. HAUSWIRTH (21), Depart-
ment of Ophthalmology and Powell Gene
Therapy Center, College of Medicine,
University of Florida, Gainesville,
Florida 32610

DONALD D. HEISTAD (15), Cardiovascular
Division, University of Iowa College of
Medicine, Iowa City, Iowa 52242

MIKKO O. HILTUNEN (18), University
of Kuopio, A. I. Virtanen Institute,
FIN-70210 Kuopio, Finland

MATTHEW J. HUENTELMAN (32), De-
partment of Physiology and Functional
Genomics, College of Medicine, Uni-
versity of Florida, Gainesville, Florida
32610

NEIL JOSEPHSON (37), Division of Hema-
tology, University of Washington, Seattle,
Washington 98195

YASUFUMI KANEDA (36), Division of Gene
Therapy Science, Graduate School of
Medicine, Osaka University, Suita City,
Osaka 565-0871, Japan

MICHAEL J. KATOVICH (32), Department
of Physiology and Functional Genomics,
College of Medicine, University of
Florida, Gainesville, Florida 32610

NOBUFUMI KAWAI (22), Department of
Physiology, Jichi Medical School,
Kawachi, Tochigi 329-0498, Japan

SUSAN M. KINGSMAN (27), Department of
Biochemistry, Oxford BioMedica (UK)
Limited, Oxford OX4 4GA, United
Kingdom

D. KLATZMANN (17), Laboratoire de Bi-
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Preface

Gene therapy is less than ten years old and still very much in its infancy. The
first clinical gene therapy study was carried out in 1995 by Blaese and colleagues.
Although early results on clinical efficacy were disappointing, the logic of gene
therapy is irresistibly attractive. As science continues to evaluate the prospects for
gene therapy, so the clinical benefits have begun to be demonstrated. Early results
were hampered because of inadequate vectors for gene transfer. Most of the clinical
studies involved gene addition. However, gene therapy allows both correction and
replacement of defective genes. Ultimately, the goal is to have an in vivo somatic
gene therapy that can deal with not only immediate life-threatening diseases, such
as cancer and AIDS, but also chronic diseases that reduce the quality of life,
such as hypertension and inflammatory diseases. The basis for gene therapy is
understanding which genes are involved in diseased phenotypes and which vectors
are appropriate for providing therapeutic genes. The rapid progress in gene
discovery has been accelerated by the completion of the human genome project.

This book brings together, for the first time, methods in gene therapy that reflect
the development of scientifically grounded systems for delivering genes. DNA can
be engineered to carry a therapeutic gene in sufficient quantities for full-scale clin-
ical trials. The methods can be classified as either viral or nonviral. Viral vectors
are replication defective viruses with part of their coding sequences replaced by
the therapeutic gene. These viral vectors include retroviruses, adenovirus, adeno-
associated virus, herpes simplex virus, papillomavirus, and lentivirus. Nonviral
vectors are simpler and easier to produce on the large scale. However, each has
its advantage. Viral vectors can be engineered to be expressed in specific tissue
and only under specific conditions. Nonviral vectors are less easy to control so
precisely. Some diseases need gene therapy for a rapid effect, such as killing off
tumor cells. Others need the presence of a stable, safe gene delivery system for
chronic lifetime diseases. The use of gene therapy could eliminate the need for
repeated administrations, improved therapeutic efficacy, and fewer side effects.
In hypertension, for example, one of the major problems is the lack of patient
compliance in taking current prescribed drugs that have to be administered once a
day. The prospect of prolonged effective control of blood pressure and the subse-
quent reduction in heart attacks, stroke, and end-stage renal disease are an exciting
possibility of the true benefits of gene therapy.

In this book we have brought together some of the leading researchers and
research methods in gene therapy. There are many ways to classify these chapters:
by disease, by the type of method, or the type of delivery system. We have chosen

xix
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to classify them under the main type of delivery system being investigated. How-
ever, each chapter stands on its own, offering scientific insight and experience with
a particular approach. In some cases they cross the boundaries of these classifi-
cations. Although this is the first volume entitled “Gene Therapy Methods” for
the Methods in Enzymology series, the increasing number of new methods and the
progress of gene therapy will undoubtedly require more volumes in the future.

I wish to thank the authors for their contributions. I also wish to thank Ms. Gayle
Butters of the University of Florida, Department of Physiology and Functional
Genomics, for her excellent editorial assistance. My thanks also go to Shirley
Light of Academic Press for her encouragement to do this volume.

M. IAN PHILLIPS
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