Ernst Schering Foundation Symposium
Proceedings 2006-5
Cancer Stem Cells



Ernst Schering Foundation Symposium
Proceedings 2006-5

Cancer Stem Cells

Novel Concepts and Prospects
for Tumor Therapy

O.D. Wiestler, B. Haendler, D. Mumberg
Editors

With 42 Figures

@ Springer



Series Editors: G. Stock and M. Lessl

Library of Congress Control Number: 2007928117

ISSN 0947-6075
ISBN 978-3-540-70852-0 Springer Berlin Heidelberg New York

This work is subject to copyright. All rights are reserved, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse of
illustrations, recitation, broadcasting, reproduction on microfilms or in any other way, and
storage in data banks. Duplication of this publication or parts thereof is permitted only
under the provisions of the German Copyright Law of September 9, 1965, in its current
version, and permission for use must always be obtained from Springer-Verlag. Violations
are liable for prosecution under the German Copyright Law.

Springer is a part of Springer Science+Business Media
springer.com

© Springer-Verlag Berlin Heidelberg 2007

The use of general descriptive names, registered names, trademarks, etc. in this publication
does not emply, even in the absence of a specific statemant, that such names are exempt
from the relevant protective laws and regulations and therefor free for general use. Product
liability: The publisher cannot guarantee the accuracy any information about dosage and
application contained in this book. In every induvidual case the user must check such
information by consulting the relevant literature.

Editor: Dr. Ute Heilmann, Heidelberg

Desk Editor: Wilma McHugh, Heidelberg

Production Editor: Martin Wei3gerber, Leipzig

Cover design: design & production, Heidelberg

Typesetting and production: LE-TEX Jelonek, Schmidt & Vickler GbR, Leipzig
21/3180/YL-543210 Printed on acid-free paper



Preface

The concept that cancer stem cells play an important role in malignant
tumors is gaining more and more support due to recent advances in
the field. The latest progress in this area is increasingly reported and
commented on in the lay press, documenting the high excitement and
hopes it generates.

An intricate relationship between stem cells and cancer cells was
originally identified in leukemia, and evidence has now accumulated
that cancer stem cells are also found in many solid tumor types including
breast, prostate, and colon carcinomas. They are closely related to normal
stem cells, a very small number of which are found in most tissues.
Normal stem cells divide asymmetrically and have the unique capacity
to produce an identical daughter cell and one that can differentiate.
These progenitor cells have the ability to give rise to all the specialized
cells of a given tissue. This process is strictly controlled by the niche
microenvironment in which these cells reside, so that the number of stem
cells remains constant. Mutations in normal stem cells and failure of the
control mechanisms provided by the niche may both play essential roles
in the formation of cancer stem cells and in the development of tumors.

The exciting new findings in this field were made possible mainly
through the development of novel techniques such as high-speed cell
sorting and by the identification of specific cell surface markers. This
allowed the purification of the very rare cancer stem cells present in
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tumors (often less than 1%). Some of the markers are shared by cancer
stem cells of various origins, but others are specific for the tumor type.
The establishment of culture conditions appropriate for maintaining the
stem cell phenotype will be instrumental in the study of cancer stem
cells.

Importantly, cancer stem cells have properties very different from
those of the rest of the tumor cell population. They divide much more
slowly, which allows them to escape from traditional radio- and chemo-
therapies that hit fast-multiplying cells. Also, they have very efficient
systems to pump out drugs, making them highly resistant to most con-
ventional therapies. Current treatments might therefore only hit the bulk
of the tumor but spare cancer stem cells, thus leading to recurrence and
metastasis.

Both the origin and the precise impact of cancer stem cells on tu-
mor pathogenesis are still debated. Normal stem cells may over time
accumulate genetic and epigenetic changes that disturb the control of
self-renewal. An arrest of progenitor cell differentiation and the recov-
ery of unlimited proliferation properties may also be responsible for the
initiation and progress of cancer.

On the other hand, some experts in the field consider cancer stem cells
to represent the bad seeds of tumors and suggest that eliminating them
has the potential to eradicate the disease. The targeting of cancer stem
cells, however, represents a shift in focus and will probably require the
identification of novel drugs. This is an enormous challenge because of
the paucity of cancer stem cells, the technical difficulties of keeping them
in culture, and their unusual drug resistance. However, the identification
of proliferation and differentiation pathways that are active in cancer
stem cells but not in normal, differentiated cells may offer interesting
new opportunities for selective therapies.

The Cancer Stem Cell Workshop was organized to discuss recent ad-
vances and controversies in this fast-moving research area. We have tried
to bring together many of the internationally highly recognized experts
in this relatively young field who, through a variety of approaches, have
made seminal contributions, thus leading to major strides forward. We
are grateful to all of them for their excellent presentations and lively dis-
cussions, and also for their contributions to this book. We are convinced
that the proceedings of the workshop will allow a better understanding
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of the important role that cancer stem cells play in tumors and help in the
future development of more effective and selective cancer treatments.

Finally, we would like to express our gratitude to the Ernst Schering
Foundation for its generous support and perfect organization, which
allowed us to hold this workshop under the best possible conditions.
Our grateful thanks to the Berlin-Brandenburg Academy of Sciences
and Humanities and to Prof. G. Stock for hosting the meeting on their
premises.

Berlin, March 2007

Otmar D. Wiestler
Dominik Mumberg
Bernard Haendler



Contents

Niche for Normal and Cancer Stem Cells
S.-1. Nishikawa, M. Osawa . . . . . . . . . . ... ... ....

c-Myc and Activated Ras During Skin Tumorigenesis:
Cooperation at the Cancer Stem Cell Level?
A.-Trumpp . . . . . o e e e

Wt Signaling in Stem Cells and Lung Cancer
B.He, D.M. Jablons . . . . . . .. ... ... . .........

Bone Morphogenetic Proteins Regulate Tumorigenicity
in Human Glioblastoma Stem Cells
S.G.M. Piccirillo, A.L. Vescovi . . . . ... .. ... ......

Strategies to Induce Nuclear Reprogramming
S. Eminli, R. Jaenisch, K. Hochedlinger . . . . . .. ... ...

The Intestinal Stem Cell Niche Studied
Through Conditional Transgenesis
A.R. Clarke, V. Meniel . . . . . . ... ... ... ... .....



X Contents

The Migrating Cancer Stem Cells Model —
A Conceptual Explanation of Malignant Tumour Progression
A. Jung, T. Brabletz, T. Kirchner . . . . . . ... ... ..... 109

Bone Marrow Niche and Leukemia
A.D.Ho, W. Wagner . . . . . ... ... .. ... .... 125

Breast Stem Cells and Cancer
G. Farnie, RB. Clarke . . . . . .. ... ... ... ...... 141

Prostate Cancer Stem Cells: A Target for New Therapies
N.J. Maitland, S. Bryce, M. Stower, A.T. Collins . . . . ... .. 155

The Hedgehog Signaling Network, Mammary Stem Cells,
and Breast Cancer: Connections and Controversies
M.T. Lewis, A.P. Visbal . . . . .. ... ... .. .. ...... 181

Strategies to Eliminate Cancer Stem Cells
RJ Jones . . . . . . . ... 219

DNA Repair in Stem Cell Maintenance and Conversion
to Cancer Stem Cells
S.L. Gerson, J. Reese, J. Kenyon . . . .. ... ......... 231

Tumorigenic Epithelial Stem Cells

and Their Normal Counterparts

V.S. Donnenberg, J.D. Luketich, R.J. Landreneau, J.A. DeLoia,

P. Basse, A.D. Donnenberg . . . . .. ... .. .. ....... 245



List of Editors and Contributors

Editors

Wiestler, O.D.

German Cancer Research Centre (DKFZ), Im Neuenheimer Feld 280,
69120 Heidelberg, Germany

(e-mail: o.wiestler@dkfz.de)

Haendler, B.

Therapeutic Research Group Oncology, Bayer Schering Pharma AG,
Miillerstr. 178, 13342 Berlin, Germany

(e-mail: bernard.haendler @bayerhealthcare.com)

Mumberg, D.

Therapeutic Research Group Oncology, Bayer Schering Pharma AG,
Miillerstr. 178, 13342 Berlin, Germany

(e-mail: dominik.mumberg @bayerhealthcare.com)

Contributors

Basse, P.
Hillmann Cancer Research Pavillion,
5117 Centre Avenue, Suite 2.42, Pittsburgh, PA 15213, USA



Xl List of Editors and Contributors

Brabletz, T.

Pathological Anatonomical Institute,
Friedrich-Alexander-University Niirnberg,
90154 Erlangen, Germany

Bryce, S.
Department of Biology, YCR Cancer Research Unit, University of York,
York, YO10 5YW, UK

Clarke, A.R.

Cardiff School of Biosciences, Cardiff University,
Wales CF10 3US, UK

(e-mail: clarkear @cardiff.ac.uk)

Clarke, R.B.

Breast Biology Group, School of Cancer and Imaging Sciences,
Faculty of Medical and Human Sciences, University of Manchester,
paterson Institute for Cancer Research, Wilmslow Road, M20 4BX, UK
(e-mail: robert.clarke @manchester.ac.uk)

Collins, A.T.
Department of Biology, YCR Cancer Research Unit, University of York,
York, YO10 5YW, UK

Deloia, J.A.
Hillmann Cancer Research Pavillion,
5117 Centre Avenue, Suite 2.42, Pittsburgh, PA 15213, USA

Donnenberg, V.S.
Hillmann Cancer Research Pavillion,
5117 Centre Avenue, Suite 2.42, Pittsburgh, PA 15213, USA

Donnenberg, A.D.

Hillmann Cancer Research Pavillion,

5117 Centre Avenue, Suite 2.42, Pittsburgh, PA 15213, USA
(e-mail: donnenbergad @upmc.edu)



List of Editors and Contributors XIII

Eminli, S.

Center for Regenerative Medicine and Cancer Center,
Massachusetts General Hospital, Harvard Medical School
and Harvard Stem Cell Institute,

185 Cambridge Street, Boston, MA 02114, USA

Farnie, G.

Breast Biology Group, School of Cancer and Imaging Sciences,
Faculty of Medical and Human Sciences, University of Manchester,
paterson Institute for Cancer Research, Wilmslow Road, M20 4BX, UK

Gerson, St.L.

Case Comprehensive Cancer Center Division of Hematology/Oncology,
Case Western Reserve University,

Ireland Cancer Center, University Hospitals Case Medical Center,
Cleveland OH 44106, USA

(e-mail: slg5@case.edu)

He, B.

UCSF Division of Adult Cardiothoracic Surgery,

2340 Sutter St., S-341, San Francisco, CA 94143-0128
(e-mail: bhe@cc.ucsf.edu)

Ho, A.D.

University of Heidelberg, Department of Medicine V,
Im Neuenheimer Feld 410, 69120 Heidelberg, Germany
(e-mail: anthony-dick.ho @urz.uni-heidelberg.de)

Hochedlinger, K.

Center for Regenerative Medicine and Cancer Center,
Massachusetts General Hospital, Harvard Medical School
and Harvard Stem Cell Institute,

185 Cambridge Street, Boston, MA 02114, USA

(e-mail: khochedlinger @helix.mgh.harvard.edu)



XIV List of Editors and Contributors

Jablons, D.M.

Department of Surgery, University of California,

San Francisco Cancer Center,

1600 Divisadero Street, Box 1724, 94143-1724 San Francisco, USA
(e-mail: jablonsd @surgery.ucsf.edu)

Jaenisch, R.

Department of Biology, Massachusetts Institute of Technology,
and Whitehead Institute,

9 Cambridge Center, Cambridge, MA 02142, USA

Jones, R.J.

Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins,
Room 244, Bunting-Blaustein Cancer Research Building,

1650 Orleans Str., Baltimore, MD 21231, USA

(e-mail: rjjones @jhmi.edu)

Jung, A.

Pathological Institute, Ludwig-Maximilian University of Munich,
Thalkirchner Str. 36, 80337 Munich, Germany

(e-mail: andreas.jung @med.uni-muenchen.de)

Kenyon, J.

Case Comprehensive Cancer Center Division of Hematology/Oncology,
Case Western Reserve University,

Ireland Cancer Center, University Hospitals Case Medical Center,
Cleveland OH 44106, USA

(e-mail: slg5@case.edu)

Kirchner, T.
Pathological Institute, Ludwig-Maximilian University of Munich,
Thalkirchner Str. 36, 80337 Munich, Germany

Landreneau, R.J.
Hillmann Cancer Research Pavillion,
5117 Centre Avenue, Suite 2.42, Pittsburgh, PA 15213, USA



List of Editors and Contributors XV

Lewis, M.T.

Baylor Breast Center and Department

of Molecular and Cellular Biology,

Room N1210, MS:BCM 600, Baylor College of Medicine,
One Baylor Plaza, Houston, TX 77030, USA

(e-mail: mtlewis @breastcenter.tmc.edu)

Luketich, J.D.
Hillmann Cancer Research Pavillion,
5117 Centre Avenue, Suite 2.42, Pittsburgh, PA 15213, USA

Maitland, N.J.

Department of Biology, YCR Cancer Research Unit, University of York,
York, YO10 5YW, UK

(e-mail: njm9 @york.ac.uk)

Meniel, V.
Cardiff School of Biosciences, Cardiff University,
Wales CF10 3US, UK

Nishikawa, S.-1.

Center for Developmental Biology,

Chuoku Minatojimaminamimachi 2-3-3, Kobe, 650-0047, Japan
(e-mail: nishikawa@cdb.riken.jp)

Osawa, M.
Center for Developmental Biology,
Chuoku Minatojimaminamimachi 2-3-3, Kobe, 650-0047, Japan

Piccirillo, S.G.M

Stemgen s.p.a, Department of Biotechnology and Biosciences,
University of Milan-Bicocca, Piazza della Scienca 2, 20126 Milan, Italy
(e-mail: piccirillo@stemgen.net)



XVI List of Editors and Contributors

Reese, J.

Case Comprehensive Cancer Center Division of Hematology/Oncology,
Case Western Reserve University,

Ireland Cancer Center, University Hospitals Case Medical Center,
Cleveland OH 44106, USA

(e-mail: slg5@case.edu)

Stower, M.
Department of Urology, York Hospital, York, UK

Trumpp, A.

Genetics and Stem Cell Laboratory,

Swiss Institute for Experimental Cancer Research (ISREC),
Ch. des Boveresses 155, 1066 Epalinges, Switzerland

and

Ecole Polytechnique Fédérale de Lausanne (EPFL),

School of Life Science,

1015 Lausanne, Switzerland

(e-mail: Andreas. Trumpp @isrec.ch)

Vescovi, A.L

Stemgen s.p.a, Department of Biotechnology and Biosciences,
University of Milan-Bicocca, Piazza della Scienca 2, 20126 Milan, Italy
(e-mail: vescovi.angelo @hsr.it)

Visbal, A.P.

Baylor Breast Center and Department

of Molecular and Cellular Biology,

Room N1210, MS:BCM 600, Baylor College of Medicine,
One Baylor Plaza, Houston, TX 77030, USA

Wagner, W.

University of Heidelberg, Department of Medicine V,
Im Neuenheimer Feld 410, 69120 Heidelberg, Germany
(e-mail: wolfgang_wagner @med.uni-heidelberg.de)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


