Part | Science and Clinical Oncology

Section A Biology and Cancer

1 Molecular Tools in Cancer Research, 2
Mauro W. Costa, Muneer G. Hasham,
and Nadia Rosenthal

2 Intracellular Signaling, 24
Aphrothiti J. Hanrahan, Gopa lyer,
and David B. Solit

3 Cellular Microenvironment and Metastases, 47
Erinn B. Rankin and Amato J. Giaccia

4 Control of the Cell Cycle, 56
Marcos Malumbres

5 Pathophysiology of Cancer Cell Death, 74
Lorenzo Galluzzi, Andreas Linkermann, Oliver Kepp,
and Guido Kroemer

6 Cancer Immunology, 84
Diane Tseng, Liora Schultz, Drew Pardol,
and Crystal Mackali

7 Stem Cells, Cell Differentiation, and Cancer, 97
Piero Dalerba, Maximiian Diehn, Irving L. Weissman,
and Michae! F. Clarke

8 Tumor Microenvironment: Vascular and
Extravascular Compartment, 108
Rakesh K. Jain, John D. Martin, Vikash P. Chauhan,
and Dan G. Duda

9 Cancer Metabolism, 127
Michael A. Reid, Sydney M. Sanderson,
and Jason W. Locasale

Section B Genesis of Cancer

10 Environmental Factors, 139
Steven R. Patierno

11 DNA Damage Response Pathways and
Cancer, 154
James M. Ford and Michae! B. Kastan

Contents

12 Viruses and Human Cancer, 165
Paul F. Lambert and Bilf Sugden

13 Genetic Factors: Hereditary Cancer Predisposition
Syndromes, 180
Michael F. Walsh, Karen Cadoo,
Erin E. Salo-Mullen, Marianne Dubard-Gault,
Zsofia K. Stadler, and Kenneth Offit

14 Genetic and Epigenetic Alterations in
Cancer, 209
Bin Tean Teh and Eric R. Fearon

Section C Diagnosis of Cancer

15 Pathology, Biomarkers, and Molecular
Diagnostics, 225
Wilbur A. Franklin, Dara L. Aisner, Kurtis D. Davies,
Kristy Crooks, Miriam D. Post, Bette K.
Klginschmidt-DeMasters, Edward Ashwood,
Paul A. Bunn, and Marileda Varela-Garcia

16 Imaging, 254
Richard L. Wah!

Section D Clinical Trials

17 Biostatistics and Bioinformatics in Clinical
Trials, 284
Brian P, Hobbs, Donald A. Berry,
and Kevin R, Coombes

18 Clinical Trial Designs in Oncology, 296
Edward L. Kom and Borns Freidiin

19 Structures Supporting Cancer Clinical Trials, 308
Jeffrey S. Abrams, Margaret Mooney,
James A. Zwiebel, Worta McCaskill-Stevens,
Michaele C. Christian, and James H, Doroshow

20 Oncology and Health Care Policy, 317

Steven Kent Stranne, Clifford A. Hudis,
and Deborah Y. Kamin

Section E Prevention and Early Detection
21 Discovery and Characterization of Cancer Genetic

Susceptibility Alleles, 323
Stephen J. Chanock and Elaine A. Ostrander

XXX



$88 Contents

22 Lifestyle and Cancer Prevention, 337
Karen Basen-Engquist, Powel Brown,
Adnana M. Coletta, Michelie Savage,
Karen Colbert Maresso, and Ernest Hawk

23 Screening and Early Detection, 375
Therese Bevers, Hashem El-Serag, Samir Hanash,
Aaron P. Thrift, Kenneth Tsai,
Karen Colbert Maresso, and Ernest Hawk

24 Nicotine Dependence: Current Treatments and
Future Directions, 399
Jeffrey M. Engelmann, Maher Karam-Hage,
Vance A. Rabius, Jason D. Robinson,
and Paul M. Cinciripini

Section F Treatment

25 Cancer Pharmacology, 411
Jerry M, Collins

26 Therapeutic Targeting of Cancer Cells: Era of
Molecularly Targeted Agents, 420
Khanh T, Do and Shivaani Kummar

27 Basics of Radiation Therapy, 431
Elaine M. Zeman, Eric C. Schreiber,
and Joe!l E. Tepper

28 Hematopoietic Stem Cell Transplantation, 461
Annie Im and Steven Z. Pavietic

29 Gene Therapy in Oncology, 470
James E. Talmadge and Kenneth H. Cowan

30 Therapeutic Antibodies and Immunologic
Conjugates, 486
Konstantin Dobrenkov and Nai-Kong V. Cheung

31 Complementary and Alternative Medicine, 500
Jeffrey D, White

Part |l Problems Common to Cancer

and Therapy
Section A Hematologic Problems and Infections

32 Disorders of Blood Cell Production in Clinical
Oncology, 514
Jennifer H. Choe and Jeffrey Crawford

33 Diagnosis, Treatment, and Prevention of
Cancer-Associated Thrombosis, 523
Claudia I. Chapuy and Jean M. Connors

34 Infection in the Patient With Cancer, 544
Alison G. Freifeld and Daniel R. Kaul

Section B Symptom Management

35 Hypercalcemia, 565
Anery Patel, Laura Graeff-Armas, Meredith Ross,
and Whitney Goldner

36 Tumor Lysis Syndrome, 572
Scott C. Howard

37 Cancer-Related Pain, 581
Suzanne Nesbit, llene Browner,
and Stuart A. Grossman

38 Cancer Cachexia, 593
Jennifer G. Le-Rademacher and Aminah Jatoi

39 Nausea and Vomiting, 598
John D. Hainsworth

Section C Treatment Complications

40 Oral Complications, 607
Neil Majithia, Christopher L. Hallemeier,
and Charfes L. Loprinzi

41 Dermatologic Toxicities of Anticancer
Therapy, 621
Natalie H. Matthews, Farah Moustafa,
Nadine M. Kaskas, Leslie Robinson-Bostom,
and Lisa Pappas-Taffer

42 Cardiovascular Effects of Cancer Therapy, 649
Lori M. Minasian, Myrtle Davis, and Bonnie Ky

43 Reproductive Complications, 665
Demytra Mitsis, Lynda Kwon Beaupin,
and Tracey O'Connor

44 Paraneoplastic Neurologic Syndromes, 676
Josep Dalmau and Myrna R. Rosenfeld

45 Neurologic Complications, 688
Shiomit Yust-Katz, Simon Khagi,
and Mark R. Gitbert

46 Endocrine Complications, 707
Donaid Trump

47 Pulmonary Complications of Anticancer
Treatment, 715
Mitchell Machtay and Catalina V. Teba

Section D Posttreatment Considerations

48 Rehabilitation of Individuals With Cancer, 725
R. Samuel Mayer

49 Survivorship, 732
Julia H, Rowland, Michelle Moliica, and Erin E. Kent

50 Second Malignant Neoplasms, 741
Debra L. Friedman



51 Caring for Patients at the End of Life, 751
Liga Nabati and Janet L. Abrahm

Section E Local Effects of Cancer and Its Metastasis

52 Acute Abdomen, Bowel Obstruction,
and Fistula, 764
Wiliarn R. Bumns and Afred E. Chang

53 Superior Vena Cava Syndrome, 775
Arjun Gupta, 0. Nathan Kim, Sanjeeva Kaha,
Scott Reznik, and David H. Johnson

54 Spinal Cord Compression, 786
Mark Miglas, Chia-Lin Tseng, Nicolas Dea,
Eric Chang, Simon Lo, and Anun Sahgal

55 Brain Metastases and Neoplastic Meningitis, 794
Orit Kaidar-Person, Michae! Cools,
and Timothy Zagar

56 Bone Metastases, 809
Robert E. Colernan, Janat Brown, and Ingunn Holen

57 Lung Metastases, 831
Jonathan Hayman, Jarushka Naidoo,
and David 5. Ettinger

58 Liver Metastases, 846
David A Mahwi and Davidd M. Mahi

59 Malignancy-Related Effusions, 863
Lola A Fashoyin-Aje and Jule R. Brahmer

Section F Special Populations

60 Cancerin the Elderly: Biology, Prevention,
and Treatment, 8§74
Enrigue Soto-Perez-de-Celis and Arti Hurma'

61 Special Issues in Pregnancy, 882
Tina Rizack and Jorge J. Castilio

62 Human Immunodeficiency Virus (HIV) Infection
and Cancer, 894
Jesus Anampa, Stefan K. Barfa, Missak Haigeniz,
and Joseph A. Sparano

Part lll Specific Malignancies

Section A Central Nervous System

63 Cancer of the Central Nervous System, 906
Jay F. Dorsey. Ryan D. Salinas, Mai Dang,
Michelle Alonso-Basanta, Kevin D. Judy,
Amit Maity, Robert A. Lustig, John Y.K. Lee,
Peter C. Philips, and Amy A, Pruift

"Deceased.

Contents

Section B Head, Neck, and Eye

64 Ocular Tumors, 968
Odette Houghton and Kathleen Gordon

65 Cancer of the Head and Meck, 999
Jonathan E. Leeman, Nora Kataby,
Richard J. Wong, Nancy Y. Lea,
and Paul B. Romesser

Section C Skin

66 Melanoma, 1034
Tara C. Mitchel, Giorgos Karakousis,
and Lynn Schuchier

67 Monmelanoma Skin Cancers: Basal Cell and
Squamous Cell Carcinomas, 1052
Yaohu' G. Xu, Juliet L. Ayiward,
Andrew M. Swanson, Wadimir 5. Spiegelman,
Erin R. Vanness, Joyce M.C. Teng,
Stephen M. Snow, and Gary 5. Wood

Section D Endocrine

68 Cancer of the Endocrine Systemn, 1074
Ammar Ashan, Anish J. Patel, Sushanth Reddy,
Thomas Wang, Courtney J. Balentine,
and Herbert Chert

Section E Thoracic

&9 Cancer of the Lung: Mon-3mall Cell Lung Cancer
and Small Cell Lung Cancer, 1108
Luiz H, Araujo, Leora Hom, Robert E. Merritt,
Konstantin Shilo, Meng Xu-Weliver,
and Dawid P. Carbone

70 Diseases of the Pleura and Mediastinum, 1159
Orit Kaicar-Person, Timothy Zagar,
Benjamin E. Haithcock, and Jared Weiss

71 Cancer of the Esophagus, 1174
Geoffrey ¥. Ku and David H. lison

Section F Gastrointestinal

72 Cancer of the Stomach, 1197
Geoffray Y. Ku and Dawvid H. lison

73 Cancer of the Small Bowel, 1211
NMorgan M, Sellers and Alexander J. Greenstein

74 Colorectal Cancer, 1219
Mark Lawlar, Brian Johnston,
Sandra Van Schaeybroeck, Manuel Salto-Telez,
Richard Wilsan, Malcoim Duniog,
and "Patrick G. Johnston



75 Cancer of the Rectum, 1281
Scott R. Kelley and Heidi Neison

76 Cancer of the Anal Canal, 1300
Karyn A. Goodman, Lisa A. Kachnic,
and Bnan G. Czito

77 Liver and Bile Duct Cancer, 1314
Ghassan K. Abou-Alfa, Wiliam Jamagin,
Imane El Dika, Michae! D’Angelica, Maeve Lowery,
Karen Brown, Emmy Ludwig, Nancy Kemeny,

Anne Covey, Christopher H. Crane, James Harding,

Jinru Shia, and Eileen M. O'Reilly

78 Carcinoma of the Pancreas, 1342
Ana De Jesus-Acosta, Amol Narang,
Lauren Mauro, Joseph Herman,
Elizabeth M. Jaffee, and Daniel A. Laheru

Section G Genitourinary

79 Cancer of the Kidney, 1361
Megan A. McNamara, Tian Zhang,
Michael R, Harrison, and Daniel J. George

80 Carcinoma of the Bladder, 1382

Angela B. Smith, Anjun V. Balar,
Matthew I. Milowsky, and Ronaid C. Chen

81 Prostate Cancer, 1401
William G. Neison, Emmanuel S.
Antonarakis, H. Ballentine Carter,
Angelo M. DeMarzo and Theodore L. DeWeese

82 Cancer of the Penis, 1433
Jonathan E. Heinlen, Mohammad O. Ramadan,
Kelly Stratton, and Daniel J. Culkin

83 Testicular Cancer, 1442
Terence W. Friedlander and Eric Small

Section H Gynecological

84 Cancers of the Cervix, Vulva, and Vagina, 1468
Anuja Jhingran, Anthony H. Russell,
Michael V. Seiden, Linda R. Duska,
Annekathryn Goodman, Susanna L. Lee,
Subba R. Digumarthy, and Arian F. Fuller, Jr.

85 Uterine Cancer, 1508
John F. Boggess, Joshua E. Kilgore,
and Arthur-Quan Tran

86 Carcinoma of the Ovaries and Fallopian
Tubes, 1525
Robert L. Colernan, Jinsong Liu, Ko Matsuo,
Premal H. Thaker, Shannon N. Westin,
and Anil K. Sood

87 Gestational Trophoblastic Disease, 1544
Donald P. Goldstein, Ross S. Berkowitz,
and Neil S. Horowitz

88 Cancer of the Breast, 1560
N. Lynn Henry, Payal D. Shah, Iffanullah Haider,
Phoebe E. Freer, Reshma Jagsi,
and Michael S. Sabel

Section | Sarcomas

89 Sarcomas of Bone, 1604
Megan E. Anderson, Steven G. DuBois,
and Mark C. Gebhardt

90 Sarcomas of Soft Tissue, 1655
Brian A. Van Tine

Section J Cancer of Undefined Site of Origin

91 Carcinoma of Unknown Primary, 1694
Gauri Varadhachary and James L. Abbruzzese

Section K Pediatrics

92 Pediatric Solid Tumors, 1703
Jeffrey S, Dome, Carios Rodniguez-Gaiindo,
Shen L. Spunt, and Victor M. Santana

93 Childhood Leukemia, 1748
Stephen P. Hunger, David T, Teachey,
Stephan Grupp, and Richard Aplenc

94 Childhood Lymphoma, 1765
John T. Sandlund and Mihaela Onciu

Section L Hematological

95 Acute Leukemias in Adults, 1783
Fredenck R. Appelbaum

96 Myelodysplastic Syndromes, 1798
David P. Steensma and Richard M. Stone

97 Myeloproliferative Neoplasms, 1821
Ayalew Tefferi

98 Chronic Myeloid Leukemia, 1836
Hagop Kantarnian and Jorge Cortes

99 Chronic Lymphocytic Leukemia, 1850
Farrukh T. Awan and John C. Byrd

100 Hairy Cell Leukemia, 1872
Mark B. Geyer, Omar Abdel-Wahab,
Martin S. Tallman, and Jae H. Park

101 Multiple Myeloma and Related Disorders, 1884
S. Vincent Rajkumar and Angela Dispenzier



Contents

102 Hodgkin Lymphoma, 1911 105 Adult T-Cell Leukemia/Lymphoma, 1965
Mancy Bartlet! and Grace Triska Matthew A. Lunning, Maha Mehia-Shah,
and Steven M, Horwitz
103 Mon-Hodgkin Lymphomas, 1926
Jeremy 8. Abramson Index 1975

104 Cutaneous T-Cell Lymphoma and Cutaneous
B-Cell Lymphoma, 1948
Christiane Querfeld, Steven T, Rosen,
arnd Madetane Duwe



SCIENCE AND CLINICAL ONCOLOGY

A. BIOLOGY AND CANCER

1. Molecular Tools in Cancer
Research

Intracellular Signaling

3. Cellular Microenvironment and
Metastases

4. Control of the Cell Cycle

5. Pathophysiology of Cancer
Cell Death

Cancer Immunology

Stem Cells, Cell Differentiation,
and Cancer

8. Tumor Microenvironment;
Vascular and Extravascular
Compartment

9. Cancer Metabolism

B. GENESIS OF CANCER

10. Environmental Factors

11. DNA Damage Response
Pathways and Cancer

12. Viruses and Human
Cancer

13. Genetic Factors: Hereditary
Cancer Predisposition
Syndromes

14. Genetic and Epigenetic
Alterations in Cancer

C. DIAGNOSIS OF CANCER

15. Pathology, Biomarkers, and
Molecular Diagnostics

16. Imaging
D. CLINICAL TRIALS

17. Biostatistics and Bioinformatics
in Clinical Trials

18. Clinical Trial Designs in
Oncology

19:-Structures-Supporting\Cancer
Clinical Trials

20. Oncology and Health Care
Policy

E. PREVENTION AND EARLY
DETECTION

21. Discovery and Characterization
of Cancer Genetic
Susceptibility Alleles

22. Lifestyle and Cancer Prevention
23. Screening and Early Detection

24. Nicotine Dependence: Current
Treatments and Future
Directions

F. TREATMENT
25. Cancer Pharmacology

26. Therapeutic Targeting of
Cancer Cells: Era of
Molecularly Targeted Agents

27. Basics of Radiation Therapy

28. Hematopoietic Stem Cell
Transplantation

29. 'Gene Therapy in Oncology

30. Therapeutic Antibodies and
Immunologic Conjugates

31. Complementary and Alternative
Medicine



A.BIOLOGY AND CANCER
Molecular Tools in Cancer Research

Mauro W. Costa, Muneer G. Hasham, and Nadia Rosenthal

UMMARY OF KEY POINTS

* Our understanding and treatment of growth and differentiation has techniques, including whole-genome
cancer have always relied heavily on revolutionized the diagnosis, analysis, expression profiling, and
paraliel developments in biologic prognosis, and treatment of refined genetic manipulation in and
research. Molecular biology provides malignant disorders. use of genetically diverse animal
the basic tools to study genes * This introductory chapter relates models, providing the conceptual
involved with cancer growth pattemns basic principles of molecular biology and technical background necessary
and tumor suppression. An to emerging perspectives on the to grasp the central principles and
advanced understanding of the origin and progression of cancer and new methods of current cancer
molecular processes governing cell explains newly developed laboratory research.

Since the last edition of this book was published, advances in our
understanding of the basic mechanisms of cancer have continued o
inform and refine dinical approaches to prevention and therapy. New
prognostic and predictive markers derived from molecular biology
can now pinpoint specific genetic changes in particular tumors or
detect occule malignant cells in normal rissues, leading to improved
technologies for tumor screening and carly detection. Diagnostic
approaches have expanded from morphologic criteria and single-gene
analysis 10 whole-genome technologies and single-cell genomics
imported from other biologic disciplines. A new systemic vision of
cancer is emerging, in which the importance of individual mutation
has been superseded by an appreciation for higher-order organization
and individual genetic background, disrupred by complex interactions
of diseasc-associated factors and gene-environmental parameters thac
affect tumor cell behavior. Results from these cross-disciplinary
investigations underscore the complexity of carcinogenesis and have
profoundly influenced the design of strategics for bath cancer prevention
and advanced cancer therapy.

This overview will serve as a foundation of conceprual and technical
information for understanding the exciting new advances in cancer
rescarch described in subsequent chapters. Since the discovery of
oncogenes, which provided the first concrete evidence of cancer’s
genetic basis, applications of advanced molecular techniques and
instrumentation have yiclded new insights into normal cell biology.
A basic fluency in mokecular biology and genetics has become a necessary
prerequisite for clinical oncologists because many of the new diagnostic
and prognostic tools currently in use rely on these fundamental
principles of gene, protein, and cell function.

OUR UNSTABLE HEREDITY

Cancer genetics has classically relied on the candidate-gene approach,
detecting acquired or inherited changes in specific genetic loci accu-
mulated in a single cell, which then proliferates o produce a tumor
composed of its identical clonal progeny. During the carly steps of
tumor formation, mutations that lead 1o an intrinsic genetic instability
allow additional deleterious genetic alterations to accumulate. These

genetic changes confer sclective advantages on tumor cell clones by
disrupting control of cell proliferation. The identification of specific
mutations that characterize a tumor cell has proved invaluable for
analyzing the neoplastic progression and remission of the discase. The
emergence of cancer cells is a byproduct of the necessity for continuous
cell division and DNA replication to maintain organ functionality
throughout the life cycle.

The highly heterogencous nature of tumors, cach composed of
multiple cell types, led to the formulation of the “cancer stem cell”
hypothesis, which posits that only a subpopulation of cancer cells is
able to maintain sclf-renewal, unlimited growth, and capacity for
differentiation into other, more specialized cancer cell types. Cancer
stem cells display bona fide stem cell markers, in contrast 1o other
cancer cells present in the umor, which do nor have tumorigenic
potential, In face, fewer than 1 in 10,000 cells present in human acute
mycloid leukemia are capable of reinitiating 2 new tumor when
transplanted into animals, Cancer stem cells have been identified in
many solid tumors in the brain, colon, ovarics, prostate, and pancreas,
suggesting that more effective cancer therapics would target these
self-renewing cells, rather than the umor as a whole. The cancer stem
cell concepe differs from the original clonal evolution hypothesis,
which states that every cell in a tumor mass is capable of self-renewal
and differentiation, and suggests that detecting and targeting subtle
genetic and epigenctic differences thar distinguish cancer stem cells
may provide a more cffective avenue o inteevention in disease
p")gfr_\\ll“l.

Heterogencity can also arise as a resule of stochastic mutational
events that lead to cancer progression, Clastogenic insults to the genome,
or genomic instability duc to aberrant gene regulation, could kead o
loss of heterozygosity (LOH) of tumor suppressor genes such as 7753,
RBI, or BRCA, and can also lead to tumor heterogencity and change
in discase progression. Furthermore, activation of DNA or RNA editing
enzymes in tumors could lead to kataegis, a DNA hypermutation
process, and increase mumor heterogencity. Although there are molecular
biology 1ols currendy avaitable 1o detect aberrant bur stable genomes,
the later processes that lead to genomic instability make diagnosis
and prognosis more challenging.




DETECTING CANCER MUTATIONS

Methods for mutation detection all rely on the manipulation of DNA,
the basic building block of heredity in the cell, DNA consists of two
long strands of polynucleotides that ewist around each other clockwise
in a double helix (Fig. 1.1). Nucleic acid bases attached to the su
groups of cach stran face cach other within the helix, perpendicular
to its axis. These comprise only four bases: the purines adenine and
guanine (A and G) and the pyrimidines cytosine and thymine (C and
T). During assembly of the double helix, stablc pairings of nucleotides
from cither strand are made between A and T, or between G and C.
Each base pair forms one of the billions of rungs in the long, unbroken
ladder of DNA forming a chromosome.

Molecular Tools in Cancer Research ¢ CHAPTER 1

The functional unit of inherited information in DNA, the gene,
is most often represented by a discrete section of sequence necessary
to encode a particular protein structure. Gene expression is initiated
by forming a copy of the gene, messenger RNA (mRNA), constructed
basc by base from the DNA template E:y a polymerase enzyme. Once
transcribed, an mRNA wranscript is modified and the processed product
is mnsponcd out of the nucleus. In the cytoplasm, protcins are
then synthesized, or lated, in macromolcc:ltr complexes called
nbosomu that read the mRNA sequence and convert the nucleic acid
code, based on three-base ents or codons, into a 20-amino acid
code to form the corresponding protcin,

Although these canonic processes drive gene expression in all normal
cells, cancer cells defy the rules. For instance, uracils, which are found

%30
7/

Figure 1.1 ® DNA structure. Deoxyribonucleic acid (DONA) is the cell’s genctic material, contained in single compacted strands comprising chromasomes

within the odll nucleus. In the DNA double helix, the two intertwin

ed components of its backbone, composed of sugar (deoxyribose) and

phosphate molecubes,

are connected by pairs of molecules called bases. The sequence of four bases (guanine, adenine, thymine, and cytosine) in the DNA helix derermines the specificity

of genetic information. The bases face inward from the sugar- phmplmc backbone and form pairs with mmpltmc
ups is unique for each base pair, allowing base pairs to be specifically targeted by wranscription factors,

of chemical

specific recognition. The

o

ntary bases on the opposing strand for

pol_vmn.un. restriction enzymes, and other DNA-binding proceins. (From hup:/fwww.cerrapsych.com/dna jpg.)
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on RNA, can be detected in the DNA of cancer cells because of their
high mutation rates. Paradoxically, these deviations from the norm
allow the development of molecular biology tools to better diagnose
and predict tumor progression.

GENERATING DIVERSITY WITH
ALTERNATE SPLICING

is shared by all members of a species, the recent sequencing of thousands
of individual human genomes has given rise to the new field of
genomics, Em“dm{ us with new tools to reveal the more subtle
variati at arise individuals. These variations are eritical,
both as a natural engine driving heterogencity within a specices, and
as a source of predisposition to cancer types. The most common forms
of human genctic variations, or alleles, arise as single-nudcotide

In higher organisms, most protein coding gene sequences are interrupted
by stretches of noncoding DNA sequences, called introns. In the
nucleus, these introns are removed after mRNA ranscription to produce
a continuous chain of coding sequences, or exons, that subsequently
undergo trandation into protein. The splicing ires absolure
pm’;:f;’n because the dc';ﬂion or ilimnsom?*:uck(uidc at
the splice junction would throw the three-base coding sequence out
of frame, or lead 1o exon skipping or addition, creating abnormal
proteins,

The dramaric increase in genetic complexity conferred by alternate
RNA splicing is underscored by the multiple splice patterns of many
medically relevant genes, in which different combinations of exons
are chosen for the final mRNA transcript, such that one gene can
encode many different proteins (Fig. 1.2). The choice of protein isoform
to be expressed from a gene with multipl splicing possibilities is a
decision that can be perturbed in disease. Errors in sp ncmb mechanisms
have been associated with a large group of cancers. These include
mutations in the oncogene p53 in more then 12 different types of
cancer, mutl. hom 1 protein (MLHI) mutation in hereditary
nonpolyposis colorectal cancer, and several ranscription factors and
cell signaling and membrane proteins. When mutations in the splicing
site lead to insertion of novel sequences in the mRNA, the encoded
protein can be used as a potential clinical marker, as scen for the
transcription factor NSFR in small cell lung cancer. Owing to their
unique expression in cancer cells, these markers can be further explored
as new cancer-specific therapeutic targets.

GENOMICS OF CANCER
The complere set of DNA s«L ences carried on all the chromosomes
Al

polymorphisms (SNPs). Because these allelic dissimilanities are abundant,
inherited, and dispersed throughout the genome, SNPs can be used
to track racial diversity, personal traits, and suscepribility to common
forms of cancer (Fig. 1.3). Commercial entities have developed tools
that can detect thousands of SNPs with rddatively litde sample material.
Platforms such as MegaMUGA or GigaMUGA can allow mammalian
genetic mapping that can aid in a number of diagnoses and can
distinguish between predictive and prognostic markers,

How do SNPs arise between individuals? One source of variation
in DNA sequence derives from deviations in the strict base-pairing
rule underlying the structure, storage, retrieval, and transfer of genetic
information, The duplicated genctic information in the two strands
of DNA not only permits the repair of a damaged coding sequence
but also forms the basis for the replication of DNA. During cell
division, polymerase enzymes unwind the DNA strands and copy
them, using the base sequences as a template for constructing a new
helix so that the dividing cell passes its entire genctic content on to
its progeny. Errors in liis process are rare, and person-to-person
differences comprise only about 0.1% of the human genome, SNPs
are inherited if they occur in the germline. Many geneucally inherited
variations occur in regions that do not encode protein or alter the
regulation of nearby genes. Given the disruptive effects even subde
genctic changes may have on cell function, it is important to distinguish
SNPs that represent true mumlons from bcmgn polymorphisms.

Our ability ro dreds of th ds of SNPs simultane-
ously is onc of the most imporeant ad\.mccs in modern medical genetics.
Relatively simple genotyping technologics for SNP detection rely largely
on the polymerase chain reaction (PCR). In procedures that use this
reaction, two chemically synthesized single-stranded DNA fragments,
or primers, are designed ro match chromosomal DNA sequences
fhnlun the : segment in which an SNP is positioned. With the addition

is known as the genome. Although the general map of the g

of nuck g blocks and a heat-stable DNA polymerase, the

Protein

.
Translation

Protein B

Protein C

Figure 1.2 * RNA splicing. Alternate splicing produces multipl

related proteins, or i

Genomic medicine——a primer. N Engl | Med. ’DOZ,“: 1512-1520)

from a single gene. (From Guttmacher AE, Collins F.
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Figure 1.3 ® Dcrermining cancer susceptibility with single-nudeotide polymorphisms (SN73). Millions of SNPs exist between individuals, as depicted by
the red arrows and the SNP density map of human chromosome 11 (right). By comtrast, point mutations, deletions, inscrtions, and rearrangements between
normal tissues and tumors or between primary and secondary tumors probably number in the 1ens 1o hundreds (or potentially thousands), as depicied by the
spectral karyotype image at the bottom of the figure, Because the constitutional genetic polymorphisms are present in all the tissues of the body, it might be
possible to distinguish differences in mcrastatic versis nonmetastatic umors and in nontumor tissues before they ever happen to develop a solid wumor, (From
Hunter K. Host genetics influence tumount metastasis, Niz Rey Cancer. 2006,6:141-146,)

primer pairs, or amplicons, initiate synthesis of new DNA strands,
using the chromosomal material as a template. Each successive copying
cycle, initiated by “melting” the roulting double-stranded products
with heat, doubles the number of DNA segments in the reaction (Fig.
1.4). The technique is exceptionally sensitive; millions of identical
DNA copies can be generated in a matter of hours with PCR by using
a single DNA molecule as the starting marerial,

Other novel methods for large-scale SNI detection include single-
nucleotide primer extension, allele-specific hybridization, oligonucieotide
ligation assay, and invasive signal amplification, which detect poly-
morphisms directly from genomic DNA without the requirement of
PCR amplification. The International HapMap Project was established
with the objective of identifying those vaniations (commonly thoughe
to be on the order of 10 million in our genome) in the human popala-
tion, This project is already in its third pl\.m (Hap\hp!). now
including both SNPs and copy number variations observed in 1184
umrlo Imm 11 different human populations. Regardiess of the method

to characterize them, the collective SNPs in a sclected genomic
region characterize a haplotype, or specific combination of alleles ar
multiple linked genetic loci along a chromosome that are inherited
together.

Even when the SNPs within a given haplotype are not directly
involved in a discase, they provide markers for clonality and for the
loss or rearrangement of specific chromosomal segments in growin,
tumors. In the human nucleus, each of the 23 tightly compact
chromosomes has a characteristic size and structure, and a distinctive

base sequence thar carries unique protein coding information, Other
noncoding DNA sequences are used for direcung the transcriprion
of neighboring genes, through complex regulatory circuits involving

protein binding and modification of the DNA itsclf, or shifting of

its chromosomal packaging. Although genomic instability is generally
considered a consequence of tumor formation rather than the inital
rigger of cancer, the loss, gain, or rearrangement of chromosomal

scgments through deletion or translocation is a common form of

neoplastic muration, as protein coding segments from different genes
are combined or regulatory sequences are brought into new proximity
to genes they do not normally control, as seen in chronic mycloid
leukemia (CML). In CML, recombination events lead to the fusion
of BCR and ABL genes (Philadelphia chromosome). This results in
constitutive activation of the fused gene, leading o loss of proliferative
control in mycloid cells and consequently cancer. Gross changes in
DNA arrangement can be detecred by cytogenctic analysis of chro-
mosomal features on metaphase spreads. :\? though Ruorescence in
situ hybridization (FISH) provides greater resolution by localizing
specific chromosomal DNA sequences corresponding to fluorescentdy
labeled probes (Fig. 1.5), and can be used to track specific alterations
in chromosomal structure where known genes are involved, spectral
karyotyping (SKY) is a powerful and more general ool that could
aid diagnosis of cancer genomes. With cach fluorescently labeled
chromosome assigned a specific color, translocations and additions
are revealed as multicolored chromosomes, or large dedetions as picces
of missing chromosomes,
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Figure 1.4 ¢ Amplification of DNA by polymerase chain reaction (PCR),
The DNA sequence 10 be amplified s sclected by primers, which are shorr,
synthetic oligonuchootides that cotrespond to sequences flanking the DNA to
be amplified. After an excess of primers is added to the DNA, together with
a heat-stable DNA polymerase, the strands of both the genomic DNA and
the primers are scparated by heating and allowed to cool. A hear-stable
polymerase clongates the primers on aither strand, thus generating two new,
wlentical double-stranded DNA molecules and doubling the number of DNA
fragments. Each cycle makes just a few minutes and doubles the number of
copics of the original DNA fragment.

The plethora of dara arising from genome-wide association studics
using currently available techniques poses particular challenges o
cancer researchers, Discerning the causal genetic varants among
genotype-phenotype associations requires extensive replication, control
for underlying genetic differences in population cohorts, and consistent
dlassification of clinical ourcomes. New technologics must be met
with equivalently sophisticated and rigorous analytic methodologics
for the true genetic cause of cancer to be teased out from our variable
and often unstable heredity.

BUILDING GENE LIBRARIES

The engincering of genes by recombinant DNA technology evolved
from methods initially devised to provide sequences in amounts
sufficient for biochemical analysis, The original protocol involves
dipping the desired segment from the surrounding DNA and inserting
it into a bacterial or viral vector, which is then amplified millions of
times in a host bacterium. Using recombinant DNA rechnology, genetic
engincering can routinely produce industrial quantities of pure, dinically
useful products in a cost-clfective way. For diagnostic purposes, it is
casicr and faster to amplify a known genomic DNA sequence directly
from a patient sample with PCR, bur the dassic approach is sull
applied 1o the construction of recombinant DNA libraries.

To be useful, a DNA library must be as complete as possible, with
recombinant members, or dones, sufficiently numerous to include
all the sequences in an individual genome. For certain kinds of gene-
linkage analysis that require long, uninterrupted stretches of DNA,
special vectors, such as bacterial or yeast artificial chromosomes, can
carry foreign DNA fragments of enormous lengths. Chromosomal
segments represented in genomic DNA libraries can connain the
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Figure 1.5 ¢ Detcction of chromosomal transocations. Fluorescence in situ hybridization (FISH) technology uses a labeled DNA segment as a probe w0
scarch homologous sequences in interphase chromosomes for the 1(9:22)(q34:q11) trandocation, associated with chronic mycloid leukemia. On the left, patient
nuclel were hybridized with probes for chromosome 9 (labeled with SpectrumRed Auorophore) and chromosome 22 (labeled with SpecerumGreen). (Modified
from Varella-Garcia M. Molecular cytogenctics in solsd tumors: laboratorial wool for duagnosis, prognosis, and therapy, Oncologist. 2003;8:45-58.)



