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16.7 HOW WELL HAS DISEASE GENE
IDENTIFICATION WORKED?
Most variants that cause Mendelian disease have
been identified
Genomewide association studies have been very
successful, but identifying the true functional
variants remains difficult
Clinically useful findings have been achieved in a
few complex diseases
Alzheimer disease
Age-related macular degeneration (ARMD)
Eczema (atopic dermatitis)
The problem of hidden heritability
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Chapter 17
Cancer Genetics

17.1 THE EVOLUTION OF CANCER

17.2 ONCOGENES
Oncogenes function in growth signaling pathways
Oncogene activation involves a gain of function
Activation by amplification
Activation by point mutation
Activation by a translocation that creates a
novel chimeric gene
Activation by translocation into a
transcriptionally active chromatin region
Activation of oncogenes is only oncogenic under
certain circumstances

17.3 TUMOR SUPPRESSOR GENES

Retinoblastoma provided a paradigm for
understanding tumor suppressor genes

Some tumor suppressor genes show variations on
the two-hit paradigm

Loss of heterozygosity has been widely used as a
marker to locate tumor suppressor genes

Tumor suppressor genes are often silenced
epigenetically by methylation

17.4 CELL CYCLE DYSREGULATION IN CANCER
Three key tumor suppressor genes control events
in G; phase
pRb: a key regulator of progression through
G phase
p53: the guardian of the genome
CDKNZ2A: one gene that encodes two key
regulatory proteins

17.5INSTABILITY OF THE GENOME

Various methods are used to survey cancer cells for
chromosomal changes

Three main mechanisms are responsible for the
chromosome instability and abnormal
karyotypes

Telomeres are essential for chromosomal stability

DNA damage sends a signal to p53, which initiates
protective responses
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ATM: the initial detector of damage
Nibrin and the MRN complex
CHEK2: a mediator kinase
The role of BRCA1/2
p53 to the rescue
Defects in the repair machinery underlie a variety
of cancer-prone genetic disorders
Microsatellite instability was discovered through
research on familial colon cancer

17.6 GENOMEWIDE VIEWS OF CANCER

Cytogenetic and microarray analyses give
genomewide views of structural changes

New sequencing technologies allow genomewide
surveys of sequence changes

Further techniques provide a genomewide view of
epigenetic changes in tumors

Genomewide views of gene expression are used to
generate expression signatures

17.7 UNRAVELING THE MULTI-STAGE
EVOLUTION OF ATUMOR
The microevolution of colorectal cancer has been
particularly well documented

17.8 INTEGRATING THE DATA: CANCER AS CELL
BIOLOGY

Tumorigenesis should be considered in terms of
pathways, not individual genes

Malignant tumors must be capable of stimulating
angiogenesis and metastasizing

Systems biology may eventually allow a unified
overview of tumor development
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Genetic Testing of Individuals

18.1 WHAT TO TEST AND WHY

Many different types of sample can be used for
genetic testing

RNA or DNA?

Functional assays

18.2 SCANNING A GENE FOR MUTATIONS
A gene is normally scanned for mutations by
sequencing
A variety of techniques have been used to scan a
gene rapidly for possible mutations
Scanning methods based on detecting
mismatches or heteroduplexes
Scanning methods based on single-strand
conformation analysis
Scanning methods based on translation: the
protein truncation test
Microarrays allow a gene to be scanned for almost
any mutation in a single operation
DNA methylation patterns can be detected by a
variety of methods
Unclassified variants are a major problem
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