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TwoO GENETIC HITS TO CANCER ;
PAST, PRESENT AND FUTURE

1:00 pm - 5:30 pm, November 12, 2004 (Fri.)
Kyoto International Conference Hall

Coordinator and Moderator

Makoto Mark Taketo (Member, Kyoto Prize Selection Committee; Professor, Graduate School of
Medicine, Kyoto University)
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Opening Address

Shin-Ichi Nishikawa (Chairman, Kyoto Prize Selection Committee; Deputy Director, Center
for Developmental Biology, RIKEN)

Introduction to Laureate

Makoto Mark Taketo

Laureate Lecture

Alfred George Knudson, Jr.

“Lessons from Hereditary Cancer”

Lecture

Okio Hino (Professor, School of Medicine, Juntendo University; Chief, Department of
Experimental Pathology, Cancer Institute)

“Hereditary kidney cancer models fitting Knudson's 2 hit”

Intermission

Lecture

Makoto Mark Taketo

“Characterization of "the second hit" in mouse models of familial adenomatous polyposis:
New molecular mechanisms and implication to cancer progression”

Lecture

Shunichi Takeda (Professor, Graduate School of Medicine, Kyoto University)

“Reverse genetic analysis of DNA repair and recombination pathways in the chicken B
lymphocyte DT40”

Lecture

Hiromu Suzuki (Instructor, School of Medicine, Sapporo Medical University)

“Epigenetic and genetic events cooperate to promote human colorectal tumorigenesis: A
new mechanism of ‘the second hit’ ”

Q & A Session

Closing

Organized by Inamori Foundation

Supported by Kyoto Prefectural Government, Kyoto City Government, and NHK

Cooperated by Japan Society for Cell Biology, The Japanese Biochemical Society, Japanese Cancer Association,
Japanese Society for Immunology, and The Molecular Biology Society of Japan
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Abstract of the Laureate Lecture

Dr. Alfred George Knudson, Jr.
Senior Advisor, Fox Chase Cancer Center

Lessons from Hereditary Cancer

Nearly all cancers exist in both heritable and non-heritable forms. Collectively, the
heritable examples constitute a minor, but important, fraction of all cancer - important for their
effects on families and for their relevance to the more common non-heritable forms.

Retinoblastoma in children has served as a model for the heritable group of cancers.
Affected persons typically carry a mutant /R8I gene and usually have more than one tumor, but
may develop no tumors. Mutation or loss of the second copy of the gene is necessary for
tumorigenesis. For the person, inheritance is dominant; for the tumor, the mechanism is
recessive. This hypothesis was conclusively supported by the subsequent cloning of RBZ and
the demonstration that in most tumors each allele of the gene is mutant or otherwise
inactivated. The tumorigenic mechanism is similar for both the hereditary and non-hereditary
forms.

Although RB1 was the first dominantly heritable cancer gene to be cloned, approximately 50
others have since been cloned, including nearly all of the well known examples of such genes.
The great majority demonstrate a recessive tumorigenic mechanism, although the
characteristic "two-hit" tumors are often benign precursors of malignant tumors that acquire
other somatically mutant genes as well. Well known examples are the genes for
neurofibromatosis (MF1 and NF2), familial polyposis coli (APC), and breast cancer (BRCA1 and
BRCA2).

A recessive mechanism implies that tumorigenesis results from loss of function, which is
indeed the case, although four exceptions have proved to involve dominantly active oncogenes.
The vast majority of the recessive genes are tumor suppressors. All of these directly or
indirectly regulate one of two cellular processes: passage through the cycle of cell replication, or
cellular apoptosis; i.e., their mutants permit an increased cell birth rate or a decreased cell
death rate. Most of them act indirectly in signal transduction pathways that connect the cell
surface to the nucleus. For another category of recessive genes the loss of activity produces a
cell that fails to repair errors in DNA replication that occur spontaneously or are induced by
environmental agents. The resultant crippled cell then undergoes mutations at greatly
increased rates; some of these impart a growth advantage that leads to cancer. The
mechanisms of inherited mutations are highly relevant to non-hereditary cancers, and provide
targets for prevention and treatment.
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Coordinator, Moderator, Lecturer and Introduction to Laureate
Makoto Mark Taketo
Professor, Graduate School of Medicine, Kyoto University

ABSTRACT
Characterization of "the second hit" in mouse models of familial adenomatous
polyposis: New molecular mechanisms and implication to cancer progression

In the original “two-hit” hypothesis by Dr. Knudson, both the first and second hits were defined
as “mutations”. These mutational events included various types of changes (point mutations,
short insertions and deletions, as well as large interstitial deletions, and recombinations).

We have studied the LOH mechanism in the mouse Apc locus whose mutations cause intestinal
polyposis similar to human familial adenomatous polyposis (FAP). We first constructed Apc~716
mutant mice in which one of the Apc alleles were mutated by knockout mutation. While
homozygotes were embryonically lethal, heterozygous mice developed 300-600 polyps in the
small intestine. In the polyp adenoma epithelium, Apc LOH was found in all polyps analyzed. In
a subsequent FISH study, however, we found two spots of hybridization rather than just one, in
every nucleus of the adenoma epithelium. These results suggested that the adenoma epithelial
cells are homozygous for the mutant Apc allele. It was found that this was caused by
recombination of the rDNA locus near the centromere of this chromosome, Chri18.

Recently, we introduced additional mutation of homeobox gene Cax2 into Apc”76 mice,
constructing compound heterozygotes. Interestingly, these mice developed numerous polyps in
distal colon where majority of human cancer develop. Analysis of the polyp adenoma cells
revealed unusually high rate of anaphase bridge formation, a hallmark of chromosomal
instability (CIN). Through further analysis, we found that the CIN is caused by activation of the
mTOR pathway, followed by acceleration of the G1 to S transition in the cell cycle. These results
indicate that CIN stimulates the rate of recombination at the centromeric rDNA locus, and
increases the Apc LOH frequency. Thus, recombination at the rDNA locus appears to be one of
the driving forces of tumorigenecity in mouse colon. Possible roles of recombination in the
second hit of carcinogenesis in human cancer will be discussed.
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Erc Niban Erc

ELISA Niban
Lecturer
Okio Hino

Professor, School of Medicine, Juntendo University
Chief, Department of Experimental Pathology, Cancer Institute

ABSTRACT
Hereditary kidney cancer models fitting Knudson’s 2 hit

Cancer is a heritable disorder of somatic cells. Environment and heredity both operate in
the origin of human cancer. The Eker (Tsc 2 mutant) rat model of hereditary renal
carcinoma (RC) is an example of Mendelian dominantly inherited predisposition to a
specific cancer in an experimental animal.

Carcinogenesis looks like an opened Japanese fan, because initiated cells grow in several
directions and tumors suggest the edge of the fan having many gene abnormalities. To
search for such alterations, we identified genes (Niban & Erc) that were expressed more
abundantly in renal tumors than in the normal kidney.

Recently, we discovered a new hereditary renal carcinoma in the rat in Japan, and the rat
was named the "Nihon" rat and its predisposing (Nihon/BHD) gene could be a novel renal
tumor suppressor gene. Nihon rat model might help to understand TSC related renal
carcinogenesis. Interestingly, both human homologue of Eker and Nihon genes cause
hamartomas.
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Lecturer

Shunichi Takeda
Professor, Graduate School of Medicine, Kyoto University

ABSTRACT
Reverse genetic analysis of DNA repair and recombination pathways in the chicken
B lymphocyte DT40

DNA replication is a fragile process. The replication fork is frequently stalled at bases
damaged by oxidation or radiation or by DNA and chromatin structures. The ability to
complete DNA replication requires repair or bypass of the DNA lesions or else homologous
recombination-related processes known as replication-restart. To understand function of
homologous recombination and bypass pathways, we have made gene disrupted clones from
the chicken DT40 B lymphocyte line. Depletion of Rad51, E. Coli RecA homolog, causes
extensive chromosomal breaks and is lethal to the cells, indicating an essential role for
homologous recombination in DNA replication. The bypass pathway employs a number of
specialized DNA polymerases. We found that defects in some bypass polymerases also
result in genome instability. These observations indicate critical roles for the recombination
and bypass pathways in maintaining chromosomal DNA and thus preventing
carcinogenesis.
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Lecturer

Hiromu Suzuki
Instructor, Department of Public Health, School of Medicine, Sapporo Medical University

ABSTRACT
Epigenetic and genetic events cooperate to promote human colorectal
tumorigenesis : A new mechanism of "the second hit"

The epigenetic changes, in particular, aberrant promoter hypermethylation that is
associated with inappropriate gene silencing, are now recognized as the alternative
mechanisms of Knudson's two-hit model. Findings from several studies now show that
tumors can maintain mutations in one allele of a gene while the other allele is
hypermethylated, leading to the functional inactivation of the gene. In fact, when one of two
alleles is mutated in the germ line of a patient with a familial form of cancer,
hypermethylation is commonly seen as the second inactivating change. The list of genes
inactivated by hypermethylation in cancer is growing, including genes which affect
virtually every step in tumor progression. By using microarray based screening, we have
identified frequent hypermethylation and silencing of the secreted frizzled-related protein
(SFRP) genes in colorectal cancer. We now propose that genetic and epigenetic events
cooperate to foster evolution of CRC, by showing that loss of SFRP function complements
downstream APC mutation to allow constitutive Wnt signaling in colorectal cancer.



