(pre-malignant lesions) carcinoma in-situ
B
(hyperproliferation) dysplastic change
atypical hyperplasia Y
benign polyps Gl)
(multistage

carcinogenesis)

(mutagens or initiators)
(active metabolites)
(inactive metaholites)

DNA
Gl
multistage carcinogenesis ( 3) 4
1. Tumor initiation (mutation)
DNA
DNAR

initiators



2. Tumor promotion

B promotors
initiators promotors
mutagenic promotors
DNA promotors
6,
initiators promotors
murine skin carcinogenesis model Berenblum® initiators
promotors

promotors initiators

3. Malignant conversion

promotors
B promotors
tumor promotors (pre-malignant lesions)
DNA (DNA-
damaging agents) )
4, Tumor progression

multistage carcinogenesis

(colorectal cancer)

(adenoma) (pre-malignant lesions)

(colorectal cancer cell)



Initiation Promotion Conversion Progressi

e Defects in Terminal Differentiation
o Defects in Growth Control
® Resistance to Cytotoxicity
e Defects in Programmed Cell Death
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DNA B (
4)
3
Initiation Normal cell Genetic aberation
Promotion Premalignant Hyperplastic/Dysplasic
Conversion Cancer Malignant transformation
Progression Invasion/M etastasis Invasion/spreading
50 12q 18q 17p
mutation & loss mutation loss mutation &loss
APC, MCC K-ras DCC p53
| 1 1 1
Normal epithelial — 4 Early adenoma -—) intermediate > late adenoma—) cancer
adenoma
4
DNA
nitrogeneous hase adenine (A), guanine (G), thymine (T) cytosine (C)

(backbone) deoxyribose phosphate



(germ line mutation)
(somatic cell mutation)

(cancer genes)

(oncogenes) (tumor suppressor genes)

4

L (oncogenes)
oncogenes)

1. Gene mutation

base DNA
(substitution)
(deletion)
(insertion)
11

ras)

(dominant genes)

(recessive genes)

(proto-
(oncogenes)

nitrogenous
gene mutation 3

Missense mutation
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1.2 Nonsense mutation 1 nitrogeneous hase
(stop codon) MRNA

1.3 Frameshift mutation (deletion)
(insertion) codon

14 Chain termination mutation stop
codon

2. Translocation
(gene rearrangement)

oncoproteins (chronic
myelogeneous leukemia, CML) 9 22
1(9,22) ber-abl gene

tyrosine kinase
Philadelphia chromosome@
3. Gene amplification
(homologous chromosome)
1 1
gene amplification

mRNA
EGFR (genes for growth factor receptors) glioma@ erhB2
63
1 c-Myc oncogene
i
2. (tumor suppressor genes )
2.1

(dominant genes)
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(recessive genes)

L Harris 1969

2. Two hit hypothesis Knudson

(retinoblastoma) 2 inherited
sporadic formé6r inherited form
sporadic form
Knudson
inherited
disease (germline mutation)



(sporadic form )
(somatic cell)
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= (Rb positive gene)
= (Rb negative gene)
= (germ line mutation)

= (somatic cell )

@ ® O =0

2.2

(germlime mutation)

(somatic mutation)

L (first inactivating event)
(small mutation)
DNA
point mutation, gene

deletions gene rearrangements



2. (second inactivating event)

(large mutation)

polymorphic probes 0
1. Non-disjunction and chromosomal loss
2 Non-disjunction and reduplication
3. Mitotic recombination
4. Gene conversion

5. Chromosomal deletion
6. Point mutation

(chromosomal loss)  and reduplication
I

(error of mitosis)

6

e (
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;
= 1A
V7
= N
2.3 LOH (lost of heterozygosity)
LOH
L
B
2. DNA polymorphisms
non-coding region
DNA polymorphisms DNA
(homologous chromosome) marker
marker
heterozygote
DNA DNA
heterozygote (loss of heterozygosity)
marker
B
LOH ! microsatellites7rmb

STRPs (short tandem repeated polymorphic markers) STRPs
15



STRPs
STRPs (loci)
heterozygosity 60-9078
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(gel electrophoresis)

8 A B STRP
DNA
DNA

10

1
=
B
|
m
|
|
]
i
]
}

polymorphic probes

DNA

DNA
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DNA
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uninformative case

10 polymorphic probes marker
Marker A 1 Marker A 2
A LU N
Marker B 1 i Marker B 2
Al A% %1 Al$ $A2 Al$ +A2 A1$A$
Bl B1 Bl  B1 B1 B1 Bl B2
fih N TN T NTNT NTNT NT NT NTNT
+ Al = - - - - - -
A2 = - —— - el
B1 - == — LS ol
B2 - - = 5 G
1 LOH M N)
10

Marker A and B = polymorphie probes

marker Al = polymorphie probes
marker Bl = polymorphic probes
marker A2 = polymorphic probes
marker B2 = polymorphic probes
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11 A =
I N =
A =
(loss of whole chromosome by mitotic nondisjuction)
B =
(loss followed by reduplication)
(mitotic
recombination proximal to tumor suppressor gene locus)
D = (deletion of wild type
alleles)
E =

(point mutation)
(pathologic point mutation

of the wild type alleles)

A B, C
LOH

point mutation
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