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PROGRESS IN SCIENCE DEPENDS ON NEW TECHNIQUES, NEW
DISCOVERIES AND NEW IDEAS, PROBABLY IN THAT ORDER
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THE ARBITRARILY PRIMED PCR (APTHE ARBITRARILY PRIMED PCR (AP --PCR)PCR)

John Welsh & Michael McClelland. Nucleic Acid Res. 18, 7213, 1990.

CYCLE 1: CYCLE 1: LowLow annealing temperature (about 45annealing temperature (about 45 ooC) and C) and thermostablethermostable polymerase.polymerase.
The primer makes imperfect but sufficiently gThe primer makes imperfect but sufficiently g ood match in many sites of genomic DNA.ood match in many sites of genomic DNA.

Arbitrary primerArbitrary primer

IIIII  IIIII  IIIII IIIII  IIIII  IIIII 
55’’

imperfect match imperfect match genomic DNAgenomic DNA

33’’

33’’
55’’

CYCLE  2: Heat to 95CYCLE  2: Heat to 95 ooC then C then lowlow annealing  temperature (normally about 45annealing  temperature (normally about 45 ooC)C)
The primer makes imperfect but sufficiently good ma tThe primer makes imperfect but sufficiently good ma tches in a few products from CYCLE 1. ches in a few products from CYCLE 1. 

imperfect match imperfect match 

Arbitrary primerArbitrary primer

33’’
||||||  I||I  ||||||

33’’ 55’’
55’’
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CYCLE 3:CYCLE 3: Heat to 95Heat to 95 ooC then C then highhigh annealing temperature (about 65annealing temperature (about 65 ooC).C).
Perfect matches for all successful priming eventPerfect matches for all successful priming event s from CYCLES 1 and 2.s from CYCLES 1 and 2.

IIIIIIIIIIIIIIIIIIII

perfect match perfect match 

CONTINUE 30 CYCLESCONTINUE 30 CYCLES
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One or two bands in the fingerprints 
from about 13% of unselected colon 

tumors exhibited mobility shifts due to 
mutations in microsatellite sequences. 

One or two bands in the fingerprints 
from about 13% of unselected colon 

tumors exhibited mobility shifts due to 
mutations in microsatellite sequences. 

The arbitrary nature of AP-PCR permitted 
to estimate that the mutations in these 

tumors surpassed hundreds of 
thousands :

The arbitrary nature of APThe arbitrary nature of AP --PCR permitted PCR permitted 
to estimate that the mutations in these to estimate that the mutations in these 

tumors surpassed tumors surpassed hundreds of hundreds of 
thousandsthousands ::

Number ofNumber of
mutationsmutations

# of total bp in the ~3 X 104

AP-PCR fingerprints
# of total # of total bp bp in thein the ~3 X 10~3 X 1044

APAP--PCR fingerprintsPCR fingerprints

# of total base pairs
(bp) in the genome         3 X 109

# of total base pairs# of total base pairs
((bpbp ) in the genome         ) in the genome         3 X 103 X 1099

= ____________________________    =  _________   = ~105== ____________________________    ____________________________    =  =  _________   _________   == ~10~1055

MSI & colon cancer of the microsatellite mutator ph enotypeMSI & colon cancer of the MSI & colon cancer of the microsatellite mutator microsatellite mutator phenotypephenotype

APAP--PCR DNA FINGERPRINTPCR DNA FINGERPRINT Ionov Ionov et al Nature 363, 558et al Nature 363, 558--561, 1993561, 1993
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Cloning and sequencing Cloning and sequencing 
revealed that the revealed that the 

mobility shifts were due mobility shifts were due 
to somatic deletions of to somatic deletions of 

a few nucleotides in a few nucleotides in 
mononucleotide  mononucleotide  

microsatellite repeatsmicrosatellite repeats , , 
i.e. poly(A)n tracts.i.e. poly(A)n tracts.



MICROSATELLITE INSTABILITYMICROSATELLITE INSTABILITY
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MSI is easily detectable by a simple PCR MSI is easily detectable by a simple PCR 
reaction of a long mononucleotide repeatreaction of a long mononucleotide repeat ..
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Tumor cells with hundreds of Tumor cells with hundreds of 
thousands of somatic microsatellite thousands of somatic microsatellite 

mutations had a much higher mutations had a much higher 
mutation rate than normal cells. That mutation rate than normal cells. That 

is, they displayed a is, they displayed a 
mutator phenotypemutator phenotype ..



Structure of Structure of E. coliE. coli Mut Mut SS homodimer homodimer bound to DNAbound to DNA

A MUTATOR GENEA MUTATOR GENE
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gastrointestinal gastrointestinal 

tract.tract.
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AN ONCOGENEAN ONCOGENE

IT DOES NOT CONFER A NEOPLASTIC PHENOTYPE, IT DOES NOT CONFER A NEOPLASTIC PHENOTYPE, 
ONLY MAY CONFER A MUTATOR PHENOTYPEONLY MAY CONFER A MUTATOR PHENOTYPE

A MUTATOR GENE IS A MUTATOR GENE IS NOTNOT

A TUMOR SUPPRESSORA TUMOR SUPPRESSOR

IT DOES NOT SUPPRESS THE NEOPLASTIC PHENOTYPE, IT DOES NOT SUPPRESS THE NEOPLASTIC PHENOTYPE, 
ONLY SUPPRESSES GENOME DISINTEGRATIONONLY SUPPRESSES GENOME DISINTEGRATION



The simplest hypothesis to explain the 

staggering amount of clonal mutations 

in these tumors is that the mutator 

mutation occurs in a stem cell  of the 

colon crypts before transformation

•
This hypothesis is also based on the 

assumption that mutator mutations do 

not confer growth advantage.

Introduction: Discovery of microsatellite instability by APIntroduction: Discovery of microsatellite instability by AP--PCR fingerprinting. PCR fingerprinting. 
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Tsao Tsao et al. PNAS 97:1236et al. PNAS 97:1236 --41, 200041, 2000

Genetic reconstruction of individual colorectal tumor histories.Genetic reconstruction of individual colorectal tumor histories.
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Tumors with microsatellite instability have fewer m utations Tumors with microsatellite instability have fewer m utations 
in the prototypical cancer genes for colon cancerin the prototypical cancer genes for colon cancer

On the other hand, they harbor a large number of ot her mutatedOn the other hand, they harbor a large number of ot her mutated
cancer genes in the same cancer genes in the same oncogenic oncogenic networks (networks ( TGFTGFββββββββRIIRII, , BaxBax , etc) , etc) 
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From Hanahan & Weinberg. Cell, 100, 57-70, 2000.

Once the mutator phenotype 
unfolds, mutations in hotspot 
repeats within some cancer 

genes (i.e. BAX) occur sooner
than in other cancer genes 

without these repeats (i.e. p53)

BAX MUTATIONS RELEASE THE PRESSURE FOR P53 MUTATIONS BAX MUTATIONS RELEASE THE PRESSURE FOR P53 MUTATIONS 
IN IN GASTROINTESTINAL CANCER OF THE MMPGASTROINTESTINAL CANCER OF THE MMP
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Woerner et al . Oncogene. 2003. 
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BIALLELIC AND MONOALLELIC MUTATIONS IN CANCER OF TH E MUTATOR PATBIALLELIC AND MONOALLELIC MUTATIONS IN CANCER OF TH E MUTATOR PAT HWAYHWAY

Tumor cells of the microsatellite 
mutator phenotype present 

another paradox:

They accumulate many 
biallelic mutations in neutral 
(non coding) sequences,

but also many monoallelic
mutations in functional 

(coding) sequences.
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2 3 4
Tumors without mutator phenotype

Tumor 1

A B CA B C D A B C D A B C D D

Few mutated cancer genes: i.e., APC (A), β-catenin (B). 
High mutation incidence of individual cancer genes

under strong selection during tumorigenesis (i.e., APC).
Biallelic mutations. A: APC

B: ββββ-catenin
C: Axin
D: TCF-4
E: etc.

Tumors with mutator phenotype
2 4

A B C

Tumor 1 3

A B C D A B C D A B C D D

Several mutated cancer genes of the same network. 
Low mutation incidence of each individual gene 

i.e., APC (A), Axin (B), TCF-4 (C), etc.
Biallelic and monoallelic mutations.  
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MODEL OF ACCUMULATIVE HAPLOINSUFICIENCY FOR COLON CANCER  MODEL OF ACCUMULATIVE HAPLOINSUFICIENCY FOR COLON CANCER  
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ALTERNATIVE MUTATIONAL PATHWAYSALTERNATIVE MUTATIONAL PATHWAYS
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Detection of hypomethylation alterations by MS-AFLP 
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Distribution of methylation alterations in gastric & colon cancers 

No evidence for bimodal distribution of somatic hypermethylation
or hypomethylation alterations in colon and gastric cancer
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TO A METHYLATOR OR DEMETHYLATOR PHENOTYPE.

THEN,  WHY ARE THEY OCURRING? 

(BECAUSE NOTHING HAPPENS WITHOUT A CAUSE…) 
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