
TheThe Jak2 V617F mutationJak2 V617F mutation
MethodologicalMethodological approachesapproaches



MyeloproliferativeMyeloproliferative SyndromesSyndromes

►► MPD are clonal MPD are clonal hematologicalhematological diseasesdiseases

►► TheThe major major diseasesdiseases includedincluded in in thisthis group are: group are: 

1.CML (Philadelphia chromosome; 1.CML (Philadelphia chromosome; bcrbcr--ablabl FG)FG)
2. Vaquez 2. Vaquez diseasedisease

3. Essential 3. Essential thrombocytaemiathrombocytaemia ??
4. 4. IdiopathicIdiopathic MyelofibrosisMyelofibrosis



PhysiopathologyPhysiopathology
►►A fraction A fraction ofof thethe progenitorsprogenitors amongamong thethe Vaquez Vaquez 

patients are EPO patients are EPO independentindependent (or (or hypersensitivehypersensitive
to) .to) .

►►AmongAmong thethe ET ET andand IMF patients, IMF patients, megacaryocyticmegacaryocytic
progenitorsprogenitors are are hypersensitivehypersensitive to to thrombopoietinthrombopoietin..



2005: 2005: TheThe discoverydiscovery

►► 5 teams 5 teams simultaneouslysimultaneously discoverdiscover a a recurrentrecurrent mutation in mutation in thethe JAK2 JAK2 genegene : : 

V617FV617F
►► Jak2: Jak2: cytoplasmiccytoplasmic tyrosine kinase tyrosine kinase playingplaying a a rolerole in signal transduction in signal transduction mediatedmediated

by by hematopoietichematopoietic growthgrowth factorfactor receptorsreceptors

James et al. Trends in Molecular Med 2005



Transduction Transduction pathwaypathway

James et al TIMM 2005



MolecularMolecular physiopathologyphysiopathology ofof thethe
mutationmutation

Transcriptionnal activity of STAT-5

Dominant negative
effect of the WT gene

James et al. Nature 2005



Murine ModelMurine Model

•Differences observed between different strains of mice

•Could explain in human the pleiotropy of Jak2V617F-associated myeloproliferative disease



Mutation Mutation frequencyfrequency
in in humanhuman MPDMPD



HowHow to to explainexplain thethe differencesdifferences in in thethe
frequencyfrequency ofof thethe mutationmutation

►►Patient classification (WHO vs PVSG)Patient classification (WHO vs PVSG)

►►SensitivitySensitivity ofof thethe differentdifferent technicaltechnical assaysassays usedused



MethodologicalMethodological approachesapproaches (I):(I):
SequencingSequencing andand ASO PCRASO PCR

Sensitivity: about 20% 

Sensitivity: 3% 

Somatic mutation

Baxter et al Lancet 2005



MethodologicalMethodological approachesapproaches (II):(II):
Multistep process

DHPLC Sensitivity: 0.1 to 0.01%

Fluorescent ASO PCR 
(no internal control!)

Sensitivity: 1-10 % 

Melting curve

Sensitivity: about 1%

Sattler et al Blood 2006 McClure et al ; Leukemia 2006 



MethodologicalMethodological approachesapproaches (III):(III):

Vannucchi et al Leukemia 2006 

Quantitative
ARMS-PCR

Sensitivity: about 5% Sensitivity: about 1% 

Jones A et al Blood 2005 



Our Our «« home home mademade »»
methodologicalmethodological approachapproach



Molecular Beacon probe

• at the annealing temperature, hybridization of the probe on the target
• the « free » probe stays in closed configuration (« no » fluorescence »)

Advantages : 
• Low background
• Very good discrimination between alleles differing by a single
base



Results obtained with a Molecular Beacon Probe alone.
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LNA (Locked Nucleic Acid) 

Ribonucleotide modified with a 2 ’O - 4 ’C Methylene bridge

Conformation C3 ’-endo

•High melting temperature
•A single bp difference : Tm lowering of many degrees = HIGHLY specific



PrinciplePrinciple ofof thethe approachapproach
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ResultsResults obtainedobtained
SPECIFICITY OF THE BEACON

-100000

0

100000

200000

300000

400000

500000

600000

0 5 10 15 20 25 30 35 40

Cycle Number

D
el

ta
 R

n

Mutated DNA - LNA 0nM WT DNA - LNA 0nM
Mutated DNA - LNA 10nM WT DNA - LNA 1000nM
Mutated DNA - LNA 100nM Water - LNA 1000nM
Mutated DNA - LNA 1000nM

-100000

0

100000

200000

300000

400000

500000

600000

700000

0 5 10 15 20 25 30 35 40

Cycle Number

D
el

ta
 R

n

100% 10% 5% 1% 0,50% 0,10% 0,05% 0,01%

y = -3,5378x + 31,255
R2 : 0,9957

B.

A.

0          10         100       1000      H2OLNA concentration (nM)

WT DNA

Mutated DNA

V617F gDNA
(100ng)

WT gDNA
(100ng)

SPECIFICITY OF THE LNA

P. Sidon et al. Clin Chem., In press



Detection limit based on HEL cell line dilutions

0.01% (for 100ng gDNA)

1 diploïd cell ~> ~6pg of DNA
In 100ng of DNA ~> 17.000 genomes ~> 34.000 alleles.

A detection limit of 0.01 %  means about 4 copies. 



Validation

►►54 patients 54 patients testedtested by by ourour methodmethod comparedcompared to to thethe
publishedpublished ARMSARMS--PCR approach.PCR approach.

►►100% concordance100% concordance

►►For 2 cases, ARMSFor 2 cases, ARMS--PCR results PCR results werewere borderline borderline 
but but franklyfrankly positive by positive by ourour approachapproach



ConclusionsConclusions

►►3 components to 3 components to addadd in a tube (in a tube (aliquotedaliquoted premixpremix
ofof primersprimers, LNA , LNA andand BeaconBeacon probe; Master probe; Master MixMix
andand samplesample))

►►ClosedClosed tube tube approachapproach
►►40 minutes (40 minutes (FastFast PCR)PCR)
►►Probe Probe highlyhighly specificspecific for for thethe mutant mutant alleleallele
►►QuantitativeQuantitative
►►WorkWork on DNA on DNA andand cDNAcDNA
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ControversialControversial hypothesishypothesis

►►«« Acquisition Acquisition ofof thethe V617F mutation V617F mutation ofof Jak2 Jak2 isis a a 
latelate geneticgenetic eventevent in a in a subsetsubset ofof patients patients withwith
myeloproliferativemyeloproliferative disordersdisorders »» KralovicsKralovics et et alal. 2006. 2006

►►«« TheThe Jak2 V617F mutation Jak2 V617F mutation occursoccurs in in 
hematopoietichematopoietic stem stem cellscells in PV in PV andand predisposespredisposes
towardtoward erythroiderythroid differentiationdifferentiation »» JamiesonJamieson et et alal
20062006

IsIs itit a a primaryprimary or or secondarysecondary eventevent??

To be continued…
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