The Jak2 V6171 mutation

Methodoelogical apptoaches



Myeloproliterative Syndromes

» MPDiare clonal hematological diseases

» The major diseases included in this group ate:

[.CML (Philadelphia chromosome; bet-abl FG)

2. Vaquez disease )

‘V

3, Hssential thrombocytacmia (-

4. Idiopathic Myelofibrosis



Physiopathology

» A fraction of the progenitors among the Vaquez
patients ate IEPO independent (or hypersensitive
to) .

» Among the ET and IMIF patients, megacatyocytic
progenitors are hypetsensitive to) thrombopoietin.



2005: The discovery

» 5 teams simultaneously discover a recurtent mutation in the JAK? gene :

VO617E

» Jak2: cytoplasmic tyrosine kinase playing a role in signal transduction mediated
by hematopoietic growth tactor teceptors

JH?Y  JHE JHE JH4  JH3

M-terminus C-terminu

130 283307 450 543 1129 aa

James et al. Trends in Molecular Med 2005



Transduction pathway

James et al TIMM 2005



Moleculat physiopathology of the

mutation

Transcriptionnal activity of STAT-5
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Dominant negative
effect of the WT gene

James et al. Nature 2005



Murine Model

Blood, 1 June 2006, Vol. 107, No. 11, pp. 4274-4281.
Prepublished ondine as a Blood First Edition Paper on Febraary 14, 2006, DO 10.11532/01oo0d-2005-1

HEMATOPOIESLS

Expression of Jak2V617F causes a polvcyvthemia vera—like disease with

associated myelofibrosis in a muriiie bone marrow transplant model

Gerlinde Wernig, Thomas Mercher, REachel Olcabe, Ross L. Levine, Benjamin H. Lee, and I}, Gary Gilliland

vartment of Medicine, the Howare 1es Medical Institute, and the Department of Pathe

—

1, atd the Depatrtment of al O atia-Farber Cancer Institute, Hatrward Iy

*Differences observed between different strains of mice

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



Polycythemia vera

Essential thrombocythemia

Idiopathic myelofibrosis

Unclassified chronic myeloproliferative
disorders

Chronic myelomonocytic leukemia

Myelodysplastic syndromes

Systemic mastocylosis

Chronic neutrophilic leukemia
Hypereosinophilic syndromes
Chronic myeloid leukemia

Acute myeloid leukemia (except
megakaryocytic leukemnia)

Megakaryocytic leukemia {acute
myeloid leukemia M7)

Acute myeloid leukemnia and a history of
chronic myeloproliferative disorders
B-lineage acute lymphoblastic leukemia
T-cell acute lymphoblastic leukemia
Chronic lymphocytic leukemia

Frequency
T1T73
40/45
25/29
5872
83128

121164
20024
29/51

9/21
310
2459
21/93
371115
BB
37
18/19
15/35
13723
16/46
316

30/152
/52
3M19
1/68
2/48
5101
0/28
2/8
16
2134
0/99
0/18
0/28

017
2

12/22
0/83

0/93
0/45

Pad
C o0 DB oM e

—
o

Mutation frequency
in human MiIPID



How to explain the differences in the
frequency of the mutation

» Patient classification (WIHO vs PVSG)

» Sensitivity of the different technical assays used



Methodological approaches (1):
Sequencing and ASO PCR

I -type

ATGTGTCT ATGTGTCT

Sensitivity: about 20%

Peripheral-blood
granulocytes

Somatic mutation

Sensitivity: 3%

Sequencing Allele-specific PCR Overall

Number tested Mutant*  Mixed — Wild-type Number tested  Mutant Wild-type  Mumber  Proportion (95% Cl)

Baxter et al Lancet 2005



Methodological approaches; (I1):

Multistep process

a
tagTCTTTCTTTGAAGCAGCAAGTATGATGAGCAAGCTTTCTCACAAGCA

DHPLC

A Jak2 (wildype)

TTTGGTTTTAAATTATGGAGTATGTG TCTGTGGAGACGAGAgtaagtaaaactacaggeltt S ens itiVi ty: 0 . 1 to O . 010 /0

Forward PCR primer location

ctaatgcctttctcagageatctgttittgtitatatagaaaatticagttticaggatcacagetaggtgtcagt gtaaactataattt)
Reverse PCR primer location
@

T o 5ai1 Reverse primer: FAM - tacactgacacctagetgtga
5" GTATGT GTC TGT GGA 3°
v ¢ v ¢

Fluorescent ASO PCR
(no internal control!)

b
Jok2 (VE17F)

- Sample 8 128
5 GTA Ta'r'raram. 7

v C c G Mutated DNA only
er

Mixed Mutated and Wild-Type DNA

Jak2 (wild-type)
Bampia w364

a
tagTCTTTCTTTGAAGCAGCAAGTATGATGAGCAAGCTTTCTCACAAGCATTTGGTTTTAAA
Forward PCR primer

TTATGGAGTATGTG TCTGTGGAGACGAG% t aégtaaaactacaggctttctaalgcctt!ctcagag

Sensor probe Anchor probe S ensitivity: 1_10 0/0

catctgttttigttt Atatagaaaattcagtttcaggatcacagetaggt gtcagt gtaactataattt Q Fluorescein
Reverse PCR primer ’ LC Red 640

Melting curve

Mutated DNA Only. \.— Wild-type DNA Only

Sensitivity: about 1% : , \ A\

Mixed Wild-type
And
Mutated DNA

45 50 55 60 65 70 75 80

Sattler et al Blood 2006 McClure et al ; Leukemia 2006



Methodological approaches (111):

2343 (G=>T)

*—80_1 common (370 bp)

i "
s wild-type (224 bp heterozygons

V617F (199 bp)

Ty gous

A NAN i Iy FATRTA T i \

I GET

heterozygous

hemozygous |

Quantitative
ARMS-PCR

hemozygous |

Sensitivity: about 1% Sensitivity: about 5%
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Jones A et al Blood 2005
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t VE17F L WT JAK2

Vannucchi et al Leukemia 2006



Our « home made »
methodological approach



Molecular Beacon probe

Mutant-specific
molecular beacon
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Temperature (°C)

e 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



Principle of the approach

A. Mutant DNA

T
Beacon
Probe G LNA
=l \—  QOligonucleotide
G
A Mutant DNA
Annealing of
Beacon Probe
€]
—_—Ne
%& [l
T
A Mutant DNA

Amplification AND Signal detected

B.Wild-type DNA

T
Beacon G LNA
Probe ———— Oligonucleotide
Gk
Wild-type
C DNA
Annealing of
LNA oligonucleotide
T
G)r
G
C Wild-type

DNA

Weak Amplification without any signal detected




Results

LNA concentration (nM) 0 10 100 1000 H,0

WT DNA — E— -

Mutated DNA
T e s e

SPECIFICITY OF THE LNA

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

obtained
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Detection limit based on HEL cell line dilutions

0.01% (for 100ng gDNA)

1 diploid 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 paticnts tested by out method comparted to the
published ARMS-PCR: approach.

» 100% concotrdance

» For 2 cases, ARMS-PCR results were borderline
but frankly positive by out approach



Conclusions

» 5 components to add in a tube (aliquoted premix
of primers, LNA and Beacon probe; Master Mix
and sample)

» Closed tube approach

» 40 minutes (Fast PCR)

» Probe highly specitic for the mutant allele
» Quantitative

» Work on DNA and cDNA
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5 atients

500000 |
400000
300000 |

200000 |

100000

52 patients tested, 5
positive patients (at least
on one gDNA and cDNA)

O,,

-100000

P. Sidon et al. Leukemia, In press

Cycle Number




Controversial hypothesis

» « Acquisition of the V6171 mutation of Jak2 1s a
late genetic event in a subsct of patients with
myeloproliferative disordets » Kralowics et all. 2006

» « The Jak2 V6171 mutation occurs in
hematopoictic stem cells in PV and predisposes
toward erythroid diffetentiation » Jamicson et al

20006
j> [s it a primary ot secondary events

To be continued...
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