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i nvention concerns the V617F variant of the.

protei n-tyrosine kinase JAK2, said variant being
responsible 5 for Vaquez Polygl obulia. The invention
also relates to a first intention diagnostic nethod
for erythrocytosis and thronbocytosis allowing their
associ ation with nyeloproliferative disorders, or to
the detection of the JAK2 V617F variant in
nmyel.oproliferative disorders allowing their 10 -

r eqipERIFICAriTON bR A& BER NASPABEHE &t N FOUR YR VERA
thé Tdentification of speclrfiT rnhibrtors and st RNA
Vaquez pol yglobulia (Polycythenmia Vera or PV) is a

chrBin¢ c pmpekopr dhiveetabny edicordertltassvél ari mgriane of the.

prpdé g oPubs anandinakt e MARA Oﬁ@gfﬂy&@l&h&nﬂ_n(ﬂ)e:ﬁg responsible
S a Cl oha

h k
ob PEquEY oPSTkE Bk ottt Gl AR to a rirer

- inbemat @poi edlragppegem t ometdfodPV aferabl exyahfrormtosis and

thf&%%ﬁ% coI ogﬂleow t he aﬁé enece. of erythrapaietin with

spontan us colonies
myW%lex@ﬂaww @S@ﬂe@ythrobba@he gebgehivor oft ¢he JAK2

V6§ﬁ¥e%§E1Qhﬂeﬁu9rﬁ&@ibﬁfﬁif%ér$@§m¥0d§£§Pd@§§naiﬁ@W@ng their
ukltn- G anul ocgéie Mac (%gﬁ-} : n
re i S BT tiat “haiean oS LRetart rdtogr (g to the
idegrdi flqesulam dfl lepe@idiiich ibhdidit ofkGEnd) mREEver al

t earsmyeayv e gca_lgeﬁob@rlllant gty dyit hiehg aphysir-apabhol @w is a
ano t he root of

of PV, b h |
enind et RO Eehah  Te i Sodlen paRpsosbRinS  true

po el diyperas earsd t iofittgn  oft IGrircagemigiar aind Isaearialukocytosis.

It cyboki nesoheads a&ﬁ_{uﬁi‘%@ar&m%@n@ﬁa'ﬂrﬁﬁ h@M@tMpBﬂeth@ stem'

". Zelsl' gnfh;;:ﬂ%ﬁ:%‘f:%& ncpaﬁrgf]g%&itc&os{mg@l X C¥%§ &, to form

%ﬁ@ed”} ntk® PRSEpEE 0§ ¢& Ntbﬁé’POletln {Epo) ,
caldiem | arispicesabebwsen 8Ylaniest her Hyp'a}smfsmlﬂif\art@t ivef PV

ery‘ii_'hs_‘c%'bq%]rs% érﬁtﬁ)am grd i eyl ar va&:&}ﬁ%@% > 9{1?5&8{11 kgctcrs has

Sns Cl 0se OSG

alsos@eemoﬁw retswshebukenﬁ@r tTie 3pr eGorinmdocyte Macrophage-

Stl%QJaltfl%at irQRok . the- &Bb‘ gnart ofl 0re18Ndrhi$oeNd (scr)  and
ferentiation. This hypot hesi s was recently

Inse&m e | BTN r S?%mﬁyéﬁ&ﬁram f SreaETEe d?%fﬁﬁ*f‘de}rl%ve taken
an tihecameatopil ither aii e 8NN E, of PV, but the molecular
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The hypersensitivity of PV progenitors to several
cytokines leads to researching anomalies invelving the signal

- transduction pathways. common to c¢ytokine receptors. The

existence of a molecular marker has never been evidenced in
PV, but - given .the similarities between PV and other

‘myeloproliferative disorders, CML in particular, it appears

probable that molecular mechanisms close to those induced by
Ber-Abl are responsible for the predominant proliferation of
the malignant clone and its end differentiation. This
hypothesis was recently confirmed in two rare
nmyeloproliferative disorders, the myeloproliferative disorders

'associated with a translocation involving the 8pll chromosome
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regi on which induces constitutive activation of the
FGF receptor, and the hypereosinophilic disorder in
which a cryptic chronosone deletion leads to a
chinmeric gene PDGFRa- FIPl1L1.2 In both cases, the

nol ecul ar anonalies are the cause 5 of fusion proteins
having a constitutive tyrosine kinase activity. In
PV, no recurrent cytogenetic anonmaly has been found,
even if a 20g deletion is detected in 10 to 15% of
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31gna ing, brnormal activation of ATS has been researched

in the polynuclear neutrophils (PNN) of patients presenting

with PV but no anomaly has been found. Qri the other hand,

- constitutive phosphorylation of STAT3 has been evidenced in
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PNNs in 4 PV cases out of 14 examined (Roder, 2001). Finally,
the expression of the anti-apoptotic protein becl-xl, a
transcriptional target of STAT5, has been studied in
immunohistochemistry and by flow cytometry (Silva et al,

1998). It was shown that bcl-xl is hyperexpressed in PV
erythroblasts, in particular at a more mature stage when this

protein is normally no longer expressed.

In Vaquez polyglobulia, the chief diagnostic criteria to

date are clinical (PVSG criteria: Pearson, 2001) .Biological

diagnosis 1is essentially based on growing cultures = of
erythroid progenitors in the absence of Epo (detection of
endogenous colonies). On account of the necessary expertise
for 1its proper conducting and the substantial “technician-
time” required, this test is not available in every centre,
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necessary expertise for its proper conducting and the
substantial "technician- tine" required, this test is
not available in every centre, Received at: 11:22PM
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‘receptor, Mpl, on platelets is also found in PV. Although this
-anomaly is predominant in PV it is found in other

myeloproliferative disorders. In addition, it is a test that
is difficult to carry out and can only be performed in
speclalised laboratories. |

Therefore, in the state of the art, no method exists
which provides a reliable diagnosis of PV. In addition, the

~only available treatments are not specific. These relate to

phlebotomy to maintain hematocrit within normal limits, or the
use of cytotoxic agents or of IFN.

Under the present invention we have not only discovered a
mutation in the JAKZ gene in approximately 90% of tested
patients, but we have also evidenced that this mutation is
responsible for constitutive activation of this tyrosine

kinase and have shown that its inhibition makes it possible to
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t f§5 1n aematology diagnostic laboratorles, we
analysed 119 samples from patients suspected of suffering from
a myeloproliferative disorder. We have shown that JAK2 V617F
is efficiently  detected by LightCycler® and TagMan®
technologies, these being slightly more sensitive than
sequencing. We then estimated the detection wvalue of JAK2

V617F as first intention diagnostic test in 88 patients with

hematocrit levels of over 51%, and it was shown that the
mutation corresponded to PV dilagnosis in accordance -with WHO
criteria (R=0.879) and PVSG criteria (R=0.717) with a positive
predictive value of 100% in the context of erythrocytosis. On
the basis of this data, we propose that the detection of JAK2

"V617F in granulocytes should be considered as a first
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Description of the invention
Therefore, according to a first characteristic, the

present invention concerns the isclated protein JAK 2 (Janus
kinase 2){ in particular the Homo sapiens Janus kinase 2
protein (NCBI, accession number NM 004972; G1:13325062)

_comprising a mutation on amino acid 617 (codon 617 of the cDNA

starting from ATG) more particularly the V617F mutation,
hereinafter called variant JAK2 V617F such as presented in SEQ

'ID N°1. below:

SEQ ID N° 1
- (V617F Homo sapiens Janus kinase 2 or JAK2 VE17F)

MGMACLTMTEMEGTSTSSIYQNGDISGNANSMKQIDPVLQVYL YHSLGKSEAD
YLTFPSGEY VAEEICIAASKACGITPVYHNMFALMSETERIWYPPNHVFHIDEST
RHNVLYRIRFYFPRWYCSGSNRAYRHGISRGAEAPLLDDFVMSYLFAQWRHDF




protein (NCBI, accession nunber NM 004972
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particularly the V617F nutation, 30 hereinafter

call ed variant JAK2 V617F such as presented in SEQ ID
N1 below. SEQID No 1 (V617F ®ono sapi ens Janus ki nase
2 or JAK2 V617F)
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The invention also relates to a nucleotide sequence

enceding SEQ ID N° 1, preferably SEQ ID N°2 (sequence of the

human JAK2 gene with the TTC codon instead of GTC on codon 617
(g/t mutation at position 1849 hereinafter called G18497T,
starting from the ATG marking the start of tr.anslation) .

This sequence may be found in a viral or plasmid vector,
or a naked DNA under the control of a lefficient promoter in

mammalian cells. The invention therefore extends to a vector

- expressing the JAK2 V617F protein.
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‘embryonic ste

G1l849T, starting fromthe ATG nmarking the
start of translation). This sequence may be found in a
viral or plasmd vector, 15 or a naked DNA under the
control of a efficient pronoter in mammalian cells.
The invention therefore extends to a vector
expressing the JAK2 V617F protein. Received at:
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xgj'r%%%'iﬁg r%%%ﬂ%%ﬂg}llto QIA“P{'&C Bfoérlg% ']?10 Lsg f Llﬁag REref erably

sys ens

g?ﬁ r%e Trageserbn, r@ﬁ% Pﬁvéﬁtqevé“”t%hﬁaéh e used
asca‘P °i§ B‘Bffa Redbh BERCDY ARYCTE HEOS! COREOD A UERfABY those
skiddpdntint ome orrinorersequeridesilaefl blye hosKnoekkin method
(tgegetred Mhserpiesi 8€l ¥, skheeh&8NSHENBoELlohHSEr Ledombination

orshﬁPEStéaSPéeemBXnQQM Oxgﬁf'l’? Eﬁ&o énﬁc%%l:gnﬂgt }E‘ipe %’9 systems

S segquences I n
V\%g Ft%%?s of‘g%?%%jl% 5Bt a?rﬁa aPFP§ﬁ§§§ﬁi| ceppdingnty gf the
mwa@mr@, phedudivieg td ver disgedenianiemll the dvdstined by gene
targepiedesabkiicagarempipanirc vetretneellt (d52 &t lnore sequences
of (thpaeBtetcdll, §88Ghe, Cotfre L BRI AT S {1l transgene is
mgéf&?&e%t%‘i' o | g%‘%bfét;‘l Ofbf {iﬁ&8ﬂ8§8ﬂ§ 'P&%J{%’mn at the

I na Xogenous

ous reco
hoRRtite. SHAIFRGoSealente IEHSPBay e Ehet Restarcgdded hen it
1s erfiRyerfsls tase | Fhet@aaseedlitf ecehl types of view to

pr&ﬁﬁ&ﬁ@rﬂe{:kﬁﬁsgéﬁfé an9R8e, t ahgehby MRy 106 USeL 81y an -
articul arl % to replace t he

cell (ES cell) (Thompson et al, 1989). Gene
targetlng is the directed modification of a chromosome locus
by homologous recombination with an exogenous DNA sequence
having sequence homology with the targeted endogenous
sequence. There are different types of gene targeting. Here,
gene targeting may be used more particularly to replace the

wild-type JAK2 gene by the gene variant JAKZ G1849T or any

- other genetically similar wvariant. In this case, the gene

targeting is called “Knock-in” (K-in). Alternatively, gene
targeting may be used to reduce or annihilate expression of

wild-type JAK2Z to insert the gene of the JAK? variant. This is

then called “Knock-out” gene targeting (KO) {see Bolkey et al,

'19892}). The cell of the invention is characterized in that the

transgene is integrated stably into the genome of said cell,
and in that its expression is controlled by the regulatory




wi | d-type JAK2 gene by the gene variant JAK2 G1849T or

Received at: 11: zzﬁnylzglgm ther genetically simlar varl ant. In thi S

10

15

20

25

30

35

case, e gene targetlng is called "Knock-in" (K-in).
Alternatively, gene targeting nay be used to reduce
or anni hilate expression of wld-type JAK2 to insert
the gene of the JAK2 variant.8This is then called
"Knock-out" gene targeting (KO (see Bolkey et al, 35
1989) The cell of the invention is characterized in
that the transgene is integrated stably into the
genone of said cell, and in that its expression is
elegintsl | 86 Hihe hendegenater yodReei Bal atable: JzPMgration is
me4nZ0/Ae07iBseft benent thef trhasgrdegamius genege@ymic DNA of

- thet ablrerdrtieqy atdon i s rHeant ér{@erééonlﬂéef@@d is then

ILnto_t enom cC vntlve
trtaE]%F\ %%ﬁ ttroan%%J;ﬁegng?ﬂ%ePEA Heﬁ@agﬁ Qlfn tEppgene is
(AP D) r@@%“aﬁror%%ftft%ec?fi’%ﬁ%g‘éﬁeth% tgrget JAKZ
enﬁlea@neﬁ§t ﬂ@@m dRtrismeddin oonien theneent pes fivdheor negative
selaEgebn) YA RNURGLNBYS 1gBNE. TGP ONgh LY, BE%leLemEreuse DNA

RS SAISORIC palentian denes TRE LB T L o

twpar getcdioedis eigmhefrer ablly aof ottalle of:epbmerl Q:;Ea‘teedportlon or
elﬁhéfe%1§bd%ﬂftﬁ@facéﬁ£99éﬁeerSS 8118 [ EpORe0 rgfetcﬂgr@ “DNA

h ﬂg of . the conpl et erh%%(gjenc e |nserte _

W3R By FE GBS 1s 180y DWSW%W pch, after

Op’aim@l Dptgnmedntal iagwireattand ca:ﬁrn;;mrmrp,ar lasen, ideRtical for
L de I 1fars 1433”9! p |mat Y, ,90% t

U‘815195% gé éte%uc:‘cl t cf!é%slln%tte pr e %grg%l é at Cﬁleats © 9%u?le°tldes

angg @%%mlﬂé’ n@dl edeRdes. 945 @pt i%fkI5%l iognnehe ofutheotides.

O @ﬂﬁ&@néﬁ fREn€0RPakHso
P Rar e S PRLREr HF, SRR gy be e

uSNé%adF%ﬁaﬁm WrRsURCPERAR Heﬁﬁﬁo@;?mal@@w tq%mrﬂ_m the
Ne@dmmmm%@ﬁarchmmuhodh@fnoﬁ?agysona@@drktﬁﬁan 119?3@9,- the

51 sEaei oo B fad Ak \PERRSTR. S TEABRAS n (1ARE) . o

commmswfmm| us1n§otheaeeaﬂ?gok~agemSGe(ma@| CPESTFIT, BLAST

chfﬁ r 0 75 _S5al e
B oughN(;; v%t@s f?g Eg%ﬁ%()owm$ogﬁgll%?%n51n Genetics
SO Bﬁﬂkﬁgeacrﬁe@m@m@m@wlr eGoropnatitn Beience Dr.,

Mad¥§3#¥|W&ﬁndAlﬁH8H§E'QQ %%h'%s'fw&ﬁerQch96§ ab omology are
mal ogous sequences are

su J.c:len to achleve homologous recombination in bacteria and

mammalian cells, longer portions of homologous sequences are

preferred (in general the size of these portions is at least

2000 bp, preferably at least 5000 bp for each portion of

homologous sequence. Advantageously, the JAK variant sequence

is inserted in the group of elements ensuring endogenous type

.regulation, 1.e.. a group comprising at least the promoter,

regulator sequences (enhancers, silencers, insulators) and the
terminating signals of the. endogenous JAK gene.

According to one particular embodiment, the transgene JAK
Gl849T comprises at least the encoding sequence, a positive
selection cassette whether flanked or not by sites specific to
the action of the recombinases, e.g. a Lox/Neo~TK/Lox cassette
or lox/Neo/lox or FRT/Neo-TK/FRT ou FRT/Neo/FRT caséette
possibly also being present at position 5’ of said sequence,



25 preferred (in general the size of these portions is
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each portion of honol ogous sequence. Advantageously,
the JAK variant sequence is inserted in the group of
el enents ensuring endogenous §ype regulation, i.e. a
group conprising at |east the pronoter, 30 regul ator
sequences (enhancers, silencers, insulators) and the
term nating signals of the. endogenous JAK gene.

ding to o cul ar enbodi nent .transgen
arlf UL L0 AP PR LAY & BEOREL OB etlei® sbp oo e for
exalmﬁ&& FP%algéPacf-hen DTAsaef{arwhE fgret Pénﬁ%ﬂe%r igopt least
Pfﬁ;?e@.tt &8s SPpecidh o FBIR Hef abhf ohtdfsypre- The transgene of
thee foiRsiamds envangiom idxpPrRedeTRPLEX déasssive degrived from an
expggnNes/ & oseERIRNeonTKLERT 1gu (RRF N0/ BRT acasseiad cell.
ThpesSiNA ysaxsendei g paesest Rirnposiyi ba Falt@re‘?dal fbr example

.th§89 BN¢Re R Fé'r\é%%ﬁlaof 129 A LU 2007 e For cloning

tele t a.negative selection cassette
angor cEﬁFaJ*ﬂ%1 % i or° ﬁﬁ;$ B?COmblnatlon

Slgeﬁeélos amdléh§tsemmemmﬁﬂ)at one of the ends of the

tr a%ﬂsgen:aisgmrtgola@sgm o%ArE:z he1ptesentriiBventda@n B cloned
._prefer Irectly derive oman 5 e enous
0 SR W (TR Ty FIECEHS | hESnPANPAARLLEN] 18 fyltose cell,
an®iAr seguencal 1y nmtaweeiprasﬂaqnbeeet¢ered énsuexagpbeession
oftnﬂﬁygbréﬁg %Réerﬁﬁﬁp ﬁécﬁe iﬂé&E ?ﬂm?'# Q f%éoﬁsed to

cl oni ng or throu Insertion ecifi
CO@%E@W%@nth@n Q%QQaﬂ%I(ﬁ@ prXBéqa%hQ@s)VEEQOForOf the

ind&hSiPYr RRE, khbEn JAKZ G1849T Mariady ¢an dig: chered standard
in a cloning vector ensuring its propagation in a host

LedEIuenngFor USEHI GREI IS s It e53TGAT 4Ribt gPmpbiication

an@npuirg fFexaressi; onenHfmd - t raasgesas ThevdBEOThi DAt llgase,

hnol d .t tryct the cl d/
D pPBEETOR=VReL ort 1 THTE 15 | ORHOPBHLSP & ko o PoLfomed

folhosergkihkeddmifidw varetr sSt andardct{iechni hesearieechniques,
andISechd o £HOnkdiger DNA, | SHATLQN fﬂnﬁéééféﬁdég]wfﬁﬂiSambrook

purl fi C&{M enzy mat’i c reacti ons i nvol vi ng
ti gdse po|%ra§%ct%§t r |Jd%q]d+ﬁjeend8%éémé§§es dFesmids,

baqﬁﬁﬁiﬁﬁﬁabeé(ﬂ | ewkRgvi besganuf@ed ur et ne nShﬁMﬁéL0n8v1ruses,
o8 LGSR0 B8, QLS. SBINGELLY qoper sintlar
vecHwesvect ors i ncl ude plasnlds cosm ds,

bagheri gRRages: &l OYJHSe Y YIS AN MINUSeSE  the
invention are described in Gorden et al, 1989. Various
techniques for transfecting mammalian cells were reviewed by
Keon et al, 1580, The inventive transgene, optionally
contained in a linearised or non-linearised wvector, or in the
form of a vector fragment, can be inserted in the host cell
using standard methods such as microinjection into the nucleus
for example (US 4,873,191), transfection by calcium phosphate
precipitation, lipofection, electroporation (Lo, 1983), heat
shock, transformation with cationic polymers (PEG, polybrene,
DEAE-Dextran..) or vwviral infection (Van der Putten et al,

1285).




artificial chromosonmes such as YAC, BAC, HAC and ot her
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transgenic cells of the invention are described in

CGordon et .al, 1989. Various techniques for

transfecting manmalian cells.were reviewed by Keon et

al, 1990. The inventive trandgene, optionally

contained in a linearised or non-linearised vector, or

in the 30 formof a vector fragnent, can be inserted

in the host cell using standard nethods such as

mi c#Wbien] ddtd onel hs o hialve ﬂm&h@uﬁraﬁ@foﬁmaﬂpb@ (8% transgene,
thdyB g9, o Ul@ﬂ:ctfeﬁaiz?nvg¥r8alo.crl ue@ééhos %E produce non-

precipitation, Iipofec electropora Fon
huyggs ) rapsgenish gek madsangforamt mansfictmagadinonitthe cells are

seRAYTBRS a( REGri PR N8y 3O, g?ﬁg& §5§ag l%aBieghé?ium. The

} fectlon ;van der Putten et ecel ve .
Ce11520BNM LA DHRG007NE0 CORBRTERE cedt s rRveddeepted using a

sef eanstor meddbymt heatransggnegurtfeyemy bansul tsreshidh  the
0 produce non- man transgenic

or,. else use
COX&BE&F 9e?wtrgﬂgﬁ6rﬁ§?lJﬂ“ﬂIhSOEE?FEEQréﬂl edlgdysed to
deEﬁrlallﬁ%tvhﬁm| oF ayet anbpoelogols stkteitd maredi ement and/or

1nﬂ@§r§t§@$|$n?0%h%'anEsEEEcE°”§$§“Q> QF d%BEnggeen the

ive nedium After a. su clent tinme

Cl%’il?%mPPﬁélbim SHildd i angr dwmodigpugr éfwlé@ltlié@trechSltlve

an@dnaegadliysednapkedss eraisie whelber oflawiich homdleegousay be
LGOI nant e n.of the construc

lnéas occg'?llreaﬁ(yj g&%%ggé%5¥%e fﬁgm$ §§1 BsstBFy°T- 6ﬁgferent

SYFRANS | | if®§F homelegblegr ecomblmat perdupésit i veheanchomologous

re ABGAlIME JHRr&es sy BLSQ %@Ehe%e%%%kaon(ﬁ?“efevfw B8 5 627

nserted in the honDIo ous reconbi nati on vector.

OODitr ettt RYTERS 1 i€ laddan ngess | 9ipr ddeci igitemeion  is
pré@m@ﬁ@pwﬁoﬂﬁpmﬁwm&MwﬁgQ%%ﬁbﬂﬁW%i&%ﬁé&ﬁﬁﬂ&&Qs.zmmng

f w US 5 627 15 ositive sel ection
‘the( %élt& tﬁcelcsnvsnt PBRFE ab%EHé? ablﬂﬁsfch&‘s%wﬂr%ﬁﬁ afsingyein,

te&mﬁmﬂmhmmec r espstanfigenekanémpain, tfﬁhkﬁﬁmﬁniﬁl(ﬁbﬂéomy01n
h aust i I ses neqgyci.n, tetracy
ydf%%y%ﬁﬁl %ﬁoféﬂ?ﬂ%%qgﬁpéonyCI Bﬁgé%&& ne gené%1c1ne,

anpici [ 1'i ne kanary

-PurﬁVgFéﬁyC|ﬂﬂmthléﬁahphéhceolge@&ﬁbemamﬁdspuﬂdlng to these

ant@®netheknes 20 LRV ELN. 1 iTdG: 63l $hBRCE; genss 4 s @S an
resggndln to these antibiofics are known to f

exagﬁﬁp|e Bn ¥ glﬁF@ncgs ggne to neomycin makes the cells
resistant to the presence of the G418 antibiotic in the

culture medium. The positive selection gene may also be chosen
from among the HisD gene, the corresponding selective agent
being histidineol. The positive selection gene may also be

- chosen from among the gene of guanine-phosphoribosyl-

transferase (GpT), the corresponding selective agent being
¥anthine. The positive selection gene may also be chosen from

among the hypoxanthine-phosphoribosyl-transferase gene (HPRT),
the ' corresponding selective agent being hypoxanthine. The

selection marker or markers used to allow identification of
homologous recombination events may subsequently affect gene
expression, and may be removed if necessary using specific
site recombinases such as the Cre recombinase specific to Lox
sites (Sauer, 1994; Rajewsky et al, 1996; Sauer, 1998) or FLP
specific to FRT sites (Kilby et al, 1993). :
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antibiotic in the culture medium The positive

sel ection gene may al so be chosen 25 from anong the

H sD gene, the correspondi ng sel ective agent being

hi stidinol. The positive sel ddtion gene may al so be

chosen from anong t he gene of guani ne- phosphori bosyl -

transferase ((T), the correspondi ng sel ective agent

bei ng xanthine. The positive selection gene may al so

be dhesgrodirtdme3Canmmngd,hel.e. containing cells in which at
1daepoxankhi Remphogpher | besytbinanst erase gene( HBRELrred, are
lctémleqreeespgg}dl N§oSEheshi Ve, L?be' eglaﬁﬁ;e%ant BhA%or  pCR

l,ect I d. o
%em % 100 g%'ﬁ;% Ls? nmafex?r e'co Inal}e,] oﬁség%}% d cells or

tlon ous S na
subsequent af FECT™ WEHSh, HhdiHey et the mRNA
CoﬁéﬁﬁP@@dﬂﬂgneb@ss%h%/lﬂﬂaﬂ§9§@@CIMBE 3lsptde determined by
tecboogberasésciudiings thetBeenr ebbobthage apatiéis, toin situ

hyb@XdlsatQSn(S@@QW31%9943 %Tel‘?@fky Als@ , th89%e1SaU&dy animal

tlégg i %’ Hl{lﬁ:%ig B> ogl’iél%d%?ﬁ%hed using an
TEC5R0e AITET CHhE afRPRGCCEI PSRN} dipearpositive

all
§g§sﬁﬁﬁh§hﬁﬂnﬁ%96ﬁ§dr§@oﬁ%¥ﬁ%ﬁ¢ SPRRY Sh s kiR erocedures

inaparvidentid i ek bin§@uth@ﬁn dH otding aBakyska W/ Bémologous
ression level, in the isol ated

t echni ques
re%§F%§n%Fl%nc%n?% Eﬁet SR e transgenic ani mal
of RégandNly e esploandbhgst@cdies taen Sgenel ey ﬁtr.mo 4 to 6-

we%F ?ﬁpsi’:%{ﬁfgt@d f&%glj}g' qu%gﬁl %%l dl 1l | 'Sﬁ:rrté/%%r{]psaitsed ﬁ'vld the

anal'ysis, Tnsifu br| s
ORI ek, Aﬁéés tﬁéecehuswuﬁeﬂurmntotltheesbéﬁptese&ag of a

blé@@oé%@@s%ﬁ@ei‘mi’n cﬁ%?t'éﬁg%ﬁé%ﬂ%heoa@tirp%ed into

di rected agai nst” the reporter protein positiv
theePFerigy freR If RERMEe RerRRAE ehtfgbenandbendemales are

the oeegiuwea o paddh culhan thend MREtLRE HMestAldifiy offspring
arnDdlfl honnl$ ous .recoq§|nat|on |nto(ép 1
Dl &t EE W MTe, e MRS stQf arf@ttant  cells
corotx i ired themabnatxﬁ}cﬂ.s heekysipeoavud aﬂ&df%ee&ltegahenotype
bet%fe{ é%fl%%%s't@l%t ed, %d the‘?nb ”Dd' f' ﬁe' K]%tl Leof the

I nj ect e he bl ast oce
blﬁ&ﬁQﬁﬁﬂanrtﬁélﬂQﬁ&%cwekesane|pﬂﬁaﬂhi$|h@odethet chlmerlc
newHdi nermeh%eﬁeu%ﬂrg%@ ate e f efBLeS E%;e & f gl pEALL age.

are _then allowed to rea termand resu tlng
Theofq:lgﬁpe% or chimeric animals are animals in which only a

sub-population of cells contains an altered genome. Chimeric

-animals having the modified gene or genes are generally cross-—

bred between each other or with a wild-type animal to obtain
either heterozygous or homozygous offspring. Male and female
heterozygotes are +then cross-bred to generate homozygous

animals. Unless otherwise indicated, the non—human transgenic

animal of the invention comprises stable changes in the
nucleotide sequence of germ line cells.
According to another embodiment of the invention, the

inventive non~human transgenic cell may be used as nucleus

donor cell for the transfer of a nucleus, or nuclear transfer.

By nuclear transfer. is meant the transfer of a nucleus from a
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20 are analysed to determ ne the presence of nutant
4%@mmpontaln|ng the construct. Analysis of a
di fféerent phenotype between the cells of the newborn
enbryo and the cells of the blastocyst or ES cells
makes it possible to detect chineric newborn. The
chinmeric enbryos are then rapgsed to adult age. 25 The
chimera or chineric animals are animals in which only
a sub-popul ation of cells contains an altered genone.
Chineric aninals having the nodified gene or genes
are generally cross- bred between each other or with a
wi.ld-type animal to obtain either heterozygous or
llﬁéﬁezy&eaerof £8pti ngf Ml evanbeheabte 30" het@tbzy o esfoetal
orghikRenieEesshlr edrbpl 9anes at &n honmayeousd fsét’sé&&}esr cell of
hUnless ot herwi se indicated, the non-hunman transgen
Sni FRIS of SRIFE-S Ty Bt | B CoHiRTSYs SRS chand
nutheusnud epép degsaguencecoidigect |tine delrkiophesodr difngloned

emBQgﬁQORhﬁfrﬁn@ﬁg %%@h Q&et9§ahg¥gF%é8nﬁx}hfosgﬁr {emales to

tive non transqge
prbﬁ §u§% d&ﬁ c&ﬁ SRols % E?F%hspgr ¥ a %uc?eus 9 prOduce
cehbgl &f Fhandmaer CBilllnu@iaéér iy aﬁ%l’é\drers%éﬁﬁfeﬂﬁe 'nuciear
clonangf erecdiigueycleis beomsedieceived athest): 22RMexhaustive
medt 284 2Q9¢ A2 médié”@ﬂ Ql@@@é sebiedf &rVvestaby aé;ﬁpz,laﬁhtlons WO

a or .f.o Qpga h yLop n
SeEiring bl 61{ W éé $PEse w8 99 01163
aﬂ@|W$e9%n37k$%C|es The transferred nucl eus is

I ePFOOF todir ﬁ@eé@foge 51 éﬁf cl pged; S non-human

enbryos ich can t e transferre oster
LrIngegesc t 80ipaddrearthe meetausreeozah@nm\?\/o@ﬁﬁueaﬁec gncoding
JAlE ¥sedFt O THAMICE, 1 kL] 4 Smaf tl:ﬂf—‘ h&ﬁ@é %@Lﬁé @Ssnét‘brozygous

Di f f
R S0ty TRBSE5IABOEx HAGSL (8 | It A0 Iyt oA,

‘.thﬁethﬁﬁr&n&ﬁl&bj eeiprokupat enhqappl i paliyeDsbN 40 B also any

o TR DG ARG BT TERR, LS A R S o

thaﬁﬂﬁnmm b@ @sa@nthunanduttaﬁggehuonamlﬁ&keeoupgleingnySlne

kidH60 ;Hh?riaﬁtcégqﬁo An6ad :gg%e%ﬁ% V%]fﬂi-n{gr%?r}%@e specific

ani_ma ﬁ% zygous o et erozygous
to VBEA Ve LjiAlkk V617F or JAK2 VB17F / JAK2). In

pa"PIridt‘Heazr,aJ{terdahﬁSU% U - I EPF OJHSEVBNYCE viral vector
ef | obuli a but al so any eIo roI| eratlve di sorder

smpl:] t\;éﬁ_lﬂi:ls ThHeyP able to express the JAKZ

V6l7F wvariant in hematopoietic stem cells, progenitor cells or
ES cells also with a view to producing models of Vaquez

Polyglobulia or other myeloproliferative disorders.

Diagnostic tools

According %o a third characteristic, the invention
relates to diagnostic teools with which to detect the presence
or absence of the JAK2 V617F mutation in mammals suffering

from or likely to show a myeloproliferative disorder, in
particular in patients presenting with polﬁglobulia and who
are suspected of having symptoms of Vaquez polyglobulia,
thrombocytaemia and/or myelofibrosis.

In this respect, the invention relates to primers and
probes with which to detect the presence or absence of the
mutation 'in the SEQ ID N°2 sequence described above. More

&s ;;@nsferred‘
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inhibitors specific 20 to JAK2 V617F. Anot her
alternative consists of injecting a viral vector
(retrovirus or lentivirus or others) able to express
the JAK2 V617F variant in héﬁhtopoietic stem cel |l s,
progenitor cells or ES cells also with a viewto
produci ng nodel s of Vaquez 25 Pol ygl obulia or other
nyel oproliferative disorders. D agnostic tools

According to a third characteristic, the invention
PRI/ di BifoSPVENE BN RARTR NS cho t endetwckatide nucleic

aomroe&wlelgu%’fe?ﬁ@é}wwf Oéttmgaééf%ogﬁg\?f 4t atidn 3¢, 40 or
5%nﬂﬂﬁﬁﬁ%ﬁiﬁﬁgr§F1 @OEFg%FdéF grn Op&pt PEUPBFLPRtides or 10 to
2 Spaticdrtct ipleag ents nagkon tip p@i*yg}fol\%bllel &eajﬂdlnlfx@OSEQFQD N® 3 or
No3U ay S ons 0 URZs PO ulia
t%h?% oc%ge#%cjaun ccr%/n%el%%%‘?eocgqg 935“1%%0% e Ofllo to
30r agpéeprtithe Eovemrampleel ates to priners and probes

with which to detect the presence or absence of the
SE ti.en in the SEQ I D N2 sequence descri bed above.
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tct aeaagcatttggntaaa|tatggacxate ca Al1849t Ct Rlgga ae
Satide 1Ge gt Sfancen dasiioR sdesc AR REARdgap L Upstrean

or aﬂ@amaaféamggrgab 811lowdlg0 the0@8esign of probes or primers

aat at at t at ggaaaett ¢t aa t$ ggea gcatgc
so R b ekt o PLALEgHA 7699" {995+ 0%
at gt at gt gccaaaaat aatt ct gct t at cagagaagaagaeaggaagacagga
ExaplleCt 8¢t LS pFSRAC LA ARCH Y rimers and probes of the

invention.

On DNA, PCR PRIMERS:
JAK2EXONL2-PCRF SENSE 5’ -GGGTTTCCTCAGRACGTTGA-3' (54804-54823) (SEQ

ID N°5)
JAKZEXON12-PCRR ANTL-SENSE 5’ -TTGCTTTCCTTTTTCACAAGA-3' (55240-55260)

(SEQ ID N°6)

ON DNA, SEQUENCING PRIMERS:
JAKZEXON12SEQF SENSE 5/ -CAGAACGTTGATGGCAGTTG~3’ (54813-54832) (SEQ

ID N°7)

.JAKZEXON12SEQR ANTI-SENSE 5’—TGAATAGTCCTACAGTGTTTTCAGTTT—S' {55207-

55233) (SEQ ID N°8)




cattagtattacagttttgccaaaggacattcttcaggag 10 The

Received at: 11:22314”9)25/%?6‘3' sequence designates an exanpl e of upstream
of 'downstream areas all owi ng the design of probes or
primers specific to the nutation at position 1849
(SEQID No 4). 15 Exanple of different preferred
primers and probes of the irddention. On DNA, PCR
PRI MERS: JAK2EXONL12- PCRF SENSE
5' - GGGTTTCCTCAGAACGTTGA- 3' (54804-54823) (SEQ 20 ID
N5) JAK2EXON12- PCRR ANTI - SENSE
5 - TTGCTTTCCTTTTTCACAAGA- 3' (55240-55260) (SEQ I D N6)

ONONDEAA PCBEENE NEROUENRRIGVERSMERS JAK2EXONL2SEQF SENSE

SENSE o %@;ﬁﬁ%ﬁ%ﬂw%@%w) SSEQ KRN
ANEL - JROAT & EPTHEREACRTACE3'( 580D7-2552385EQ JEQN® - 10)
I D N8) 30 Received at: 11:22PM 4/20/2007 14 ON cDNA,

S PRI NERS SENSE _
5 snES RANds RR TSR ENEION O MITRFLON, e, 555 382 RE) ¢
TTANTAATSENSEA ST ATATACAAT AR R T CEQMANTACA{ 850 (120191 2041)
(SEQ ID N 10) 5 SNPS PROBES AND DETECTI ON OF MUTATI ON
AND si RNA (1829- 1870):
CEN QAR T A TS PR T ETETCRET eEARRUREEATAMC (SEQ I D
OLNJdL ) s~GENTMBI NG amchicatiddraterceEd qbeBNNY afe15)

10 oufB IOW (S 08 Lampneh, SERACHGAGIT ITICTGANG W0
GCTTTCCTTTTTCACAAGATA (SEQ I D N16) Sensor w

e o o A R B SF e 57 o

(SEQ ID No 15 18) GENOTYPI NG on LightCycler (e.g.

anedMNA Jak2 pbat alcere fi6 4 GakAK2EA SASAGACAAAGRAETCAGAGHT (sgo 1D N°
(SEQ I D N19) 20 cJAK2S AGCAGCAAGTATGATGAGC (SEQ I D

15 18)\p0o) cJAK2A CTAGTGATCCAAATTTTACAAACT (SEQ | D N21)
CJAK2R GTTTAGCAACTTCAAGTTTCC (SEQ I D N22)  Sensor wt
GTCTCCACAGACACATACTCCATAAS' - FL (SEQ | D N23)

GENOTYPING on LightCycler (e.g. cDNA of platelets)

CJAKZF GCACACAGARAACTATTCAGAGTC (SEQ ID N°19)
20 CcJAKZS AGCAGCAAGTATGATGAGC (SEQ ID N°20)

cJAKZA CTAGTGATCCAAATTTTACARACT (SEQ ID N°21)

CJAKZR GTTTAGCAACTTCARGTTTCC {SEQ Ib N°22)

Sensor wt GTCTCCACAGACACATACTCCATAA3-FL (SEQ ID N°23)

Anchor'JAKé 5/- LC Red640ARARACCABATGCTTGTGAGAAAGCT3” - PH (SEQ ID
25 - NU24) ’

GENOTYPING using TagMan technology (e.g. on DNA of Bone Marrow

mononuclear cells).

Recognition using flucrescent probes specific to allele and single
30 strand DNA.

PCR reaction
Primer sequence senée: AAGCTTTCTCACAAGCATTTGGTTT {(SEQ ID N°® 25)

Primer sequence anti-sense: AGRAAGGCATTAGABAGCCTGTAGTT (SEQ ID N°
26) '

35 Reporter 1 Sequence (VIC}: TCTCCACAGACACATAC (SEQ ID N° 27}
Reporter 2 Sequence (FAM): TCCACAGRAACATAC (SEQ iD N° 28).
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Anchor JAK2 5'- LC Red640AAAACCAAATCCTTGTGAGAAACCT3' -
HMQO%ZJQ ID 25 N24) GENOTYPI NG usi ng TagMan t echnol ogy
on DNA of Bone Marrow nononucl ear cells).
Recognltlon usi ng fluorescent probes specific to
allele and single 30 strand DNA. PCR reaction Primer
sequence sense: AAGCTTTCTCACRAAGCATTTGGITT (SEQ I D No
25) Prinmer sequence anti-sense:
AGAAAGGCATTAGAAAGCCTGTAGIT (SEQ ID N 26) 35 Reporter
1 Sequence (VIC): TCTCCACAGACACATAC (SEQ I D No 27)
Reporter 2 Sequence (FAM: TCCACAGAAACATAC (SEQ ID No
Recei ved at: 11:22PM 4/20/ 2007 15- According t
furPﬁ@Pr E%ﬁacf%%lsf?€th%%e FResACEBRISEEFat edh0 a%ﬂventlon

reumwstte an ex wwodbagggsweon?m dodt1h MBiEbd +xh which
ct .t resence or absence o0
to et M S o £ SEREE S ﬂ% Ehe Ak Lo LE quitation
ingg eaBPlfventi on Under a first enbodi nent, the GL1849T

vari ant (correspondlng to the JAK2 V617F mutati on)
of the nu Ielc acid

et ‘ A %8cope of the
pre@%@@flnvéntléﬁrstby Ew@©ﬁém@n§eld'UH§ ne&lftd IRNA, variant

<cg§§§§]@£n% ggoﬁghllé\eggkgv%lwomh@%o éil%aar %%g%e@ted by
anfPFELE ol L B i G T ie AT g

gere. rE\Tlthln

th ‘ﬁy@tqo@lesa@forthﬂ t Brasepeciifiveniiobe -andy spiuidliedc acid” is
megprf MRNA s uEndl @Didesar ididid akavecds égoanaBNder i ved

fr omSEQd DN ofr b cSER 't[PleN%&éle]ﬂc Mid WA Ngle Graa9T

SE ID N15 to 24. The invention therefore proposes an
valgeRt 628r b JrEeetedetiodS e ered B nén@ﬂ»éfspégéﬁeeand/or

hyhﬁldﬂﬁﬂﬁMMhCﬁlﬁmEaCﬁﬁéQIflaakaBé ahgt I e&&ﬁacg%ﬁﬁmb@s such

f tient 20 s
TN SRV R
SEleifsiberér td llpartd culcadheer gEQr ODyNO3bsto 24.

hﬁﬁﬂpr¥$éﬁ%H§ha@ﬁef&f&f@ BEgﬁbéeglggrdersvléo or in vitro

conprisin
method to determlne the presence of absence of the G1849T

variant of the JAK2 gene in a sample taken from a patient
suffering froem PV or likely to develop PV or any other
myeloproliferative disorder, in particular erythrocytosis,
thrombocytaemia and myelofibrosis disorders, the method
comprising:

a) obtaining a nucleic acid sample from the patient,

b) detecting the presence or absence of the GI849T variant

of the JAK2 gene in said nucleic acid sample.

characterized in that the presence of the G1849T variant is an
indication of PV or any other myeloproliferative disorder.

The nucleic acid sample may be obtained from any cell
source or tissue biopsy. These cells must be of hematopoletic
origin and may be obtainéd from circulating blood, from

hematopoietic tissue or any fluid contaminated with blood
cells. The DNA can be extracted using any known method in the

state of the art such as the methods described in Sambrook et
al (198%). The RNA can also be isolated, for example from
tissues obtained during a biopsy, using standard methods well




a) obtaining a nucleic acid sanple fromthe patient,

Received at: 11:22610 422808t €CtiNg the presence or absence of the GL849T

10

15

20

25

30

35

variant of the JAK2 gene in said nucleic acid sanple.
characterized in that the presence of the GL1849T

variant is an indication of PV or any other

myel oproliferative disorder. Hne nucleic acid sanpl e

may be obtained fromany cell 30 source or tissue

bi opsy. These cells nust be of hematopoietic origin

and may be obtained fromcirculating blood, from

hemat opoi etic tissue of any fluid contan1nated W th
kisiwgod tocethisse ThéiDNACGC aim b&h@(taﬁt@,t edudsi Ngs amkddWion by

t he uch as the nethods
gﬁllgg qutgi lo%?lgn%tcr%og’ﬁlenf) 5’ 8hg ﬁ The RNA can
al sdhse G189t ethrifeort extarpie JHI@&ngerte ssaresbobfateeded in a

RNAUT @, RiaRE yagﬂerofgr—%@ag}dmegegﬁggif%gt ﬁqcmegxample,

at: 11: 22PM _4/20 nown to those's
theneigplataqc RVas @t r &6t i vibbgcted to reverse transcription

fogu@Wbﬂluﬁihbﬁﬁﬂgﬁibﬁtﬁaﬁn°|sd&ﬂ.OégfggnPTIb@chégg£Elon using
P

Jyarian d & ne can be detected 1n a RNA
O DRRPEEMEPE CBP e FEFEBILY Carter tRfpRT PR todli BARoPT which allow
amplafplerioh tbe isiodatesyRNA camthe ns e@h@d inﬁtatlon, for

s gise Heres it von, ot Low g ool (5ol T Sucl .o
“olégphechaehidd” siseusrdwiieck dlol owsiampltief icatudreiaf acid of
atahQEQgglomoconb%%E%?%P%ge ﬂggﬁéﬁﬁe’lgorangxag§l n¥&Plotides,

or sequence expressi on 10"
prefergbhliclless detan s 1§fenumaotiisiegesi gndt ehdchucl ®i eble to

hybcidisé tattheagindblic met ermaldakohetrweemnhS oando2hrNA.
nucteet idlagonuieleraalsy J)?SstﬁehaﬂntJ“QthfHﬁl e} dgs, Jabelled

us %%%Cpemable ]E:n hybrl s%fltg Ee Cgenom &rt(,hesuch s
ra‘ii%%‘ﬁﬂ%r m%lul’s"éelséiﬁéltl e e5zy¥RhgcarhaheldmrisiueR  labelled
ol kqoawnc T ot s ecski be edsed hheaa@konUQB &etect the presence

r adi | . r nt_.ar ellers
a e‘?r?& %ﬁ%‘%ﬁc i"de & &nﬁéngégBagspgbe to
detBearafmranr éﬁawcgerohﬁs atrsknoenefrst v Gl8Adh wird antvention
aref thheeJ KA cgerneybiihersaf ospeci hEcHI DPesocanthedl tE&ISn Obf the

JAKESegél@etﬁlﬁ itmeeRiicOm i £20 & ecidioggcYBh£hqby e gﬂo%%tlon 1849
y to _the region of the JAK2 gene i

L{}_lﬁz)ecl ficall
(MRS THNY, offS he fﬁﬁg‘l eotfBe abTPositdPhinggqghe start of
traraodigriing)as from the ATG nmarking the start of

In the above-explained method, the nucleic acids may be
PCR amplified before detection of the allelic variation. The
methods for detecting the allelic variation are described for
example in ™“Molecular Cloning ~ A Laboratory Manual” Second
Edition, Sambrook, PFritsch and Maniatis (Cold Spring Harbor
Laboratory, 1989) and Laboratory Protocols for Mutation
Detection, Ed. U, Landegren, Oxford University Press, 1996,
and PCR 2™ edition by Newton & Graham, BIOS Scientific
Publishers Limited 1997.

In this respect it is possible to combine an
amplification step followed by a detection step allowing
discrimination between the samples in relation to the presencé

cr absence of the sought variant.
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transcription). In the above-explained nethod, the
%0&37 acids may be 25 PCR anplified before
etection of the allelic variation. The nethods for
detecting the allelic variation are described for
exanple in "Ml ecular Coning - A Laboratory Mnual "
Second Edition, Sanbrook, Fdi’tsch and Maniatis (Cold
Spring Harbor Laboratory, 1989) and Laboratory
Protocols for Miutation 30 Detection, Ed. U Landegren
()(ford Uni versity Press, 1996, and PCR 2nd edition by
gha en Pu sh Li
de]s997 In % 'ersc%% % [ sé&%gstgl% P{J% cgrli% nerBJr%dose are
s %méd‘ %Sd%Wpec??%e%‘E%%gr sequencing

Fa%mm GCEg 3|G§;@r .W&@l@ﬁt%@ﬂméﬁtﬁﬁ@d@a%ﬁxegnahyswf CcMC,
enrzé’lff@ftll@n nignatetpr ebeacage or habsedteapion hbasedgmolid phase
hyparidasetionRebNivetiat, TagR2ARM h¢bRDARZOOTidA phase solution
(UD &5f eaenbibeghai gges agapyea) faid tdHs RIS MiRQue .

deseri-bedibn ERl 486 &]r?d@t‘é?i a§5%{$« SERULIINY: alternative
me$QGHERNCIFRET, }fl§§§gsc9% qE%hbM Sbﬁﬂigé‘d fluorescence,

ch@ﬁtﬁﬁ{lfﬁgﬂggg @Qal YS %%{]glg 5 C%ggﬂtc radioactivity

anfl EPLGF Le i d

%%I‘I di sa | on
7 DNA chi ps, TagmanTM hybri di sati on phase
soI theomethog ©£10he 15 naed tUSN5 48y BYQudmdorhexRilude the

stnghrao%qan@twleﬁtg@ﬂl (t‘:%d%étrﬁﬁéiséﬂg Uofef &8Ny the

ternatjve nethods: FREI, Tl uorescerice quenchi ng,
NuGhELE | 3t TR e%%%c%ampjcqrem | uni nescence,
el exgr onahesteamarRseenaes Eadbpachikuit Ynaylooémglood or any

ol o tr t.hod of thel t|on can
ot R e i S T s s S Ay {RA. arcer
thsanmlel@mi extidct éxmgrathion nuohedi qamﬂéammrsalwteps, PCR
t t
am%?%’fgi 01-F &dilrg{ja @ﬂe?ﬁg (?e[ IH)GCF & sgﬂueer Sobctaaﬂ nbeed used to
IMPTFR -G ASRRAtion t er the nucl e| c acid extraction -

andltpure fdmnt | tne strepkpdPCGR @l 1fvertion mayngddpeise the

amgabpﬁl;ﬁ:ai&&ﬁfl bg&e ri ni&:['@h carah@ Usgeihdrs) NPrevMe cviednal by  a
cti,an. r ore t hod of the inventio

e
AT e T30 AHEIN 1 PEattoa ot SpewIPES dPBRFRERLIY ¥o
prth&iE'. ovieicibyh gbr hybsé diisdéronoatiepishs hodt hiighststonegency to

thd’ QemdRIEr Y Mnding to the region of the G1849T
mutation described above, and detection of the signal produced
by the labellers of said probes.

For example, the invention particularly concerns an in
vitro method to determine the presence or absence of the
G1849T variant of the JAK? gene in the sample of a patient
with PV or likely to develop v or ‘any other
myeloproliferative disorder, comprising the detection of the
presence or absence of the G1B849T variant of the JAK2 gene in
sald nucleic acid sample by means of one or SNPs (Single
Nucleotide Polymorphism) specific to the G1849T mutation of
the JAK2 gene, in particular SEQ ID N°17, 18 or 23 and 24.
characterized in that the presence of the G1849T variant is an
indication of PV or of any other myeloproliferative disorder.




probes whi ch hybridi se under conditions of high
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region of the GL849T nutation described above, and

detection of the signal produced 25 by the |abellers

of said probes. For.exanple, the invention

particularly concerns an in 18itro nmethod to determ ne

the presence or absence of the GL849T variant of the

JAK2 gene in the sanple of a patient wth PV or

likely to develop PV or any other 30

nmyel oproliferative disorder, conprising the detection

of e sence or absence of the GL849T variant of .

thetT?‘ARz%% FELEAT OF FS708 ac B hnpte b‘i}Pﬁ%“é?%t%cﬁ using
Tegmen® SNPechS8bighe Nustsislirde Polapmerplai snm) dspecimhination.

849T .nut at.j.on, o the JA ne, in __ ...

EsSSARIRIFRE ShOT BNPY Tt 9 akh 93 ygcbanition, by the
flywseaceski pesgbens sphacifhe presddedeoflfdife GIBATIK2 on single
StYBRUATENA SaAl  ddifliGalkison, 0fbcRY i Y (95 PRT 1

,n%eloproli?erativ disgrQe(. Regg%bed'at:(ll:225M4po ymerase
Wikh20P2007%28UCTRRES deBEELVORY by nBahsChiomNmRE maflperescence
emﬁla*lgﬁ'eﬁen%jp@lcygi@g 1—EqT agimﬁ(E ra)llE?_‘é*"P|@|f09¥flfh1§naﬁbltaﬁﬂcéised SNPs,

elic_discrinnation. ssenti a : i s netho ,

defgREIRELIOR trfg%rea:&&nitgaﬂ?tweth Y| §6P8d08nt end  point
flppobssespeci{bbtatioinll ane ks shodAKZ enusiaghke & mutated

DNA | se PCR .re iion (with a
hq%%%gﬁg?aée g€§¥§£§£&%§6ﬁﬁgﬁgj E”a@ﬁ#Vrty), det ecti on

of fluorescence em ssion specific to the allele of

the hybridi sed SNPs, determ nation of the genotype by
[ [ orescence_(Qbtaining an inmage
RS 5 T ,_'_ 3 i o !gus’
“hetd¢oeydous dd moxrilerDNAnboBémeoti ontbé tharhamht ecen be
depeoted nd JAKR: Mp kil rAec arhd TR K20 paeiehar. enbodi nent

t he rd n. be detected directly within the, .

_JAKE&l%r%‘?:Q% nlg ?S‘?’hiltglep ulrrb%esrgc,l(% ec?nncv%rn 5 oif* con c‘gjfvﬁ% or i
vibpo eretliad Boridetediing nbihqidssnaetectibapidre of the JAK2
vePTESgacesAt ahsence ghikher JHk2, }é%%%n\&afé@ﬂfewn@ from or
l'%ﬁleféﬁ%fn%flg \}ent suffering f ogorjvjléé e%]_rto , 4

S BEURI G BUSLORY oTh Rty QDR T S BPRAT Ve o Atk Hordisorder,
in20 ipapaitutakrar eeyyhheoyplosbss,t hr onbacybaesitacaid and
myé%ﬁ%ﬁg;%%&%ﬁ:?ﬁ%ﬂﬁﬁ?%%ﬁ%%%%&%%lg%:Of: a) obtaining a
a) obtaining a sampfe from the patient,

b) detecting the presence or absence of the JAK2 V617F variant,

characterized in that the presence of said variant is an

" indication of PV or of any other myeloproliferative
disorder,
Said JAK V617F variant can be detected by any suitable
method known in the state of the art.
.More particularly} a sample taken from an individual can

be contacted with an antibody specific to the V617F variant of
the JAKZ protein, e.g. an antibody which i1s able to.
distinguish between the V617F variant and the non-mutated JAK2-

protein (and any other protein).

The antibodies of the present invention can be monoclonal
or poclyclenal antibodies, single <chain or double chain,
chimeric or humanised antibodies or portions of immunoglobulin

molecules containing the portions known in the state of the

P




b) detecting the presence or absence of the JAK2 V617F
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variant is an. 25 indication of PV or of any other

nmyel oproliferative disorder. Said JAK V617F vari ant

can be detected by any suitable nethod known in the

state of the art. .Mre partiheularly, a sanple taken

froman individual can 30 be contacted with an

anti body specific to the V617F variant of the JAK2

protein, e.g. an antibody which is able to

di sti ngui sh between the V617F variant and the

on- nut at ed JAK2 rotein (and any other protein). The

arint FBodF Y- P e EPes iPFASToNPERAIRG HoisElesits [(human
fr3gmentpolhyel=onal{abnt 2beddes (vpi ngl e chain or double

cha chi c.or humani sed anti bodi es or

(TR Roor BE b PAE fro Bl S oMo 9 B0y s example

w1khowntpm1mh@rsaamerker t he Received at: 11:22PM

4/ 264,200 t '
il et G g, o
We?ﬁesEnﬁﬂﬂlbﬁﬂlégmﬁﬁy ﬁélﬂﬂﬁanGOny@@atéﬁi'foEY@%§ Lg, said

antibBdaeE0Xtdh Obed AR HGled Sh¥Nen iR Ol the JRK2. VLTF
obtainin e£_ﬂ}/clonal anti bodies are ,well Known t

VarhBlE skit| PR UANECHS | 1RYBFEAPY, TR0 d WhdrS pHesealand

'rabbmtbepﬁﬁvmduﬂijn@féﬁﬁfé@ttﬂlﬁbﬁﬁﬁaJAK%féiﬁﬁﬁunlty serum.

arl ar nt via subcut aneous Lol ection in whi.t e
Th e Sntrbs 1S eqPdasr St Bbaray L00 ol RO site at 6
dipferémhusnitgsselTuen rdifbThe aneigeapanam teo i weeks e fipre the
1 gr,Sit i f.f s'. It
L et o idei Bor b Eothe o AR fTEh She same
ant {ean panrsdirdaiate 18t i Hhutes ed iwiesh emrjsaﬁex amealg@n A serum
sampps OXismetiedy LhteénbiMmerevakysSiafisaeksach S@He@rion. The
po§ ﬁhls dRenQbtad ned.d eppdays @E&g&egac f'ntﬁft'Q@rum by

clonal antibaodies ar t
2 ELUTUY by SR AT PR (AN ot I aphe USTBig « N Dko ReSTpin o
Camﬂww@ltthﬁntzandw&sthe antlbodles Monocl ona

anti Ao £ 21 € BLEL g%ﬁ?gsto POLYCl B AL | DOMI €%, 80V c1 onat

account o eir hi Specificity talnlng S

| antidhestl Bhain ARIDud &F hedin Mlght e ccdaRrity

Obtaining said monoclonal antibodies is within the reach
of persons skilled in the art bearing in mind that the JAKZ

V6l7F wvariant has a different 3D structure to the wild-type

JAKZ2 protein. The expression “monoclonal antibody” means an

antibody which 1s able to recognize only an epitope of an

antigen.
Monoclonal antibodies can be prepared by immunizing a

mammal, e.g. a mouse, rat or other mammals with the purified

JAK2 V6l17F wvariant. The cells of the immunised mammal

producing the antibodies are isolated and fused with the cells
of myelomas or hetero-myelomas to produce hybrid cells

{hybridomas) .

The hybridoma cells producing the monoclonal antibody are
used as production source for the antibody. The techniques for
generating antibodies which do not.involve immunisation are
also concerned by the invention. For example “phage display”

technology.
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d-type JAK2 protein. The expression
"“monocl onal anti body” nmeans an antibody which is able
to recognize only an epitope of an 25 antigen.
Monocl onal anti bodi es can bezgrepared by i mmunizing a
manmal , e.g. a nouse, rat or other manmals with the
purified JAK2 V617F variant. The cells of the
i mmuni sed mammal  produci ng the antibodies are
i solated and fused with the cells 30 of nyel onas or
het 8he- nyet Smedias pivdatedhydyaiichsiel tise @BW@ri%}ﬁaB)variant

-maghelrlﬂyg() O'&s‘é@ | Sy oduct ngs & h?eQBEQShO anﬁﬂ@rgg{)ﬂd type

use producti on source for t ant
JﬂﬁgchﬁﬁaﬁéénforIfgeﬁ%¥%t|h@ e botass W c@ed@cﬁépn of the

anrtmz:ob\tesl mg?en;ufabl e ate 3k alBovaoiaet nesl bygtiheed. In this

nt| [ exa e di spl chno .
reRBYER, G HriYy, St adiito 130 Bénack gy, elample with
thgj védde§vrgai’AkE pPhetgAR2tY6CAPtyERi Bhe apbjbpAissnghowing a

cré8gegeshovnA GIORSwIEACt{ 90 With the wild-type JAK2
protein. If this is the case, a selection of the

ant F‘a‘aa?égrgpem. &HY%th%nvﬁﬁitt%ér’F%nF penpghpnpabgant ibedy
sptoifheal byr espreeiniafihigni tie CluaKzAL VEI AP\ ke a8@dto the
e wth the wild-t protein to

' . J
hyég{?ﬁ?@n?ﬁ%e%h?r?ﬁﬁﬁ¥E9sﬁﬂﬁu%ﬁ?ﬁ?o r'oss reaction with

mnIﬂheypen&AKanﬂheieboregn¢¢mnsnv&mtEDﬁSAeH&hﬁs teiag said

anfPRE&} opal Ratihody,. fgﬁe&ééﬁ)&% J%i‘ BE8HRL 2RI dHie J2 ve177

V617F variant and to I'neésS produci ng
vayhanini bdydsamake i nvention also concerns.an ELI SA

tea@néshﬂge§ﬁéglv@ntbbeﬁ¥ LRI R IR AMLSSGE r example
absence of the JA variant .in a sanple.” One

CO%ﬂ%‘fna?#v@ie&étwaJs@n&f éﬁ?%ééﬁ%@grml}a%ﬁm@’;Zﬁrrp‘l‘ﬂélCh are

cldsdseonst Sﬁolécﬂﬁ)@malﬂla@ sg&jﬂﬂlfcylm&é&@ata@w]gre&ognlmon
Cl

I f I
ol Sk e r £ B0 ) o el e i ol Tudfeint ides pien can
leﬁuaﬂlgopegmgmm$em@mphc&aas wifr thaalkjey ek cegricad esnywith high
afflr@r“@# of,d a_{&egleﬁcr{cgfcul es with high affinity and
eci

icity.
Kits
According to another characteristic, the invention

relates to kits to determine whether a patient is suffering
from Vaquez polyglobulia or another myeloproliferative

-disorder involving the JAK2 V617F variant.

The inventive kit may contain one or more probes or
primers such as defined above for the specific detection of
the presence or absence of the G18489T mutation in the JAKZ
gene. '

The kit may alsc contain a heat-resistant polymerase for
PCR amplification, one or more solutions for amplification
and/or the hybridisation step, and any reagent with which to
detect the marker.

According to another embodiment, the kit contains . an
antibody such as defined above. |
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patient is suffering from Vaquez pol ygl obulia or
anot her nyel oproliferative 25 disorder involving the
JAK2 V617F variant. The inventive kit may contain one
or nore probes or priners séch as defined above for
the specific detection of the presence or absence of
the G1849T nutation in the JAK2 -gene. 30 The kit nay
al so contain a heat-resistant polynerase for PCR
a”pWHE(ﬁﬁﬁQnofo%%éﬂlﬁH%ﬁ%fﬁﬂL%égnﬁlggréﬁﬂgé §$y°9eagent
d/ or the bri di sation ste reagent wt
R Ad é@lﬁﬁélﬁar@érlWNE@@ﬂaghgaﬂorSﬁ@th@n on a solid

caﬁﬁmmﬁ ment, the kit. contains an 35 antibody such as
11: 22PM 4/ 20/ 2007 .21 Th

defi ed ahove, ei.ved, at:

i SOEF RIS A | e i S Gt o i ATanp AP eAbeAgouS Ty used
foa:datﬂteecbdhommmdmatamrpmmmmh@gim@l arragbtoarvdn level

: [ a er e n r
T Ao e R i
adﬁéﬁﬁéﬁﬁ§u§thpﬁgdafﬁ@nﬁb@csub pepeuathpghef phahesls, showing

- a PhetBBLROdoand bhemdsbechiOnikd to@s e al so

advant ageously used for the sub-popul ati on of patients
showing a. platelet count of nore than 450 000. 10

siBNEBNAFOothé henveneNbhon According to a fourth
character,l St ntion also , relates to,si

LLs g the i nv %1
enaBtFFREZE P edlcd ofP -t fatde 6t 750k egb’%’e@%%n also
rebataaréothaRNﬁQ%ﬂmmb&hagempm@ﬁmdmidm oA rautethad $0%, 75%,

508955400 Chtce! PR 6T A BIRIIE, oI oy S acod o
popipbPectildn, inrpasticelon JRKE éttlidpor Bhéon. sTR¥Hs can be

in§aBtbe usaftd 0 gpeci theakly dest mR
gncodl ng JAK2 V617F t hereby entaﬁﬁ%ﬁ%ﬁﬁhner lipofection,

LrPRSSHBHECR hePapeut | *C BRI Gt Bhs, TheraKFﬂbuI%? t eed to
spéeepi dBNly Olde¥aqusz PREY GIRIAY | éncgglﬁgm\lﬁ&{i&r &617F thereby

engg {ﬂgednhae%gth/%%%%g%lgCAQ%%%ggéutlc appllcatlons, in
particular the treatment of Vaquez polyglobulia.

srRNAs are described in US 60/068562 {CARNEGIE). The RNA
is characterlzed in that it has a region with a double strand
structure (ds). Inhibition is specific to the target seguence,
the nucleotide sequence of one strand of the RNA ds region
comprising at least 25 bases and being identical to the
portion of the target gene. The nucleotide sequence of the
other strand of the RNA ds region is complementary to that of

the first strand and to the portion of the target gene. Also,

application WO 02/44 321 {(MIT/MAX PLANCK INSTITUTE) describes

a double strand RNA (or oligonuclectides of same type,
chemically synthesized) of which each strand has a length of
19 to 25 nucleotides and is capable of specifically inhibiting
the post-transcriptional expression of a target gene via an
RNA interference process in order to determine the function of
a gene and to modulate this function in a. cell or body.
Finally, WQ 00/44895 {BIOPHARMA) concerns a method for

" inhibiting the expression of a given target gene in a

eukaryote cell in vitro, in which a dsRNA formed of two




is characterized in that it has a region with a double
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sequence t he nucl eoti de sequence of one

trand of the RNA ds region conprising at |east 25

bases and being identical to the 25 portion of the

target gene. The nucl eoti de 3equence of the other

strand of the RNA ds region is conplenentary to that

of the first strand and to the portion of the target

gene. Also, application WO 02/44 321 (M T/ MAX PLANCK

I NSTI TUTE) descri bes a double strand RNA (or
seqlargarucs fodldestebnsanaAypes IQsehedscalhto the cell, one
stpamdhesEzede Ofds\NNAChh§§§HgStJ apdghas ac&@@gérkbr@éarywto the
tdﬂ@e%5;ﬂ%&keohhggﬁc@€§1b§dc@9ﬁ tﬁa@ t%@ﬁcéémﬁiéﬁéhtary region
ndshipi t1 gy thes Pasic ri%‘é“ éiPQa' o X252 i@k .4 persons

hagt gene via an € Process in
léﬁl%gpé%ﬁlne %t ha" umﬁﬂ(ﬁF ?r Qﬁgaa SaFg lﬁ%ﬁi@lned in
thees SPGHBERC PR BEEBRFC Fh%oayRﬁ%% SNERECRN
00/ 42895 spRFOBHARNAY - c 6heeinEeRt ek h@gla@rs tahfeulplagstrand
RNflse efpr @mefat&lg’l verd t arget3@enaudciect idakar yidt e to 25

nu‘&@lebtia ¥'tr<9r rr% %%}30/%%‘ O&@Edngél%g\pléiesg in length

cel ve (&tlr ar a

ehgfr aRd - RRADLEDS g e 2 o
Seﬁhends RNEhaviDngNa3r ecg:hmprmm@j etreat awsmﬂ? t hetatdpget These

sigﬁﬂs,ofh@ﬁ@cagggmohnmggagzwecsﬁ isgegtgi%uéf@&@fae TT or

successl nucl

UUpeEshis 3 sk@flled in the art may refer to the teaching

Conﬁ@méﬁguénprb 288mEQC WS, 410 1P S  BRe SUBYA§NOlof the

éhe in qalon re specifically, the invention

%%%t §R3° qopPRt s and RNAs of approximately 15 to
- 3@igeaedt Pdegrak? &4:25 nucleotides, or preferably

un 2 19 nucl eati de
I

(ERpBHERRE. 558 - 1 aﬁzg%g%ﬁﬁ’%aﬁl%‘%ﬂ%ﬁ hignl

déqt@emredSE@adD ABtomaped siprpdilee iGH849T mefdeconve siRNA”,
§R§ﬁ§ ﬁﬂ R s&@fi;evgﬂ?lggggﬁg E%oﬂﬂﬂnnéfg%ﬁémlcal and
or U a he e

i_nucl eot'i he "3 NUer ous
Eﬁ—@@haﬁﬁ@laf:@sa@aphasp@m%ic@moms|@fh%)f the 15
- sgRMAs=ef~t Re.i nvention: - "si Search Progrant at:

h / [ sqQnnhanmer se/si S arch/3|Search 1.6. htn
h%gp /§8e51gn rnagg?pﬁsldfrect index.php (Direct: highly

.effective, target-specific siRNA design software for
mammalian RNA interference, Yuki Naito et al, Nucleic Acids
Res, Vol.32, N° Web Server Issue © Oxford University Press,
2004y} .
- VsiRNA Target Finder” by  Ambion at the address
http://www.ambion.com/techlib/misc/siRNA toocls.html
- “siRNA design tool” by Whitehead Institute of Biomedical
research at the MIT at the address
http://jura.wi.mit.edu/pubint/http://iona.wi.mit.edu/siRNAex
t/
Other programmes are listed at:
http://web.mit.edu/mmcmanus/www/homel.2files/siRNAs.htm
in particular:
http://athena.bioc.uvic.ca/cgi~
bin/emboss.pl?_ action=input& app=sima
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(I mproved and automated prediction of effective
|B§?&m Chaml AM Wahl esdelt C and Sonnhammer ELL

i ochem cal and 20 Bi ophysical research

Communi cations, 2004). - "SiDirect" at:
‘http://design.rnai.jp/sidirect/index.php (Drect:
highly effective, target-spe@&@ fic si RNA design
software for mammalian RNA interference, Yuki Naito
et al, Nucleic Acids 25 Res, Vol.32, No Wb Server

I ssue (c) Oxford University Press, 2004). - "siRNA
Target Finder" by Anmbion at the address

ht t pidy/ V%W&n@é‘f@ 82F§9”’th%0 méﬁféﬂc%‘?/ SR G100l Sr T CTGTEEAGR
(B B 27365 esear b ak Eng viroaeUpbOuiipaugenarar (seo

IthtN Pt 3Y j and. whenidnteididepsde ng1 k(A pis/ UCCACMCARRCATAQUSCAATIT

(JENAgX ot /sy Ot her progranmes are |isted at:
http: //meb m t . edu/ mcmanus/ ww honel . 2fi | es/ si RNAs. ht ,
m 35 ORepRALTAGART REPPIiMankeninpi 66RNGF cOEakhyj inyention

de&idi%@@‘@o%og#&z%% i ggﬁg@UE&dam%]a$&%d .%%ﬁ@eﬂv@ﬂr atapability
(0] ex . (0] e seqguence
T APERRONAT GPTBAGPEFETEEALAY POBOLI B NEDS EHOOSRLGT Of JAK?
VI§|1RIEIA | sf HEGAGUAUGIUUCUCHIGEAGT T poSEQH 1 ED tHS) capdetslsdon  of
.ant i.-.sens R IdT
Wl%?ZI)tYBE I%@ne%&rh% e’rrbogA %C@ﬁ gn éﬁils%grlrng SiRNAs
al{hwingyentiednctdesc vifbeewrabdve narsd %, e 108d aﬁﬁ:% sut e29%edof the
f d
ex %sgtﬂsw o%apﬁﬁkﬂ i fy17Pf o ;ﬁ m@%@a@%é §gect cpéchyctlon of

l'ocki ng the exEreSS|on 0 in
leppt tibanas>YGossEbBe & exiftes8rortofor eVl t Ye Kﬂ?ld type
Jakor exanple the invention concerns si RNAs ~10

aII?mnng rzductho of _nore n 80% 90% 95% or 9901 ted
Re ©BRPPeEsi & oﬁlﬁ%%? 1 S LTI or SGecte
frewdbbei onoep comssstimn S0Y% 25% 15% 10% or 5% or

eVeDUé&’ﬁ@@Aﬁ@ﬂJ@*UéU@?GG}QA@EQ Fog exanpl e, the si RNAs of
the 1 nvention can sel ect ed
—GGAGUAUGUUUCUGUGGAG (SEQ ID N°30)
-GAGUAUGUUUCUGUGGAGA (SEQ ID N°31)

According to another embodiment, the dinvention
concerns a ddRNAiI molecule such as described generic fashion
in application WO 01/709549 (Benitec) but specifically
targeting JAK2 V6l1l7F. The ddRNAiI of the invention allows
extinction of the sequence coding for JAK2 V617F and comprises
(i) an identical sequence to SEQ ID N°3, 4 or 11; (ii) a
sequence complementary to the sequence defined under (i);

(iii) an intron separating said sequences (i) and {ii); the

~ introduction of this construct in a cell or tissue producing

an RNA capable of altering the expression of JAKZ V6l7F,.

The invention also relates to a genetically modified non-
human animal comprising one or more cells containing a genetic
construct capable of Dblocking, delaying or reduciﬁg the
expression of JAKZ V6l17F 1in the animal. The methed for
producing said genetically quified animal is described in WO
04/022748 {Benitec).
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UUCUGUGGAGA (SEQ I D N31) According to another
enbodi nent, the invention 20 concerns a ddRNAI
nol ecul e such as descri bed gggeric fashion in
application WO 01/ 70949 (Benftec) but specifically
targeting JAK2 V617F. The ddRNAi of the invention
allows extinction of the sequence coding for JAK2
V617F and conprises (i) an identical sequence to SEQ

sd eﬁ@n 4m8Eh% 'f(ii) a 25 sequence conpl enentary to
ined under (i); (iii) an intron

sepaFfaPrAgngaite seqhichidescpayagherisiic, the subject of the

ink@hEQEHC I PNA0fmd it COPSt IddGledring CEAMIWILdISSWPecific to
JAR?OQEngg an RNA capable of altering the expression

Kz“zigg fe1 he_mhﬁ‘éﬁ%%' %g al so rﬁeeelr?ct e%oh%o%ﬁdgl nhav1ng a
raggg SF 8elgékg th% Hg%%é?@%ﬁﬁconsqgﬂ%tthéh @ 19

25c gFabiterof Shi oEang,Xaaﬁllayu mpspnsl dgpd han ICS0 on JAKZ
vsexsrefsmmmgﬁtthCﬂ\&MJFpkeféhabaﬁlmabnMTh@hﬁeébedltomas an
oduci tica di f.i.ed. animal is
Icsés8?|g§%2 2? f%é”?n iCed’ 35 Received at:

11: ?RF&AH@tE@dZ@@i @@ impkﬁmﬂnupdnn$im§ Poeopdionigino of the
1n9e£££$§ CQS& ﬁfﬂﬁétffécﬂigh QI tgh d(é?gﬁg\#) a cell
|tors HShec AK2

s a netho or screeni ng 1 nhi
eXNBATFinG Byidspeereit PRhBLINCHrSUNAS (AXAMS JesvhsopTddnal such
asr@(yé@lgl@ed ratdye of 1C50 on JAK2 / |1 C50 on JAK2 V617F

of han 5, 10, 25 or even 50. For exa

co Wy alh'e CHOV Rt SRk S 4AASE bP Pe§§nghéi’r3rtf pifpich to

depsefiiabtlye 19840M £ Wheiretaid i i dino AMAKCSH 10F JAKDmS or more
nore than 5 uMor 10 _pM 10 This ca
COIP%%‘I‘%‘%%’M samag%ﬁlgn%héﬁsr o‘”i]teﬁpr? .%?H?Jhshcm%v%nt CoRtagting one
or mepte avarfeacds oni ttont fe rritmgv%aiedscpndiee:l RAKE CE§17F protein,
r g t Q%ﬂ
e rgér??gnﬁ? ngrh a(sjorgecg%?dl%er%n ov her ef 8?2%5 ¥ expressing
JAK EBRLT BN acel deeeriked absveniuidexhi eonditions suitable for
fixing and detecting the specific fixation and/or inhibition

of JAK2 V617F.

This method may also comprise measurement of the fixing
onto wild-type JAK2.

This method may also consist of a succession of tests of
several molecules and comprise a selection step to select
molecules showing an IC50 for JAK V617F of less than 1 uM,
preferably 100 nM.

This method may also comprise a negative selection step
of the above-mentioned molecules which hawve an IC50 for JAK2
of less than 5 uM, or 1 pM.

The invention concerns in vitre screening such as
described above in which immunoprecipitation 1s used to
determine the inhibited phosphorylation of JAKZ V617F.

The invention also relates to in vivo screening on CD34-
JAK2 V61l7F progenitor cells which are capable of
differentiating without erythropeoietin (Epo). Said cells are
isolated from patients with Vaquez polyglobulia. The CD34-JAK2
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consi sting of contacting one or nore conpounds wth

t he above-descri bed JAK2 V617F protein, a menbrane
fraction containing JAK2 V617F or a cell expressing
JAK2 V617F as descri bed abov&3under conditions
suitable for 20 fixing and detecting the specific
fixation and/or inhibition of JAK2 V617F. This nethod

may al so conpri se neasurenent of the fixing onto
w | d-type JAK2. This nethod may also consist of a

VEUGCESSI 1 95 test gal%fcedz éeéés;i gol;gcyl &Re @ﬂﬂﬁ Gongaining

conpri se a se ecti ste O se m)l ec
SC&n 4501k od- Jﬂkeva%deSesaer harﬁdqdpm/p t@eef@irlsmlye medlum

ant0@heMprilisarmitiod rMapalisy wrmhéa:@lmgﬁ | d€termined and

| ectio tep nt|o es mh h
e GRIEES T 5P IARS T SG bt a Ros Fhan SOBTALAT 1oBLAT
Comﬁé‘urlﬁﬁeﬁﬂl@ﬁtédn@éfﬁnélh%ev|ﬁCrro @Urce“em r@e@mﬁ%sm 36+:’ GPA~
cldeser iibe dbalzowed.n Henicsh itivuniopreadiigint atdlatdss tusethe above

scﬁ:@enﬂﬁbeﬁn&ﬂ@dt nglhahpbhﬁsgypbgg@mﬁw 6190 ffod2ror cells
The 1 nvention also relates to in vivo scteening

W 6ﬁhCE%12? §5P3RkS \%ﬁ?ﬂlﬁf‘fBﬁéﬁF#éFlE@I e thvth gFgthropoietin
(Epapablkeusfingdikiier enhbat WAgcH LBOHt beENKET ORELEE | Independent

d ' i th
et PR, £58 SRR a3 S SHOMBRIET Y mhe same
type: oPPMESH/ Q@Mb@?oggdu%qdFonemaasr@anc@bttpr@%e@if|@FU -E type

nCUiJ LHERT L 8o B FEduMuGONt Al BY reSEF @G sl 3 fTI%?le compound
npounds are added to the culture nedi um and

reg%ﬂ%r%@? ngtlepbetey Of sanntEnqaus sodengr &rrﬁ@&hand
ther¢ abd|idnsd opdiskhienent tat exddt amdb+mehfialsahl scell 1line

ounds sel ected are those fo
ce ot Rl PR B R s e G5 vBR VeINES, ¢ he
|nVEmeldnveatabesztbxihEehbbas tscneemengodeﬁhnﬁ idemgifying

dt genl :
cax‘gcg% #@5 E% BEg %??%E‘f'l_% % hropo%ﬁ consisting
of (E néls G§|1ﬁ§ déCPIFPCrLWFé"s *v'\ﬁu ¢h ﬁ%eh%%%rr@rﬁé@fi@iﬂlc animal
xpreepangeohk0 vorpmgkuthe 44t degduetibed afbhdhe, JAKAd animal

ol omyedle, e gl fet e St s
mywmwemﬁfoweecélﬁ@aﬂﬁﬁg acﬁsqq#@t@&mtsaﬁ the presence of
JAKZ V617F, of determining the effect of the compound and
selecting candidate medicinal products which are seen to cause
a reduction or blocking of proliferation and of spontaneous
erythroblast differentiation in Vagquez polyglobulia or a
reduction in cell proliferation associated with the presence
of JRAK2? V61l7F.

More particularly, this method is performed with a JAK2
Vel7F K-in mouse or JAKZ V6l7F K-in rat such as described
above.

Among these compounds, mention may be made for example of
siRNAs targeting the mutated exon 12 of JBK2Z as described
above, in particulér siRNAs targeting sequence SEQ ID N°3, 4
or sequence SEQ ID N°11 comprising the mutated g1aee
nucleotide.

A further characteristic of the invention concerns the
use of said above-described siRNAs or ddRNAi, and compounds
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regarding the inhibition of spontaneous col ony grow h.
@;so possible to use any manmalian cell line 15

escri bed above expressing reconbi nant JAK V617F. The

invention also relates to a nmethod for identifying

candi dat e nedi ci nal products, conprising the steps

consi sting of adm nisteringZéonpounds to a non-human

transgenic ani mal expressing JAK2 V617F such as

descri bed above, said animal 20 reproduci ng Vaquez

pol ygl obul ia and/or having a nyeloproliferative

di sorder associated with the presence of JAK2 V617F, S

f~1 f AN ec 0 u ﬁﬂﬁl .
ngﬁlggkﬁ%qygaggP%g?Eféidf%?ﬁglbg?ggug?g_&ﬂfc é?eésé%%dlClnal
Prcgluckuseoaid readieienl obrefveki g dfapirisiuliaeidat i ot enspd for
thef Sp@BbéFﬁ@Hﬁ ZF_Sfythrﬁwgég? :ﬂé&ﬁaéﬁgﬂ ?flqa i N particular

i a. reduction._in .

nySTA0ED L H AL ORE 31 Shnderd RN  Ygteg; pakgolobulia,
esysifralvite plocvébegiiy, mivied kst Horl arempasler iy primitive
mywbﬁiarég\ﬂg é“gﬁEhg‘ShmE% A@%Ld J&tléﬁké(@zﬂg. K—siarigr ahedicinal

such, as descri he above. n ese coppounds, )
prﬁéHFFoﬁS qﬁa%ﬁ%ﬁ?@%ﬁ3%&%ﬂﬁF% catgpeRiaL a?ﬁ%@?h@allgnant
hemppanbiated axorci@ted FAKD athdes@REbed6lafbveptanion, and
. j ar si t i.ng se : FQ | D
e L SR ol | et si g The faved tlBfgogs  and
neppep &de Femas Avhieh hekprdat abifet iVGi 1 of the invention

CONREF NEhéheenti$RAOF &R thabQyg-Heseibbeshsi FNASLIY examples
rengNA" and coggounds Receji ved at: 11:22PM 4/ 20/ 2007

BTCRGRCIM cBRFG itthi BPPi g FHieS vERPRSt KpFDdEE Fescribed
behewti ci nal product. Said nedicinal product is
particularly intended for the treatnment of bl ood

Kag2NCEr S, in particular nyeloproliferative disorders

——ximi%déﬂﬁﬂﬁﬁguez pol ygl obulia, 5 essentia

- FHigoreodyt Dierbeeryy of otHe ShbenooEgab§ IBKPrimi By ve

el of i byosi.s and chronig.m.el o..d_| eukaen a,. Sai d _

TG e, aba3al SR OdhEs iR ohlndl 62 ThEx  Toufhefbe non
phospheryiakednamttatieeno@itchi ésindisspci bbedEppt h allfers  the
B8 VR {E Ut ati gg, andiéhé’pt' On@é!}%ﬁ)&%' d t%ﬁc&”s’ enables
car ci nomas, nel anonmas an 10 neur obl ast omas I ch
gygpgg@ogpkgry@gpppn of JAKZ which in return phosphorylates
the intracytoplasmic residues of Epo-R thereby recruiting

the different positive (->} or negative (-|) effectors of

signal transduction.
- Figure 2: Design of a culture model of PV CD344 progenitors
that are erythropoietin-independent.

2A~- culture with Epo, SCF and IL-3
2B— culture without Epo
~ Figure 3: Inhibition of JAK-STAT, Pi3~K and Src kinase
rathways prevents spontaneocus erythroid differentiation.
- .Figure 4: Protocol for inhibiting JAK2 in Pv'progenitors
- Figure 5: Results of JAK2 inhibition in PV progenitors
5A- Reduction in the cloning capacity of 36+/gpa-. Culture
Di-D6é in  SCF-IL3, electroporation D5, sorting D6
(morpho/36/gpa-) .
Methyl SCF alone. Count on D13 (D7 post-sorting).
5B- Structure of JAKZ with V617F mutation (exon 12).
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For the remainder of the description and for the

les reference is nade to the figures whose keys
28Cribed below 15 Keys to figures Figure 1:

Di scovery of the key role of JAK2 in PV In the basa
state, JAK2 is fixed to box 1_in the non-

phosphoryl ated state. The biaaing to Epo alters the
conformati on of the receptor and enabl es 20
transphosphoryl ati on of JAK2 which in return

phosphoryl ates the intracytoplasm c residues of Epo-R

ereb ecr |t| the different tive
R 5P bRy, el iyl o ENER . fakeSE the aax2
N@UIR ZnutlRdsign dfn a gmidmrae el wiingV @D@hmycler@ and

;ug&uga@cwébhgghg g are erythropoietin-independent.
SCF and |L-3 2B- culture

2A- lture w

vﬁ-t% tBEp&eteﬁtge&%f Thi BRERBHODS byszhgTAlesws gnalysis

mmiﬁQCoklﬂm@htqyﬁmwmysw@tﬁveﬂﬁﬂ‘Sppﬁiﬁ@&ﬁaﬁion pfobes. A:
| n r r (0] _

S S haflo0d. aduETbAl! Setuntl GeRDin! Min 7F-1

cﬁreuﬁ@wmhﬂmet iR K n‘J‘W p\f@g*éfﬁu tot° 51A1 ﬂ@dldctd@ﬁﬁqwble at

theqghpeipg capacidy @f 3l@é'§1913@s JUl LHEGesPAtPBivB patient
SCF- 1. L3, electroporatlon , sorting D6

SROPHES/ 46 g herP zvgsumet Byl SetexosNgovssufs tovepks #4: non
@ apest) - sortlng) 5B- Structure of JAK2 with V617F

tion (exon 12 Received at: 112 4/ 20/ 2007 27
e éﬁé Fhg dharg o OPYSNEaZ'iﬂM*@et SRR, decitic
A4 1296 RFECRut EEPBRIRAD %n%hi;la HEL DNA (HEL 100
ltlogﬁt%c.ycérmt(y)scaum::esT;agMHKrb;elbshneﬂnp’gyes:.Acéad)Band a few

L t 0 e Si aI
DRESSULAT LIS OBl LhE ol A ATAHSRSK Srosses)
;#mbé@mowgogﬁpéﬁtments wite h kz'atqémy@rvwmmamserdisa—ﬁtv weak

LA PNAG TR L _aLe §Q@ + geak JAK2 V617F (57)
??eétl|| eteg gble %t gﬂa T%??on of 1% B; Results

SAIRE Ry es7em aProBepad; erﬂlaggmﬂﬂ@s( 2t3hReY gokS; #blagnose
eeyEthesygeusisH# i . seaken&dochDd 1elxaamaﬁ:ﬁds)1%)

The number of patients concerned at each stage of the

datasheet is written next to each item (n), only those
patients showing all clinical data being listed here (n=81).

Detection of JAK2 V617F as a first intention diagnostic test

would have prevented 58/81 patients from undergoing other
investigations to diagnose a PV type myeloproliferative

discrder,

Figures 8 and 9: Expression of V617F Jak2 in HEL cells is
reduced 24 hours after treatment with siRNA specific to JAK2
VE17F Jak2 (siRNA #1, 3 and 4).

G to 6: HEL cells treated (1 to €) or non-treated (0} with
siRNA V617F JakZ2.

C+: 293HEK cells transfected with the V617F Jak2RV vector
C~: 293 HEK

Figure 10: Level of WT Jak2 expression in K562 cells remains

- unchanged 24 hours after treatment with siRNA specific to .

Jak2 V617. |
Je: KHe2 cells treated with siRNA WT Jak2
0 to 6: K562 cells treated with siRNA V617F Jak2




C. Detection of the nutation by TagNan(r) allele
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HEL DNA (HEL 100 to 1% enpty squares; TF-1 cells:
enpty circles) and a few representative patient
sanpl es are shown (black crossges). 15 #a: honpzygous
patients; #b: heterozygous patients; #c: weak
patient; #d: non-nutated patients. - Figure 7:
Proposed di agnosti c datasheet to di agnose

efyt hE88JEBsi RO (¢xpredrmimat oxff idAHZvel over 519% . The
nunber of patients concerned at each stage of the 20

dat sheet |s witten next to each |ten1é } g%z t hose
B SRR HEIAatIan Mic FhelfBKDYSh7T | Bebatien ein 39/43

(n= 81) @Hﬁﬂaﬂﬂglof JAK2 V617F as a first intention
di agnostic test e prevented 58/ 81 patient
f r o ind&F§SPRg B%ﬁe? ?%%%st? f4%hs |a§ﬁosga539%°glcal
prtqgeelmyaelsom:m i flos ansueofzandjcsmndefa,l J.rffugiirte;ﬁrsB amibled us
[ f VO17E, k eIIs |s e uced
to e BEes! el 0 ¢ 3x g?%@ sp%%?%? 8 %ﬁf: kinase

ours after trea nen Sf R
pa\?@ﬁ&'SJeﬂ@( sterems;sm:y 3randEny - 1i0depetdery Ecﬂlﬁéebrentlatlon of

op+trF d t i
éﬁf;g k2 C+ QS%E&KB%elzf%?M?r a@ees\g e%) Lﬁ 3 %\fssumd our

hYP@I?PSaakztﬂ?@tvéét%rprenarm@oﬂ-eﬁuhgu#esmn Cavelingt PV must

beWkn] adZoreXPf €68i an i @@@t&ﬁ“§eé§ g, WRGRARNAeEidh of a
hou;i after treatnee?f Ssi RNA s g%?flc to. 35 Jak2

sigpg Bedd e | F?e BFREATSPRNREWE Jdwxosips kinase
in@arKEﬁ@ GEHCbﬂSﬁxﬁuﬂiwatthhRNﬁ Vo lNdnaated Racei ded is the

sy ) R A8 Bt ehang R Loe SPESlen s wnson
nmaggt ati (masnb:i,e/@ {derpatientse BeTheollespgnvet dwethe JAK2
prSHéiHr%ﬂﬂﬁgﬁl ‘ﬁﬂ% ?EBQESﬁ'BVﬂ%ﬂ%%P Eﬂéséﬁgg:t%33%§%am in

|ochen1ca ors ena to e ence th
th ?ﬁ% PAEESSPATS, SJF@L@%%ep%@wy%: khds e'higdt hivey gommon  to

thar espgagssany fOLtEpPys nd@PenSif@kﬁhéfef@&Egbt%ﬂ:@n 8fr which
re536§£@9§ﬁbﬁ9i§e§LH8v@tb@Enzggé ibdHeSR 'BREUNIS examined the

. reassured our
involvement of the JAK2 protein kinase in the physiopathology

of PV taking three complementary approaches:
- & functional approach (inhibition of JAK2 in PV cells

by interfering RNA)

~ a genomic approach (sequencing of the 23 exons of the
gene), and

- a biochemical approach to search a JAKZ phosphorylation
anomaly, the cause of a constitutive activation.

The biclogical material used was derived from consenting
patients suffering from polyglobulia and corresponds to
residues of samples taken for diagnostic purposes and sent to
the Hbtel Dieu Central haematology laboratory, or to
therapeutic phlebotomy. |

1.1. Functional study

Study of the JAK2 function in the erythroblasts of
patients with Vaquez polyglobulia was conducted by using
electroporation to transduce the PV erythroblasts with a siRNA




Received at: 11: 22PMa§2[!/

10

15

20

25

30

35

.10 hypothesis that the primary nolecul ar |esion
ng. PV nust be an anonaly of. a key protein
I'Ng to deregulation of a signalling pathway, Iike

the nmutation of a tyrosine kinase inparting a

constitutive activity. Nonetheless, it is the study

of 43 patients suffering frogeVaquez pol ygl obulia

which 15 made it possible to identify the key role

pl ayed by the JAK2 protein which is the protein

| ocated the nost upstreamin these different

signal li ng pat hways, and which is comon to the

I hway;s, 0 ng t or . h

R S e A EngLand)
respgmilAAadt s 202rEeb| ventgusstca htogaked post et ¥Pikj AAs@f the
mENA t be pingst opatehohagy Ofod?V takitngthsrenhibition of JAR2

Lhenme pr hes; . -. a f oaec o
ST R R R Goriuly (O CNR DB DOCRpgtancous
diffgesmpiilatappr oakh Jsepueaenagost the Xhexaksesicet h@f Epo.
No2ma@geneyyt lansb kastc bp@ﬁbemt:@fs appeachkdredseai € &iRNA JRK2

st IEORROE i, Aricul o o en oot MY JFoBRgged wieh

theasoderpled ifNam gbnskntongirpat that sffidéeyiof transfection.

w1EH| %?hﬁﬁub'@%Zan%nC?\{ est@l%n%%fte%téoof efA senl?ﬂ%ltjtci']n in the

nosti c 0Ses  an
expblBPbErah eéﬁgﬁgﬂtﬁagw&ieaeogw aiBr pn dipqfree culture
mogfér apeliing pil SeSMEe ol StRENctihenateBisudf 3shestpayignant

cl8het h@aelAkS%mba@eal énc&BﬁoeéM&Br %@é{ﬁﬂf B@bb%ﬁ%is and
Vaguez gg | ia_was conducte
dl‘ﬁ”ﬁ%ﬁ? %?Ja‘i‘:’g 0 Hl%ns%%ceeﬂﬁ%hm}o%?% hr%%%%t%%h after

transfal;\ﬁh cRngmﬂrceﬂ at : SﬂHANI\/%Z&mzﬁ/ a@tﬁogfeé’;%ctsrne;@df BC control
t sequen un on g .

Sl?@%og%téﬁéz SEITK oot MG cOrsRiia oot ofdn HEoggnitors
CU%h@rederA UFAKEPC Wshiease &hotatyt hmﬁrkﬁ@ irgdustiagn in the
nube s AB2 c%tlro?ﬁ@sy aﬁ%e&é@f&mﬁgofaeéﬁmwm@ compared

'spont anepus” dlfferentlatlon of grogenltors in
witRecaBeen eS&fRNépo %r‘?ﬁéﬁon@rtﬁlfhr%%l k8e pPogenPisr T these
celranshensed vmig‘ms;ﬁﬂ%tJAKQ;reﬁwNmreﬁgc@p@@tbels of cells

cl onogen c ent%%l 09600 t he ontr
eGP ek b o MR i SRR o b gk simwa
{70 versus 53%). Study of the effects of siRNA JAKZ on
differentiation {acquisition of Glycophorin A detected by flow

- cytometry} only shows a slight difference bhetween the

progenitors transfected with siRNA JAKZ2 versus control siRNA.
The results of the cell studies therefore showed that
JAKZ2 1s necessary for Epo-independent differentiation of PV

‘erythroid progenitors. The initial results of piochemical
‘studies {(immunoprecipitation) show more extended

phosphorylation of JAK2Z after depriving PV  erythrold

progenitors of cytokines, as compared with normal cells.

1.2 Genomic study of JRK2

PCR on the 23 exons was set up on a normal individual
using genomic DNA. We then examined 3 patients suffering from
PV after extracting the genomic DNA from erythroid cells

obtained in vitro after cell culture.



with siRNA JAK2. In PV, the effects of JAK2 inhibition
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Epo-free culture nodel, nmaking it pOSSI ble to study
the cells of the mali gnant cl one. W conpared the

cl onogeni c potential, apoptosis and differentiation
of the PV erythrobl ast progeridtors after transfection
with a si RNA JAK2 with respect to a control 15 si RNA
Study of the cl onogeni c potential of PV progenitors

e e 8 B tzn#t%ﬁdogﬁff@%@%ﬁy R 12 or

et %%r%%‘%é R Wt
fl t

St.aﬁ ﬁ@ggp 0%%%) azaf'ﬂf%ﬁfaﬁ%&n% codon 617

ofnittr §F\f-§RIAP§RR2lB ﬁréﬂ) with non-rel evant si RNA (70
versusndBo% 17 Standiyn ofgtichecefd eetrs aoVadii BNA (TAK2 on

dt et endd ad 1 dDred@oauitsid IdaaeofforGay@a@hgn.amaAme
det 9%&@% b&hé‘l aﬂ’taﬁﬁﬁﬁgge W 1Rl S@r? 2 sthgh net nve were

dif it S okt
wZHL I Shaseho e L e, MR e SrgRaan

cel Vesthdnewidheedf the sbbwed. t hatdatdédKehe sumezessaryas been
rofiRE ERO-4n Qi{$e§9n dy'ég]%ﬁ PY3 %%%%g”¥é%ted No

progenitor e 1niti results ochem
COREgAE es ((j15m”ruﬁ66?§c:| piastiddn) Show rAdrienxt ePfd@li secondary

poDiﬁ@§@fb@Ii{é at {pf ofadK2 @ddesqdensd v ngfcﬁ}ﬁc?r wdr %éirry the
é frogenltors of .cytokines, as conpared wth nornal
MUt 1. 2 Genomic study of JAK2 PCR on the 23 exons

was set up on a normal individual using genom c DNA

hen exanmined 3 patlents suffering from 35 PV
Se g Rl b ¢ DNA fromerythroid cells

Sbtal med-atredri43 PVaftlesitece! 190801 t ure. Recei ved at:

11: 2PPW e U RAIL 30 Ve identified a point nutation
| ocated in exon 12 of JAK2, present in 2 out of the 3

pati ¥y TREIAH IS rutsat i B Correia®s (RaRe mrgupgiion as

t hecren el NG 1S SRUNGE: Yakenikngp)starting at ATQ,

c nBank NM 004972) and tranSforns codon 617 5 of the
or rotein (V617F). normal 617 codon: gtc code for

a VahmhutetEd) camatsabed 6I738odontrble tedEeﬁor a

Phenyl al ani n Fé | ng he dat abas shed on the
L nternet we f& E? lg normaf 1n§ivf@ i
- and 18 secondary polyglobulias (no spontaneous

colonies}.

The discovery of this anomaly of JAK2 accounts for the
hypersensitivity to numerous growth factors involved in PV
{kpo, TPO, IL-3, IL~6, GM-CSF, insulin). Indeed, JAK2 is a
protein involved in the signalling pathways of the receptors
of these cytokines. |

Also, the association of JAK2 with R-Epo is particular in
that JAK2 is fixed to E-Epo constitutively: the JAK2/R-Epo
association initiated in the Golgi apparatus is necessary for
the processing of R-Epo at the membrane of the erythroblasts.
A JAKZ anomaly, the cause of modifications to the association
of JAKZ with R-Epo, could therefore account for the medullary
hyperplasia predominance on the erythroblast 1line, whereas
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bund in 39 patients with PV out of the 43 cases
tested. No control (15 cases tested) or patient with
secondary polyglobulia (18 cases tested) were found
to carry the nutation. 15 Segguencing results in
patients 39 nutated/ 43 PV tested (90% 2/ 3
het erozygotes 13/39 "honozygotes" i.e. 30% of cases
(sanme proportion as 20 the |oss of heterozygosity at
9p). Controls O nutated cases out of 33 controls
tHiest pdoteini ncd Udinf@ 142 dN 0L Rl niiAEEYh 8Ua)i$ma1anGgl8pathways.

Aﬁ;ﬁﬁorl\ﬁ’@m‘t&%d’g!f:@‘éh' gy Cﬁe%%‘?ﬂ“%g}(%‘is 1% 850! S‘if'l.s rno  and

di scover hi s anoma Account’ S

- SPRYiSEr sdfsin i %‘ﬁff? ﬁé*lﬁ‘@ﬁﬁﬁéu§agﬂ-§m memhéaaesexﬁvgsvé@n Sot mpl

relpted HcEpo, glr?ébsylatslozi LdéfeEMt CSE, usnsp&s.srn)bjlend'eleﬂt JAK2,
b /'}flﬁzal Wl ﬁtﬁ'% gvﬁgcbgsgg %'ogneg cp Mygs of c-

ceptars ese cyt dkines. 0,
mpgsso Tt |ad'HP“Eﬁ \/\%‘ﬁ REPYT s Hharti %ﬁﬂ’%\‘?l?n €hatlaCk of

medBKAnesekpxedsion EaEp@—mph,stfcbmktcﬂ vt yev it he JAK2/ R- Epo
ass t |n|t| i n_the, Gol r .
necgéggrk& gigﬁﬁce i A5°0 %ﬁxéﬁéa %kWﬁenﬁeﬁ% aeltohly
copfervhde 6kwﬁhﬁnblasxé, 3%1AtﬁAK2ﬂaﬂnnniyofthhxnaESemuiation,

JAKQd'E%Cahbﬁg%lkﬁtﬁgglgfsggkgﬁ'o%o o&i%@%@ mLyper Ora non-

uld theretore accou t he nmedu asi a

Phsﬁebaﬁifﬂ%%% e REGERr SORTSCHIVSe, %as%t{lmulatlon of
theegaroeliont by 18p0oPiie 4120/ 9862 Beleghies pplapephorglate, and
thenv gthesbliar vdarmer oBsEpo greidhilnigigpathwaysecr@itsegnt then the
phdbphteyheorbdn al (Wl btaero eprateid998;irMalideRt noiand signal

ceafLel| PR v, BNLISRSE [P ImBIAe vy me o
protein, pbskeébhélt HaKsJAK2s 3 bfurarialogl wiirnaRe Epopais (JHL),
a PBERSSAINILL &OBa DL OFESSI A9 PirSsine kinase activity (JH2),
and several conserved domains (JH3-JH7), characteristic of
members of the JAK family. The JH2 domain appears to be
involved in regulating the tyrosine-kinase activity of JAKZ2.
According to available JAK2 protein mapping data (Lindauer,
2001), amino acid 617 is 1located in this JH2 domain and,
following modelling studies, in a region of particular
importance for the regulation of kinase activity.

Over and above the physiopathological interest of this
discovery (understanding of the mechanisms of cytokine-

independence, breakdown of the different SMPs) the evidencing
of this mutation in a patient offers a test for the first time
with which it is possible to confirm diagnosis. From a medical

. diagnosis viewpoint, the search for the mutation of JAK2 can

be made on polynuclear neutrophils belonging to the malignant
clone.

The invention also offers the determination of a specific
treatment, of kinase inhibiting type specific to the mutated
protein, or gene therapy.




npl. The anomaly of JAK2 could then explain the | ack
nmenbrane expression of c-npl, found in PV. JAK2
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.conserved donain, Box2. In the absence of Epo
stimulation, 10 JAK2 is constjtutively fixed to
R- Epo, but in a non phosphoryl™ated form hence
non-active. After stinulation of the receptor by Epo,
the two JAK2 nol ecul es phosphorylate, and then

ExsmpdighoRy| aPetecEpon enath| ithg: t HaKR2ecVal THemutdrdn theer first
phosphor yl aiatsnefowtdieigriisiiid dmpmhnses tiogisi. gnal
15 transduction, such as the proteins STAT5, G b2,

2. MSIRATTEHTSAK&ATERQAEB NANDI Mmmb&s JAKs, has a

J klnase donaln’

nenbers of the JAK fanlly The JFQ donaln appears to
Pajgdep@ icmidbved in regul ating the tyrosine-kinase

act hyigt y cc ayai- a n
mmpniag, (R ndher iobEBsba JUED PR T PIAA (ie.
erl&f@ éPéMtPﬁlﬁhl §hyppbgerbpaiandhyvpesl cotipagtadbel | | g samples
we%buﬂhﬁ%n'ﬂbﬁiﬁé%ﬁp@bﬂyﬁéxﬁﬂdﬂygfg ald'POL L 8RERI$O sdiiS1es of

regul ati on of ki nase activity.” 25 Over and above the
OBﬁy@?BBﬁWhﬂﬁﬁﬁlé%ﬁlYﬁ?%r%%?rQﬁP?qﬁ%Fe%ﬁscovery
(unmﬁéspéﬂdpﬁgrai thenaeebant SNBepE EYLDKEB@-using a density

nden br eakdown_ of e differen S
o g SBhC ROERaR | RPSLRELAg: ohhEn B-PHERERECOFT br s Gstructions
(Evegbidpor Rreerda)r.stMonomuciedh whildk iveds pesiabkd tfoom the

bof@Nhb LU 3GNOS Sﬁ‘ld:dlqm&er@:n.ddyc r 39 W @ROSE Bi fugation. The
vi ewpoint, the search for the ation of JAK2 can  be

JeRRE o@%ﬁﬂV%Ecﬁ%ﬁﬁaﬁ§ﬁﬁwﬁﬂﬁlqy%ﬁﬂoﬁﬁ?ﬂ&aFG ffocedures. To
det@bmgnant thel ongendheiviment bon alishtdffdllex®heand Tagman®
te %e n1fat|on of pgcif.icd hgeatnené, of ki nase le with

TART DY T RY t yPE éﬁ@i PELY D%t Hé Mt Bt BAMO3EIBHE giHP- ¥+
theragbnke t hErapyinReceevidual  wild 220 WAR042DOTe@2in series
Detection of the JAK2 V617F nutant for

fiTst intention di agnosi s of erythrocytosis. 2.1
PATI ENTS, MATERI ALS AND METHODS 5 Conpari son between

in

CeBEqQUANCct ng and two techni ques of SNP genotyping for

the_ defecti on of JAK2 V617F.
Serlal sclutions of DNA were used (1, 0.5, 0.1, 0.05,

0.01) from the human erythroleukaemia cell line (HEL) mutated
homozygous fashion (JAK2 V617F) in DNA of TF-1 cell line (non-
mutated) as standard positive controls. The cells lines grew
in MEM-alpha medium (Invitrogen) enriched with foetal calf

Serum.

Detection of the mutation by analysis of the fusion curve of
LightCycler® with FRET hybridisation probes.

Primers and probes were designed to amplify and hybridise
to the target sequence of exon 12 of JAK2. The position of the
mutation site (1849G/T) was covered with a donor capture probe
labelled with fluoresceine at 3’, and the adjacent acceptor
anchor probe labelled with LightCycler® Red 640 (LCRed640) at




Patient cells 119 sanples of suspected MPD were
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hyper| eukocytosis). 58 sanples were taken for
perspective analysis and 61 archive sanples of bone
marrow wer e anal ysed retrospectively. The periphera
granul ocytes were isol ated ué¥%g a density gradient
met hod fol l ow ng the manufacturer's instructions 15
(Eur obi o, France). Mononuclear cells were isolated
fromthe bone marrow using Ficoll density gradi ent

: oA atiopn. ,Th genom was extracted . .
l“Tfsglrﬁt QV\‘/TIAJn(g’ s{fg%d%r dg?ﬁioggaupggggﬁiﬁrya@ﬁ@?{m%ﬂeatvﬂéd extension.
Amﬂ%%§H9a$PP% &mqj%ﬂﬁkxﬁﬂﬁﬂqﬁ)t%mdfqﬁg@@nga;ve were performed
ort ?@h@gb%l@@cﬁzcﬁiﬁﬁ:@'\'ﬂf r&:&fx@dﬁ%tﬂ@ﬁgéh?orﬁﬁizé’ { 24Pl Beylan,
e e_of .m ni mum resi dua e
o) 20280e ALl ol TSt el o L LUBC Y85 g o,
L4sdtlut FHABEEVCBRE KessShssd (ONA oMBster 1 migtese, 2% mM MgCly,
0.6. 0t ririgmnshe hudlien 18t yathredaukeeoha. cBh| briat, (HER) samples
wet abaaﬁfih@asozaysgewoiaibi ?ﬂnﬁéégza%{élgffkdEﬁp@ﬁf‘tf‘iegtion of 45
- | nQn- as_standar 0S| e
ovETeh, GH0 AR Y dhE L P el SheCneth ipoonds at
120 Chvi vaogef)lkowddthdy wiat hdépetaticgl fstemrum 3G°C for 10
ti f : ks b lysi s @fe~t h usj

e ol eI PR TR U6 G o for 30
SepPBes Saph s andupiebesiigice Hesitpkdino theplddnain lying
betndehybbi dingie 70t°e tle 1Paraal) SeaunaneR 1af _o?%oc!hel%;ight(:ycler@)

JAK2. The 503|t|og of the 35 nutation site (1849GT)
PEREEFBY er 885w BFTACHBRGr dapt EOLEURE | BBEl | s¥rWethof  the
flfiboes eseed ne 3ér$%ﬁtﬁﬁd th@i&ﬂj?CQ@%ngﬁeptGﬂb 33@ erature

‘ e i th Light Cygl.er(r) Red . 640 (LCRed640
'[2g§p€£é%?€%%éﬁﬁ:w%??ﬁfPNF}&/ggﬁﬁoggtégedit%e ks eggd | W were
obgeregd aiasSphospHor 3 atesgbaad ianedivd ext ensi on.

Anplification and anal ysis of the fusion curve were

performed on the LightCycler(r) instrunent (Roche
Che gyt iofs theyimptatiorhnky) spahbfic¢ nAimplddddaddon of an

alj@ménugﬂ%g; Min@isi ng 10 ng DNA, 5 14 pl LightCycler

Fasf Starti, S erdm' xture, 3 mM MgC12, 0.2 pM

privet LTHRTS BRI B BELHDBRoBE. P gfiefa PReIYGRpPEs 92 bp
encompassing SNP at position 1849, Two fluorogenic MGB probes
were designed with different £luorescent colourings, one
targeted towards the WI allele, and one targeted towards the
mutated allele. Gencotyping was conducted in 96-well plates
using the method based on Tagman® PCR. The final reaction
volume was 12 pl using 10 ng genomic DNA, 6.25 pl TagMan®
Universal Master Mix and 0.31 ul 40X Assays-on-Demand SNP
Genotyping Assay Mix (Applied Biosystems). The plate was
heated to 95°C for 10 minutes followed by 40 denaturation
cycles .at 92°C for 15 seconds and matching/extension at 60°C

for 1 minute. Thermocycling was conducted on the 7500 Real

Time PCR System (Applied Biosystems). Analysis was made using
the SDS programme version 1.3. Genotyping of end point allele
discrimination was performed by visual inspection of a
fluorescence curve (Rn} derived from the WT probe against the

- Rn of the mutated JAK2 generated from post-PCR fluorescence

reading.
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denatur| ng step at 95C for 10 10 seconds, two

hybri di sati on steps at 63C and 45C for 30 seconds

each and a fusion curve |ocatygd in the domain |ying

bet ween 45 and 70C (0. 1C/sec). Analysis on the

Li ght Cycler(r) programre was performed by plotting

the curve of the fluorescence derivative with respect

to tenperature 15 .[2(dF12/F11)/dT) versus T]. The

nut at ed peaks and WI' were observed at 57 and 63C

respectively. Detection of the nmutation by specific
Eg@&pbtﬁiw&thoargthancyabbébeausin@mahghhﬂMk@ctiﬁh Two

pri mar r | f

bncop ;e%%t%%‘é @F "BalPefER idy” MuHELIL Jeteli g moze
thanoped® s wed dddeni OF difpepentsf | kefed@enpny form of
treatmuntpgSan@newetaﬁg&&fﬁHtCWEﬁci ﬂéﬁ%n@@ ablrel gaoandnd pVSG
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MarRY e &M%bn PACE al§Eiced C@élﬁgf:ieént §f‘§\ﬁ3¥ h %%@gt informed
conemels of nore than 51% at the tinme of diagnosis,
before any formof 5 treatnent, and we studied the
resence of WHO and PVSG criteria. The value of 51%
D $q¥sEsen for the upper end of the

In vitro assays of erythroid Epo-response were all
performed in the same laboratory (H&tel Dieu, Paris) using a
plasma-clot culture technique as described previously
{Casadevall N, Dupuy E, Molho-Sabatier P, Tobelem G, Varet B,

- Mayeux P. Autoantibodies against erythropoietin in a patient

with pure red-cell aplasia. N. Engl. J. Med. 1996; 334: 630 to
©633). '

Statistical analysis
Correlation of the markers was made using the Spearman

rank correlation coefficient (R},




Received at: 11: 22P-l|l-,r

10

15

20

25

30

nornal range for hematocrit level (Pearson TC et al,
%Ehenla Vera Updated: D agnosis, Pathobiol ogy and
Hemat ol ogy (AM Soc. Hematol . Educ.
Program) 2000: 10 51 to 68) . Bone marrow cells were
coll ected for clonogenic asays and excess cells were
coll ected for DNA extraction.35 Serum erythropoietin
(Epo) was neasured in different |aboratories and it
Is therefore reported as being | ow when bel ow the
| ower value of the normal domain in each | aboratory,
15 normal or high. The peripheral granul ocytes derived

- 2f% oRBHE.TSsame patients were purified as descri bed
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Ta&jﬂan@%écﬂ{mgﬂaé hrey 1S AR d A Qhater )Eh(e"'@hﬁb Pe8YF mutation,
aéééﬂ%ﬁ%ﬁ ng. g g%le%sén’%gdm tu%}eap es[ﬁ)g U%Eafrom patients

revi.ously Reﬁ in parallel.

Wﬁﬂﬁ? G BéthWlﬁg ?OH@PenPéﬁngaF £ B, te
Th&ut%fﬁ%u Y&di’Es der hn efpehrobbictantih depasredt in 83/119
sapiptliespurad &d- celnplapl asich.ndN, Hngt .tk WEhti®96sith any of

thd343 6€3@nhheque3d3) .1B300St at icHd C@émﬁi@' y§b§u@ﬁ&&§batﬂa%led to

rkers was nmde u5|q pear man

de%&F&el&i on BBERFT el entrSRE ﬁ€6e|§88 aﬁ““il E?@ﬂPOlOgles
nghﬁﬂyam@i‘(@%and 2T 3Bl TShdeas) bhg§ysangy sehakt itHd ylatter

LypLng t chni ques based on PCR for detection
magfb?hegn%ta?g%ﬁgﬁ%@Q V617F. To assess the efficacy of

seqlleneisegssLitdlet Gaisr{Ivyitandof Sthaqmechn)que, we used two
dik%?@ﬁkoﬁiegiofd%r ded ecLLppyof %rﬁ%l%f‘i%u\é%%': "t abhAN o the

we searc Its presence In taken
HEBafRréht §1n§u§f|ééé1t é»@n@fzm@\mn@t@amgn dei rigier HEZ of the non-

mut €881 ques ideparathel . an-&heseli_ﬁilﬁzl VLT 1ot &t ben MBS genomic
EfEfCIent|y detect d In
DN erived “from omozygous patlent for the mutation JAK2
V6l7F in normal DNA. Sequencing failed to detect the mutated
allele with 5% DNA of the HEL cell line diluted in the DNA of
the TF-1 cell line, and with 10% of the DNA from the patient
with homeozygous mutation diluted in normal DNA. The
sensitivity of the LightCycler® and Tagman® technigues was

equivalent, slightly better than sequencing, reaching 0.5 to
% of the DNA from the HEL cell line diluted in the DNA of the

TF-1 cell 1line ({(figure 6) and 2 to 4% of the DNA from a
patient with homozygous mutation diluted in normal DNA.

Characteristics of patients with erythrocytosis at the time of

diagnosis

The chief characteristics of 88 patients with hematocrit
levels of more than 51% at the time of diagnosis are

summarized in Table I.
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sequencing failed to detect the nmutation reveal ed by
the two technol ogies LightCycler(r) and Tagman(r)
thereby suggesting that the Iatter nmay be nore
sensitive. To assess the sensitivity of the technique,
we used two 15 different nethods: we tested serial
dilutions of DNA of the HEL cell line with honozygous
mutation in the DNA of the non- nutated TF-i cell
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and Taqmdn(r) {echhi ques Was 4%qui Vareht, slightTy

better than sequencing, re¢aching 0.5 to 25|/1% of the n=3

sePNA fromlthe HEL cell [ine dilufed in the DNA of the
TF-1 cellf linef (figure 6) |and 2| to 4% of the DNA from
| {male/Feaplednt38idst h _hodddygous 28i7ak i on 183 ut ed i n #¥drnml 3/0
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. . .

o/BELQNJary H1 950% erythrpeytosis erythrocytosis 0.5
CclhytnrocyrosrSout—Tio—Tm=—pxr =1 =

Mea® WESex r ptd-0 Hjmal el freaval e) 1338/:#43 114 0 228/ 1/ 184 3 4kl 6.6 &

=369 + Wean age 161 (23 57 (R4, 1,0 ?1) 58 \(23 60 (53 to 0.4
8T) 65 (p5 to [77) 486 (domarm)—to92)—tor92)

IMean platelet| 463 # 212 & 38 503 % 245 + 0.4 212 + 29 175 %
count 1489 149 : 19
(x/10% + o
splenomegalia| 16/55 0/11 14/39 as21 0/5 0/3
EEC presence 58/60 1/11 43/44 11/21 0/5 0/3
Low Epo level| 39/47 2/8 27/33 10/17 0/3 1/1
Normal Epo 8/47 6/8 6/33 7/17 3/3 0/1
level
Cytogenetic 1732 0/3 6/23 /7 nd 0/1
anomalies
Positive 57761 0/11 43/45 g/21 0/5 0/3
JAK2VG1TE

88 patients with hematocrit levels of over 51% were
diagnosed in accordance with PVSG and WHO criteria into four
groups:; Vaquez disease (PV),- idiopathic erythrocytosis,
secondary erythrocytosis and “no absolute erythrocytosis” (no
AE) when measured red cell mass had not increased. 8§ patients
could not have any definite diagnosis since some clinical data
were not available. Hct: hematocrit; Hb: haemoglobin; WBC:
white blood cells; EEC: endogenous erythroid colonies; Epo:
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38 503 + 245t 60.4 212 29 I75 count 148 149 19
(X/109) t a Splenonegalia 16/55 0/11 14/39 0/21 0/5
0/3 EEC presence 59/60 1/ 11 43/44 11/21 0/5 0/3 Low

Ievel 39/47 2/ 8 % 0/17,0/3 1/1__ Nor nal g
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I t t | abl
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ld@@@ﬁ§hlEEC Gﬁﬁﬂhﬁgﬂmmpsaﬁythﬁnuﬂ coBoni esi;thEpo:no . . absolute
er@tﬁ@b&@doais ¥ho22BM r402Q%290 435 | eﬂ%éhéfﬁﬁpégirﬁaéb were

deviati n The patients coul

mcﬁ‘f“Bil r bu %%n&écorw%% WD cihe efpgt that PV
digpnesie RoeﬂdahmﬂedmiOtenfﬂﬁmé@ &eahéh Ch&ﬂyuwﬁg|@&hterla or

asSiaf-l f T ULS, Pat h netic
ngl}rm%?rs gi ?JTt%h 1% et odpjl{gf)e(f %%dofy%g%o C[}%ﬁGe %’ﬁaen the_
1|ﬂ|§€tPFé§s°f26@f- twyp qlg mﬁmlpvse & inafrients who had no
reflPezgonmiB€s Massbaeaye Hmmpll BENOSLAEs LFid@r ik Othe WHO
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diagnosis difficult. Cytogenetic analysis was performed in 35
patients; among 32 PV patients (WHO criteria) 7 showed

cytogenetic anomalies: 5 with trisomy 9, 1 with 7g- and 1 with

additional material on chromosome 18.

The presence of JAK2 V617F corresponds to DPVSG and WHO
criteria for PV

JAKZ VEl7F was present in 43/45 (96%) of patients
diagnosed with PV in accordance with PVSG criteria and in
57/61 (93%) of patients diagnosed using WHO criteria {Table
I). Nonetheless, 8/29 patients classified as non-PV according
to PVSG criteria showed the mutation, but none of the 19 WHO
non-PV patients; these 8 patients were considered IE with PVSG
criteria and PV with WHO criteria. None of the patients
diagnosed with SE nor the patient with normal red cell mass
{("'no AE”") had the mutation. The presence or absence of JAK2
V617F therefore corresponds to positive PV diagnosis in 76/80
patients (95% R=0.879, p<0.0001} with WHO criteria, and in

- 64/74 patients (86.5%, R=0.717, p<0.0001) with PVSG criteria.
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absolute erythrocytosis (normal red cell mass). The

clinical data were inconplete for 7 patients,

accounting for the fact that PV diagnosis could not

be confirmed either with WHOX%iteria or wth PVSG

criteria. On account of the difference between the 15

Al criteria of the two classifications, 6 patients who

had no red cell mass neasurenent could be classified
In naddet W) eliassi fication bht ReitidhtcheiABsed as non-PV
acda@assidg ced i gRo Ore Rt henhoweRoVaLt bRl b HYROXT Bn@Nfetection
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ab@ﬂl‘?ﬂ:%f‘%tr‘é@h%%!yﬁé%' §nas pertor nmed in 20 patients;

ano 3 [ atleﬂfs gVWK)crlterla) 7 showed
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re P D R o Ap o e ok with a
SPESHLAGCNHD ceft etTa (Bl ea | predionitdelwesiye 8/F9 97.8% for
diBRahhbents ¢l EF S n ceQrdi 3.0 to PVSG
lc?it-eria,o sﬁyziffﬁggnﬁggtﬁggéfb%? %ﬁggwbﬁgfhggﬁf lue of
thgo RpPadat FES:; TRes8UB gitdibnt sheecercedsitdeneddtimeen the

Epwi 1LBvBYS@ndCIHvt @TiladyrRiad sP\VA Ml iWHO & v | Bng NP Of riteria
the patients_ diagnosed wiith SE nor the patient wth
WA HAIPSCEE M HEREYR nPABY/ Glad (BB, mivR 468, TPED- 0002)
an@régéﬁﬁe(ﬁﬂ%fb$@@C§E@ﬁ %ﬁ@Zg@%TV6%%EikﬂQ$g;g%ﬁ'then compared
0 0 Q.pasitiv i agnosis in
théa%%%ﬁ@s%g%@% S 6 EhoPOBBTICt oh WHBSBRRL & H/517F JAK2
ANGnyti WaseLrpadpdtiadnt? (66 Bhiarts 7076% pH=0001§, wth. 0004)

sh&WSH gddededta. cReesi medhat - 11: 22PM 4/ 20/ 2007 38 In
addj,tion Lnce n%$e of the patients diagnosed as
0

s
noﬁtlﬁ/ PRRESRAPNG R ot WROTRRRt Sf4 1 Fsaweatipe moraeseands to
the Rt it fsirime BESESEF has a 100% predi cti ve
valtereen dhefeostexteahs nbsel yhewar YhAtoGddependent cell

A R o AT v YRIpAC MBS RPPRiaBsbradent and
Epqrhpitansepsddiive  BaematlodéDgi cro@0y; 8Rerdh94 mimild®f)g the
ind@ﬁgﬂdgﬁbérB%d“H?ﬁgfggﬂgitivity of the erythroid progenitors
described in PV. Therefore, we have put forward the hypothesis
that patients carrying JAK2 V617F also showed EEC formation.
Among the 20 patients with erythrocytosis with no EEC
formation, one showed the mutation, raising the query of the
positive predictive value of JAK2 V617F detection; however,
even if this patient showed no EEC, he/she met the numerous
WHO and PV3G positive «criteria allowing the patient’s
classification as PV in both classifications. This patient

should therefore be considered a “false-negative to EEC”

rather than a “false-positive for JAK2”, Among the 67 patients

who had EEC formation, 62 carried the JAKZ V617F mutation, 5
patients not being mutated using detection-sensitive
techniques. Among these 5 patients, 4/5 and 2/5 could be
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erythrocytosis, with a 10 specificity of 97% and a
predi ctive value of 97.8% for diagnosis of PV if the
Epo level is below the | ower value of the nornal
range. In our study, the corr’él ati on between the Epo
| evel and PV di agnosis according to WHO and PVSG
criteria was respectively observed in 50/61 (82%
R=0. 488, p=0.0002) 15 and 39/56 (70% R=0.358,

p=0. 0067) patients. W then conpared the serum Epo
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tients not bei ng mit at ed usi ng

g e]tcgecq dﬁa]gey ﬁ%ttle\?é: &drechni gues. Anpng these 5
patients, 4/5 and 2/5 could be Received at: 11:22PM
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whicle SKoGoBEIEL A é’tf offkdr VedpBnddd the ghenehparFey using
Serml‘qmp‘a@nlmquweé oim BHCGs fhr8t/ Stagatientthe diagnosis of

eythrocytosis, except in the case of obvious secondary
erythrocytosis {figure 7). This approach has several
advantages: it avoids having to conduct measurement of

isotopic red blood cells, which is not always available and
whose result is sometimes subject to debate. It can also avoid

bone marrow procedure and EEC assays which are time-consuming
and are not well standardized. It drastically reduces the cost

of positive PV diagnosis, since only those patients with

- hematocrit levels of over 51% and who are JAK2 V617F negative

need to undergo all the investigations which are actually
carried to characterize an erythrocytosis. Even if the
detection alone of JAK2Z V617F in an erythrocytosis context
will support PV diagnosis, performing a bone marrow biopsy ﬁay
still be useful since it may reveal signs of myelofibrosis or
the presence of blastic «cells, thereby confirming the
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5 (93.1% R=0.824, p<0.0001). The presence of the JAK2
J@itation in bone marrow nononuclear cells
corresponds to its presence in the periphera
granulocytes To exam ne whether the use of
granul ocytes of peripheral 10 blood to detect JAK2
V617F nutation at the tinme of4i agnosis could avoid.
the assay of bone marrow cells, we conpared the
results obtained by each of the nethods: sequencing,
LightCycIer(r) and TagMan(r), in 50 patients
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The siRNAs 1, 3 and 4 corresponding to sequences SEQ ID

N°® 25 to 27 inhibit the mutated protein V617F JAK2 expressed
by the HEL line without inhibiting the wild-type JAK2 protein
expressed by the K562 line. The results are shown figures 8, 9
and 10.
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deflnlng a new MPD group with different clinical
signs. The reasons for these differences remain
unknown and it is still too early to group these

di seases into a single nyeloprloliferative entity with
a conmon physi opat hol ogi cal cause and different

phenot ypes. 10 Subsequent precise clinical studies
woul d characterize nore specifically the common signs
between PV, ET, IM- and other rare MPDs carrying JAK2

V617F, especially in terpErehenogel ute

erythrocytosis, Epo |evel, nyelofibrosis and

cytogenetic anonmalies. It is therefore contenpl ated
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(2004) . Msbtliaplee JM@n@Irb'rtegnpa(tJtamyss kdmesen2l wadhrarterized
JrﬁrfthOpQEetééh. %E%Fn eqﬁ ?gtgéﬁf %ﬁﬁ%lonagid 617, more

rmﬂ.typ ntaors In .
al tBEmal’8lofy muta #@nasﬁewf\}:@& aralled  “JAK2
V@iszzwlm%/ PHOFC4FEGOEAKKS 19, shevhatied SMK2ID N°1, or a
sipyidedi we@langs KinnatkeR)mehanisteri zed in that it
conprises a nutation on anmino acid 617, nore 5
parEICulHﬁblebh@dé@ééﬁuﬁhbét@@&odﬁ%@eW%ﬁtjﬁKEaVbﬁﬂF variant

"JA V617F . vari equence sho
2RI naog 0 CLEAR Har 1BeBaERiGOAT 0P RENCRERARG. 18 o2 having
thmual/@ommmm@mmgam JOPL Maj 748 velie aRTG marking
th%osE‘S%rQEngﬁéﬁs?L%&? in particcular sequence SEQ I D

havi ng ion at position 1849 starting
at the ATG marking the start of transcription. 3.
Cl opi Ng @G Dy Vi Eaki/SXPY §3560N 8655 1@t hey _ eith
pl@bmsdl dopr i Naked; Dy Orﬂainpha %tr%?é@éélﬁzbae%%% 'thii it
coﬁﬁfPéﬁEﬁﬁh%h§eﬁﬁgﬁsgcgc%%%&&ﬂ'nQo Claf%'? 2 %f erF?g control

OfCglql\é ?l%% BF e c‘é%)‘?&%l’??d“?%% shant gA&g

V617F 20 variant according to claim1. 5. Non-hunan
tracnsgem[afmrﬁm:lmi @qme@apﬁ@séﬁcfn@wamcoﬂdi@ﬁ@ﬁfm V61T7F
n_

CCOr dl n uman transgenl C

VA el 2% acco oi%h g?ocjjﬁlé[fr}'wS

5. Non-human transgenic animal expressing recombinant

JAKZ V617F according to claim 1.

6. Non-human transgenic animal according to claim 35,

characterized in that it is a mouse or rat having integrated

into its genome at least the sequence encoding JAK2 V617F by
homologous recombination or directed recombination.

7. Non-human transgenic animal according to claim 5 or
6, characterized in that it is homozygous JAK2 V617F / JAK

~Vel7F or heterozygous JAK2 V617F / JAK2, said animals

reproducing Vaquez polyglobulia and/or myeloproliferative
disopders induced by JAK2 V617F,
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characterized in that it is a nouse or rat having
%@@;ed into its genone at |east the sequence
encodi ng JAK2 V617F by honol ogous reconbi nati on or
directed reconbination. 30 7. Non-human transgenic
ani mal according to claim5 or 6, characterized in
that it is hompzygous JAK2 VBH7F / JAK V617F or
het er ozygous JAK2 V617F / JAK2, said aninals
reproduci ng Vaquez pol ygl obulia and/or
nyel oproliferative disorders induced by JAK2 V617F.
35 Received at: 11:22PM 4/20/2007 44 8. Probes or
pri mers @@nbeeshng @Blmerso(ﬂﬁ@ﬁﬁﬁumbveIOnﬁ©leﬂhideﬁsecutlve

il SOUR0E SR N 5288 $AE COTBE 3 M Bampriing ehe

mﬂ&@é@ﬁdwﬁgl@@teﬂauﬁﬂﬁ chosen from anong sequences SEQ
IDN5 to 11 and 15 to 28. 10. Ex vivo or in vitro

nmet hod t I ghn e S of, t
oi0T \ SO O SSERsRL Y Shoenstntl icen crom

amoRe REVSHFEEr PHY ?Poﬂwﬁwk@rlllﬁ%¢y15cﬁ@e%%4op PV or

any. gt he ngeloprollfera ive disorder, in particul ar

eryt focéfo L8 Ry pdft EakdryPgshed FﬂrGﬁE%EW%6§eEh%nEresence
or éﬁ@ﬂpﬁr @iestherréincommammg:f ahobiAlhigena in a sample

fromclaeigaeicd ok Sﬁlﬁ@f@rirﬁ@”fkﬁﬁ pat ignt 1 dpe Py det ‘?ﬁatv'e'ig:p PV or
t-he of the G1849T _variant of

Bégsencemor ab se@ E g
Y A2CGBAE | nT¥SLAPRALFEPERELYE safthfer e%hara%@erlﬁ%ﬁthU1ar
ethhrhayt®ﬁespresenppeﬁiemh@cﬁﬂﬁﬁég'Vafl@mtomﬁoéytoses and

of any other myeloproliferative
%I?g%r%%gg %{\ﬁcﬂ%tcﬁm F A ng to claim 10,
chatlact e?rbtzaeldmng tshatuclieti cc erpixd sespdehflomdicbat pahient
Stqﬂ m"tJbﬁgcﬂ ttﬂ%ewgﬁﬁggncécc5¥c“ég%éﬂ% e'%%erBRE 18497

clains 8 . according to claim1

vaghanic ik ai‘cl%%r@zl*’e?d gene thmatsaid cwedeiisegcan sample,

anpthéﬂ"a?@&eﬁ{kéi e thzE’@Rthéa‘f)tr’e‘é@n%t Bf athd Q@ﬁd493znevarlant

r of rs accor to either of clains.8 to
s 36‘“131nﬁ4/g Jao%cé’ Fﬁ Rty HY cPAPRE 116Y%0P132013—feratlve

disordsr.

11. Method according to c¢laim 10, characterized in that
it comprises a hybridisation step with at least one probe

according to either of claims 8 to 9.

12. Method according to claim 10 or 11, characterized in
thet it comprises an amplification step by PCR reaction with
at least one pair of primers according to either of claims 8
to 9.

13. Method according to any of claims 10 to 12,

characterized in that it is performed on the mRNA of an

individual and comprises a RT-PCR reaction.

14. Method according to any of claims 10 to 12,
eharacterized in that it comprises an amplification step by
means of said primers, followed by a hybridisation step with
at least one probe, preferably two probes which hybridise
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Met hod according to any of claims 10 to 12, 35
characterized in that it conprises an anplification
step by neans of said priners, followed by a
hybri di sation step with at ls&ast one probe,
preferably two probes which hybridi se Received at:
11: 22PM 4/ 20/ 2007 45 under conditions of high
stringency to the sequences corresponding to the
region of the GL849T nmutation, and detection of the

sidnal cpRagUEsHs by dthe wRgker 308 ,5akd, Propes,pthe
L g uhie S s
d cﬂﬂ@ﬂq gf ﬁgﬂ%ence or ub%dp B? Tﬁé%ﬁfﬁ of said

cti_on enc
o, & ??SS RS BeREers a%@gnﬁ%’?ﬂeﬁl% d ab? C k2% or -
by ans_of one or nore SNPs (Single Nucleotide
Pol yrtor pHEERP s petGFan g t hEC10 CrEA0T At at¢@wPifsing  the

deftiee tIAK2 oferidie propmmtdec b aralssiences G0 GLPIDD #driant of

. thandial® ghanth 24508 2écaBY9c28cid L8nm PE@ ‘héghérbﬁ]one or

V|L2§ thod tQ detect the presence o absence of
TOI R 7F 0851 Ent Mgl %°§Ja%l EoAlypwrehism)enspegstic to the

G1§QBFemMM?thﬁmdﬁ’ﬂhé“ﬁA%% géleyel op ﬁ@%@ic@ﬂ¥r°§@§Uences SEQ
el oproli di. sor der, conprising: a
gﬁta?ﬁlgg a n%ge B¢ éﬁ %é?%%ﬁ?és ) detecting the

presence or absence of the JAK2 V617F wvariant, 20

chat@ct eri zegthyd not hak herpresense @6 é@té’cwaﬁhé%résﬁence or
abgggiggggfi;gﬂeogﬁfﬁi%ﬁ‘f‘r oxfraf‘fé/n@t hggméxlgorfdrom a opatlent
su (3 Shat Iy qtlﬁ(oel%g devei Phe \%q&h other

claim 16 conpri sing ntacting o
mY%hO%ﬁ@1b@@®a%%%%l@i%pndﬁnJumetﬁbdﬂibm?nMﬂmn@nt of t he

JAKR) pr cmfdammmgefaersaammearmm {tﬁgdégul:_c}%ﬂ@bl e 0{

na&6 gt
t he non nutate §§§93$P§%¥§SQ ﬁ@?ﬁga allordih velir
Va%%%ﬁ%ﬂl? characterized in that 30 . the antibodies

arQﬂﬁﬁ&@%é¥¥ﬁed”1§0£N§{OEEE g?&kgﬁgéeéf @%y@‘%afggﬂﬂwls an

chimeric or umanl sed anti bodi es

., _or double chain,
%“‘g%‘:rﬁoﬁlrﬁj‘ forégpﬁ@ s Gl Atve dhErga et PREO) fTanatiye) disorder.

" 17. Method according to claim 16 comprising the
contacting of the sample with an antibody specific to the
V617F variant of the JAK2 protein, preferably an antibody
capable of making the distinction between the V617F variant

and the non-mutated JAK2 protein.

18. Method according to claim 17, 'characterized in that
the antibodies are monoclonal or polyclonal antibodies, single

chain or double chain, chimeric or humanised antibodies or

binding fragments to the antigen F(ab’)2 and F(v).

19. Method according to claim 18, characterized in that
it is an ELISA test. ' '
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19. Method according to claim 18, characterized in

it is an ELISA test. Received at: 11:22PM

46 20. Method according to any of clains 10
to 19, <characterized in that it is conducted for the
sub- popul ation of patients show ng a hematocrit |evel
of over 51% 5 21. Method accosding to any of clains
10 to 19, characterized in that it is conducted for

t he sub-popul ation of patients showi ng a platel et
count of nore than 450 000. 22. Mbnocl onal anti body

specsqfic cogni zing the 10 JAK2 V617F varian
23. bd%&ioﬁ%Fprodﬁ%f %Gn Hht i Ho8y dtcoFdPAgStoll to 19

- Chapaetepzed 514 thitt iftorisletestiinged hod AKReVEH-population

o agaeldntH Shdwimyra Héﬂﬁﬂadﬂi%gl%Q%lOBEW?QQrpEiQ?rS or
probes such as defined in claim8 or 9 for the
speci fic detection of the presence or absence of the

GL84MT. miMedthionn isvddiel: K2 tgenean20 @5. Kisihor 10 to 19,

1.0 ther, a.patient is suffering,  from .
C%%ﬁﬁ%g?%%ﬁ%%lo upﬁgtoﬁ%fﬁﬁhﬁé Qﬁqﬁé For?the’ Slb-population
ofmieligmmdld fsdroatiinge a gilstedet countvofignbhe TR A% 7000.

variant, in particular erythrocytoses,

hyp@2.eukionptosas) thneibeayt 0$escaRdcaly ol Oﬁcb@gaeﬁﬁing the

g@pg; i n r nore probes or prinmers such 25 as
Jﬁ'efiﬁng?%a%ﬁ§P%f8 or 9 for the specific detection of
the presence or absence of the GL849T nutation in the
JA en Lt | 0 _Gl.ai 4 or 25 also .
contarni ot At one: PoaalE s TR P E o claim
heat resistant 30 pol ynerase for PCR anplification,
one or nore solutions for } anplification and/or the
reagent allow ng the

hybri di sagtj on st and any ) :
detééti o’%ltfg?ﬁeggrﬁ?%wg othe |(JAKZ oVoLT Br inhbaheifep tumour

comppabingt dne saif f R6k8Y piiierra5 Hagyed &9l ¥akabus aidfined in

oy o £P9 PLLAB S ol e ) o
L8, gt S o ehe  BhBaitE ey ST iyt SbEortkargnce o
abpgneeapin bhe GLERRE| Nakakion 1N 2dRMJIAK2 @2B07 47

25. Kit for determining whether a patient is suffering
from Vaquez polyglobulia or from any other myeloproliferative
disorder involving the UJAKZ2 V617F wvariant, in particular
erythrocytoses, hyperleukocytoses, thrombocytoses and
myelofibroses, comprising one or more probes or primers such
as defined in claim 8 or 9 for the specific detection of the
presence or absence of the G1849T mutation in the -JAK? gene.

26. Kit according to claim 24 or 25 also containing at
least one element chosen from among a heat resistant

polymerase for PCR amplification, one or more solutions for
amplification and/or the hybridisation step and any reagent

~allowing the detection of the marker.

27. Kit to determine whether a patient is suffering from
Vaquez polyglobulia or any other myeloproliferative disorder
involving the JAK2 V617F variant, containing an antibody
according to claim 22,
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variant according to claimi1. 5 29. siRNA according

to claim 28, characterized in that it has 19 to 25

nucl eoti des, preferably 19 anJeotides in length, the

sequence of a first strand beihg identical and the

sequence of a second strand being conplenentary to

sequence 10 SEQ ID N3, SEQ ID N4 or SEQ I D Nol

conprising the nutated t1849 nucleotide. 30, siRNA

according to claim28 or 29, characterized in that it

i nduces a reduction of nore than 80% or 95% of the 15

exprdssi GARYR FARAONEGLTE amtiuqinchay inownl thamde@es ar more
thadu?dsontbé kepsebhann25% arhb%GAR? t hel BRpressanon abcording
tdmdyélntmpe JAK2. 31. siRNA according to claim 28,

characterized in that 20 it is chosen fromthe group

con tin UGGAGUAUGUUUCUGUGGA (SEQ I D No 29
égs | %%Gg@éd(lgg(?qcb fb230) 2(8 %haracterl)zed in that
1 tGABAUGAUUUCHGUIGGAGACL 8EQi HBs No 9t e 2132, 1 detrhad adttikies in
lenkitth thedekeuahne bifeasgecisti ¢trbARi BeLhgni@End K21 and the

s by, ®on fe n M5 st.eps
e?%%éﬁgtﬁﬁg S-% igaboﬁ%%gEQng %ﬁégoFO le% o%ﬁ%gn $sequence
SER t1P thhe3,J A0 B2 78’ 4 ppet §EQ aldt o cﬁhgcmr@mlsa:mg 11;h<a mutated
e nbrane~d1@ction containing 30 JAK2 V617F, or a cel
expressing JAK2 V617F according to clai m4 under
suitable conditions for fixing and/or inhibition, and

b) det ecsimen thecspethdi eof cibag @red/oqr zmhléﬁau@ffwhzed in
thééK%EW%HHhc ssé %édué%&% nkﬂ@ ﬂ§%$ Hggn%g;8|n€ ggl of the

succession of tests accor |ng to
SXRpPeciPes @hd el ¥6li'6h Redei Vied that 15t22PNLy induces a

redi20i20046£48 esst efhdr0 38bechk M esfll ehe NA%LRE sBA hCRY wild-
tyb@radiK2 V617F that is less than 1 pM preferably 100
nM 34. Method according to claim33 also conprising a
31. siRNA according to claim 28, characterized in that

it is chosen from the group consisting of:
- UGGAGUAUGUUUCUGUGGA (SEQ ID N° 29)
- GGAGUAUGUUUCUGUGGAG (SEQ ID N° 30}
- GAGUAUGUUUCUGUGGAGA (SEQ ID N° 31).

32. Method with which to determine the specific
inhibition of JAK2 V6l7F by one or more compounds comprising
the steps consisting of:

aj contacting cne or more compounds with the JAK2 V617F
protein aécording to claim 1, a membrane fraction containing
JAK2 V61l7F, or a cell expressing JAK2 V617F according to claim
4 under suitable conditions for fixing and/or inhibition, and

b) detecting the specific fixing and/or inhibition of
JAK2 VG17F,

33. Screening method comprising a succession of tests

according to claim 32 of several molecules and a selection

PP
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screeni ng nethod according to any of clains 32 to 34,

wherein the inhibition of JAK2 V617F phosphoryl ati on

10 is determ ned by inmunoprecipitation. 36. In vivo

screening nethod according tdttany of clains 32 to 35

on primary CD34+ JAK2 V617F progenitor cells which

are capable of differentiating w thout erythropoietin
| i nes which have becone factor

Epo 15 or. on cel
Séeﬁée%%n%%]rﬁcq VL&AVt dicticsy drn HRKIAKELTF that is
lamd Ahararli a,. p¥éfelrabiiyvaoscageni ng met hod according
to any of clainms 32 to 36-using a cell according to

cl aiqp 4. . Method.for jdentjfying candi date ..
nemig'na %nguchcoggﬁﬂ?is%%g ?%%%%tg%% 6$5“h)comprlslng a
negrRies tserliany icompduits o lacadeshhaeintr ansgesicfor JAK2 of

160 a6 ESSiNg JAK2 VB17F such as defined in any of
claimse 255 to 7, said animal reproduci ng Vaquez

pol ywgl obyl.i a .and/ or _having a el.oproliferative .
diségderggsgggfgtgﬁrﬁf?ﬁnah@eg%PgsgﬂsgrgfngARﬁ Wy7pL claims
32yt Stler Mbsied 1t FEcefinddbistonhe fcdABBUNG1ARdphosphorylation

issekeetindent By edhgaEEcBIESEIRY products whi ch are.
seen to reduce or 30 block the proliferation and

spont aneous differentiation of the erythroblasts of
Vaqdéz pohygliobukic@cenintomeeduee ae@lolrdiBgoid el IO claims

assochat i t.h _the en f V617F. 39. of .
32008 Ll GUE Bk St VEBRAF b togeng togs ool 1%, which
ArGr SRR 1S el éifArrpnbdating Redahesd atrytitnagigAMtin  (Epo),
or4p20/c2007 14%e AWhildse BEROTEE dhd Of £ M B9dPeii&PAr €hrough

.clbnal . product i r the treatnent of
th PRELEUDRLiak o hile I 1L bl ant’
nmyel oproliferative disorders including Vaquez
pol ygl obyl i @;.,8s j h y ' nyel oi d .
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32 g o? 8 WD 18I 3T ar Prepdree cd awdidei nal  pr oduct
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di de%? ?fsoc%ated wth the JAK2 V617F nutation, and
ot 4. ethod Ior 1ildentifying candidate medicinal products

comprising the steps of:

a) administering compounds to a non-human transgenic
animal expressing JAK2 V617F such as defined in any of claims
5 to 7, sald animal reproducing Vaquez polyglobulia and/or
having a myeloproliferative disorder asscciated with the
presence of JAK2 V617F.

b} determining the effect of the compound and selecting
the candidate medicinal products which are seen to reduce or
block the proliferation and spontaneous differentiation of the
erythroblasts of Vaquez polyglobulia, or to reduce cell
proliferation associated with the présence of JAKZ V6l7F.

39. Use of the siRNAs according to any of claims 28 to
31 to produce a medicinal product.
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Uni \f@r-si V&epaf FSoBitNE 150> ¢ENT| FPCAT® ORTepage]) Ak2medicinal
PIMITAT OME@hdREE YEXTHEM:A MiRAment305f Dnd2idhZnslé@mopathies,

BRS04 10107 g ST A aTb RRPBRTROVeiC sty Vaques
padypdobuldpy 152 93@p i ad2 1 ghr@RTo P8 franomygapd 2ds splenomegaly

or<22qmit223> VAN bd b -4AK2 VB17F. <400> 1 { { 3
R B 0P 50/ 2007 2 Nt Ay Mt Ala Oys

Leu Thr Met Thr Au Met AQu Ay Thr Ser Thr 1 5 10 15

Ser 4%er Use Bucdddimdsntd ylAdm | Be Ser Shygpds8 Al amedicinal
prAsincBer iMeend@d25f3@¢ the treatment of myeloproliferative
disorders associated with the JAK2 V617F mutation, and other

malignant hemopathies and solid tumours such as. carcinomas,
melanomas and neuroblastomas, which express JAK2 V617F.

42. Composition comprising a siRNA according to any of
claims 28 to 31 and a pharmaceutically acceptable vehicle.
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Phe Pro Ser Ay Qu Tyr Val Ala 50 55 60 Gu dulle
Cys Ile Ala Ala Ser Lys Ala Cys Ap Ile Thr Pro Val
65 70 75 80 Tyr His Asn Phe Ala Leu Met Ser Qu
Thr Qu.Arg Ile Trp Tyr 85 90 95 Pro Pro Asn H s Val
Phe His Ile Asp Qu Ser Thr Arg H's Asn Val 100 105
110 Leu Tyr Arg Ile AP E%V.%N%ﬁ% Pro Arg Trp Tyr
<110y 8sSestidae 8ah1idukd 1a@pﬂ¢2a51x 88NpA¥iG Ahp-dr Arg His
G ¥nbterfemaligndd YeAla Litchet §E01d eUdcAStbnk3Meddfa1e
LeuiRsprMsp Phe Val Met Ser Tyr Leu Phe Ala Gn Trp
Ar gnkk stASBustdbe FoRisdp5(AH0 t1 Received at: 11: 22PM
4/ 0L 20054 +t3 dPheealiiles OapilepohdiaikyenVale1Rhes Val
ThUnHz&rﬁt@ PAriddaugd u 165 170 175 A u Cys Leu Ay
Ala Val Leu Asp Met Met Arg Ile Ala Lys Gu 180
<120>18§D§I%IFIE§EI%&¢DEG%JHH MUTATION 7 ROLKEYTHRMIAS HERer
yr Lys Thr 195 200 205 Phe Lou Pro Lys Cys
<13°> g%”&la Lys Ile Gn Asp Tyr Hs Ile Lou 210 215
<14g>229(3§|'}gp26r0g/by§58%rg IleArg Tyr Arg The Arg Arg Phe 1le
<1415G podd npPheg 225 230 235 240 Ser G n Cys Lys Ala Thr
Ala Arg Wn Lou Lys Lau Lys Tyr Leu Ile 245 250 255
<150>AshrdeUY 1@y Thr Lau G n Ser Ala Phe Tyr Thr G u. Lys
<151>PhgodduoVabk 260 265 270 Lys Gu Pro Ay Ser Ay Pro-
Ser Ay Au Gu lle Phe Ala Thr Ile 275 280 285 1Ile
<160> & Thr Ay Asn Gly Ay Ile Gn Trp Ser Arg Ay Lys
His Lys 290 295 300
<170> PatentIn Ver. 3.3

<210> 1

<211> 1132

<212> PRT

<213> homo sapiens

<220>
<223> variant JAK2 V617F.

<400> 1
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Asn Astggﬂgg}grrm His Gly ‘le Ser Arg Gly Ala Glu Ala Pro lLeun
135 140°

Leu Asp 2Asp Phe Val Met Ser Tyr lLeu Phe Ala Gln Trp Arg His Asp
145 150 - . 155 160




Ser Phe Phe G u Ala Ala Ser Met Met Ser Lys Leu Ser
b¥s7sH s 595 600 605 Leu Val Leu Asn Tyr Ay Val:
Phe Cys Gy Asp Gu Asn Ile Leu 610 615 620 Val
G n Au Phe Val Lys Phe Ay Ser Leu Asp Thr Tyr Leu
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Phe ffad @/ G186 P665e 648 Wsh tval QLS THY alikysLAShr I die Lew
Leu Ile Argé%G n Qu Asp Arg 1ass 675 680 685 17hr Ay

0 Phe. | | s Leu r Pro Ay Ile Ser

o1 5 g%“of%%“e?ogla e Vi SRR T Bl % 1.8 n
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8Py W Ll Recebyed atey Jr%@p Lege{llepro
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_ Al a
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290 : 295 300

Glu Ser Glu Thr Leu Thr Glu Gln Asp Leu Gln Leu Tyr Cys Asp Fhe
305 310 315 320 .

Pro Asn Ile Ile Asp Val Ser Ile Lys Gln Ala Asn Gln Glu Gly Ser.
325 330 333

Asn Glu Ser Arg Val Val Thr Ile His Lys Gln Asp Gly Lys Asn Leu
340 345 350

. Glu Ile Glu Leu Ser Ser Leu Arg Glu Ala Leu Ser Phe Val Ser Leu
355 ‘ 360 365 '

Ile Asp Gly Tyr Tyr Arg Leu Thr Ala Asp Alaz His His Tyr Leu Cys
370 375 380

Lys Glu Val Ala Prc Pro Ala Val Teu Glu Asn Ile Gln Ser Asn Cys
© 385 390 395 400

His Gly Pro Ile Ser Met Asp Phe Ala Ile Ser Lys Leu Lys Lys Ala
405 ‘ 410 415

' Gly Asn Gln Thr Gly Leu Tyr Val Leu Arg Cys Ser Pro Lys Asp Phe
42( 425 430

~Asn Lys Tyr Phe Leu Thr Phe Ala Val Glu Arg Glu Asn Val Ile Glu
435 440 - 445

Tyr Lys His Cys Leu Ile Thr Lys Asn Glu Asn Glu Glu Tyr Asn Leu
450 455 460

 Ser Gly Thr Lys Lys Asn Phe Ser Ser Leu Lys Asp Leu Leu Asn Cys
465 470 475 480

P,
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Sgr Phe Ay Val ¥gb Leu Tyr Glu Lpy Phe Thr Tyr'Ile

eu Hdiphy 0 S F’f
il A sf&r]%% SJZO#? ]G%? & ‘E{Y TH? fg fg%ghﬁys
dn dy GnI\/EtIIeVaI PheHls LeuIIeGIuLeuLeu

Lys H\’s"allé?@ A 7&lY §BD GAE sRs FYiGRYY Ay lseulier 6L TrPr o
Asp Ay O¥°Pro Asp GI u ||é7°{ 1085 1090 16%% Tyr I\/bt

+1.e n_Asn Val
ore Ol s 3 RS AeREr DD 2P MR BT ¢
Val Asp An lle Arg Asp 1115 1120 1125 ecei ved at:

Ser Fhi: BRPMu 4020(:2084r et AR Mot 1N ad Hr1d301ys mis
595 600 605

Leu Val Leu Asn Tyr Gly_VaL-Cys Phe Cys Gly aAsp Giu &sn Ile lLeu
610 615 620

Val Gln Glu Phe Val Lys Phé Gly Ser Leu Asp Thr Tyr Leu Lys Lys
625 630 635 640

Asn Lys Asn Cys Ile Asn Ile Leu Trp Lys Leu Glu Val &la Lys Gln
645 650 655

Leu Ala Trp Ala Met His Phe Leu Glu Glu Asn Thr Leu Tle His Gly
660 665 670

Asn Val Cys Ala Lys Asn Ile-Leu Leu Ile Arg Glu Glu Asp Arg Lys
675 ’ 680 685

Thr Gly Asn Pro Pro Phe Ile Lys Leu Ser Asp Pro Gly Ile Ser Ile
690 ' 695 700

Ihr Val Leu Pro Lys Asp Ile Len Gln Glu Arg Ile Pro Trp Val Pro
705 710 715 720

Pro Glu Cys Ile Glu Asn Pro Lys Asn Leu Asn Leu Ala Thr Asp Lys
725 730 735

Trp Ser Phe Gly Thr Thr Leu Trp Glu Ile Cys Ser Gly Gly Asp Lys
: 740 745 750

Pro Len Ser Ala Leu Asp Ser Gln Arg Lys Leu Gln Phe Tyr Glu Asp
755 : 760 765

Arg His Gln Leu Pro Ala Pro Lys Trp Ala Glu Leu Blaz Asn Leu Ile
770 ' 715 780

Asn Asn Cys Met Asp Tyr Glu Pro Asp Phe Arg Pro Ser Phe Arg Ala
185 790 - 785 800

Tle Ile Arg Asp Leu Asn Ser Leu Phe Thr Pro Asp Tyr Glu Leu Leu
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ctgcaggaag gagagaggaa ggggagcaga agggggcagc agcggacgcc
gctaacggcc 60 tccctcggeg ctgacaggct gggccggegce
ccggctcget tgggtgttcg cgtcgccact 120 tcggcttctce
ggccggtcgg gcccctcgge ccgggbttgec ggcgcgegtc ggggcet gagy
180 gctgctgcgg cgcagggaga ggcctggtcc tcgetgecga

gggat gt gag E%?gagctga 240 ccacact g gagggccccc
gagggcccag ggaggt c gttcagﬁ cc gt gcccgcecec %o

t t t
Th%éﬁ%%&%géﬁi Bt el i g%ag?‘:gﬁ“g&m prsooc

C a a aa 420 tttctct
Ser %%gg%%'égggag%fgtA cg g%gégﬂcggb gﬁ@ galtyt t ct
84
' 480 aaaaa ct ctgcatggga atggcctgcc ttacgatgac
Leug ﬁleratLee £1UHA0vs Gy cenchlat Gy Secagdadlu
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a aggt gt at ..ct cat ccctt a aggca
roceBEAOLLOL LG0081 L Pl LR BaR heceid LPUAE sk
aaat ct gt at tgctgcttct aaagcttgtg 720 gtatcacacc

vall GiQt.ad cat @at eigbbt dnet thaal 9ad st URRALAY38 MAJRhLt 9ot
780 - atccacimsaa ccatgtcttc gagatagatg 895
agt caaccag. gcataatgta ctctacagaa 840 taagatttta
Arg ot Ebe @gv klggtat Lyt Segt pge alyc #ds cagagoctiid vagguat ggaa
. 900- t at?ef cgagg t gct gaagd®> cctcttcttg at gaettt gt
. GatoLct ctetrtt ctc 960 agt gca tgattttgt
- TyrcaYc of é}’ﬁg Y§aR4gtHe g dt'gatit %ﬁ&aﬁ‘%‘ﬂcé LEBZ%
' aagaatgtct t gggat 9gca gt gtt agat a t gat aat agccaaagaa
Met ARC08Ca8@ pl08Y,r @0, GELGAGE 20c Ag'f?t E’%e‘r&aglﬁ ggtf&%gCt
acaagacatt cttaccegaa tgtattcgag L caaagat cca
agactatcat attttgacaa ggaagcgaat aaggtacaga tttcgcagat
Lys B200arot T & thopglia Hiet TagdeaalduyCaaage ChhrCE§e cagana :
945 cttgaaactt aagftS8tctta 1260 taadkctgga aact ct gcsg
tctgccttct acacagagaa atttgaagta aaagaacctg 1320
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aacggt ggaa tt cagt ggt c® ¥agagggaaa cataﬁaﬁaaa
Leu @& c a taca 440, R
M L foT R (T e S s ey e e S
t cagt attaa gcaagcaaac caagagggtt 1500 caaat gaaag
. Gly cegaet gvalactrat agat zalageaagabogint agaaat Ctegduonaatgaac
156@95ttagctcatt aagby@agct ttgtctttcgovptcatt aat

at%gatat tatagattaa 1620
Lys Val ¥s Glu Pro Gly Glu Ser Pro Ile Phe Trp Tyr Ala Pro

1010 1015 1020

Glu Ser Leu Thr Glu Ser Lys Phe Ser Val Ala Ser Asp Val Trp
1025 1030 1035

Ser Phe Gly Val Val Leu Tyr Glu Leu Phe Thr Tyr Ile Glu Lys
1040 1045 1050

Ser Lys Ser Pro Pro Ala Glu Phe Met Arg Met Ile Gly Asn Asp
1055 1060 1065

Lys Gln Gly Gln Met Ile Val Phe His Leu Ile Glu Leu Leu Lys -
1070 1075 ‘ 1080

Asn Asn Gly Arg Leu Pro Arg Pro Asp Gly Cys Pro ZAsp Glu Ile
1085 10990 1095

Tyr Met 1Ile Met Thr Glu Cys Trp Asn Asn Asn Val Asn Gln Arg
1100 1105 1110

Pro Ser Phe Arg Asp Leu Ala Leu Arg Val Asp Gln Ile Arg Asp
1115 1120 1125
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aacctcagtg ggacaaagaa gaacttcagc agtcttaaag 1920
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caaagatcca agactatcat attttgacaa ggaagcgaat aaggtacaga tttcycagat 1200 :
ttattcagca attcagcecasa tgeaaagcca ctygccagaaa cttgaaactt aagtatetta 1260
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gggg%c&ﬁgééa%@g@t@a%@aég&k%ag
tttccctg

tcca tagttaat ct

ac ccCt aaat aat
atccated ttyaetatgnangaag.cel tacaar@as taaat Lirat £ 14620 tra

ctaagdgact CETC268D coerevatt trtcraaat detagt Atar (raaesgraty

é¥3995500

1560

1680

1746

1800

1920

1980

gtatttregd tobeccaatt ttrgagact t aagasiogcc £440caeagoaataddtgy 2100

tgri@bgaiLelida gagc t caticttcga tctctggga

T74800 ttataéggt ca:gg%%%?f %;agtg Podas %tatagécgttggatcaagg‘é‘fa&gg 2160
2220

ttaggatgagat tigpabiydd ttaapagsdedytaggatagedctcat taagaaaa
' tgcagcaggt taagaatttt ttcctaaaga ctgtatattt 4920
cagsgabirgt traeagdarty3ajecat rgcaguese chgalagagattdtt aditttect 2280

" _tttaga
Rt Aadea
gtttOt Gt £dddyagagaaagal
5097 Received at: 1 _
catabbtjaa<dzabNA 5236322 00NBHAPL NP gasedlAWFas e 8gctaaac
fragnent of SEQ ID N2 with the GL849T nutati on

4980

i aaat gaggt a aat aagt aaa aaagt at gct

SR AATRHAT C e CARORAAE" FOREr Rart Catasotat

+0G
T22P

agttggcsie agFicg becatc hbtattggiay bédcacastaaat cageadtagagtatygty

agattt ta tttaat
Ccaa%égiﬁggégﬁg'tE?ﬁiaﬁ

aacté&&&QEC@EEE%géH%%t&Eﬁ%@E&E

cacagaaac

180

attca

taccdt@atgagrasdcidtht tfl-€ 0 Ra9CaL L0 géééaatttg

aatggagttt
cteotggattc
agtgggcaga
-cttcttteag
taacagaaaa
. ttgaagaccy
gcaagggtéa
gggaggtggt

azagggaaat

tagtaccact
tcazagaaag
attagcaaac
agccateata
tgacatgtta
ggatcctaca
ttttygggagt
cgctgteaaa

tgaaatcctyg

ttgtgggaaa tctgcagtgg aggagataaa

ctacastttt
cttataaata
cgagatcectta
ccaaatatga
cagtttgaag
gtggagatgt
aagcttcagce

aaatccctac

atgaagatag
attgtatgga
acagtttgtt
ggataggtge
agagacattt
gceggtatga
atagtactga

agcatgacaa

gcatcagctt
ttatgaacca

tactccagat

cctagggttt

gaaatttcta
ccctetacag
agagcaccta

cattgtaaag

%é:E
gdg

aaa 60 gccttggcca aggcactttt
gi*"dchdegagHe 6¥HG

f, L3aaqol
R T

Fhoirs

@%“C {cebyatea
at aaagc
“gekgidagt 24

gcaacagaca
cctétaagtg
cctgcaccaa
gatttcagge
tatgaactat
tctgdtgoct
cageaacttyg
gacaacactg
agagactttg

tacaagggag

<400>

2340

A SO Lok cain 2o

2460
2520

2580

2700
2760
2820
2880
2940
3000
3060
3120
3180

3249




ttttaaatta tggagtatgt ttctgtggag acgagaatat tctggttcag
aatttggatc actagataca tatctgaaaa

Received at: 11:229@9;25;2&9 aa 300
agaat aaaaa ttgtataaat atattatgga 360

aact t gaagt

tgct aaacag ttggcatggg ccatgcattt tctagaagaa aacaccctta

420

ttcatgggaa tgtatgtgcc aaaaatattc tgcttatcag

agaagaagac aggaagacag 480 @§aaatcctcc tttcatcaaa
cttagtgatc ctggcattag tattacagtt ttgccaaagg 540

acattcttca ggag 554

<210> 4 <211> 94

<212> DNA <213>

LILBTE2 S APTENSCIR 2P tei2230s thpaigat rtgaafatSEQch & adgasi t MB300

gttEaIL'] cgg%
ag
RO e e

<211>

atcgggﬁfﬁf

849T nmut ati on

<400> 4 gat gagcaag ctttctcaca

FHYCT TP AT g Rt geR e tratgareecagt

733

ag attt 94 s
fT Srai " Ceguénes “Fye”

CRVPIRFVER® (B A8F1C8a gg8 e2ca o gergptttty

s amd

IItEPGHETR eEICE teRrRacHERRad (atea@EDza GolaRessi vethgatdaa

gtcéE&t%E%PB@gq@éég&kzégg%a;é%ac
Artificial

sequence

S R

<22

| 2LoftEEIMOCHEIGTILT LAODBEaET targEitttree RLadatt oar aampobaddd

gtcééggégé
tccatttgat

atgagatcta
ttagggatcet
gaccticatt

tggactatta
agaatatctg
aagacattaa
ttaacatcac
gacctgaaaa
tagtttttac
gagggciggt
acttcactat
gttcatttat
tgtactgtas
ttteecectgac
tttattatgg
‘ccazatttite
caggaatatt
ttatgetcat
atggatagct
gaggégtttc
aaatgaggta

aattcataac

7 <211> 20
ggaagétatg cgtatgattg_gcaatgacaa acaaggacag atgatcgtgt

agaacttttyg

tatgatcatyg

‘agctcttega

ctgagaccaa
ttacatatat
ctcaaaactt
tgagaattcc
tcttgtctég
aattattatg
cacagtyggat
gtteattaat
acaaacaaat

atcgctggee

atatttttea:

cctaaataat
tttceecttgt
ctzagactac
qtcatécttt
gaactaaatt
cattaagaag
agaattttgce
zataagtaaa

gtgtatdttt

aageatzaty

acagaatgct
gtggatcaaa
agtagattta

caftattata
;caaagttta
ttggcaagga
caaaataaaa
taaattttge
gtataatacc
actgttttet
taagafqttc
agcattataa
catéaaggga
acattttgaa
atctatttgt
tatgaacagt
gagctgeotga
taagcttaag
tgcagcaggt
attgcagtca
aaagtatgct

aagazaaatg

gaagattacc

ggaaceaataa
taagggataa

cagaacaaag
taaatcatga
gtaagttttt
ttttgtaaga
aagatagact
aatgttaaaq
ttggcatctt
aatttttcca
agataattga
gcaggtgtat
acaaatgtct
atgaaacaay
ggtgaatgtg
tttettttaa
ctgccaataa
ccataaaata
taagaztttt
tagaagagat
tgttaatttt

agcatacate

aagaccagat

tgtaaatcaa
catggctgga
ttttatatet

tgctagceag
ctitcatygagyg
agtttctitaa
ttttcaactc
atgcacagaa
gtgtgatgtt
tagttaatct
atazgtacct
acttttaget
agttttattt
cttacaaags
ttktttaaat
aattttgaga
cattcttega
gattagattg
Ttcetaaaga
ttatttectt
attcaagaat

ttaaatcttt

ggatgcceag

cgceectoct
tgaaagaaat

cacattgectg
cagagatgtg
ccaccagteaa
acattgtctg
agettttitga
tatgtatgta
ttacacacat
atasttaatt
ttgtgtcétt
tgtagttcca
gtataggaaa
tataatctat
ggaactatct
ttaagaatgce
tctctggggt
ttttttazaa
ctgtapattt
tttagagggg
gccagtagaa

tcaatta

3360

3420
3480
3540

3600
3660

3720
3780

384G
3900
3960

4020
4080
4149
4200
4260
4320
4380

4440

4500

4560

4620

T 4680

4740
4800
4860
4920
4980
5040

5087




Received at: 11:22@&%&@} NG PRI MER (54813- 54832)

sequence <220> <223>

<400> 7 cagaacqgttg
atggcagttg 20 <210> 8 <211> 27 <212> DNA <213>
Artificial sequence <220> <223> SEQUENCI NG PRI MER
(55207-55233) <400> 8 tgaatagtcc tacagtgttt tcagttt
27 <210> 9 <211> 21 <212>gDNA <213> Artifici al
sequence <220> <223> PCR AND SEQUENCI NG PRI MER
(1386-1407) <400> 9 caacctcagt gggacaaaga a 21

<21010 Xx211> 23 <212> DNA <213> Artificial sequence

<211x22F% <223> PCR AND SEQUENCI NG PRI MER (2019-2041)

<212xA@YR 10 gcagaatatt tttggcacat aca 23 <210> 11 <211>

<2132 hreeesapignat : 11: 22PM 4/ 20/ 2007 11 <212> DNA <213>
Artificial sequence <220>

<220>

<223> fragment of SEQ ID N°2 with the G1849T mutation

<212> DNA <213> Artificial

<210>

<400> 3
ctcatatgaa

gcettggeca
acggtcaact
'éttcagagtc
ttttaaatts
faétttqgatc
‘aacttgaagt
ttcatgggaa

" gaaatcctoco

ccaaatggtyg tttcacaaaa tcagaaatga

aggcactttt
geatgaaaca
tttctttgaa
tggagtatgt
dactagataca
tgctaaacag .
tgtatgtgee

tttcatcaaa

acaaagattt
gaagttcttt
geagcaagta
ttctgtggayg
tatctgaaaa
ttggeatggy
aaaaatattc

cttagtgatc

ttasaggcgt
taaaagttct
tgatgagcas
acgagaatat
agaataaaaa
ccatgcattt
tgcttatcag

ctggcattag

agatttgata
acgasgagaa
ggataaagea
gettitcteac

totggticayg
ttgtataaat
tctagaégaa
agaagaagac

tattacagtt

tttaatgaaa
gtaggagact
cacagaaact
aagcatttgy
gagtttgtaa
atattatgga
aacaccctta
aggaagacag

ttgccaaagy

.dcattcttca ggag

<210> 4

<211> 64

<212> DNA

<213> homo sapiens

<220>

<223> fragment of SEQ ID N°3 with the $1849T mutation

<400> 4
gatgagcaag ctttctecaca agcatttggt tttaaattat ggagtatgtt tetgtggaga

cgagaatalt ctggttcagg agtttgtaaa attt

<210> 5

<211> 20

<212> DNA

<213> Artificial sequence

<220>

'<223> PCR PRIMER (54804-54823)

<400> 5
gggtttcete agaacgttga

<210> 6

60
120

186

240

300

4290
480

540
554

60

34

20




<223> SNPS PROBES AND DETECTI ON OF MJTATI ON AND si RNA
Received at: 11:22(118282b870) <400> 11 ttttaaatta tggagtatgt gtctgtggag
acgagaatat to 42 <210> 12 <211> 23 <212> DNA <213>
hono sapi ens <220> <223> Sequence conprising the
G1l849T nutation <400> 12 tatggagtat gtttctgtgg aga 23
<210> 13 <211> 21 <212> RNA <213> honp sapi ens <220>
<221> misc feature <222> (20) .(21) <223>nis T
<211522fp> <223> sense si RNA <400> 13 uggaguaugu
<2lzpucmguggan n 21 <210> 14 <211> 21 <212> RNA <213>
<213pon tsdpirent seqRBOce <221> mi 5¢ feature <222>
(20) _.(21) <223> nis T <220> <223> antisense si RNA
<2202400> 14 uccacagaaa cauacuccan n 21 <210> 15 <211> 21
<223> PCR PRIMER (55240-55260)

<400> 6
ttgcttteet ttttezscaag a

<210> 7
<211> 24

<212> DNA
<213> Artificial sequence

<220>
<223> SEQUENCING PRIMER (54813-54832)

<400> 7
cagaacgttg atggeagttg

<210> 8§

<211> 27

<212> DNA

<213> Artificial sequence

<220>
<223> SEQUENCING PRIMER (55207-55233)

<400> 8
tgaatagtcc tacagtgttt tcagttt

<210> 9

<211> 21

<212> DNA

<213> Artificial sequence

<220> |
<223> PCR AND SEQUENCING PRIMER (1386-1407)

<400> 9
caacctcagt gggacaaada a

S <210> 10

<211> 23

'<212> DNA :
<213> Artificial sequence

<220> ‘
<223> PCR AND SEQUENCING PRIMER {(2019-2041)

<400> 10
gcagaatatt tttggcacat aca

<210> 11
<211> 42

21

20

27

21

23




Received at: 11:22PM 4/20/2007 12 <212> DNA <213>
Received at: 11:22M Gjebldp @l sequence <220> <223> Aigo "S' (sense)
<400> 15 ggcagagaga attttctgaa c 21 <210> 16 <211> 21
<212> DNA <213> Artificial sequence <220> <223> digo
"R' (antisense) <400> 16 gctttccttt ttcacaagat a 21

<210> 17 <211> 25 <212> DNA <213> Artificial sequence

<220> <223> "Sensor wt" <400> 17 gtctccacag
acacatactc cataa 25 <210> 18 <211> 25 <212> DNA
2L22oP¥8 Artificial sequence <220> <223> JAK2 pri ner

<213z406518cpla S66UERHE get t gt gaga aaget 25 <210> 19

<o205211> 23 <212> DNA <213> Artificial sequence <220>

<223> SNPS PROBES AND DETECTION OF MUTATION AND siRNA (1829-1870)

<400> 11
ttttaaatta tggagtatgt gtctgtggag acgagaatat tc

<210> 12

<211> 23
<212> DNA
<213> homo sapiens

<220>
<223> Sequence comprising the G1849T mutation

<400> 12
tatggagtat gtttctgtgy aga

<210> 13

<211> 21

<212> RNA

<213> homo sapiens

<220>

221> misc_feature
222> (20)..{21)
<223> n is T

<220>
<223> sense giRNA

<400> 13
uggaguaugu uucuguggan n

<210> 14

<211> 21

<212> RNA

<213> homo sapiens

<220>

<221> misc_feature
<222>  (20)..(21}
€223> 0 is T

<220>
<223> antisense siRNA

<400> 14
uccacagaaa cauacuccan n

<210> 15
<211> 21

42

23

21

21




<223> cJAK2F <400> 19 gcacacagaa actattcaga gtc 23

Received at: 11:22M2 4872009 <211> 19 <212> DNA Received at: 11:22PM

4/ 20/ 2007 13 <213> Artificial sequence <220> <223>
cJAK2S <400> 20 agcagcaagt atgatgagc 19 <210> 21
<211> 24 <212> DNA <213> Artificial sequence <220>
<223> cJAK2A <400> 21 ctagrgatcc aaattttaca aact 24
<210> 22 <211> 21 <212> DNA <213> Artificial sequence
<220> <223> cJAK2R <400> 22 gtttagcaac ttcaagtttc c

21251 DNBo10> 23 <211> 25 <212> DNA <213> Artifici al
<2133efuEntciadly seaueneass " Sensor wt " -

acacatactc cataa 25

<220>
<223>

<400>

Cligo “8” {sense)

i5

gycagagaga attttetgaa c

<210>
<211>
<212>
<213>

<220>
<223>

<400>

ie6

21

DNA

Artificial sequence

Oligo “R* (antisense)

16

‘getttecttt ttcacaagat a

<210>
<21il1>
<212>
<213>

<220>
<223>

<400>

17

25

DNA

Artificial sequence

“Sensor wt”

17

gtcteccacag acacatactc cataa

<210>
<211>

<212>
<213>

<220>
223>

<400>

18

25

DNA

Artificial sequence

JAKZ2 primer

18

aaaaccaaat gctigtgaga aagct

<210>
<211>
<212>
<213>

<220>
<223>

© <4G0>

19

23

DA

Artificial sequence

cJAKZF

19

gcacacagaa actattcaga gtc

<210>
K21i>
<212>

20
19
DNA

<400> 23 gtctccacag

21

21

25

25

23



<210> 24 F <211> 25 <212> DNA <213> Artifici al

Received at: 11:22@?%@%% <220> .<223> JAK2 pri nmer <400> 24
aaaaccaaat gcttgtgaga aagct 25 <210> 25 <211> 25
<212> DNA <213> Artificial sequence Received at:
11: 22PM 4/ 20/ 2007 14 <22Q3 <223> Sequence of sense
primer <400> 25 aagctttctc acaagcattt ggttt 25 <210>
26 <211> 26 <212> DNA <213> Artificial sequence

<2132 7g3iEpolsl Sequenee of antisense priner <400> 26

<220agaaaggcat tagaaagcct gtagtt 26 <210> 27 <211> 17
<223%2f@9%%NA <213> Artificial sequence <220> <223>

<4005eqeence of "Reporter 1" (VIC) <400> 27 tctccacaga
agcag@eat acgdthage210> 28 <211> 15 <212> DNA : 19

<210> 21

<211> 24

<212> DNA

<213> Artificial seguence

<220>
<223> ¢JRK2A

<400> 21
ctagtgatce zaattttaca aact

24
<210> 22

<211> 21

<212> DNA

<213> Artificial seguence

<220>
<223> CJAK2R

<400> 22

. gtitagcaac ttcaagtitc c 21
<210> 23

<211> 25

-<212> DNA

<213> Artificial seguence

<220>
<223> ™“Sensor wt”

<400> 23
gtctccacag acacatactc cataa

25
<210> 24

<211> 25

<212> DNA

<213> Artificial sequence

<220>
<223> JAKZ primer

<400> 24
aazaccaaat gcttgtgaga aagcet 25
<210> 25
. <211> 25
. <212> DNA
. <213> Artificial sequence




<213> Artificial sequence <220> <223> Sequence of
Received at: 11:22pMR@POEGer 2" (FAM <400> 28 tccacagaaa catac 15
<210> 29 <211> 19 <212> RNA <213> Artificial sequence
<220> <223> si RNA <400> 29 uggaguaugu uucugugga 19
<210> 30 <211> 19 <212> RNA <213> Artificial sequence
Recei ved at: 11:22PM 4/20A2007 15 <220> <223> si RNA
<400> 30 ggaguauguu ucuguggag 19 <210> 31 <211> 19
£212> RNA <213> Artificial sequence <220> <223> si RNA

<2205 :
<223X46Qauadcgaguasgssipdingdggaga 19

<400>

25

aagctttcte acaageattt ggttt .25

<210>

<211>
<212>

<213>

<Z220>
<223>

- <400>

26

26
DNA

Artificial sequence

Sequence of antisense primer

26

agaaaggcat tagaaagcct gtagtt g 26

<210>
<211>
212>
<213>

220>
<223>

27
17
DNA

‘Artificial sequence

Sequence of “Reporter 17 {VIC)

<400>27
tcteocacaga cacatac 17

<210>
<211>

<212>
<213>

<220>
<223>

<400>
<210>
<211>
<212>
<213>

<220>
223>

<400>

uggaguaugu uucugugga

<210>
<211>
. K212>
<213>

28
15

DA
Artificial sequence

Sequence of “Reporter 27 (FAM)

28
tccacagaaa catac

13

29

19

RNA

Artificial segquence

5iRNA

29
19

30

19

RNA

Artificial sequence




Received at: 11:22PM, 4/20/2007

<220>
L223>

<400>

siRNA

30

ggaguauguu ucuguggag

<210>
<211>
<212>

<213>

<220
<223>

<400>

31

19
RNA
Artificial sequence

sS1RNA

31

gaguauguuu cuguggaga

15

19

19




