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the V617F variant of the, ‘protein-tyrosine kinase JAK2, said variant being
responsible 5 for Vaquez Polyglobulia. The invention also relates to a first
intention diagnostic method for erythrocytosis and thrombocytosis
allowing their association with myeloﬂ'roliferative disorders, or to the
detection of the JAK2 V627F variant in myeloproliferative disorders
allowing their 10 reclassification in a new nosological group, and to the
identification of specific inhibitors and siRNA. Vaquez polyglobulia

gpfﬁﬁbf Nemia,eraorfzV '%ﬁr?@‘féy@ﬁﬁ%f%ﬁ%@?ﬁ 46D vERa

hyperleukocytosis. 15 It is a clonal, acquired disease of the hematopoietic

stehirsceltr Elvehematopaidticoprogenitarsof Pyvhare wbie’o fommiant of the.
proépthrobljast edtoniesindse absente ofatyihrepaietin {Epe)icalletksponsible
for SPANANEONSIGAIaNIES s Hypefsensitvity,af B, efythrohlast, pProgenitors ¢ » o

everal other growth factors has 20 also heen shown: Interleukin-3

!
REGRS08 a3 WcHGphag SHffating Pactor (GHFCSRYYStEM Lol 20

thrpabrerySeriand Insalid ¢ikenGrowth Fdotdr(IGF-1)aSevera téams havewith
nyelakero andatesestja the; physiapathology of PVy butibedpelesHlaps the Jak2
V61 Eom%¥,% trée ri)r?t Org tgc;cglse sefemains unlgloyvn g) date Z‘Ln ,(H,Pahl,, hei
~ 2000); Thé hyperSensitivityof PV progenitors to several cytokines'iedds “ <1 F
reC i3 Fesehtaiihg @homdliesinvaiFing thesigral Lfadsddtioifpathiags to the
idecbmmon to oytokifieseeeptdis. Theh Bxistence ehd nsdlrualar marker has
neversheen evidepgediu 3PV, et giverntthensimilanies:betweeniBN ands &
chroier myeloarolferatve disgrdess, CML n paricylar, iLappears Jghable ¢y

that molecular mechanisms close to those induced by Ber-Abl are

polyglohiia t6rifle prédémmant protREGHbRE Stha HHallyift tonkaseosis -
I {Serfl ditferBRtatio CANS S5 hybotResis was rebBRtyIrtiFrea s ide sten

cel fare Thyel oliferatvecdisorders; gse Myetopraliferdie disordgid e to form

-erythroblast colonies in the absence of erythropoietin (Epo),

called “spontaneous colonies”. Hypersensitivity of BV
erythroblast progenitors to several other growth factors has
also been shown: Interleukin-3 (IL-3), Granulocyte Macrophage-
Stimulating Factor  (GM-CSF), Stem Cell Factor (SCF} and
Insulin Like Growth Factor (IGF-1). Several teams have taken
an interest in the physiopathology of PV, but the molecular

anomaly at the root of the disease remains unknown to date

L {H.Pahl, 2000).

The  Thypersensitivity 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, 1t 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
nyelopreliferative disorders, the myeloproliferative disorders

associated with a translocation invelving the 8pll chromosone
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the FGF receptor, and the hypereosinophilic disorder in which a cryptic

chromosome deletion leads to a chimeric gene PDGFRa- FIP1L1. In both

cases, the molecular anomalies are the cause 5 of fusion proteins having

a constitutive tyrosine kinase activity.2|n PV, no recurrent cytogenetic

anomaly has been found, even if a 20q deletion is detected in 10 to 15%

of patients, and heterozygosity loss at 9p in approximately 30% of cases

10 (Kralovics, 2002). However, these anomalies are not specific to the

disease. Since PV cells are Epo-independent, research has been
CeohidbrtakehSh theSAGAY of 26 EbbetEftor B EFH L Foikty Ohe the  FGF
recigeéptor is avrmaltiioth struptraths anddbifunctionally ¢dss et ahy 199dich  a
cryk fouedisat ok 896 dMeans, at abA989) Jhe SHP- L DPOSPRAIASE pporRa-
- P\Q’E'fh df h%%pt}?rylates R- o and FEOAKZ when Epo stimulation cegg;s,

is fiormally "2xpressad af RNA'Snd prot&iniavel TATTESI6R ef4F 169F <ause
of ASipgalépoulesardn$ 99 Liover downstresim RiEpo 20wigndlting, kinase
actabnaermal activation of STATS has been researched in the polynuclear

neutrophils (PNN) of patients presenting with PV but npo anomaly has

Do B e D A s, found,
eVehadhech fferitedihiPRNSSn 499¢ ¢hses ot ofd4examifedrRatrients,
and2004) e Finally, 25 the axpressien ofthe antzppopieticpreiein bob«l, af cases
(KIH§89§H§Pn§U§§F¥o&%%@@é&ba%ﬁgggS%Qb Mies are not specific

immunohistochemistry and by flow cytometry (Silva at al, 1998). It wa
“° ERGWHR5A5E ! is hyperexpressed in PV erythroblasts, in particular at a |

mdiérmaturg'stage Mitsen this  3Dpreieid épnortaally, no fengerexpresaed. been
undd}-Vaguaz palyglabulia, theighiel,diagrostiggriteria,fo dﬁ&%@%&%‘ﬂ"‘ic%—apo) .
Fir:g?c\_{SG crlt%rla: Pearson, 2001), Biological |agr??35|s is essentially based

o growin c%lturre%%?pg%roiﬂsproége%fg? in the BsertEorEpgat:y  and

funqgeétesndn bf (Hess et al, 1%84; Le Couedic et al, 1996; Means
et al, 1989). The SHP-1 phosphatase which dephosphorylates R-
Epo and JAKZ when Epo stimulation ceases, is normally

expressed at RNA and protein level (Andersson et al, 1997;

Asimakopoulos et al, 1997). Lower downstream in R~Epo
signalling, abnormal activaticon of STATS has been researched
in the polynuclear neutrophils (PNN) of patients presenting
with PV but no anomaly has been found. On the other hand,
constitutive phosphorylation of STAT3 has been evidenced in
PNNg 1n 4 PV cases out of 14 examined (Roder, 2001). Finally,
the expression of the anti-apoptotic preotein bel-xl, a
transcripticnal target of  STATS, has been studied in

immunohistochemistry and by flow cytometry (Silva et al,

1988). 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 Vaguez polyglobulia, the chief diagnostic criteria to
date are clinical (PVSG criteria: Pearson, 2001).Biological
diagnosis 1s essentially Dbased on growing cultures - of
erythroid progenitors in the absence of Epo (detection of
endogenous colenies), On account of the necessary expertise
for its proper conducting and the substantial “techanician-

time” required, this test is not available in every centre,
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is not available in every centre, Received at: 11:22PM, 4/20/2007 3 and is
~only reliable when conducted by an experienced laboratory. In addition,
the test requires medullary cells from the patient to obtain good
sensitivity, which can be a tiresome ptocedure for the patient. 5 Using
‘subtraction hybridising techniques, a German team has cloned a gene
hyperexpressed in the PNNs of PV called PRV1 (Polycythemia Rubra

vera 1) (Temerinac et al, 2000). The PRV-1 protein belong_s to the
ancSupegsfamily1of UPAR surage repeptors.. Jhe vperexpiession, of BENA i enced

ncqding PRV-1 in RY.palynuclear 10 peutrophils can be easil tected
1 . - : .
AR s e i AR
frofisédse, Rith HY phystopaiicibgicAaeie. FewelEl FoEantly HilfBhéthn be 2
tirstudies showdhat it ioeitigre/gnysessitive nor very specific. Spivak JL

- etal, 10,9003 ¢ Chronis myeloprolifgrative .15 disgrders . g',em%t%%an team
2003; 200 24) describes certdin PV markers. The mRNAs of the
hasn&dtrashlic affigeh REPETPPEER HeldkpréssetNN ihe Gratlcanes o PRV

{ PoRVoydtients.aT Hisimarker: doed hot @ppear teshe a teliable AiEHNS.hGeverRV -1
profof Jeteeling BY, same patienisnotshoning this @aexIession ofdhisptors .

overexpression possibly being observéed in patients sufferirllig from

2
The  ERprGITErAtvE tidorders Biher 1R Vaqlez poljglobtiia. Reduizedclear
neugxGRiksibh of #ie thfonfhbpoletin CfeceptGid MBI off platelSt5Ti€ alBd T8GFd  and
forimP\A Aﬂbﬁé@l‘ftlhis' Msmwemmt ib PViitis fm@éﬁiﬁherv&ﬁth no
phyuglonroliferative disorders, Ingaddion, itisatestthat is diffieultlo,carny, ;e
out and can only be performed in specialised laboratories. Therefore, in

shophdbite bF theSartSid- eth I 8XiskEWHiER Brovidds ¥ FElaie erddnidsis
of P¥i ¥ laddition,ahe 30,onlyravdilable tréatmentsiare ngtesSpenific. ifesetive

disflate-tonhleholony 1o, maintain rematpest within nermal imits, othe ain  py
maxr g%éﬁc%ggwﬁﬁﬁﬁguip qwéNheutrophilic antigen NBI/CDL77 are
overexpressed in the granulocytes of PV patients. This marker
does not appear to be a reliable means however for detecting
PV, some patients not showing this oveérexpression or this
overexpression possibly being observed in patients suffering
from mysloproliferative disorders other than Vagquez
polyglcbulia. Reduced  expression of the thrombopoietin
receptor, Mpl, on platelets is also found in PV. Although this
anomaly is predominant in PV it is found in o¢ther
myeloproliferative disorders., In addition, it is a test that
is difficult to carry out and can only be performed in
specialised 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 IEN.

Under the present inventicn we have not only discovered a
mutation in the JAKZ gene in approﬁimately B0% 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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Under the present invention we have not only discovered a mutation in

Fh@m%%? gene in approximately 90% of tested 35 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 Received at: 11:22PM, 4/20/2007 4 block the spontaneous proliferation

and differentiation of PV erythroblasts?. JAK2 belongs to the family of

Janus Kinases (JAKs) which group together several intracytoplasmic

tyrosine kinases: 5 JAK1, JAK2, JAK3 and TYK2. The JAK proteins are

b1dawolvedindperintacelliuar signalling-et numerous membrangreceptass of PV

eryWhighhayemo. intrinsic tyrosine kinase activity, like some members of the
supgtiamily.af syteking receptors apdyin particulanthe £poeceptPis) which

-gro(u%ED%%Té&WZ PLQIEILIS 101%@9%@?8& a0enewhich complises 28,5 ses :

JAI’ﬁ)f.on&t& e S'gfﬁﬁ th&n&(’fﬁ'l?k%me“i%( IS Qeq% pcﬂré_af]gvolved in

thefneades aproleinof 1132 aming acids:- (130 kP). (Gigure I Ysing PER o e o 1

.and encing we have identjfied a clonal, acquired, point mutatlog.lg
g) ike some

and sequ
whi a8 o A2 et G004 8F BatiTts %&ﬁiensn% s P The 1 |
mem‘ﬁ*‘F@" 627 cotlof, nSHRSIRSEFHINY ford VMBIV e mutaedPieaT C'ﬁr}d 1R
Parégdiig #ar a Pienyidanines@3L This VB 7ERRdtation & ndffdtndindkein 1s
encpslggntiils 8r pEtientsvBulering WY igondary poBifobufawhe Wwere of the
contebted:rQua the other hand 30 is found ipd0% ofesbeatialcdes 2 protein of

1138 rempacytagmias and in 8% ofraQ Tyelofibroses; whighrmeans il dhisicing

_mutation efinega%gsw mry}elogﬁ[ollferative lisorder framework in the

e BGKE WA Berh-%bl Uefiméd BronftEReioid leuRSemia. o éamie 11 %00
12 \whetdédihe variartof the ikléntioh, JAK2ev6L7R whlkrbeadetéttad Viith The
“GT@T’HC%QWI_J%%E}@HUM%%@n & 9gperabwidg U@@li@rﬁ@_em@}mqu mutated
to d\'?%‘?’s“ééag%rﬁt%'g% we 98%'9(3?[%féﬁ?tisz?ér!pg%j.ffo’gr?f‘“e‘i}tﬁz?ze mutation
~~ suspected of suffering from am)}fe oproliferative disorder. We Rave shown

is tRatuskauggl 7 stdificiehtly defdetsd By RightoyEibe0 aAd FagPRALY from
sectechnojogies), thesechding skigitlywmoee sendite. than 3thsequsneinghdve, it
is then.estimated jhe detection-yalyg of %ﬁ%gmbocytaemias and in 50% of
myelofibroses, which means that this mutation defines a new
myeloproliferative disorder framework in the same way as Ber-
bl defined chronic myeloid leukaemia.

To exanine whether the wariant of the invention, JAKZ

- Vel7F, could be detected with efficacy using instruments given

‘general wide use 1in haematology diagnostic laboratories, we

analysed 119 samples from patients suspected of suffering from
a myeloproliferative disorder. We have shown that JAK2 Vel7F
is efficiently detected by LightCycler® and TagMan®
technologies, these Dbeing slightly mnmore sensitive than
seguencing. We then estimated the detection value of JAKZ
V617F as first intention disgnostic test in 88 patients with
hematocrit levels of over 51%, and 1t was shown that the
mutation corresponded to PV diagnosis in accordance with WHO
criteria (R=0.879} and PVSG criteria {(R=0.717) with a positive
predictive wvalue of 100% in the context of erythrocytosis. On

the basis of this data, we propose that the detection of JAKZ

"VE17F  In  granulocytes should be considered as a first



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 diagnosis in accordance with WHO criteria (R=0.879) and PVSG

criteria (R=0.717) with a positive 35 predictive value of 100% in the
integdntart ofiésameeyiosis. O the basivefthisdata, wetpropesg thatthetosis,
theraggecaa@@aﬂﬁgzt}«{@m@g@gm&é@ﬁyt@fsn%r@ l@%tpg_n%i%s@,d asAlrstarrow

jntenti ilagnostic test in patients with erythrocytosis,, therehy
procgﬁ%%ng%ﬁ%dn%%asﬁ%e%rﬁgntagfgrgﬁscjéTI n?a]'if,c %gnefc%rar??o%vj\i Oﬁlrogle%du?g%%%emus
ery Ui afaysia b the fBmaticirersHdogen6Es! By tArbiPcolénies Rsied  in
f1rsdetéctiomeduld also be extended in fisstintention-e alimyslopseliferativec he 1
suspdisouiers or thely suspegied presence. Jis,deteetion il be of pariouar. ;, . .
. importance._for chronic thrombocytoses for which no certain b|olog?ca _
PO ERist 16 Confifth ¥ mFeldpiomBRARET arkerder dwilkRii6 e &8 certain
bioclimportant teskin the diaghesis obmyelofibiosis and foy elinigat pitturesrat ive
diso@ssaciated with 1thromhoses.of undetermiped aetiplogy. Therefgre, farthe .
£ firstltin%e, the invention pr%vides a1 diagnostic tpol an_d opens the d,v1\2%tto =

°F rgeted fféStient 6F PV ankd of myBloprotiferative Hisotdéts a85odaed it
throjipafis plutation tMere specifiedllys Weopropose the detection of the

JAK2 Gl Femutation asa fifitf@tgnft(l&zd@iﬁg’ﬁ@%ici@ﬁﬁé%% ican lrovides a

: ro is, making it possible to avoid quantification of red cell mass

d;ag%ﬁ%%ﬁﬁ%? %n%%%?lo %%%olc?ﬁ%s (&%)Tg% v%\}glr%%%eo(%etnﬁg%\lpvefelstin%f BV
and g e WAoMy bPpatiehtsiandVii chicHicthPoriboe SIS idrelsy aveidingthis
mut atengthy astiologicat seatchs Siymary ogbﬂ@kﬁlyent{gﬁbln@efﬂétaﬁpﬁﬁt,of the
aaxa thets xpraided an feolated Jatalanys, inase.) potel shasclerzed o,

in that it comprises a mutation on amino acid 617, more particularly the
SrYERBITE Mhbitation “eteitafter rétetddio as LAY VBT 7E VAL Ration of
red seduentesst which is giverr in. SEEnrpenbusr ecivatents of thiscprotain we 11
as bHYEegatpesition H17.ip other mammals; Jn-asecond aspedt.thete is g ;5

oVi ' e _— . .
chroggym% f%%%%%¥¥§§¥§u% %reby avoiding lengthy aetiological
search.

Summary of the invention

In a first aspect, there is provided an isolated JAK? (Janus
kinase 2) protein, characterized in that it comprises a mutation on
amino acid 617, more particularly the Vé617F mutation, hereinafter
referred to as "JAK2 V617F variant", the sequence of which is given
in SEQ ID no. 1, or equivalents of this protein mutated at position
617 in other mammals.

In a second aspect, there 1s provided a nucleotide sequence
encoding the JAK2 V617F variant according to the first aspect, in
particular the segquence SEQ ID no. 2 having the t/g mutation at
position 1849 starting from the ATG marking the beginning of
transcription.

In a third aspect, there 1is provided a cloning and/or
expression vector which is a viral or plasma vector or in the form
of naked DNA, characterized in that it comprises the sequence
according to the second aspect under the control of a promoter which

is effective in mammalian cells.



encoding the JAK2 V617F variant according to the first aspect, in
particular the sequence SEQ ID no.=shaving the t/g mutation at position
1849 starting from the ATG marking the beginning of transcription. In a

third aspect, there is provided a cloning and/or expression vector whichis

airaf or-Plasiia GEES ‘or itRé Forht Ot TRAKEWONA, BRERtéfAZeF il that with
the dccempiisesdlie lsaguencebagcotding teithesetondaspechimder them cells,
expr LMY of.apromatenwhich. is sffectivginymammalian cells 2a, In afourth ..
. aspect, there is provided a mammalian cell, with the exception of human
LTS e mBR7Giie stem cells or germinal stem cells, expressing the recombinant

JAK2ay/ 6l 7 varaiartdecordingdo the firstwspett. dn adiftthaspectstheregenic
anind$ Provided ainen-unantransgenic.animalexpressing see@miipantne  first
JAK2 V617F according to the first aspect. In a sixth aspect, there is

aSpecr%zrbvided probes or primers comprising from 10 to 30 consecutive

niiglectidesigfthe s6§a6fice SEOTD N6. 3rvafdonpabing thert'g4Fimers
comp dNsiaiednueleotidecina seventh-aspest,dbele is-pravdded athe sequence SEQ
1o nligpnucleotide of gllpast 40 nudeotides, in paricylarbemeen 15 and 25

nucleotides, capable of hybridizing to the JAK2 genomic DNA of ,

sEGueNcEIts No 4°Camprising fiect'shd mutitédWligdRudesigeifo finside of
at  TENA or e mRNAesdn adesighthiaspest cthere is providedasmex vivo arid 25

nuc1direamethad forndeferpuning the presence Qi absence0fthe, G1840T s o

variant_of the JAK2 gene in a sample,from a patient suffering from PV or
e 9ble 16 d&velop &PV oraRy otfiér myeldpibiiferative s§Rbromes rtde, to the

cDNA sartichfarétiPocytosis, hyperleucocytosis, thrombocytosis and

myelafibrosim onpising; a pbtaining g pysleic acidsampleifromthe n vitro
methooﬁat%e”t’ g?e Qeelts%%%%th%R&es%”cseegfzébée”%%Sé the %]ﬁf‘%:%l VaHANEOl iant

tEfKK gene man%c eic gCIg sample cJ):btalnec?From € patient,
of tleparddierizARIh that theFrakencd BPTtheG 849 T Variant i dmihdication?V or
liablef RV otsafampothermyeloproliferative sypereme: 1n s-nith-aspegtdhere, in
parciigiprovided anexyiva ot in virg method for, dstecting the PIESEACE Of; ¢ 4nqg
myeloafbisb(?:rgjcseigtthgo}]npiégs\i{ggl:a) obtaining 2 nucleic acid sample from
the patient, b} detecting the presence or absence of the G1848T
variant of the JAKZ gene in a nucleic acid sample obtained from the
patient, characterized in that the presence of the G1l849T variant is
an indication of PV or of any other myeloproliferative syndrome.

In a ninth aspect, there is provided an ex vive or in vitro
method Zfor detecting the presence or absence of the JAK2 V617F
variant in a sample from a patient suffering from or liable to
devéiop PV or any other myceloproliferative syndrome, comprising: b)
detecting the presence or absence of the JAR2 V617F variant in =a
sample from the patient, characterized in that the presence of said
variant is an indication c¢f PV or of any ocother myeloproliferative
syndrome .

In a tenth aspect, there is provided a monoclonal antibody
which specifically recognizes the JAKZ V6l7F variant.

In an eleventh aspect, there 1s provided a hybridema which

produces an antibody according to the tenth aspect.



variant in a sample from a patient suffering from or liable to develop PV or
any other myceloproliferative syndrdime, comprising: b) detecting the
presence or absence of the JAK2 V617F variant in a sample from the
tient, characterized in that the presence of said variant is an indication
g PVior ‘Sf%%'i“otﬁéP YelopibiiterativeP sgidibire 2Ina tefthragfagct ing the
JRKZ tNére' S pravideeta honoclorahantibodyrwhicingpecifically recognigesthes or
probelAK2 VEIThvarianicinanelevanth aspect thergis-provided a hybridgma ..o

or ab\gg;%]e p %d%%s 8?8%&%@%9% accordiri]g .t%he }%%2 ;g%ect. ob In a twelfth

aspect, there is provided a taftc:)jfocpetectlng the : e.L?F variant in a

tuhouf coprisif§rie orfioRe primérsesie profes as defified above for  for
deteherspecific.detection phthie:presence: prahsence-okthe-Glégdlepdations or
any 'Q%QHA%&%%&&%@QE?@&“ aﬁ#g&i‘o@;g rei%‘pgi\\/rldr?g failfhlteforJAKZ VE17F

. determining whether a patient is suffering from polycythemia vera or any
variagiher myetGprolifétative Syhtfome ifVORATY B IAK2 Ve TTReaAHAE G tos s,
thron}@@tttixcuwi@thEocyt@&is,imfp@nt@ud@cyt@siﬁp:tﬁlMmbocytésismnﬁb;e probes or
priméﬁyeggrmgﬁ§ngaﬁgg§¥&l98@CH%%ﬁQ%QBﬂ%?&064¥H§€E%§Sé¥ﬁ$ﬁ@ presence

abaove for the specific detection of the presence _or absence of the
o P i ot e JAKS G, 1. B Tour A Sspact, there is

pFévidéd afdtiforedeterminingewhetherizepatientss sufferingdroma kit  for
deterpolycythemiscvera ar @é’lt)/i@m?firﬁym@;@f@|if§ﬁ%ﬁ\&§§n%&@%ﬁ@!@hﬁ% hea or

AKZ V617E. yariant, comprising an antibody according to the tent ,
any. é%é%ét. In yé%f??ér%t lagggcg?‘{ﬁeres?éné:%%ﬁed JanéﬁfiﬂA%C%patbsg ofJAKZ VelTE
varlagdereddimgy by mere tham 509°8r eReBY Hidrethai 9596 the expfedsion

of the: JAK2 \MGHAE varant; chataciedzetsinghat-it das fromik®i4o 25papie of

decre@léglﬁgtidﬁych preferably, 19 nuglgotides.in length, fhe Sm%%%e”%%gﬁa st e

strand being identical and the sequence of a second strand being

X EESiHplerfentaly to'fHie séqueiice’ SEG D NG 67 S8BT IONG4 GPélseit has
from the dequencelSEEID ?éNG., 1 bcofmpriging tHe t'Qumitatedinacleotidentta, the

 sequesiXteenth aspectsthets: is;provided,gn ingitro; methag, for.detetmining the -
secondPegific inhibition of JAKZ V61T7F with one % more compounds,

r
el cQ gmentar o ence SEQ ID No. 2 or
comprising the stéps Consiating * 4) bAinding ongd™ 9 . roes

SEQ ID No. 4 or else the sequence SEQ ID No. 11 comprising the t

mutated nucleocotide.

In a sixteenth aspect, there is provided an in vitre method
for determining the specific inhibition of JAK2 V617F with one or
more compounds, comprising the steps consisting in: a) bringing one
or more compounds into contact with the JAKZ V617F protein according
to the first aspect, a membrane fraction comprising JAK2 V617F, or
else a cell expressing JAK2 V617F according to the fourth aspect,
under conditions suitable for binding and/or inhibition, and b)
detecting the specific binding and/or the inhibition of JAK2 V617F.

In a seventeenth aspect, there 1is provided an in vitre
screening method comprising a succession of tests, according to the
sixteenth aspect, of several molecules and a step of selection of
the molecules exhibiting an IC50 for JAK2 V617F of less than 1uM,
preferably 100nM.



or more compounds into contact with the JAK2 V617F protein according

to the first aspect, a membrane fraction comprising JAK2 V617F, or else

a cell expressing JAK2 V617F accokding to the fourth aspect, under

conditions suitable for binding and/or inhibition, and b) detecting the

specific binding and/or the inhibition of JAK2 V617F. In a seventeenth

aspectthete §5 previded s vitro $&reening method’éeimprisingeethod  for
i dentSlocassion:ofitesis;raccardingdedbe, sixteanth aspectof several consisting
- ole 0 jon of . the molecules exhibiting an 1C50 for_ .
e o o T e et F1 0GR B 1A o SSegy  onival
CXPL AW, tHEI s Providedhd nmidthdd 16 idéntifying Miedicatnéitcantifdateducing
polyaqgmprising thesiepscdrisisting uffa) atministerng compowdsteai ferative
synd M@R-NUman ransgenic animal expressing JAK2,Y614F a5 defined above, 1.

ffecs.tald animal regroducmg polycythemia ver% and/or suffering from a

et IeGhySloproliterativB gfdrdhte Falated td'the B%s@ﬁgé?ﬂdﬁ%’z FGEyes for
whichigtefitiningtheleffect bfthecéompolindhand selgctireptie medicdmention and
diff&ﬁi&dﬂl_f'gaﬁ&)?@r%WZEfcfE\lgergﬁéﬁS%fiﬂrQEQ'%h g 9$m%§99n@g;e£’u§ecrease in

proliferation and_differentjation of polycythemia vera erythroblasts or a_ ,
o et h Soll BrorAr related 1 e Praseiic of JAKZ RLTFIGLTE 2
obsexsisserved. In a nineteenth aspect, there is provided use of the siRNAs

aceordingi tosthessixteeath aspect; ferrthe mamfactineDf asaeslicaments 1 ruas
sccodfibfentieth aspedt el pproydad use ascording o the, nineteenth ¢,

aspect, for the preparation of a medicament tfor use in the treatment of
GHafighant haemopathies, in particular myeloproliferative syndromes
includingwpolydygthemiamera, essential ithrgmbocythemige mystoithing to the
ninetSRIGRAMEgabLOr prmant myelofiorosis, 1n.a twentethzone aspget, erejs.
fhe pr%\élgleg a use acc rding to the nineteenth aspect, for the preparation of

a medicAment forase in fhe #8athent SATyRIGHBiifstative Sfndroffed-tcutar
mye 1 yetatbdftorthel SAKVE17Femuiationidind obbother mhakigiantvera, essential
thronfRemopathies and solid BimeHEnsyeh ascarsinamas, melanemas.and

nesrop %p%tg%aé%t;ﬁgggepié%fgg&%%&6@17&, 0,2 e RUgth 0. 8SDeCt, - ding
tc the nineteenth aspect, for the preparation of a medicament for

medi

use in the treatment of myeloproliferative syndromes related to the
JAKZ V617F mutation, and of other malignant haemopathies and solid
tumours such as carcinomas, melanomas and neurcblastomas, which
express JAK2 VG17F. '

In & twentieth-two aspect, there 1s provided a composition
comprising an siRNA according to the fifteenth aspect and a

pharmaceutically acceptable carrier.



comprising an siRNA according to the fifteenth aspect and a
pharmaceutically acceptable carriers5d Description of the invention
Therefore, according to a first characteristic, the present invention
concerns the isolated protein JAK 2 (Janus kinase 2), in particular the

Descyimd sapiehstianus kirraseiZprotein (NCBI, accession number NM
004972;:6}:4 3325062) rcomprising a mutation-an aming agid6L7 (codon  +y.
617 of the cONA starting from AT(G) more particularly the V617F ,
p%‘esemrfj atfb%?%??aré‘iﬁgfté:rolc%%gg I\}gria%g%AKic\?@l%:g’s ; }éoa%epjrléseJr%gd f (Janus
kinageQ2ID NIbeloRe SEDIDUN 1 (MEETFHEIR0 stpichJanuskingseRiorzse 2
protdAK2 VEITE]), accession number NM 004972; G1:13325062)
comp M% IET MII% ME%ESE%S IaYnQLl}lg; DA%S;&I'%H%M %Q}I Qg r\1/ L(%\QY l?)YfH % lﬁg cDNA
KSEADYLTFPSGEY
SEarGAREICIAREKACEITPPPHRMBAEMSETERIWY PEREIVERIDES TRHNV: L on
here (INRIRENVFRPRMYd variant JAKZ VE17F such as presented in SEQ
0 N CSGENRAYRHGISRGAEAPLLDDFVMSYLFAQWRHDF Received at:
11:22PM, 4/20/2007 6 V HG WIK V
sEQ PYIMHETOQEECLGMAVLDMMRIAKENDQTPLAIYNSIS YKTFLPKCIR

(V61 K| OENEH | R 6 R RYRFuB REQRES QCKA TARNL Kig{ YENLETLQSAF
R RS R IR0 R aramangap roescex

VAEE{AIAREIICRATEYE R RIS RRN A HADARRRANVL YRIRF YFPRWY
CSGSERAKEANGE PRASAEARSNENESTSWATWHENE KKAGNQTGLYYV -
LRCSPKDFNKYF

LTFAVERENVIEYKHCLITKNENEEYNLSGTKKNFSSLKDLLNCYQMETV
RSDN [IFQFTKCCPPKPKDKSNLLVFRTNGV
SDVPTSPTLQRPTHMNQMVFHKIRNEDL IFNE SLGQGTFTKIFKG V
RRE V GD YGQLHETEV LLKV LDKAHRNYSESFFF.AAS
MMSKLSHKHLVLNYGV
CFF17CGDLNILVQEFVKFGSLDTYLKKNKNCINIL WK
LEVAKQLAWAMHFLEENTLIHGN VCAKNILLIREEDRKTGNPPFIKLS
DPGISIT VLPKDILQERIPW
VPPECIENPKNLN'LATDKWSFGTTLWEICSGGDKPLSAIDSQ
RKLQFYEDRHQLPAPKWAELANLINNCMDYEPDFRPSFRAIIRDLNSLFT
PDYE LLTENDMLPNMRIGALGFS
GAFEDRDPTQFEERHLKFLQQLGKGNFGS V EMCR YDPLQDNTGEV
VAVKKLQHSTEEHLRDFEREIEILKSLQHDNNKYKGVCYSAG
RRNLKLIMEYLPYGSLRDYLQKHKERIDHIKLLQYTSQICKGMEYLGTKR
YIHR
DLATRNILVENENRVKIGDFGLTKVLPQDKEYYKVKEPGESPIFWYAPES
LTES KFSVASDV WSFGV
VLYELFTYIEKSKSPPAEFMRMIGNDKQGQMIVFHLIELLK
NNGRLPRPDGCPDEIYMIMTECWNNNVNQRPSFRDLALRVDQIRDNMA
G



The invention also concerns equivalents of this protein mutated at

Received at: 11:22pmPOBHIORH17 in other mammals, for example JAK2 5 V617F in rat (NM

10

15

031514), porcine, murine (NM-008413) mammals... and variants of SEQ
ID N1 which also comprise one or more alterations which do not affect
the activity and 3D structure of the vagant. The invention also relates to a
nucleotide sequence 10 encoding SEQ ID N 1, preferably SEQ ID N2
(sequence of the, human JAK2 gene with the TTC codon instead of GTC
on codon 617 (g/t mutation at position 1849 hereinafter called G1849T,
starting from the ATG marking the start of translation). This sequence may

VH@M@W@W&EMHE@@MWEDMM&@WQLMWBPK@R
é ﬁgijﬁ( rl&rln mmah nc The invention therefore

AR R S R A e R K TR R e

EVKEMSWPM}WHWSRWEEG’RWMGEEQNHDVS

(%grﬁ/ ular a mammg{[?ﬁ&fiﬁ%%@éa%i urhan g’ﬁﬁgﬁﬁ %ﬁ%ﬁor CAﬁHgY

LCW&AP@M@@Q@SN@H&&WAMEW@HM&RGSBEE@M@

LT%%&%%IH&H%@%%SE%% may pre el’a[i%?fl,[§§y§ mouse OI’

IIFQETT KW@WWWGWSBNB@WMDL

Img@%ﬁlﬁafg @m@%érgeww n$er |onﬂ¥§sequen€§§!#M§’

MM%@H@@{IM@W@ k@mﬁﬁwm’ﬁwmim@mﬁxm

LE\PA%%%W@%%% %%%/2% IO.I'.] He |nven@|£\)/£eﬂt‘{rg%§genlc@(gﬁ;l Igﬁ%(g.l%}égdl%ll'r

VLP@@E&@E@&WBPE@IEA% :MMW&F&'DT@@EW&@WDSQ |

@IIOH gﬁ}g%gﬁ%ogous recom ina |on a&ﬁﬁ?@%ﬁmi%ﬁ]@g%

LLTIRNIgHAN BE A HGE SN FRPRARTQFEERHLK FLQQLGKGNFGSVEMCR

 YDPLQDNTGEVVAVKKLQHSTEEHLRDFEREIEILKSLQHDNIVKYKGVCYSAG

lRRNiLKLIMEYLPYGSLRDYLQKHKERI@HIKLLQYTSQICKGMEYLG’FKRYIHR
DLATRNILVENENRVKIGDFGLTKVLPQDKEY YK VKEPGESPIFWY APESLTES
KFSVASDVWSFGVVLYELFTYIEKSKSPPAEFMRMGNDKQGQMIVFHLIELLK
NNGRLPRPDGCPDEIY MIMTECWNNNVNQRPSFRDLALRVDQIRDNMAG

The invention also concerns equivalents of this protein
mutated at position ©17 in other mammals, for example JAKZ
V6l7F in rat (NM 031514), porcine, murine {NM-008413) mammals..
and variants of SEQ ID N°1 which also comprise one or more
alterations which do not affect the activity and 3D structure
of the.variant.

The 1invention also relates to a nucleotide seguence
encoding SEQ ID N° 1, preferably SEQ ID N°2 (sequence of the
human JAKZ gene with the TTC codon inStead of GTC on codon 617
(g/t mutation at position 1849 hereinafter called G1849T,
starting from the ATG marking the start of translation).

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

mammalian c¢ells. The inventicn therefore extends to a vector

expressing the JAK2 V617F protein.



is desired to obtain a transgenic cell with a view to producing a transgenic

Received at: 11:22ev2 1A the host cell is preferably an embryonic stem cell (ES cell)
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(Thompson et al, 1989). Gene targeting is the directed modification of a
chromosome locus 25 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 JAK2 G1849T or any 30 other genetically similar
variant. In this case, the gene targeting is called "Knock-in" (K-in)
AItew}aéivq\%, ene ta£ge in ma)ébe used to reduce or annihilate . a/
expression of Wild-type JAK? to Thaeh the gerd df tHe IAR2 variht *Phis? e/ ©F
eXR hEr CAlldE Kaeclepdt TevieRargeting (KO) {see Bbikey at a5 cell, in
pad98enlHE cal of thenmvkntion iscehhractennesdfiathatithe transgeneis CD34+
prdafegiated stably into the genome of said cell, and in that its expression is
controlled by the regulatory Received at: 11:22PM, 4/20/2007 8 elements
of the endogenous gene. By stable integration is meant the insertion of

A PINLASH [ 40 \/ STV E

it v S Hit-the B

di spridearted is then transmitted to cell progeny. Integration of the _
tjrzrggsn%ﬂ%éﬂea% um@ga@oﬁeﬁé@ﬁ@e%mr&mnﬁf&@ngt%ntﬁ%%@@?@i&etanima:t

endogenous gene. Optjionally, oqne or more positive or negative
ex?s%?ésc%}o%ggegn%%orﬁia))g aenutse%?{ﬁ%s %@%%Ss@félt% u‘%ﬁlﬁﬁi‘ ofgg§ Eerably
be r@gg‘ﬁfﬁﬁth?ﬁe £iGet 16633 FHEfRFS0IF AlttaP&f BAG AotdtégRitRéfsiths used
25 SFYRE répdHEr dEnePoBoR T 18%ifeY sitietorife COMptE SeytieficE Yo those
skigelpdertedl. By*®ONAHomolbgy regiohsCisimeanttivo BNABeglerides method
(taghiehcditadm eptimad aligimentawiafieiedomparizon, Arg identicgidombination
or ubledlyatibastapproximately: 90%cto 5% af tke noeleotide T ANAFRT systems
in preferally gd least98 10199 5%:+ef thenuclgotides. la-Ontimal aligamentof  tne
inviBgSegNencesfor gomparisen @@y%@@% using the SMt-YMAlermay, gene
i:aIJ 8@'1 Qé;%?g% (LQOE‘A'?{E (%%%]Z?Qwev e}@%{l maal%%l{{]gcgslro%?l Q%mgflao ences
or djgonthin (197Q), the Jmilanty segreh methad of Pearson an & Nlene is
insg‘z.gggzi O%htaphle fashion by homologous recombination at the
hemologous sequences in the genome of the host cell. When it
is desired to obtain a transgenic cell with a view to

producing a transgenic animal, the host cell 1is preferably an

embryonic stem cell (ES c¢ell} (Thompson et al, 1989). Gene

targeting 1is the directed modification of a chromosome locus
by homologous recombination with an exogencus DNA seguence
having secﬁuence homology with the targeted ehdoge‘ﬁous
sequence. There are different types of gene targeting. Here,
gene targeting may be used more particularly to replace the
wild-type JAKZ gene by the gene variant JAKZ £1849T or any
other genetically similar wvariant. In this case, the gene
targeting is called “Knock—-in” (K-in}. Alternatively, gene
targeting may bhe used to reduce or annihilate expressicn of
wild-type JAK2Z to insert the gene of the JAK2 variant. This is
then called “Knock-out” gene targeting (KO) ({ses Bolkey et al,

'19892). The cell of the invention 1s characterized in that the

transgene 1is integrated stably into the genome of said cell,

and in that its expression 1is controlled by the regulatory



computer software using these algorithms (GAP, BESTFIT, BLAST 20 P,

Received at: 11:22pH B‘l;/&h?;[}[}l}l FASTA and TFASTA in the Wisconsin Genetics Software
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Package Genetics Computer Group, 575 Science Dr., Madison, Wi).

Although as few as 14bp with 100% homology are suff|C|ent to achieve

homologous recombination in bacteria and mammalian cells, longer

portions of homologous sequences aré 25 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
eleregulation £ e. argroupeprising atjeast.thempronsater 120 regulatoration is
neSefueneesi(epbancers, sileneaes, insulatorshand he terminaiingosigaalsna of

- theof the eREPgEROUSIAK gen%féccw@ﬂé One paglicular.gmbedients  then

ceIg fANgENS JAK . %84%08{“#““:15 easttthggenc§d'n%Se$U%%C§%ene is

ma 03|t|vetselect|oraca%s e erf d or fio ]¥5| es sgﬁ R Jak2
e aetion of tHe rec sbmas eS-TRIT S Cassette or

SRR e dx BF FRT/NBS-TK] Ou EEQT/I@eo/E‘ﬂIIA’ cals tjtéC lposscﬁﬁy glegatlve

seliggihg preseptaspasition™ of:said sedliente, Récaivabas 1hixphp use DNA

homd/ 202007 9y amdchaiadtierized indthagta négative, sglectitsreaskette farotal of

zwoexam{?!:ea‘i@?}a'%@%%%D%@é‘d/gr—fTthFé‘e 9%989%%&3 apleast pgseRtn or
tone of&he e % the tra ne. The transgege ob the IE)res nt . By “DNA
era

invention i pr ?y di rec‘?ly erived from an 5 exogenous
hongdqiisnce fEtLFAI presents antanifiat celN AT hisPNAReyBeritaigh, after
cpthate famimaydetaltered for Examplectiyweuglsthe, inserton dbikestrictioh  for
usué'i%%n%geﬁé%rs%o@?%r@iﬂ/QQWQ%@?ﬁ‘@ iIRgertinn, of siesPECifit c1eot ides
qrecom nat sites ( Qﬁnd flp E%quences 10 For th spurpose tci cid
2r95aKRE \Varlﬁllftc 7BE%lo in aclo%mg vect reR arin 'ﬁg eoLices.
Opt @r@hgaﬂ@mm@msﬁ&ny%dmmmgﬁy icah egsressibacvRctofo be made
usiﬁ@séﬁﬂ@xﬂﬁ%ﬁhﬁ)ﬂwh%%\ﬁn&ﬁnsgﬁ?ﬂTh%m%@@in@mg@?%ﬁﬁﬁhr@%i%, the
ed to construct the cloning and/o ression vector of the 15 tion

Ned§r§e nown o?ée skjﬁjeda % théh ar{mgt Adard e gwnlqu%ls are sg\ﬁﬂ
S1mé%ﬁﬁﬁfYﬂﬂﬁﬁﬁﬂﬁﬁonmﬁﬁﬁmﬁcaﬁén Pearson and Lipman ({1988}, or

computer software using these algorithms (GAP, BESTFIT, BLAST
P, BLAST N, FASTA and TFASTA 1in the Wisconsin Genetics
Software Package, Genetics Computer Group, 575 Science Dr.,
Madisen, Wl}. Although as few as 14bp with 100% homelogy are

sufficient tc achieve homologous recombination in bacteria and

ait

mammalian cells, longer portions of homologous seguences are
preferred (in general the size of these portions is at least
2000 bp, preferably at least 5000 bp for each portion of
homeclogous sequence, Advantageously, the JAK variant sequence
ig inserted 1n the group of elements ensuring endegenous type
regulation, i.e. a group comprising at least the 'promoﬁer,
regqulator seguences (enhancers, silencers, insulators) and the
terminating signals of the. endogenous JAK gene.

According to one particular embodiment, the transgene JAK
G1849T 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 casé@tte
possibly also being present at position 5’ of saild sequence,
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and purification; enzymatic reactions involving DNA ligase, DNA

11:22euPONYINGERSE, restriction endonucleases are performed following the

manufacturer's instructions. These techniques, 20 and others are

generally conducted in accordance with Sambrook et al, 1989. The

vectors include plasmids, cosmids, bacteriophages, retroviruses and

other animal viruses, artificial chromosomes such as YAC, BAC, HAC

and other similar vectors. 25 The methods for generating transgenic cells

of the invention are described in Gordon et al, 1989. Various techniques
andfoiipanstestngmammidliat tells wera¢eddwed by elestt epal, 199 aHe for
exappéRtivecidmsgetiey optien&lBA contittad ihka lingarised araionslinearisedieast
PT7&6tSr, BF inthe 30%oiM of aniEttct fraghfent redirbe iitsertedan ti@psgene of
thecdrgSiAg Stahard ficthodsSsuehiesahitrdiljegticieinid thedsudegs! fdrrom an
exogxample (OB, 8730L8NC franstéation. By caleigmephiosphaté précipiationcell .
Thigpofathions caleetraporationt(kd ;L ¥983] chiwat ishock aransformatiorf with example

threatigniccpelymars=(REGnpalybreae 35 DEAEL-Dextran. hew\vital infeetionl oning

andMan den Putign etrale 1985) Retelvedat: kk22PM: 442012007k dMbeRation

518 c(ellgipa%/g C{beﬁl tr%%sf%gplgg gy.the transgene, they may be cultured

I o of glse uged o prediice noo; pyman rpasoenic animals After, 1 oo
~ transformation, the &elis Hre seedeé on a nutfi |ona‘f?ayer a_ndﬁ)r ina
in ditahRMediufETHe'S CaIRVEortdiningthe E6RSETE £aRA beldefectsdt cell,

andysing @ setacive memumnAﬁepawﬁiioiﬂntxﬁm&tmaltgw theswolonetioession
of QAW they acg then collgcted.and analysed to gdetermine whether.orngtay o

homologous récombinant event and/or integration of the constfuct has

CongEEiited. Thi&reeR thd HefclomBi iy dsibF IR RGMolooaEer  of  the
inveedoiminination, pbsitive ahd négatae nmirkérsedlso.callethseleation Standard

tecHBieRdnashe inserteddp the hgmolegousgcombinglion yectoh,1 i £ication
Different .systems for selectln%{cells roducing the homqglogous

and o BBhbinktidh &Vt Have Been Gestifsd (S ievidlv19s 6627 18@sg)igase
DNA Saidpositivesseiectionr gehe of theinvertiohdsucleases are  performed

fellowing the manufacturer’s instructions. These ftechnigues,
and cthers are generalily conducted in accordance with Sambrook

et al, 1889, The vectors include plasmids, cosnmids,
bacteriophages, retroviruses and other animal  viruses,
artificial chromosomes such as YAC, BAC, BAC and other similar
vectors,

The methods for generating transgenic cells of the
invention are described in Gordon et al, 1989. Various
techniques for transfecting mammalian cells were reviewed by
Keon et al, 1990. The inventive transgene, cptionally
contained in a linearised or non-linearised vector, or in the
form of a vector fragment, can be inserted in the host cell
using standard methods such as micreinjection into the nucleus
for example (US 4,873,191), transfection by calcium phosphate
precipitation, 1lipefection, electroporation (Lo, 1983}, heat
shock, transformation with cationic polymers {(PEG, polybrene,
DEAFE-Dextran..) or viral infection (Van der Putten et al,

1985).



preferably chosen from among antibiotic-resistant genes. Among the

Received at: 11:220u ADHRIOHES @ non-exhaustive list comprises neomycin, tetracycline,
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ampicilline kanamycin, phleomycin., bleomycin, hygromycin,

chl.oramphenicol, carbenicilline, geneticine, 20 puromycin. The resistance

genes corresponding to these antibiqtics are known to those skilled in the

art; as an example the resistance gene 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 25 from among the HisD

gelrmugshe e@féesa@md:@g ﬁgle@;i\@e'@%ﬁntm@gbﬁﬁéiﬂlolbyhfcﬁ@sitwansgene,

n gene may also,be, chosen from am the gene ,

Fhexgﬁ%i-%%s&%r%%%% trafsferase {GRT), %;ggor}le%%%n ing §e18cive "7
Nurgde nt BRI KAnthire: Tl sositiverselediibtrgdie firal idtso b&éeRose 1s are
seehlen 3thamongtire hypaxanthine=phesphosibosyl-transterasele medium. The
cel@%ne(&gﬂg)inﬂﬂﬁé:orﬁgonglggg%%lf%c e %%K‘.t.bﬁg‘g r}}’f@ﬁé g@th&ne.a'l'sl'geng a

selection marker or markers used to allow identification of homologous

selpohinaffoiiévdhts mMdy-Sdbsetuedtly Bifeegéne expressich, anbilipy the
colberemoved ifgecessanhagingspecifinds site ldcombkinasessucmad thed to
detErgiecombisane spegifig & Lax rﬁ@ﬂ@@@@g LQ@&%E&@M&IW Alnt and/or
: ; er, 1998 FLP_ specific,to ERT sites (Ki tal, 1993).
lntége%%%/%%%at: %f:ZZ , 47;2%}%5%‘};% Tﬁ%spos?t?véug&%r%és, #8. cogr(ftlé?n%lg the
cloggifs iRAMTER &Y Idst bheé Homol Sgoirl ez @vBhfds 8Bcuris 1t ive
andaracidentified bys8duthern blotting aralysisiandtor-RCRotechnigues, Thesy be
insexpeassion leveldn thedsolated cells,o,681$ ot therinventive ransgeRie o ¢
svs Qingal, o; the m@st\ecngre%)ondln to the tran%?tene may also be 1
¥ determined by téchnigues i clud?ﬁg}\%rthé)rﬁ% fing Analydis, in digRologous
recepbrigRaficn asalgsis, B1ART-FERIAISe stheidetd of Animal etisbees US 5 627
059 pxpressing thedransgese r@@){;@@&@@ﬂifie@léfﬁﬁng an #Otﬁféiboﬁl}(ﬂj@gﬁﬁ% is
i e r protein, The positive, cells. may then be used to
P Lo g e SR O By Amors

+

the maditied by hiohfologous Fecsibitiohifto theshlaskRysisises  neomycin,

tetracycline, ampicilline kanamycin, phleomycin, bleomycin,
hygromycin, chloramphenicol, carbenicilline, geneticine,
purcmycin. The resistance genes corresponding to these
antibiotics are known to those skilled in the art; as an
example the resistance gene 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 histidinol. The positive selection gene may alsc be

- chosen  from among the gene of guanine-phosphoribosyl-

transferase (GpT}, the corresponding selective agent being

xanthine. 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
homelogous recombination events may subseguently affect gene
expression, and may be removed if necessary using specific
site recombinases such as the Cre recombinase specific to Lox
sites (Sauer, 19%4; Rajewsky et al, 1996; Sauer, 1998) or FLP
specific to FRT sites (Kilby et al, 1993).



Regarding mice, the blastocysts are obtained from 4 to 6- 15 week

Received at: 11:22pw SUREFQWHIated females. The cells are trypsinated and the modified cells
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are injected into the blastocele of a blastocyst. After injection, the

blastocysts are inserted into the uterine horn of pseudo-pregnant

females. The females are then allowed to reach full term and the resulting

offspring 20 are analysed to determinethe presence of mutant cells

containing the construct. Analysis of a different phenotype between the

cells of the newborn embryo and the cells of the blastocyst or ES cells

makesit pessibleio detectchimeric newhqrn, The chimeric|ambros arg o, at
1edBen raised adutags, 25 The.chimera.gr chimeric animals gre aimals 5
1adAwhicR nly 3, sub-popuiation of cglls contains ag altered genomg, /o peg
tec@ﬁ'mgfécs animals hay, @gi@ﬁd'fieﬁ%ﬁ';‘e %EJGP]%% are generally COSST s or
ce10/€d between, each ather o with a:‘f:V.l—i%'st}éﬂ%e grimal (o obtain €lper ¢, . rNa

heteroz{y pus or homor}z]ygous offspring. ale and e_mafae 30 g
O R SRR althert Eross BB endiat hahB%yghits AffaTEined by
e YRS Gtherwise Hiiced 1R NoRtRumAn Hansgenic2ARitiAT bf the 172 Situ
AYRRYERTGT E6MpAgEs!StabRr chalgds MHhR - nddiéttidetderiuéride 8f germanimal
t 1 sifitecells xREcoTdirecto Bhethérempodimentaf thednvedton, ithéegs using an
antiphedtivediorrhaman dransyeric tok mayierysed asnuicidns dBher gellsitive
celfps theatrarisienofizenucteus, aonucteahtransterb Byonudieat tiansferiscedures
in Tp@aRLbetEAnsienof & pyeeus fromarReeaived als 41:228M, 420120071 cqous

12b|I.VIn% donor, C%ll oftz%veg;(ﬁebrate, an adult or foetal organism, into the
recgﬁo%flaasrﬁ“%flaﬁ%nﬂcle ed retBIVEr Eeliof the same species or a

diffeesrtispbeie st The trabkteridd: iveiausts reprograrhmieted dirsottife to 6-
weede\elppmentobelened s pmliyyos which-can thenhe trangiered 1a.fosteld the
modlEFIAlES 10, produce e foelyses.and newbom, of can b sed o, pioduce,

cells of the inher cefﬁma}ss |n|3ulture. Different nuclear cloning techiniques
blaglaye bsed Hrfignd theget hBR-exktstive Themioitmas be magested into
thethose sibjecheofpatertt applcalions \Weh10 9S00 9RHD7668W are

theg7 QZ@@%@WOT.% @&?&WW&?Q Ol‘é@‘?ﬁ %Q&Ng?hgag 31?&54§1ting offspring
are analysed to determine the presence of mutant cells
containing the construct. Analysis of a different phenotype
between the cells of the newborn embryo and the cells of the
blastocyst or ES cells makes it possible to detect chimeric
newborn. The chimeric embryos are then raised to adult age.
The chimera 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 ¢ross-—

bred between each other or with a wild-type animal to obtain
either heterczygous or homozygous offspring. Male and female
heterozygetes 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




Therefore, the invention also extends to a non-human transgenic animal
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animals may be homozygous or heterozygous 15 (JAK2 V617F / JAK

V617F or JAK2 V617F / JAK2). In particular, these animals reproduce

Vaquez polyglobulia but also any myeloproliferative disorder induced by

JAK2 V617F. They can therefore befsed to conduct functional screening

of tyrosine kinase inhibitors, especially screening of inhibitors specific 20

to JAK2 V617F. Another alternative consists of injecting a viral vector

(retrovirus or lentivirus or others) able to express the JAK2 V617F variant

. in hematopoietic stem cells, progenitor cells or ES cells also with a view

L 1vigisroddeing mod&ls bf Vaguez 25 polidissiiror Gtler adult  or  foetal
orgayelaprolifarativerdisarderse DiagnesticdnolsrAceDsdingdo petbifdlver cell of
eneChARRLENG, e vegfion, relaleed0. 0N Ol IOP I dBa o s r red

detect the presence 30 or absence of the JAK2 V617F mutation in
RUCHRRTalS sHfStigERrEMIsikels tFSHGF & niyttoprGiferRBdidorddr, ifi toned
enbgartieulatihqiaticss pidsentidewitirpolygobutid andwHe Hre sudpatidgs to
progilsavingsyniptomssefaV agez pelyigiobulia o thrembodytaensiadndfor produce
celmyelefibrasis. 3brindhis respectnthesinvention: telates to pimess-and nuclear
clobrakes witbnuhighda defget the preserce qrahsence,efdbe muRLERIR ystive
menﬁ}fo%E%a_l/P NQZﬁgaéeB%etéﬁ%_%begt_ 1%%%\@{: Wf{%%‘%eda@bﬂ}%ﬁl\ﬂns WO

r : inyen ains.to.an i nuclei .

’> gjlg aﬂlinwjoz gj:q{p;}rjléféér%f at eags? 1(%?5116%%;’5, E% %ﬁ 4%808;%5 0 % 59 01163
andc@ﬁ’s@c%ti@%]rﬁﬁleotides (e.g. 10 to 30 nucleotides or 10 to 25

nucleetides)ref, exarmt?2 of 0f #he sequente SEQ IR MNEI3 orty Ndbelowwh~human

tragggr%]@ﬁ%&dé%%5%%3@5%&8&%1@“C?O@%%o%@n@néo ouglsaiides far -oqing
JAK%tcé{éaé"accfga@atgﬁf&a@éééat&?géasf@,aga@&t&aafaﬂ%tga%a&@&?g@wgous

(JThdagcactfftadadag V6178 or JAK2 Vel7F / JAKZ). In particular,
t he 8Htitagaggclacopagagaagiagoagaciacaoicaasiotaigaaacagaagiteitiaag any

nye a%%?a%@%%%%g%%%tﬁ&ﬁ%gge&gé&gﬁtﬁ?gdatdﬁ%gc%@%ttt&%ggagcgﬁ% can
theﬁqﬁgg@mgga@ggp to conduct functional screening of tyrosine
kinase inhibitors, especially screening of inhibitors specific
o JAKZ V617F.

Another alternative consists of injecting a viral wvector
(retrovirus or lentivirus or others) able to express the JAK2
V6l17F variant in hematopoietic stem cells, progenitor cells or
ES cells also with a view to producing models of Vaquez

Polyglobulia or cther myeloproliferative disorders.

Diagnostic tools

According to 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 1likely to show a myeloproliferative discrder, in
particular in patients presenting with polyglobulia 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 seguence described above. More



tt1849tetgigLiag~ ac agaatattctggttcagg~~ . a t
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gtataaatatattatggaaacttgaagttgctaaacagttggcatgggccatgcatttictagaagaaaa

cacccttattcatggga

atgtatgtgccaaaaatattctgcttatcagagaagaagacaggaagaeaggaaatcctcctttcate

aaactagtgatcctgg cattagtattacagttttgccaaaggacattcttcaggag 10 The

underlined sequence designates an example of upstream or downstream

areas allowing the design of probes or primers specific to the mutation at

position 1849 (SEQ ID No 4). 15 Example of different preferred primers
paznc-probesof thenanvention GrbNAe PCR PRIMERSn  isclated nucleic
amwza@éq 12-PCRE SENSE 5-GGGTTICCTCAGAACGTTOAS' 35 4o o

o (54804-54823) (SEQ, 20 ID N5) JAKZEXON12- PCRR ANTI-SENSE

O FATECHTTEC PPFTFCAEARGAS (55240-55261) (SE(%EIE’)‘:NSFE‘)I\PI‘ 10 to
25 DNALSEQUENCING RRIMERS: 26- JAK2EXON42GEQESENSE ID N° 3 or

N 45'M%AA%TT§AI@@%GH§-%2&@&@%%'56893) (REQotPNOsr 10 to

10 L]]Célzxpl\l S%(%R ANTI-SENSE
S GARTAGTCCTACEGTETTTTCAGTTT-3' (55207- 55233) (SEQ ID
N8) 30 Received at: 11:22PM, 4/20/2007 14 ON cDNA, PCR AND

SECSEQUENCING PRIMERS SENSE 5'-CAACCTCAGTGGGACAAAGAA-3'

c*gca@%@@sm@@gﬁ@dﬂm&)agmﬁg@gdﬂ%&tamﬁatgaaagc:cttggocaaggcacttﬁacaaag
SAATATTTITGGCACATACA-3' (2019-204
o R R P R Bt e

acagdB20: 1B Ed} cttictitgaagcagcaagtatgatgapcaapcetitetcacaapeatitpgtittaaattatpgastate
ttzseibl [ IAAATTATGGAGTATGTGTCTGTGGAGACGAGAATATTC (SEQ ID
sty ShiciaRerallipencRRgARHAIT RIS R Rgaalt

gtat{sensel G GaAGACARG Iaaﬂ@@aéﬁﬁc@@@tﬁébﬁgai&h@l’!@@ﬁaﬂc&'{ggga
atgl%%rtltl sense CI | ICCI TTTTCACAAGATA (SEQ ID N16) Sensor wt

CERCREHEACRTROTFAE R RN ST LR B TN A G pales 8

cattdgtal G RENGOAAAACBARABHC TTGTGAGAAAGCT 3 PH (SEQ ID NO
15 18)

The underlined seqguence designates an example of upstream
cr downstream areas allowing the design of probes or primers
specific to the mutation at poesiticn 1849 (SEQ ID N° 4),.

Lxample of different preferred primers and prches of the

invention.

On DNA, PCR PRIMERS:
JRKZEXON12-PCRF SENSE 5'~GGGTTTCCTCAGAACGTTGA-3’ (54804-54823) (SEQ
ID N°5)

JAKZEXON12-PCRR ANTI~SENSE 5 -TTGCTTTCCTTTTTCACAAGA-3' (55240~55260)
(SEQ TD N°6)

ON DNA, SEQUENCING PRIMERS:
JAKZEXON123EQF SENSE 5’ -CAGAACGTTGATGGCAGTTG-3' (54813-54832) (SED
ID N°7)

JAKZ2EXONIZ2SEQR ANTI-3ENSE 5’—TGAATAGTCCTACAGTGTTTTCAGTTT—3’ {55207~

55233) (SEQ ID N°8)




GENOTYPING on LightCycler (e.g. cDNA of platelets) cJAK2F

Received at: 11:2200 CCASACAGAAACTATTCAGAGTC (SEQ ID N19) 20 cJAK2S
AGCAGCAAGTATGATGAGC (SEQ ID N20) cJAK2A
CTAGTGATCCAAATTTTACAAACT (SEQ ID N21) cJAK2R
GTTTAGCAACTTCAAGTTTCC (SEQ ID N22) Sensor wt
GTCTCCACAGACACATACTCCATAAS-FL (SEQ ID N23) Anchor JAK2
-5'- LC Red640AAAACCAAATGCTTGTGAGAAAGCT3' - PH (SEQ ID 25
N24) GENOTYPING using TagMan technology (e.g. on DNA of Bone
Marrow mononuclear cells). Recognition using fluorescent probes specific -

on paliclerard SinglerS0rsirane NAIER reaction Primer sequence

W 2eNse: T TTT
S R T A A L TR AT S %%C
ANTRG7 6y 35> Reporter T Serlente (VIER FePCCREAG AL 'CA
ID No 27) Reporter 2 Sequence (FAM): TCCACAGAAACATAC (SEQ ID
5  sneblopg@hiieapivesAliddiddPdh #29A2Q0 Ihuhcooiing iahwiheno)

7 T%harar%[ggstlg t{gpe |(9veTnt|on re ﬁég% é% anin, in V|tro or.ex VIVO d;?gnostlc
method With GhICE {5 tetsct ke presence or aBsencg ofthe I)<2 V617F
mutation in a sample. 5 Tests with the nucleic acids of the invention
GENUTIORING itst anmbbdipebhdxth¢DGA 849 Trvewriamt feoresponding to the

011 gBKZVE1LE Iuiation)can bedeleeiad byranalysis 8 the necleic acid
molecule of the JAK2 gene. Within 10 the SCOE&? of the presentgnventlon,,

10 OLigY niclel@ Kot RP éalit mRNA' GENOMfd BRI br EDNAdervd trom

MRNA. The presence of absence of the nucleic acid of the G1849T

sen¥8¥tiapt candie deteeire-by spavensing amplification andion hybridisation
with a specific probe and specific primers such 15 as described above:

sequence derived from SEQ ID N3 or 4 and SEQ ID N5 to 11, or further
Aﬂde*EfQ TBKRI1B 1o 34 TREGA0SAISH therAarE Prososaeaiiax vivo Blin( Stk TP 1°

15 18)

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

CIBK2F GCRCACAGRAACTATTCAGAGTC (SEQ ID K°19)
20  cJBK23 LCCAGCAAGTATGATGAGC {SEQ ID N°2Z0)

COAKZA CTAGTGATCCARATTTTACARACT (SEQ ID N°21)

CcJAKZR GTTTAGCAACTTCARGTTTCC {SEQ ID N°22)

Jensor wt GITCTCCACAGACACATACTCCATAA3Z'-FL (SEQ ID N°23)}

Anchor JAK2 5~ LC Red640AARACCARATGCTTGTGAGABAGCT3' - PH (SEQ ID
25 N®24) ‘

GENCTYPING using TagMan technology (e.g. on DNA of Bone Marrow
nononuclear cells).
Recognition using fluorescent probes specific to allele and single
30 strand DNA.
PCR reaction
Primer sequence sense: AAGCTTTCTCACAAGCATTTGGTTT (SEQ ID N° 25)
Primer sequence anti-sense: AGAAAGGCATTAGBAAGCCTGTAGTT (SEQ ID N°
26)
35 Reporter 1 Sequence (VIC): TCTCCACAGACACATAC (SEQ ID N° 27}
Reporter 2 Sequence (FAM): TCCACAGARACATAC (SEQ ID N° 28).
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method to determine the presence of absence of the G1849T variant of
theJAK2 gene in a sample taken from a patient 20 suffering from PV or
likely to develop PV or any other myeloproliferative disorder, in particular
erythrocytosis, thrombocytaemia and myelofibrosis disorders, the method
comprising: @) obtaining a nucleic acid sample from the patient, 25 b)
detecting the presence or absence oflthe G1849T 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 30
source or tissue biopsy. These cells must be of hematopoietic origin and
ma Peglstaited frofh ciretildtirgibloodt #EAT Heriatbp6ietic fidktie obagntion
re lfiuid contaminated wiilt bloast cells. dThecDNAseattbe extrastedd4sing 8RYwhich
o Kpowarmethod infhe state of the.art sych aafh%mgth%ﬁfeé%ﬂ%d Mitation
Sambroqgk et 357al (1989). The RNA can also be isolated, for example
from lissues obtained during a biopsy, using standard methods well
Received at: 11:22PM, 4/20/2007 16 known to those skilled in the art,
Tesdqisclhwadbxithetiomoy eduaradilidehiophéehateiplenothtoroform. The

G149 wariagt of tita JAK2 generea he detectedtina RNAQEDNA  varjant

(coTLRIE RISIEIAON, 2l PRl aton Fer eﬁ%@@%fagg e ROPLEARN ted by

in

fﬂ o
upjec edto reverse transcription followe amplification, s

An2AY ARTPCR Téaction'Gsifig Jigdrtickdites spécifid fo tHeknuttag sitlithin

theor it allolv dmplifisassieotthd ragpor tontainingithe maeatioh; forcid” is

meagiampieiexare 12 Segidned SEQD M or4dT He exprasiion 10
"olijonuplestidetis usdaierenadesignate:a:nucleid acidof datdeastk0,G1849T

varPRferablybeween 15.and 25 puclegides, prefgrably lass ﬂ%a]cg%RKzand/ or

h nucleotides, and which is able to hybridise to the genomic DNA of
YOI ERRATGA MRNA. ThERTigontElestiRiofthe inveRficrt htayigd mers such
as Réelled bESlusingamy teelmigune known ie ¢kiostrskilletlFif thean,” Suchras: and

seqradioactive; fugrescept epepzymaticiabetiers: Adabglled;

The invention therefore proposes an ex vive or in vitro
method to determine the presence of absence of the GL849T
variant of the JAKZ gene in a sample taken from a patient
suffering from PV or 1likely to develop PV or any other
myeloproliferative disorder, in particular erythrocytosis,
thrombocytaemia and ayelofibrosis disorders, the method
comprising:

a} obtaining a nucleic acid sample from the patient,

b) detecting the presence or absence of the G1849T variant

of the JAKZ gene in said nucleic acid sample.
characterized in that the presence of the G18497T 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 hematcpoietic
origin and may be obtained 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 (1989). The RNA can alsc be isolated, for example from

tissues obtained during a biopsy, using standard methods well
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oligonucleotide can be used as a probe to detect the presence or
alg;z%nz%%of the G1849T variant of the JAK2 gene. Therefore, the probes
and primers of use in the invention 20 are those which hybridise
specifically to the region of the JAK2 gene in the vicinity of the nucleotide
at position. 1849 (numbering as fromsthe ATG marking the start of
transcription). In the above-explained method, the nucleic acids may be
25 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, Fritsch and

xndvianiatis (Geld spring Harkor Laboratqry, 9-19‘@9) and-habgratopy Rrofocqlsy, by
uLt;iatlgx n 30 Detection, Ed. U. | 9{} ndegren, Oxford University Press,
Eﬁfb'@%‘ Ahe ﬁ’?ﬁ-{’%‘ﬁ‘%ﬁlt%%w&l tof BG4 um, BIOS Scientific

PuIﬂi@ﬁe@lﬁﬁﬁ@dﬂ@@ﬂaMtWre@p@cﬂb@pme tmoombindarected in a
mpﬁra@lifi@aﬁﬁ@mt@llow@almr@as@gBCH@@@ﬁemﬁqwiﬂéacé@ﬁ&griﬁa@a@@mpm,

etwe e sa es In relation t nce or absence of the sou
it R e £ EBooNs, AISEET T BoreR RR R e et ot fon

foldpysed fo?’thl%f‘iﬁﬂrééé@aFéLQiéscrﬁjémn EP 128857PEucHagPNAD  using

ol ispRuenting; seqeensing: yisSEB, RESETIGEEH ybkAdisation, which allow
amggtesodyplex.analysis, g@”crc? Exma“ééﬂ'é%?%rﬁ aj?g%ybngl bridisaion .

based solid phase 5 hy rldlsatl DNA Chl% sation
eXafide Sffibn LUSS 28 BUERERd 605 487 §79) il te RERP expression
"o lteghniguée Adtdetionicanise cohducted osigdifferentalternatiiezic acid of

at m@@l@@ FRET, f'ﬂ?@ﬁ&?@ﬁ%ﬂueﬂgtﬂk@@eﬁo'aﬁed QHQresﬁgr‘C%ucleotldes,

preéhem ljer{}lnescence electro-chemiluminescence, radloactlwty 10 an

LGP mdthdl ofthe iMEnHBR chASifcludter eXBrRidR the® stepge o
hybé&ﬁ@rﬁﬁwgt@f ditainaryaeisaiple afd drifdetingptheDHacier A&d R -

saifilsamplel garindicaediatscve te sthtpleliserhagbe blopd seanyabelled

us i othrer boelyHluigiortissusvabtainedfram arkintdhédual nAftére art, such as

radicactive, fluorescent or enzymatic labellers. A labelled
oligonucleotide can be used as a probe to detect the presence

or absence of the G1849T wvariant of the JAKZ gene.

Therefore, the probes and primers of use in the invention
are those which hybridise specifically to the region of the
JBKZ gene in the vicinity of the nucleotide at position 1848

{(numbering as from the ATG marking the start  of
transcription).

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 1in “Molecular Cloning - A Laboratory Manual” Second
Edition, Sambrock, Fritsch and Maniatis (Cold Spring Harbor
Laboratory, 1989) and Laboratory Protoceols for Mutation
Detection, Ed. U. Landegren, Oxford University Press, 129§,
and PCR 2™ edition by Newton & Graham, BIOS Scientific
Publishers Limited 1987.

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

or absence of the scught variant.
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the nucleic acid extraction and purification steps, PCR amplification using
trl(;zg}g&\;e-described primers can be used to improve signal detection.
Therefore, the method of the invention may comprise the 20 amplification
step with said primers, followed by a hybridisation step with at least one
probe, preferably two probes which hLypridise under conditions of high
stringency to the sequences corresponding to the region of the G1849T
mutation described above, and detection of the signal produced 25 by the
labellers of said probes. For example, the invention particularly concerns
an in, %ro method to determine the presence or absence of the G1849T
Y var%ﬁ%/ FHETAK S GERE Tt sanplaRF ShatiéRt with PVPor IRBRFRSE  are
desqdvets PV br Any bihk? 80 frivelSpiolierdivatiisof G&H EBmpRiging TREUENCL0S
by datEtiorP6fthe Eyf%%%neéf%? Hbsante B thd G 184G WRNGHT SFtReRiky CMC,
enz@%_‘}‘?e'tﬁ‘F s&ﬂﬁ%fé@a&é%ﬁﬁﬁﬂ@by fdahs b oHelsi SRPEYSingel id phase
hybnéelbsade Polymdfbhidiirspeclicioahe GrduoT iidtichof ifsgarlution
(USgene’ 3R patic & SES 1D N&7, £8 dr 28shd-he. 35 BRaraedHyealA that
thel{5rESERce Bf tha G 1840Taadntisean nelicatioroERynof ami bthepative
me thvepréiferativé HOFESC ReteEFEaC 1 TDPNE4/20/0807 1Bl Thiescence,
Chegatbelidn By ¢HE&T of SRIFRCHREY e imipléehtss asingeTagniarfdoactivity
andregriglogy BRsbling allelic discrimination. Essentially, this method
cormsists wéttteoke caghitione by thesdlubtescentrprabes specificio akeleude the
ste§%49¢9£gé\§@i%sw&e 3strandPNA and camprises a RERIGRCON 11 the

with a apo,Iymerase with 5' exonuclease activity), detection of

Goresténce Brisidhishetiiiltothe allele of the hybridised SNPs,
defesmifatonof ¢tk genotypetihereadimglendyssint fluoreseencd ocod or any

othabtaiping amimagesshowing clisiars of nuiated,40 BAMOZYGQUSnal . After
heteroa%/\ 0ous and.réormal DNA). Detection of the mutated protein JAK2

Ehey et iE e?:%%rdiﬁ&%o anGthef 8fbodimefit the VAfidt cEhB& ™5 dotekied  FC%
ampdirdéfpivitain the UAK 2throtaihoFertiiss purpesd, thelineamtiorecorieermssed to
impanex WgDe i detection.

Therefore, the method of the invention may comprise the
amplification step with sald oprimers, followed Dby a

hybridisation step with at least one probe, preferably two
probes which hybridise under conditions of high stringency to
the sequences corresponding to the region of the G1849T
mutation described above, and detection of the signal produced

nuc

by the iabellers of said probes.

For example, the invention particularly concerns an 1in
vitro method to determine the presence or absence of the
G1849T variant of the JAK2 gene in the sample of a patient
with PV or likely to develop PV or any other
myeloproliferative disorder, comprising the detection of the
presence or absence of the GLl849T wvariant of the JAK2 gene in
said nucleic acid sample by means of one or SNPs (Single
Nucleotide Polymorphism) specific to the GI849T mutation of
the JAK2 gene, in particular SEQ ID N°17, 18 or 23 and 24.
characterized in that the presence of the GL849T variant is an

indication of PV or of any cther myeloproliferative disorder.
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any other myeloproliferative disorder, 20 in particular erythrocytosis,

thrombocytaemia and myelofibrosis, method consisting of: a) obtaining a

sample from the patient, b) detecting the presence or absence of the

JAK2 V617F variant, characterized it $hat the presence of said variant is

an 25 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. Fiore particularly, a sample taken from an individual can

30 be contacted with an antibody specific to the V617F variant of the _

JAKZ pFoteint B G Hrartibody WhiclPis abie fo BRsfingaishBebvEsAHf using
TagweliF varigrtadndsthegyon-mutated: JAK?2 pratéibgand any athec piotéimdtion.
EssHH aptihodies.of the present invsntion can he manoclonal 3500 on, by the
flUt|?[)olyclonai antibodies, single, chain or double chain, chimeric or

UrrSARBY dtiBBaRs B pottiors Sfmunobfobtii Zmofeturéek? on single
st reggriainiig thenpbrtiomepkriovas inahelstate ot the-ReceiVied ah 1E22RMymerase
wi@20@0%7%3&3@&H§e%g§ézesp£@gﬂ%ﬂl@§fptig@%g%glmﬁagggntsf[bamﬁéhcence

fragment, human.F(ab")2 and F(v)]. These antibodies ma .
emli?nsr%ﬁﬁocésrﬁﬁé%%eﬁ%for)ceoxar%&é ae?%) in Sr% rr%z\r er@%ﬁ%%%ost%%olsmps'
detfprpblaifiing poly€lbnal 8htbodiesaes Ywell. kidivn ta #eosienskilledifthe point
fluarteEyieally, S@iﬁtéﬂﬁiﬁ@ﬁjesa@ﬁﬂi%@_@tai_ﬁﬁétm{]@dE@[ﬂ@?gfgstg% ﬂﬁggatated

vari cutanequs.injection-in ite New Zealand rabbits
hom;)é?e%%ﬁ%f; p?g%%%(? %gr gjg?{ars:n %%pc}gﬁr%%ﬁgugnllty%afn. 10 The antigens can

be injected up to 100 p1 per site at 6 different sites. The rabbits are

prepared two weeks before the first injection, then periodically stimulated
Detwihibe samer ratigar 200E0EPRSRIY thregHinesevery six weeks. A

SerpL. SATIRTG S Jen oRiAmed LRV AT fACh TIRFtop I8nt  can be

detected directly within the JAK2 protein.

For this purpose, the invention concerns an ex vive or in
vitro method for detecting the presence or absence of the JAK2
V617F variemt in a sample from a patient suffering from or
likely to develop PV or any other myeloproliferative disorder,
in particular erythrocytosis, thrombocytaemla and
myelofibrosis, method consisting of:
al obtaining a sample from the patient,
b)detectinglthe presence or absence of the JAKZ V617F variant,

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

Said JAK V617F wvariant 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 is able to

distinguish between the V617F wvariant and the non-mutated JAKZ:

protein (and any other protein).

The antibodies of the present invention can be monocclonal
or polyclenal antibedies, single chain or double chain,
chimeric or humanised antibodies or portiong of immuncglobulin

melecules containing the portions known in the state of the



15 polyclonal antibodies are then purified of the serum by affinity

Received at: 11:22puCRIYNAIPGraphy using the JAK2 V617F protein to capture the antibodies.
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Monoclonal antibodies are preferred to polyclonal antibodies on account

of their high specificity. 20 Obtaining said monoclonal antibodies is within

the reach of persons skilled in the art bearing in mind that the JAK2

V617F variant has a different 3D structtire to the wild-type JAK2 protein.

The expression "monoclonal antibody" means an antibody which is able

to recognize only an epitope of an 25 antigen. Monoclonal antibodies can

be prepared by immunizing a mammal, e.g. a mouse, rat or other

mammals with the purified JAK2 V617F variant. The cells of the
A i hinisedFhaATREAC profucinttheParitisttfies Bie fsbistedidifpRRRE ith Tuman
frabecells 3bwianyatdrias)ar letercFryelomas to produce hybrid cells

(nybrigaroas). The bydridoma cells producing (e ronaclenal anthady igmp) e

. ysed as production source for the antibody. The techniques for

Wltgénaergﬁr%ﬁnﬁ)ﬁocﬂeg‘m do not involve immunisation are 35 also

coriteened by ithe ifventior: Forexampledphage displted'l techroldgydies arxe
wel?ﬁﬁ%ﬁ;ﬁ/@é&%& 1522PM, 420001 2 T%ﬁnﬂt%@die%ﬂdtectqtgzﬁga’t&lﬂ§}1,e said

variant may.in som ses show a cross, reactiqn wi

o RS kS prein B e hod SR b e AiRbOIIGE VSLTE
vardptific tbithe VBPTR vafiantis rebuiredicthis Snéspedteffinity New Zealand

rakthremategeapiyumay be tsedferexapplepwith dheswilt-ypedAkZ ¢ v serum.

ratein.to_capture the antibodies showing a ¢ross,reaction with wild-type
Thd KB T Rarators e Dentbn S ates 58 motodtoual Saibesy  STre at 6
ditdsaardally H&suniing theDRKDVGER PARRTRERR t5YRe VBT kjbifoiRge the
f irliﬂ;(_as pmg‘_dzlmiﬁg)ﬂ}e artibadys dhedaventionyalso-donceinedan ELESA tegke  same
antﬁ%ﬁ@g Siﬁgp@&?ﬂﬁé’% lq?tegh@epr%%%@g OE@'Q?:%FC% PI( th%é@k@.v%7%erum

variant in a,sample. . . .
sampale %s ﬁ—xe obtained ten days after each injection. The

polyclonal antibodies are then purified of the serum by
affinity chromatography wusing the JAK2 VE1TF protein to
capture the antibbdieﬁ.

Monoclenal  antibodies are preferred Lo polyclonal
antibodies on account of their high specificity.

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

V617F wvariant has a different 3D structure to the wild-type
JAK2 proéein. The expression “monoclonal antibody” means an
antibody which is 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
JAKZ V6l7¥ 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 producticon source for the antibody. The techniques for
generating antibodies which do not involve immunisation are
also concerned by the invention. For example “phage display”

technoleqgy.



One alternative to the use of antibodies may for example 15 consist of
preparing and identifying haptamers which are classes of molecules
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TPeSiatetstiotnt g than 450 BDB.

or oligopeptides which can virtually recognize any class of targeted

molecules with high affinity and specificity. 20 Kits According to another

characteristic, the invention relates topkits to determine whether a patient

is suffering from Vaquez polyglobulia or another myeloproliferative 25

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 G1849T mutation jn AK2

genl%e%go ?ﬂJeC }(%%53? ‘{3Isc(?ii %8%%?@ % hggt@rjéglss?aanglyr#géie Yo@T%éFYamant
ma mplificafiBR, oS merE @élufiondfor ampkficatioR andidrithehe wild-type
JaRBbrigisatienrstep, TEnd any reagent withewhichde, detgct theiwarkern of the
ant/16coadiag 1@ gpether emhodimentthe kit containg an 35,antiboy SUch, this

as q%;‘inegnfboye. Re eived at; 11:22PM, 4/20/2007 21 The kits of the ,
* S5 RVéntion may alsd coRtaiiahy feagant AfptetfioPATidisdtiof dFmpLe with
theniiddistibgies rébkGom 6R Eed8lidt earr STEe mdtisodaid Brsldetectibawing a
crdgarecadvaitageaitsly usedi-S-fpséheraub-population of patients showing

a hemalontl javel digharihan &igh. 1A Metiod.and e AREeian Kt ae s poay

alsg .advantageously used for the sub-population of patients showing a

ﬁ‘%féNX bt fife iMEMBRAACESding® the

hyhpiglfourthlGheracteristicy the gnvertionralsdaelates to SIRNAs enabling a

redyigtion of yaore;than S0% 0 75%, 80%, §5%,0r mefean 9% inig, 5  saiq

expression of JAK2 mutated at position 617, in particular JAK2 V617F.

ant.il. gsgsiﬁﬁAgec%%cge the presence or absence of the JAKZ2 Va17F

variant in a sample.

One alternative to the use of antibodies may for example
consist of preparing and identifying haptamers which are
ciasses of molecules enabling specific molecular recognition.

Haptamers are cligonucleotides cor coligopeptides which can
virtually recognize any class of targeted molecules with high

affinity and specificity.

Kits
According to another characteristic, the invention
relates to kits to determine whether a patient is sufiering

from Vaguez polyglobulia or another myeloproliferative

disorder involving the JAKZ 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 GI1849T mutation in the JAK2
gene. '

The kit may also contain a heat-resistant polvmerase 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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15 injected into the cells or tissues by lipofection, transduction or
roporation. They can be used to specifically destroy the mRNAs

encoding JAK2 V617F thereby entailing numerous possible therapeutic

applications, in particular the treatment of Vaquez polyglobulia. 2f sSTRNAs

are described in US 60/068562 (.CARI%IFGIE). The RNA is characterized

in that it has a region with a double strand structure (ds). Inhibition is

specific to the target sequence, the nucleotide sequence of one strand of

the RNA ds region comprising at least 25 bases and being identical to the

25 portion of the target gene. The nucleotide sequence of the other

strand®of tHe"RNRds Y8Fiont IEErhpinehtary folthat GRtHe Rt ffahdreagent
adagrickto the portidnraftheaarget geneiddson cdpplicatidn. AWE-02/d4 321 a solid
cadMIZIMAX PLANCK INSTITUTE) describes a double strand RNA (or

oligonucleotides of same type, 30 chemically s nthesizec%lze of which each

e Lot IO 15148 28 ShEeElos Kl 1€ Lo O PSSR oo
folnHibiting Wherpost-tanscriptivhabexpression ofiattaret getreviatarRNAlevel
hidnterferengg process inrprderdedetermine thefungtien of agengianddes aiso

modulate this function in.a cell or body. 35 Finally, WO 00/44895 .
d P = - 1 .
iy coaal L EE Do B R B0 O S Tt o ing

2 Rafget teheGR & bukarydts eelFevitrb > WAEh a dsRNA formed of two
Received at: 11:22PM, 4/20/2007 22 separate single strand RNAs is

sipRgerted gt the cell ;ane, strand of the dsRNA having a region

, et gene, characterized in that the .
corftfiemEhtay réGioft Hes 't iBast bt ardcesdive fairs B Audigstiagdon also
relRérsons S skilledAn thenait Mayrefentedhetéaching’ contamediarthésé, 75%,
90 zdoasments tq.preparg the $HNA of the iysption. Mare.spegifieally, thec o4 a¢
invention éil_?tes,to double strand RNAs of ag r7OX|mater 15t030
POShicEdtidgs, 19 0 25PAidIEGHIES of Pleterk @ drountPFe fuciadtites ifan Pe
inleagidl0 thattare caryslemerddys(strand 1) dnd idemsical srandL2ptofection,
traSRaHenceEQ N3 somprisigthe:G4849T mytation. Jhese iRNAsOfF  to
spégf%9$%¥5§‘”53§%§%§°Wﬁﬁ§e%ﬁ%ﬂgdﬁgﬂggg?ﬁgr JAKZ2 VelT7F thereby
entailing numercus possible therapeutic applications, in
particular the treatment of Vaguez polyglobulia.
srRNAs are described in US 60/068562 (CARNEGIE). The RNA
is characterized in that it has a region with a double strand
structure (ds). Inhibition is specific toc 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 nuclectide sequence of the
other strand of the RNA ds regicon 1s complementary to that of

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

application WO 0Z/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 wvia an
RNA interference process in order to determine the function of

a gene and to modulate this function in a c¢ell or body.
Finally, WO 00/44895% {BICPHARMA) concerns & method for
inhibiting the expression of a given target gene 1in a
eukaryote cell in vitreo, in which a dsRNA formed of two



UU at the 3' end. Numerous programmes are available for the design of
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http://sonnhammer.cgb.ki.se/siSearch/siSearch 1.6.html (Improved and

automated prediction of effective siRNA", Chaml AM, Wahlesdelt C and

Sonnhammer ELL, Biochemical and 20 Biophysical research

Communications, 2004). "SiDirect" at??

http://design.rnai.jp/sidirect/index.php (Direct: highly effective,

target-specific sSiRNA design software for mammalian RNA interference,

Yuki Naito et al, Nucleic Acids 25 Res, Vol.32, No Web Server Issue (c)
s efdard University Pressa r204NasSiIRNA Targatddadernby, Ambion @ the  one
s t Adeess http:www ampiomeamigchlib/misg/siRNAORIs: bRl 8IRNAL o the
tagesigndesls’, by Whitehead-mstituteiof Biomedieal «30desparsheatithe MlTegion
hazat the addeass htts//jusayd <ait ede/pybintitpdioriawemitedwsiRNAe% rsons
s kitl Other progtaremes-are listed a8k fer to the teaching contained in
theitn:hwebraibedulmmemanusivwyhamehafiles/siRNAS D33 ikhn .

pariieylar: Stiodiathena. bipc. Ui calegis Rinlemhoss Al2 acionznpWE:. strand
RNZEPP=SHMa Regelved ati Lh-22PM, 4/20/200623 Forexample.forthe o 25
nucé:‘%gence ATGGAGTA T'GTT7a49TCTGTGGAGA (SEQ ID N12) the

e SRR iICGGEABUTABBUUUCUEUE GRITIR(SER" HIN13) and  enath
Ehafh o Hrf- R LIRRAGE DE CAEABKAAC ABRE USERBTEFL (SEG 4BRd 2) to
secNe4yS IrE8he partictlaB endbogiment ithe SIRNAS b thTinvenmtiehion. These

sirg@escribedghove are tesied apd.selecied fordpel capabiity, of reducing: 1 or

... even specifjcall #)}Iocking the expression of JAK2 VI6I7F, affecting as
v Iﬁ\ﬁer]%%ep(%sib?ég 'e expression of wild-type JAK2. For example, the
iNVEHHGT eoceRTSSIRNNS: $0 alicwing alrbdoétonfefimmdrecthale 809 of the

s1R90%, 95% BE993%wfitheon :

~ “siSearch Program” at:
http://sonnhammer.cgb.ki.se/siSearch/siSearch 1.6.html
{(Improved and automated prediction of effective siRNAY,
Chaml 2AM, Wahlesdelt C and Sonnhammer ELL, Biochemical and
Bicphysical research Communications, 2004).

- Y“SilDirect” at:
http://design.rnai.ip/sidirect/index.php (Direct: highly
effective, target-specific giRNA design software for
mammalian RNA interference, Yukl Nalto et al, Nucleic Acids
Res, Vol.32, N° Web Server Issue ©® Oxford University Press,
2004) .

- VsiRNA Target Finder” by  Ambion at the address
http://www.ambion.com/techlib/misc/siRNA tools.html

- VsiRNA design tool” by Whitehead Institute of Biomedical
research at the MIT at the address
http://jura.wi.mit.edu/pubint/http://icna.wi.mit.edu/siRNAex
T/

Cther programmes are listed at:

http://web.mit.edu/mmcnanus/www/homel.2files/siRNAs. htm

in particular:

http://athena.bioc.uvic.ca/cgi-
bin/emboss.pl? action=input& app=sima



expression of JAK2 V617F and no reduction or a reduction of less than
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the siRNAs of the invention can be selected 15 from the group consisting
- of: UGGAGUAUGUUUCUGUGGA (SEQ ID N29)
-GGAGUAUGUUUCUGUGGAG (SEQ ID N30)
-GAGUAUGUUUCUGUGGAGA (SE N31) According to another
embodiment, the invention 20 concerns a ddRNAI molecule such as
described generic fashion in application WO 01/70949 (Benitec) but
specifically targeting JAK2 V617F. The ddRNAI of the invention allows

extlggtgonqu‘amg Fequenge codingdarJak? Vel [k and-qomprses heirceaca

to SEQ ID N3, 4 or 11;(
Sé&) eriﬁgéi y to t‘ﬁe“s%l%én(?el égﬁnejdsunoeé(?p(ﬁ‘%‘i(ﬁ%éﬁ%%gﬁj GGAGTAT  (SEQ
ib s@pér%hn@%éld ‘Sequentes-(Hear(iis iR Antict BT e R M. 86ASIASBI G AAT AT

{ SEpcalbortissue. producing an RNA capable of altering the expression of

JA'&%VQ{@F phie invention glso relgtes Lo ageneticals mogdifiednon 3., + 5 on

human anlmal comprising one or more ceI S containing a genetl

desgonshitict pabfe 6 lockiitE WRIagiig of FeETERT tHe Bxiregdibn GfPaPiiity
of JAKRWELTF imvhe aswmall Theahéthodforkprodudihg saidgenstivatly of JAKZ

vIgnodified %m’mﬂsn sgribed jn.WQ@ 0440 ?@&&%@te%@ Regeivedatn of
1%% 2PM z‘%% 24 Screem met s According to a fifth rns  siRNAS
wi arggtens e su6> Bt %?ﬁ%réo Ventiohis 4 MEHEE35r SEreening

alhﬁﬁibﬂ@r@sﬁ@%ﬁmblgAKQﬁ/mﬂfe 5Byarspeeitic iMtiBitor8STs rﬁéar&% of the
exp&%@qwadsmvmz@ rax@lofEiCéﬁ@néAKZéd%@ﬁhJﬂd@ \é6lechct10n of

morg, than ng % QI‘ eve g examplg the compound has an IC
less f,&]lgf "/F of less than 1 u pre?erably 186nl\ﬁ\P er%as it ﬁas and type
JM“I@:’SO on JAK2 of more than 5 PM or 10 PM. 10 This method can be
imdemnenteahiisiag thenproteirioftheof the invention can be selected

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

According to another embodiment, the invention
concerns a ddRNAI molecule such as described generic fashion
in application WO 01/70849% (Benitec) but  specifically
targeting JAK2 V617F. The ddRNAL of the invention allows
extinction of the seguence coding for JAKZ V617F and comprises
(i) an identical sequence to SEQ ID N°3, 4 or 1l1; (ii}y a
sequence complementary to the sequence defined under (i);

{(iii) an intron sepdrating said seguences (i) and (ii); the

~introduction of this construct in a cell or tissue producing

an RNA capable of altering the expression of JARRKZ VEL7F,

The inventicn also relates to & genetically modified non-
human animal comprising one or more cells containing a genetic
construct capable of blocking, delaying or reducing the
expression of JAKZ2 V§1l7F in the animal. The methed for
producing salid genetically modified animal is described in WO
04/022748 (Benitec). |



invention, a membrane fraction containing said protein, a cell expressing
said protein or a non-human transgenic animal such as described above.
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specific inhibition of JAK2 V617F by one or more compounds, comprising

the steps consisting of contacting one_ or more compounds with the

above-described JAK2 V617F protein%4a membrane fraction containing

JAK2 V617F or a cell expressing JAK2 V617F as described above under

conditions suitable for 20 fixing and detecting the specific fixation and/or

inhibition of JAK2 V617F. This method may also comprise measurement
scridhd fiyinge 0Atedyild-type JAK2. This method may also consist of a

sucgessjon of tests,of ;25 seyeralmolecules and ¢amprise.a sglection or the

step o select molecules showing an IC50 for JAK VI617F of iess than 1f, .
tg)?gferéﬁly FodHbqis TéthdtFmal 8 co i AbgativBcCtEe to

lnvqﬁ
JAP%E%JOHQG of.the ahoye-mentiongd molecules which have an IC50 for
n o%?%%%ﬁﬁgn gb g . e ol corialie g " -, -
|

1
I

ra o iind i 28 it SEEER VIR iAot S BIRBn €Reds 10
25 16 deteimine the iARIbitEd pRBSSHORAIGLIGIPBPIARS \VBA?PF Fhelifvéntioh JAKZ
V613180 refatés @ inblive sdreeling oneCBB84b 35 JAK2WG 1 AFprogenitoricellss an
ICS\Mhli&H @@;@@lpa@ée{fr@frgifﬁ@fﬁgﬁti%tiw/ﬁ@q@rﬁgbr?pgiitin éﬁpo%- Sﬁ%AK

cells, are i1solated rrom |ents with.vVaquez po opulia. e -

i e A R A e R

e pla}ggrff In culture
invigrg ffedliurh coREimingeSEreand tn3oPhe edmpotingds &Fe BdedGidithes cell
expeWitke mediumdand-the:proliferatingreapacity of thecgellsds dleteraned: 1 such
%ég%géagilit govdifferentiate into 36+/GPA- cells. The 5 compounds

selected are those for which a decrease in 36+/GPA- clones is observed,

HehE& thEGHFentibli Telafeet therabbvea§6reefig ndiRsd ugingh which to

de tprimanesCHi34+3AKMGL A progenitol cells ivhigikarergapableof one or more
coniffereniiating without, arythrapoielin. .« consisting of contacting one
or more compounds with the above-described JAKZ V617F protein,
a membrane fraction containing JAKZ V617F or a cell expressing
JAKZ V617F as described above under conditions suitable for
fixing and detecting the specific fixation and/or inhibition
of JAKZ Ve6l7F¥.

This method may also comprise measurement of the fixing
onte wild-type JAKZ.

This method may also consist of a succession of tests of

as

several molecules and comprise a selection step to select
molecules showing an IC50 for JAK VE17F of less than 1 pi,
preferably 106 nM.

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

The invention concerns in vitro screening such as
described above in which immunoprecipitation 1is wused to
determine the inhibited phosphorylation of JAK2 V6&1VF.

The inventicon alsc relates to in vivo screening on CD34-
JAKZ Vel7E progenitor cells which are capable of
differentiating without erythropcietin (Epo}. Said cells are

isolated from patients with Vaquez polyglobulia. The CD34-JRK2



(Epo) or using cell lines which have become factor independent 10
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can be conducted on marrow cultures of CFU-E type in a semi-solid
medium with direct testing of the compound regarding the inhibition of
spontaneous colony growth. It is alsojpossible to use any mammalian cell
line 15 described above expressing recombinant JAK V617F. The
invention also relates to a method for identifying candidate medicinal
products, comprising the steps consisting of administering compounds to
a non-human transgenic animal expressing JAK2 V617F such as

ve19g5CrReq above, said animal 20 reprodycing. Vaaue? ﬁo'éﬁg'c%zl&a %’%Q(Qéining
having'a myeﬁopro iterative disorder associated with the presence o

SCEIARIEVELTE of dBRripfRptHe strett 8f tEe8hpband BRd Sefddtihg medivm
andcaritidate niedieinal-proguctspwhithare edinto caisks areddstiohrorined and
t heRlpcking of profiferaion @nglrof.spontaneous 2x-grythyeblast differeatiation  The
e o
L nSIA T YA e o A UL K e T ebore
SCIGESE A6 BOVE SARDNETABES RomPotnds mERtdA iy 5 fstdof &+ -5
whilekample of ceiRNAs:targetingithEematated exoy 1200E£DAKR asdysdrisaepietin
(Ep@JONGs i%@@ﬂ(’g‘ut%§'1RPﬂﬁl\§é%_r%txi@g§egg%acqn§&9n@ N0 8 independent
thr?%%:}zen §e551 L%Q&&F%%@R”%%Q the.mytated 84933 gygleqide. £y, sane
urther characteristic of the invention concerns the use of said

£YP8h6Ve-HESCTIBEANSIRRASBIUYRRAI, AhdROSBUrt REEETef b “FU-E type
in 14:228M,-420/200 726 ispecifically inhibiing JAK2MEL7Fdé progececampound

reg%giq@altﬂg)dﬁhiﬁgf%%qigif'agﬁmm ticulagly intendgdfor the
treatment of blood cancers, in particular myeloproliferative ﬁsorders

inchiding Vacties holy§ishela s e5Sentidi throtBoc RGBT Hyelslt *  117¢
desspléherheglahver primitivesmyelofibrosis amarchrddis Miydldi-leukaemia.

Saighwedigipghtion also relates to a method for identifying

candidate medicinal products, comprising the steps consisting
of administering compounds to a non-human transgenic animal
expressing JAK2 V6L7F such as described above, said animal
reproducing Vaquez polyglobulia and/or having a
myelopreoliferative disorder associated with the presence of
JAK2 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 spontaneocus
erythroblast differentiation in Vaquez polyglobulia or a
reduction in cell proliferation associated with the presence
of JRK2 V61TF.

More particularly, this method is performed with a JAKZ
V617F K-in mouse or JAK2 V617F XK-in rat such as described
above.

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

A further characteristic of the invention concerns the

use of said above-described siRNAs or ddRNAL, and compounds



product is also intended for the treatment of other malignant
hemopathies, associated with the JAK2 V617F mutation, and optionally
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express JAK2 V617F. For the remainder of the description and for the

examples reference is made to the figures whose keys are described

below: 15 Keys to figures - Figure 1: Qi§covery of the key role of JAK2 in

PV In the basal state, JAK2 is fixed to box 1 in the non- phosphorylated

state. The binding to Epo alters the conformation of the receptor and

enables 20 transphosphorylation of JAK2 which in return phosphorylates

the intracytoplasmic residues of Epo-R thereby recruiting the different
spgosithvea(ilor negdtivec(ineffetied oV 8ighél transductichicdFigare@edicl nal
pré&ﬁ%ﬂnO%%Eémﬁ%@¥5¥ﬂ§ipyfgg§étp¥§65@¥§lgﬁig¥ﬁye1ntended for

erythropoietin-in epende t. 2A- culture with Epo, SCF and IL-3 2
th culturéocwn‘i%u %o Flgé]res % ﬁ{on of gﬁgﬁfﬁ Pi3-Knd Spaztlcular

my i batfkays Brevenis SpoifEReotE SR différalfitiondyglobulia,
es gEgtfead: Protounfor siiibRnGaIAKEY IRV rogehitorsne Fidure & Resdltd tive
mydﬂdﬂ%ﬁ&5&&3“03ﬂ@f”éﬁ&@@§ﬂﬁ0ﬁy@&08§dUﬁgg@ﬁéﬂﬁédoﬂﬂﬂléagﬁéﬁicinal

procfucat /nga- ggltur 1&%6%£CF I%g elgctro%orat % nlg Da 1gnant

pa-). Eraldne: Count onD: post-sor n
E’gﬁﬂﬁﬁre o‘?ﬁﬁR%ﬁﬁfﬁ@Gﬁ%ut (eXofr12) 7c“élvé‘"815tatlon' and

optibraPM; 4/2042007127 FigmeGsGenotyping analyses of SNPsitoodetect  and

neJP@%@%&@Q%WP&@I‘% %@@&@Nﬁé«@m LightCycler(r) and
gj\/lan([%ltechnolo A anig B: Detection of the mutat6$1 y the fusion

analysis 5 curvé oaf etﬁy% r ?%utﬁ%ﬁﬁybﬁ&ﬁﬁ (Uhegl®- examples
refE%ﬁé&ﬂﬁem§witﬁﬁ@@no@§dlmlnansﬁfﬁEE@Nﬂhn@\IA}fEI?a are described

below:

Keys to figures

- Figure 1: Discovery of the key role of JAKZ in BV
In the basal state, JAK2Z is fixed to box 1 in the non-
phosphorylated state. The binding to Epo alters the
conformation of the receptor and enablies
transphosphorylation 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 CD34+4 progenitors
that are erythropoietin-independent.

2A- culture with Epo, SCF and IL-3
2B- culture without Epc
- Figure 3: Inhibition of JAK-STAT, Pi3-K and Src kinase
prathways prevents spontaneous erythroid differentiation.
- Figure 4: Protocol for inhibiting JAK2 in PV'progenitors
- ?igure 5: Results of JAK2 inhibition in PV progenitors
5~ Reduction in the cloning capacity of 36+/gpa-. Culture
Di-Dg  in  SCE-IL3, electroporation D5, sorting D&
(morpho/36/gpa-).
Methyl SCF alone. Count on D13 (D7 post-sorting).
5B- S3tructure of JAKZ with V61l7F mutation (exon 12).
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are shown. The peak JAK2 V617F (570) is still detectable at a dilution of
1%)20%5esults of representative patient samples(#|: homozygous; #2:
heterozygous; #3: weak; #4: non 10 mutated). C. Detection of the

mutation by TagNan(r) allele specific amplification. Experiments with

dilution of HEL DNA (HEL 100 to 1% empty squares; TF-1 cells: empty
circles) and a few representative patient samples are shown (black

crosses). 15 #a: homozygous patients; #b: heterozygous patients; #c:

weak patient; #d: non-mutated patients. - Figure 7: Proposed diagnostic
datasheet to diagnose erythrocytosis (i.e. hematocrit level Qver 51%). The
huftHS of patiEARC SRR PRAHTRSafF of ThE 20 atAREREE wilifen JAX2
Yieki7io eauititdrign), oty theseopakent®¥howingialiiclinidatuefy bdan® and
Patgd-hede tashbo Reeekon of JAK2 V617F as a first intention diagnostic

festowd haye pravenied:aB Bt patents Lomuatergaino o on analysis
Investigations to dlagrnose a PV type m% roliferative 25 disorder. -

Figiies 8 anddIEkpresipntor Vetrr iy LGl 8 trbtcderabes - A
hopes: aftentreatmend withk SIRNA spedific iodAK2 IVEEF JakR(siRNAWA, TF-1

Srands4)bhto GitdElsgells treated(t 19 6) os nen-treated (O) Wi 88t able at
siR AlV§17F Jak2. CF.L+C,' 29 EKRceIIs t ansfet%ted with the Vgl 'E Jak2R
a 1 1(]: representda

=) ient
vecltor

1993 HEK @ure 0: LEVEI6f WT Jak2 exgressmn in 52 cgﬁs
yafalie (hthahgaP2y Fouss affer tréuifare WtosiIRNAfspecifieatls; 3k4: non
nhaka Mai)7. Je: K562 cells treated with sSiRNA WT Jak2 0 to 6: K562 cells

éf?@@x@e‘g@iéiﬁNéfV%E'éffJaA}ﬁét%%é%ﬁed@i _1%2%5}%@/29@9%1@8 s%écific
;@%@J}E&é%‘% %Bie?g%%men@s gﬁg}i’(ﬁhudce{‘fé'dc%%o’hr%t B gL 100
1 mutation In patients. € design of a cell culture model o

?ﬁuﬁﬁd@@ﬂpty squares; TF-1 cells: "empty circles) and a few
representative patient samples are shown (black crosses).
#a: homozygous patients; #b: heterozygous patients; #c: weak
patient; #d: non-mutated patients.

Figure 7: Proposed diagnostic datasheet to diagnose
erythrooytosis (i.e. hematocrit lewvel over 51%).

The number of patients concerned at each stage of the

datasheet is written next to each 4item (n), only those
patients showing all clinical data being listed here {(n=81).

Detection of JAKZ VEl7F as a first intention diagnostic test
would have prevented 58/81 patients from undexgoing other
investigations to dilagnose a PV type myeloprcliferative
disorder.

Figures 8 and 9: Expression of V61l7F Jak2 in HEL cells is
reduced 24 hours after treatment with siRNA specific to JAKZ
VE17F Jak2 (siRNA #1, 3 and 4).

0 to 6: HEL cells treated {1 to 6) or non-treated (0} with
SiRNA VG17F JakZ.

C+: 293HEK cells transfected with the Ve6l17F JakZRV 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: K562 cells treated with siRNA WT Jak2

0 to 6: K562 cells treated with siRNA V617F Jak2



progenitors and the use of biochemical inhibitors enabled us to evidence
that the JAK2-STATS, P13 kinase and Src kinase pathways are
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al 2004). These results reassured our 1.0 hypothesis that the primary
molecular lesion causing PV must be an anomaly of. a key protein
leading to deregulation of a sugnalhngzﬁathway, like the mutation of a
tyrosine kinase imparting a constitutive activity. Nonetheless, it is the
study of 43 patients suffering from Vaquez polyglobulia which 15 made it
possiBle 16 identify teskey ssleplaydd Gpkre JAK2 protein which is the
‘protein located the most upstream in these different signalling pathways,

Exaf}.iﬁ Whieh IS CoMMop,to £he S'Qr‘gj"%g:%@ggs%a}ov{?e \PUCEEBIOTS [P 35/ 43

response anomalies have been din examined the
20 |nvolven1%ﬂF6th%SJAK2 protein kinase in the physiopathology of PV
takimgdhregecdrgplenaentasy approacheslta functiopatapproichpathological

prdipbybition. of %‘éﬁz nRV gells Bm%%rm%w %%@%Ek?r%?p@%g‘led us

(Sequencing of the 23 exons of ene), and - a biochemical

O affriaehts sé?aﬂ‘@ﬁ aJA%2 %%%pﬁgr% fon Esér?bn’r‘éﬁ“?ﬁ@ cAl¥d of e Kinase
paidonstittiver activations g bittogidabmatedakusetbwas defived frofiation of

PV cg%@@m@@gemw&ff@maffor@@@wobyﬂi@%dﬁ&gwﬁeen%@«s@@md our
residues of s% gles taken for dia }gnost ose and sent to the Hote

DYRSE) Certtral hidém&tbTody 1aB6rs orﬁ}‘o etSu %”T’a Lt Phiebdismi oL £V must
be F@ﬁct&ﬁ?@h@&wy@g&ud&%’ftMquﬁ@MWth@@rﬁﬁm§bion of a

=1 paieniswithYaayaz polyglehulia mas gondusted bwsi@g eleeiopartioinase
to transduce the PV er)éth%ablasts WI%h. a SJCRNA ﬁlecel t 11 22PM the

lmp 6/]216%7 29 specmc {0 the JAKZ sequenge (A lenB%don is _
StLEWgIQrfd)‘ll%cEQﬁﬁzﬁTgté‘s Bligdes sequereeoded on SRhvEEehpeia which
madBRNA of Ak We bave ghawn thatihe inbibitiofokIAK2 sirongly the JAK2

prdfauges he cloning capacity,and SROMANEQUS Y the most upstream in
these different signalling pathways, and which is commen to

the signalling pathways o©¢f c¢ytokine receptors f£for which
response anomalies have been described in PV, We examined the

involvement of the JAKZ2 protein kinase in the physiopathology

of PV taking three complementary approaches:
- a functional apprcach (inhibition of JAK2 in PV ceils

by interfering RNA)

- a gencmic approach (sequencing of the 23 exons of the
gene), and

- a biochemical approach to search a JAKZ2 phosphorylation
ancmaly, the cause of a constitutive activation.

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

1.1. Functional study

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



5 differentiation of PV progenitors in the absence of Epo. Normal
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clonogenic potential of 70% compared with the control siRNA, which

confirms the efficacy of transfection with siRNA JAK2. In PV, the effects

of JAK2 inhibition in the 10 erythroblafgprogenitors were studied in an

Epo-free culture model, making it poSsible to study the cells of the

malignant clone. We compared the clonogenic potential, apoptosis and

differentiation of the PV erythroblast progenitors after transfection with a

siRNA JAK2 with respect to a control 15 siRNA. Study of the clonogenic .
spdcjental oiP proooallors UL WINONLERGENOWS AN MAKed g1 ana)

reduction in the number of colonies after transfection of sSIRNA JA

T SRR WittS corArP SIRNA. BRS EOMetr O HisayibtoRiedds these ©F  the
nkige|lscshowd Bsignificant fitteasbitvihe Bpéptosidief calid120 irfahsfected JAKZ
st nwitly SIRNA dAK2scompared withcmomrelevamnt sSiRNA  (78nvrsussEddl.aneous”
di F2uelyof he eHECtSof SIRNAJAKZ.0n differentiatiop{acauisitign of ¢ ppo.

Glycophorin A detected by flow cytometry) only shows a slight differ
o ore A Ao SN TP ford donisacE  apic2
ShoyRRIAL 259 He @3 ults o thier ceTestl flie B Hiératore Shefed WRatcImR2j§d with

thenecessarylfos Epoandepentenishffarentation-of?Y 1 egthrosifprogeniisct ion
wi t e, Iitigl resuits of biochemical studips (mmupoprecipitalign) shaw, 51 the
ore extended phosphorylation of JAKgﬁer eé)lrlw%gva erythroid 30 1
ewgksa%%ﬁ&%tof% kires- A Compared Wit hofmat Lefs! 1 P8endmc SUture
modghdy BRFARS BRIAE DL ertohs Wk et UporfE oPmafingRfuuan L Honant
clopsing genomizrbilire WVetthen examined 3 patipntsesufferihg freppB5R\Ls  and
di f@’%%re@?%ﬁ?&t?ﬁ]gﬂhe QEOO%%DNWSO@Q}%%%%&?O 0%@&%5‘&1235%% after
after cell.culture, Received at; 11: e identified a
traggg?%%gtﬁlon ‘f"olc%tled fin e&%%l\% 0%%2}4 6r1(:e2t§enfﬁ'15§ %{E} of the 3° control

s1Rfatienfstedted Cthisthataficr ctifens bage e84 of the eR¥oditigrgenitors
culseguehcer ((hbmberirkpstadingat A G cBgnBankidM 0@4e7)taingh in the
nuniBRsfrmsLodonBly asrer transfection of siRNA JAK2 compared
with control siRNA. Flow cytometry of the apoptosis of these
cells shows a‘significant increase in the apoptosis of cells
transfected with siRNA JAKZ compared with non-relevant siRNA
(70 wversus b3%). Study of the effects of siRENA JARKEZ on
differentiation {acquisition of Glycophorin A detected by flow
cytometry) only shows a slight difference between the
progenitors transfected with siRNA JAK2 versus control siRNA.
The results of the cell studies therefore showed that

JAKZ 1is necessary for Epo-independent differentiation of PV

erythroid progenitors. The initial results of biochemical

‘studies {immunoprecipitation) show more extended

phosphorylation of  JAKZ after depriving PV  erythroid

progenitors of cytokines, as compared with normal cells.

1.2 Genomic study of JAKZ

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 erythrold cells

obtained in vitro after cell culture.



5 of the JAK2 protein (V617F). normal 617 codon: gtc code for a Valine
(V) mutated 617 codon: ttc code for a Phenylalanine(F) Using the
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known polymorphism. 10 We then widened the cohort. To date the

mutation has been found in 39 patients with PV out of the 43 cases

tested. No control (15 cases tested) ggpatient with secondary

polyglobulia (18 cases tested) were found to carry the mutation. 15

Sequencing results in patients 39 mutated/43 PV tested (90%) 2/3

heterozygates: 18{39;"hemezygetesyie.s30%:0f gagesy(same propeldian 12 of
JAIS, 204be dess afheiergzygesity.al9n). Copirals: O mulatedicases QUtRitation
cor3aGontrols fested:, ~inglyding: 15.1pim ARdMidygls »and 48 SeCopdatifivering
st Pelyglebuias Ane sporianeaus 2pcalonies) ) Therdiscovers obthis codon 617
of anamatyof JpK-accouptssfor the ﬁypersensmwty to numerous growth

faciors javolved i B, (EPQy TPQ, lks3 b6 GYLESE, ingyfin) Indeed,

JAKZS Ao Arofgin 'E‘é%%d in the %’8%“'@8Paéh‘%‘é%%fl@farﬁ%@?ﬁ 30

of tt&ese cyt mes Als the assgciation of JAK2 w% 0.ls parl 4:cular wore
apin at JAK s fI§ 5[1 %o I§ 0 coDns thl therbA o 4586 ciation
initiated i the"Go gl appara s 13 nec%ssa%)“ rﬁﬂ%%?gggsslng of R-Epo

at tHe nérabrankishihg ekythroBtastst3s Al ARz anbhrlyhe tagse BRs been

founadifieations fxthe-association ghJAKZiwithrR-Epe, qouldtheseforested. No
count for, the medyll ry Y. ia predominance an the erythroblast

0 %r?reo%/lvherqe%alté~| Recéﬁl\éljg %%)s?‘[z%ﬁj 4/2%?2009 arl %protelr?% invoNve dh dary

po Lk herbie &gﬂ&?hngﬂﬁ%@vaﬁe%@@ MolfemHf atféll(%llte?ﬁo afgfkry the

mu£E9983-Moliterno and

Sequencing results in patients
39 mutated/43 PV tested (90%)
2/3 heterczygotes
13/39 “homozygotes” i.e. 30% of cases (same proportion as

the loss of heterozygosity at 9p).
Controls
0 mutated cases out of 33 conirols tested:
- dncluding 15 normal individuals
- and 1B secondary polyglobulias (no spontaneous
colonies).

The discovery of this anomaly of JAKZ accounts for the
hypersensitivity to numerocus growth factors involved in PV
{Epo, TPC, I1L-3, 1I1L-6, GM-CSF, insulin}. Indeed, JAK2 is a
protein involved in the signalling pathwayvs of the receptors
of these cytokines.

Also, the association of JAKZ with R~Epo is particular in
that JAK? is fixed to E-Epo constitutively: the JAK2/R-Epo
association initiated in the Golgi apparatus is necessary for
the processing of R-Fpoc at the membrane of the erythroblasts.
A JAK? anomaly, the cause of medifications to the association
of JAKZ with ER-Epo, could therefore account for the medullary

hyperplasia predominance on the erythroblast 1line, whereas
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Spivak 1999) have evidenced faulty membrane expression of mpl related
ﬁ[g%(,:psylatlon defect. It is possible that JAK2, 5 by analogy with
R-Epo, is necessary for the processing of c- mpl. The anomaly of JAK2
could then explain the lack of membrane expression of c-mpl, found in
PV. JAK2 binds to R-Epo on its proximal domain, at a highly .conserved
domain, Box2. In the absence of Epo%ﬁmulatlon 10 JAK2 is
constitutively fixed to R-Epo, but in a non phosphorylated form, hence
non-active. After stimulation of the receptor by Epo, the two JAK2
molecules phosphorylate, and then phosphorylate R-Epo enabling the
thigcryitraentithenthe phospherylatign ofofher proteinsiigualyed i '%mhways.
21k Uanspuclion, such as the prgteins sIATI.Crb2, P1akeTh ernc and

Jrotein, AKS, has a functional kinase domain (JH1), a

' Splp‘faeudo]%(r%ag %&ln@Wﬁﬁl%c@fjosﬁ?éll%ﬁ 4sESRINIRFE I—f%p RSB E mpl

rel@ere ddmanECIMBLINFPehdrictstistic 8F niembBersorehe JAkat JAKZ,
by famiyobhe JH2 domatipappdars te:be 28:nyolVedrintregulatingthesing cof c-
nip Jyrosine-kinasgnadtivityaf JAKR2 Acgordiag toravailable:JAKR profin 1ack of

merd 988'@9 q%@fé%@g%e%fzgo J\e_lmlgo am&l 61/ lg\}ocated in this JH2

domain an owing modelling studies, in a reglon of particular
impOHhce Liodhe F@gﬁﬂ%ﬁ?of%a&%%c%%ﬁ%aév&%lébové%@ highly

. nﬁw@patmmaai interestof this diseevesy funderstaridingpef thetimulation,

Jmecu%n'sregroéﬁxt@m%wp%ﬂggae brgakdown of theqifferent, 5,
h I% Vi enf'r{% of this mutation in agatlent 0 fﬂs a tes fort irst

p Osr}ﬁ O Wghgn po’ssél%nto confirm ]%gla SiS. From me ich ion ef

the rece Is) and
? S g/gln*[p%h'e searcﬁ%’r tﬂ% fg?gﬁ of iﬁzp %rﬁ 3%%’

the oI %Fe%\% Bphils Defbiiging 8 the Rfhligrant EBRE B entdiF?  the
PhogR %‘Yffé}é'lﬁfeo&eterﬁfrnatl&jrlﬁ?ﬁ spefiftt fRfnent Y RinaEd mhfb‘i’tlng signal
tratypéispietific to shHemutateth 85mproted, o g@RaTherapybRec@ivéd at:The JAKZ

protb2ePM, #20/2007 32 Examale % Delgclionpidhe JAKZ MO I Emptant g1 ) ,

p%%@&ﬂ @Eﬁgﬁg‘d@%%%%58£§9”@8°@§§§51ne kinase activity (JHZ),

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 JAK2.
According to avallable JAK2 protein mapping data (Lindauer,
2001}, aminc acid 617 is located in this JH2 domain and,
following modelling studies, 1n 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
cf this mutation in a patient cffers a test for the first time

with which it is possible to confirm diagnosis. From a medical

~diagnosis wviewpoint, the search for the mutation of JAK2 can

be made on polynuclear neutrophils belonging to the malignant
clone,

The invention also cffers the determination of a specific
treatment, of kinase inhibiting type specific to the mutated

protein, or gene therapy.



2.1 PATIENTS, MATERIALS AND METHODS 5 Comparison between
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JAK2 V617F. Patient cells 119 samples of suspected MPD were analysed
(i.e. 10 erythrocytosis, thrombocytosis, hyperleukocytosis). 58 samples
were taken for perspective analysis ai& 61 archive samples of bone
marrow were analysed retrospectively. The peripheral granulocytes were
isolated using a density gradient method following the manufacturer's
Exangtlectichs 1BgEacdtiionFrafce)tMonamileareelly wermisalated iom first
the bone martavteaagdricali dgRsigs grasiend et ifuestians he
genomic DNA was extracted following standard procedures. To
2 . ldetBAtiNaNTE serafigRy BT EighiCy BRI Tagman(r) technologies,

Cconthg BNAderiyed fromn a homozygotssample Withe) theligle ghes  of  sup

Id [V 'DNA. Cell.
erfBIVRLM,residLal i é@%%‘@&%%‘ Ulgd %g'g.lg,fgini,g?rrgézs 0.0l)?rom

patthgluman erythroleukaemia cell line (HEL) mutated homozygous fashion
(JARKZ VEI7F) in DNA of TF-1 cell line (non- mutated) as standard positive
controls. TREWHE fineLrews T REN S bha R Ediumhfvitraen) Brfithed - &
erywitly foathbeslf seunt.c3® Deyectionsof the partatorkby pnab/sis of the samples
werlisioncuiveroh: LightGyelerDowith FRETbridisation probes; PUmelssies of
b and prorbes were des%;led to amé)ll and hyhbridise to the target
Onge JEHCR oI EXbR 16F IARS. Thd hBSHGH of Hie B35 mutation site
(18096 /Ppwa keverk dowitir aldorior eaptee probeolbbetted withng 2 density
I Cycloroy Kot 640 (L CROHBI0) t Reboan ot L DIM Ar20iza07 "
ightCycler(r) Re e at Received at: 11: : o
O e end W SRRy Iaios 18 aviH] Brecgug o0 Trom the
POng iifideRidn SRt HhalysROOF thEFHSi bR bulEARe R perfof et bigag ton . The
genbightCyblékl 2vastruatett §Rbebe Diabhosticsy Meylamdard procedures. To

determine the sensitivity o¢f LightCycler® and Tagman®
technelegies, the DNA derived from a homozygous sample with

the allele of minimum residual wild type was diluted in series

in normal DNA.

Cell Jines

Serial sclutions of DHNAR were used (1, 0.5, 0.1, 0.05,
0.01y 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 seguence of exon 12 of JAK2. The position of the
mutation site {1849G/T) was covered with a donor capture probe
labelled with fluoresceine at 3f, and the adjacent acceptor
anchor probe labelled with LightCycler® Red 640 (LCRed64d) at




France) . The final reaction volume was 20 pl using 10 ng DNA, 5 14 pi
LightCycler FastStart DNA Master mixture, 3 mM MgClI2, 0.2 pM primers,
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minutes and PCR amplification of 45 cycles (10 seconds at 95C, 10

seconds at 53C, 15 seconds at 72C) was followed by a denaturing step at

95C for 10 10 seconds, two hybridisa@@’n steps at 63C and 45C for 30

seconds each and a fusion curve located in the domain lying between 45

and 70C (0.1C/sec). Analysis on the LightCycler(r) programme was

performed by plotting the curve of the fluorescence derivative with
itdespec el temperagire 442 2ftldlaftH) vetsus:E. The mutatedpaakssion.
am@Nd VT wers, observed af 57:and 3G kespectively. Retectionofthe e rrorned

mutation by specific amplification of an allele using TagMan(r). 20 Two
on | liGrs WitE deCihet o aigi SFobuc 5PE5 By CrRnipasait SNy Lo
FragiGfosition 8451 Tivb fRAFEGENIE MGBY#Eb&ES Sverl dedighadWith! 0 ng DNA,
14 differéntdlubrascbatrcolfeurings; bhe DEfyetéastonardsithe We alléle,mdhdMgClz,
0. “onetargeted towardsifié mtitatad aklele. Gendtypingrwasrdenductédzinsanples
we 136-wel lates 25assting thermethodi based:on Jagman(QRGRrIke fingh of 45

cydeagtion yolume was 12:pldising 19 ng aenomic DNA, £:25.pl TagMan) g5 a«
Universal Master Mix and 0.31 p1 40X Assays-on-Demand SNP

72°Ebnokjping ALEAV AN (ABBlied BiOSSEEME) The SiafPwasthedtedto for 10
secgB@ser 10wainutedbfolldhedttya0 deraturation 30 y€lesaat®2@ forCl5for 30
seo%ﬁf:%@d%@aﬂ rra@é%g/%%ﬁgn @%@%R@ f%ém%ﬂeii_ﬁgegﬁ@cmmma% ying
conducted on the a e stem (Applied Bipsyste
betXﬁg@sié%\?va%nr%page{] ucsgn athle ggéeggogr%r@éyv"elrgioﬁ 4.3;'Gent %)ﬁg%{%ler@
Progidpomt alelé distemdinaned wab perforpéd bypvisubhinspestiviof agds  the
f 1ulluereseence curve: (Rrkderved framthe WT-pbeagainstthe Riealdbeatrure
- t K nerated from post-RCR fluorescence reading. Recei
2 T S b/o00 3 beonts Lhth e oS e B Sore M were
cbsgdlsedion e bvalatéd 88 petiehROwith hrk¥natocrit levels of more

Detection of the mutation by specific amplification of an

allele using TagMan®,

Two primers were designed to amplify a product of 92 bp
encompassing SNP at position 1849. Two fluorogenic MGB probes
were designed with different fluorescent colourings, one
targeted towards the WT allele, and one targeted towards the
mutated allele. Genotyping was conducted 1in 9%6-well plates
using the method based on Tagman® PCR. The final reaction
volume was 12 ul using 10 ng genomic DNA, 6.25 ul TagMan®
Universal Master Mix and 0.31 pl 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 seccnds and matching/extension at 60°C

for 1 minute. Thermocycling was conducted on the 7500 Real

Time PCR System (Applied Blosystems). Analysis was made using
the SDS programme version 1.3. Genotyping of end peint allele
discrimination was performed by visual inspection of a
fluorescence curve (Rn) derived from the WT probe against the
Rn of the mutated JAKZ gencrated from post-PCR fluocrescence

reading.
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than 51%, at the time of diagnosis, before any form of 5 treatment, and
we studied the presence of WHO and PVSG criteria. The value of 51%

1:22Py 48 ¢AGSen for the upper end of the normal range for hematocrit level

(Pearson TC et al, Polycythemia Vera Updated: Diagnosis, Pathobiology
and Treatment. Hematology (AM. Soc. Hematol. Educ. Program.) 2000:
10 51 to 68). Bone marrow cells were ggllected for clonogenic asays and
excess cells were collected for DNA extraction. Serum erythropoietin
(Epo) was measured in different laboratories and it is therefore reported
as being low when below the lower value of the normal domain in each
laboratory, 15 normal or high. The peripheral granulocytes derived from
the same patients were purified as described previously, the blood

PaSREMIeS pf @ﬁC%EEF&Q%JEQ@é@E%b@nEh@éﬁtﬂl@eéc@i?g@% iIHATOwW and
blo%d were iollectﬁf %(gz rrecerm nformed consent. 20 EEC assa ﬁ\:
vitro assays RIS ERfroid ERG-réSht eWe ﬂeﬂé‘ﬁ&rﬁé&m e Bhmeot more
thamnoratdry (Hiftel I§TE% Patf§ usih@ a“pragrmsdiot culkGrersehniiue adorm  of
tregeisoahed previdusly®5 (@asatesall NhdupwyeEeMetho-Sa'batieoP, and  PVSG

crikQbelem GyVargt B, Mayeux B. QHEO%HQQQ@S%'Q%G% 5%99'%%'”of the
rg%ra)gtlent with pure red-cell aplasia. N. Engl. J. Med. 1996, 334: 630

30 Statisticat %ﬁalyg‘@r@&?&ﬁﬁ&n ofjﬁl‘é%arké}?\ﬁ/ﬁﬁ%’ade%mge £ al,
Poﬁhéﬂr}mmn rdric gorrelatibnteatfficieni (R)1 35iReceived@iobli: 22884  and

TrAHRREOOT Irtad RESL TS reasibility apg sensitivity of 9engtyRingy ., 2000:

teLchmg%fs based on PCR for de Etlon of them ﬁtlon J K2 V617F, To
asSess one marrow %f ?er gﬁh)clonogenlc

€ efficacy o déncin
asat'éﬁhn%ﬁ@e@?&%ecﬁ@&

bfthe QARZ v8 #??ﬁ@%ﬂo@%e@é‘ércﬁé& paction.
Serpiesents it 110mangilés takefEfpoin patiests measured in  different
laboratories and it is therefore reported as being low when

below the lower value of the normal domain in each laboratory,

normal or high. The peripheral granulocytes derived from the
same patients were purified as described previously, the blood

samples of each time being available. The samples of bone
marroew and blood were collected after receiving informed

consent.

EEC assays

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

- Mayeux P. Autoantibodies against erythropoletin 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).



suspected of having a MPD, using the 3 techniques in parallel. The JAK2
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samples did not show the mutation with any of 10 the 3 techniques. In
only one sample, sequencing failed to detect the mutation revealed by the
two technologies LightCycler(r) and Tagman(r) thereby suggesting that
the latter may be more sensitive. To assess the sensitivity of the
technique, we used two 15 different methods: we tested serial dilutions of
DNA of the HEL cell line with homozygous mutation in the DNA of the
non- mutated TF-1 cell line, and serial dilutions of the genomic DNA

- 2- YeritBd¥eh¥ a homozygous patient for the mutation JAK2 V617F in

Fenoinal DNA. Segueneingdaied-to detecidhe pypated 2Qaliple WitsS%ased on
pcPNA pf the HEL call ine ditted in the DNAgE she, I celline, and with
~~10%,of the DNA Trom the patient with homoz

of the §9) € patient with homozygous, mutation diluted in
 norhdl BNASThe Dsifvity SARE LGhi SRR T rhaagicycle@ ~and
ST RIS Rl PR
we 15525 196 Bfithé DNA FeREMeeHEIN celllhe IRTRERR the BNA dithe TREients
Suefl hedfigdrelG)vamd 2 40 YPPof the DNATFemM A patibntiwitles in parallel.
ThehomdEygous itatiortdiluted in wosmal TINAL @Haractetistics of patients8 3/119
s anjgifleerythrodytosis stipd medofd30diagaosie Theecmefteharacteristics efny of
t h<38 patients with Remataerit devels effaoredthan 1% Atdbetiomnef failed to
lJagnosis,are summarized in Table |. Received at:,11:22PM, 4/20/2007 .

d(.ﬂg%% %rablgh% Pa?t?gr%tagﬁgr%cteﬁgt}%%a!% O é)r%eriot% VVSS crﬁ%?i%%nnOlOgj'es
LigRHey ah B seeritdiraay Rliophfie W dispagfe SbEEndalp HetbBoopl at tex
mayerygthroeytesiscarythtaeydosis erythrocytosis butnon=61n=1ln=45n=

21 95 SAE. 05 %h%exs@ﬂgiﬁ‘ﬂ@@“%%) 35(23 %é/con%%/&[%el?*/%”@é%d two
a1 M0 20° BL (3 HI (2408 S8 (300 (53,0 811 8 (B2 10 TR B8 ¢ e
HEL cell line with homozygous nutation in the DNA of the non-
mutated TF-1 cell line, and serial dilutions of the genomic
DNA derived from a homozygous patient for the mutation JAK2
Vel7F 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  homozygous mutation diiuted in normal  DNA. The
sensitivity of the LightCycler® and Tagman® techniques was

equivalent, slightly better than seguencing, reaching 0.5 to
1% of the DNA from the HEL cell line diluted in the DNA <f the

TF-1 cell line {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
ievels of more than 51% at the time of diagnosis are

summarized in Table T.



(domain) to 92) to 92) mean Ht (%) 59 54,61 1.4459.2 57.8 4.2 55.8
3.153.31 a4.6450.8 MeanHb 19.2 18.3 0.34 19.3 19t1.018.9

Recelved at: 11:22PM §20B®7 (g/dL) a 1.39 1.41 0.5 Mean WBC 12.2 7.012,5135 8.2 25
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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 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 Cytogeretic 7/32 0/3 6/23 0/7 nd 0/1 anomalies
Positive 57/61 0/11 43/45 8/21 0/5 0/3 '.. JAK2V617F 88 patients with

hemgalegcrit levels of pyer 5o m%t%@gggfi%% |_n accordance W|th PVSG

and WHO Eriteria into four 5 groups: V: 0 ' f

nr\/fhrnr\\/fr*SIS ggﬁnﬁdéﬁ%" [ a ' &

(no AE) whenrmeasuredsed cell mass hcid m@idﬂmed Sqaa&ems( Her>50%

could not have any definite diagnasis singe some ¢ JUA ical\data, were, but no

available. Hct: hematocrit; Hb: hagmoglobin; WBC: 10 white bloo cels

EEC: endodefiotfs erytﬁrmdtolo i@sTEpo: ReBeivél at: 11:22PW° AR

4/20/2007 37 erythropoietin; a : standard{deviation. The patients could hexn = 3
sexdivided into 4 mair groups in accgrdanceiwith WHO critefia (Pierre R et

al, editors,{World Health Organization Classification of Tumours;
(e b S BRIG)-anl Eehetiesof umeuls’ b HematdBbletic-ane-ympbhoid 20
MeatissIgeS. Lyof; IARCsPress:2001: | 32 to BdrandPMSBicriteriastPearson; 48.6
dod@mMessinezy M. The diagnosti¢ griteria of polycythaenia rubra vera.

Leuk Lymp homa 1996; 22 Suppl{1:87 to 93)5: 61 and 45[patients with PV
mean Ht (% 59 & | 54.6 + 1.44 |59.2 & 7.8 % 4.2 55.8 & 3.1 53.3 &
t o 4.6 4.5 0.8
Mean b 19.2 £ 18.3 + 0.34 | 19.3 % 15 & 1.0 18.9 + 0.8 18.6 £
{g/dL) * o 1.39 1.41 0.5
Mean WBC 12.2 £ 7.0 £ 2.5 13.5 ) 8.2 £ 2.5 8.8 t 1.9 £.6 =
{x/10% t o 4.4 | 4.9 0.4
Mean platelet| 463 % 212 + 38 503 + | 245 + 60.4 212 £ 29 175 ¢
count 148 149 18
(x/10%) + o
Splenomegalia| 16/55 0/11 14/39 0/21 /5 0/3
EEC presence | 58/60 1/11 43/44 11/21 0/5 0/3
Low Epo level | 39/47 2/8 27733 10/17 0/3 1/1
Mormal Epo 8/47 6/B 6/33 T/17 /3 a/1
lavel
Cytogenetic 7732 0/3 6/23 0/7 fete] 0/1
anomalies
Positive 57/61 0/11 43/45 8/21 ars 0/3
JAK2VE1TE

88 wpatients with hematccrit levels of over 51% were
diagnosed in accordance with PVSG and WHO criteria into four
groups: Vagquez disease (v}, idiopathic erythrocytosis,
secondary erythrocytosis and “no absclute erythrocytosis” (no
AR} 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; EBEC: endogenous erythroild colenies: Epo:




diagnosis, 5 with secondary erythrocytosis, 11 and 21 with 10 idiopathic
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mass). The clinical data were incomplete for 7 patients, accounting for the

fact that PV diagnosis could not be confirmed either with WHO criteria or

with PVSG criteria. On account of the Xifference between the 15 Al criteria

of the two classifications, 6 patients who had no red cell mass

measurement could be classified in the WHO classification but not in the

PVSG classification. One patient showed both hypoxia and EEC
& T ¥ iAo Shereby Fnakirf- Hislnosisdifficalt] eptogBheticartdlgsis wagould be
dipeiRmedire3s0tatientsr aiphg 32 PYRitieRt (WH@kterf@)l7 criteria
(Pshowed dytogertetic anpmakest Sowith triselay B 1 withaoeland dbwginization
C1 ssldlitiohah miateriab On cthramesome 48hthepresende ob A VOE1EF tumcurs
of costespopds o PY SGhand WP 25 eritedader. PY.JAK2 BRI wasss: 2001:
32 preserddn 43/44 (9898):0f patierts: diagneseekwith B jn agegrdancgwith.  The
B e S S S MR SO MR o

iteri : nati - :

1?%’(:0%%9 gél %) VSG c?ite?tlg showed th%rimu?élﬁjgn,%%t r%#elc?fntﬁg 1§t Y
diagis ifon-Pv patiehtssefespBpatieAEYWEROCOsIderad IELWiteRYS@L with
idiesiteriaand PVewih WHOyerietia. Noneaf the patienfs wiagnoged withbsolute

exy2E AOF he patentyythaermal sed cell mass s4'no M) had themytation, yere
presenc a_psence,of JAK2 35 V617F therefore corresponds to

. _The or

lflcﬁéné?uv%tﬁv ael%ﬁnosisplﬁtfﬁ% SatiGs(9B% B20.878, pk0Dodffwith a2t FV
diapmeo tfitefigadd o B41TE patiehter86:5%,1REO.71 7, 13<40.0001) withceria or
wi thVe@amiteria; Recelvedmt: bli22BN: 420/2004 38 trraddiion, 3RG8cen the
a1 nanehthe patients diagnosed.asnan-p\ acgarding tga\é/t'&sgte\vgo had no
redSh%Vé"iq thﬁﬂ%tatlog tshue getgcgon 01;1 Adbi\éGNF haga %O% predictive
- value’in the, context oé} aﬁsg}u{é ery(fﬁro_c tosis. S%ﬁe & ﬁhoc?s (Mbss i
clag st bf BihgrBstiialite of é@rum@ery%%&éﬁﬁwéﬂmféms (iR patient
Shoygshiut® eRnrobyiderst *Hadhigtolofita 2008 8et119Y to 1008Y ebHsidar king

diathecrméasutemeitnlt. Cytogenetic analysis was performed in 35
patients; among 32 PV patients (WHC criteria} 7 showed

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

additional material on chromosome 18.

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

JAKZ V617F 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 WHC criteria (Table
I). Nenetheless, 8/292 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 S5E nor the patient with normal red cell mass
("no AE”) had the mutation. The presence or absence of JAKZ
VE17F 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<C.0001) with PVSG criteria.



of serum erythropoietin level as a first intention diagnostic test for patients
with absolute erythrocytosis, with a 10 specificity of 97%, and a predictive

Received at: 11:220M A1GHBF97.8% for diagnosis of PV if the Epo level is below the lower

10

20

25

30

35

value of the normal range. In our study, the correlation between the Epo

level and PV diagnosis according to WHO and PVSG criteria was

respectively observed in 50/61 (82%, ¥0.488, p=0.0002) 15 and 39/56

(70%, R=0.358, p=0.0067) patients. We then compared the serum Epo

level in the presence or absence of V617F JAK2 and it was found that

52/68 patients (76%%, R=0.416, p=0.0004) showed adequate correlation.
I THEDELERbe of tREIARS N1 PE mitkstioRdotespondkironoIRd as non—PV
Acqpaeity fot fortfilty EEESCThicediffdiett [Eamshavatsifown thae detection
of Ehdtdepéhdéht delislines HahsfepterPivith TAK2WOLTF vigrethe context of
absggaifirieperitierrand EPchypersensitive for their growth, thereby

minfieking #vdlindepedence an@ hypersdnsitivitywidise erythwoidie of serum
eryrbyepitdrs 25 ddseyibed im Phe Thendafore; vk halee plitforward/ttiierocytosis.
Hadmgpothesid dhatfatients arryihgUAK2 V622K atsmstialved ERC neasurement
of femmations rArniongiihe 20ipatibats=withx erythrogytesis withena E&C diagnostic

tedormaiion, opeshowed the muytatian, [aising.thequary pf e positive ;¢ 4
predictive value of JAK2 V617F detection; howevert, 30 even if this patient
Speﬁ%o%&ecdlﬁa EEE, hé/she maPthe AuntbrGHd AWHES antPPVSG Bdsitivé - 8% for

diagriteria allewing the patient's Eglassificatibn as Pé iobothivtassificationsa lue of
thelhigpatant ;showd therefarg be sepgidered @ "falsenegative fo EECcen the
e C:'ralihe%[ et an gc'i'fa% -%gsélltlve for JAK2". A%p,on the 63 }@)atleng 3§]r$/€o had ,
POEEE formgtlon, carfied the - JARS V817ED u%ﬁoﬁ, p%rl’i NS0 b%ﬁfgt@ma
wasmtafstEasing tletectbrisensitivel techfigies. Kiéng these $95atiems) . 0002)
andd/3arel2/5 tould be-Regsived gl 1522RM, 4L20/20Q 4 39 wdassifiad iBormpared
th r a ing to WHQ and PVSG criteria_respectivel I .
thcoﬁ%\éﬁew%nﬁgg%& ét?en%%hg l&'éféé‘r‘??e grrabié%?lgg%?theé%\lg}/@%% JRKZ
28 L7 IOk Sorfa&ponded 6 (RS EXBAE) of fieapadit) (6 fm BERs?004)
shopegl /87 patients 6908aR4R=0.824, p<0.0001).
The presence of the JAKZ V617F mutation corresponds to
the capacity for forming EECs.
Three different teams have shown that Epo-dependent cell

lines transfected with JAK2 V617F were Epo-independent and
Epo-hypersensitive for their growth, thereby mimicking the
independence and hypersensitivity of the erythroid progenitors
described in PV. Therefore, we have put forward the hypothesis
that patients carrying JAK2 V&17F also showed EEC formation.
AFmong the 20 patients with erythrocytosis with no EEC
formation, one showed the mutation, raising the query of the
positive predictive value of JAX2 V617F detection; however,
even 1if this patient showed no EEC, he/she met the numerous
WHO  and BVSG positive criteria allowing the patient’s
classification as PV in both classifications. This patient
should therefore be considered a “false-negative to EREECY
rather than a “false-positive for JRK2”. Among the 67 patients
who had EEC formation, 62 carried the JAK2 V617F mutaticn, 5
patients not being mutated using detection-sensitive
technigues. Among these 5 patients, 4/5 and 2/5 could be
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The presence of the JAK2 V617F mutation in bone marrow mononuclear
cells (BMMC) corresponds to its presence in the peripheral granulocytes.

H:22Pvr & @ elifine whether the use of granulocytes of peripheral 10 blood to

detect JAK2 V617F mutation at the time of diagnosis could avoid the

assay of bone marrow cells, we compared the results obtained by each of

the methods: sequencing, LightCycIe??r) and TagMan(r), in 50 patients

(including 35 PV, 8 SE and 8 suspected MPD) for whom both bone

marrow samples and 15 peripheral blood samples were available at the

time of diagnosis. In all cases (34 mutated, 16 non-mutated) mutation

was identically detected. 11l - Conclusion 20 We therefore propose a new
13 HiddgitbsididdtBshed! irf 6ivieh avcasidtnien bPIAKS VEe1FFEN Hfe criteria
regranulbeyles. using: seasifivestechniguestis thefirsistep, kethe diagnosis, the

r rQcytasis, PLI casey secondary. erythrocytosi
e Ty T Somaaeh Pt evard) 25 A tbite g ed o

R0 RARR MEdsuRIMehEGRESSIABIE rdcPblduti Bell&fichti® ndtdiflayspatients
(2 3HilabfEAnd Afmoss fetitdd Sometimes subject to debate. It can also
avoithebopeanarrow pedcedure afkkKEEQ @s3ayswihishiase in bone marrow

morfina<basUMing: and qremet wellstandaishized. it drastically redusesthen the
pe r(i%srtl 3r0 %f porsitivitlg\é déa%nosis, since only those patients with hematocrit

levels oF over 519 and Who are JAK2 V617F negative need to undergo

all ffe iRvestigations WHich arelsctuelly edrried a0 eharictsizecdn peripheral
bl ocerythrocydesisJtverpkthey detectiam alonecef JAK2¢ N1t iranf diagnosis
cou?trcythég%gsl%ﬁgmgéts. %()ngf ug}%@{é PMaq.l%%Q\JOSICSé P Eg orrrdflng gok%\%g'aered the

marrow biopsy may still be Useful since it may reveal signs of
reshlbfofibRICaMa pre¥encEHFblastid cellsthereB§ Eonfifming Bfgiuencing,
LigReCeived=a® 14r22PMaM20/2007 40 SleukaanicritansiarmationiefP\25 pv, 8

se Nenethelesspwe feel thata bane mﬁgﬁwbm@lsy@péﬂ%QW&Efoggﬁgfgfs and

with cytogenetic analysis. JAK2 V617F was also detecte

optional stud
perﬁg fngf¥§6w§ofﬁ@ Eﬂﬁf were available at the time cof

diagnosis. In all cases (34 mutated, 16 non-mutated) mutation

was identically detected.

ITT - Conclusion
We therefore propose a new PV diagnosis datasheet in
which the detection of JAKZ V617F in the granulocytes using

sensitive techniques is the first step in the diagnosis of
eythrocytosis, except in the case of obvious secondary
erythrocytosis {figure 7% . This approach has several
advantages: it aveoids having to conduct measurement of

isotopic red blood cells, which is not always available and
whose result is sometimes subiect 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 V6L7F negative

need to undergo all the investigations which are actually
carried to characterize an erythrocytosis. Even if the
detection alone of JAKZ V617F in an erythrocytosis context
will support PV diagnosis, performing a bone marrow biopsy may
still be useful since it may reveal signs of myelofibrosis or

the presence of blastic cells, thereby confirming the



5 a few rare non-characterized MPDs, thereby defining a new MPD group
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unknown and it is still too early to group these diseases into a single
myeloproliferative entity with a common physiopathological cause and
different phenotypes. 10 Subsequent pgecise clinical studies would
characterize more specifically the common signs between PV, ET, IMF
and other rare MPDs carrying JAK2 V617F, especially in terms of
absolute erythrocytosis, Epo level, myelofibrosis and cytogenetic
apomalies. It is th%reforetcontem[%latg\q to gse theild ectlon 15 of A 2 that a
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presence of JAKZ V617F will not only allow a new definition of
a MPD group, but it will also most certainly form the basis

for developing specific targeted therapies.

Example 3: siRNAs specific to the V617F JAR2 mutation inhibit
V617F JAK2 but not JAK2 WT. |
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 K362 line. The results are shown figures 8, ©
and 10.
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Isolated JAK2 (Jan us kin ein, characterized In that it comprises ,
ProGRitation off amlno ac:| f’? 8Pefﬁarﬂ&laﬁ?ﬂﬁeé3@gfﬁ Jr‘r?utaﬁfﬁi’alred in
po}h\é‘ré’lﬁﬁﬁ@rl?efé(ﬁéa to BE@9AK N6 EAS Dafiant”, the sequence of which is

given in SEOQIDMNo. (£ O €huivBisris o this poteinmatatethdepogitoniing of

powyﬂ@m@@rga{m@sﬁ;@rmuc@g&idg %ﬂ&ﬁﬂ@% epgading jiae JAKR VE17F
variant according to In part rt ese uence S P No. 2 C
havin thegrg g ms%tatlgw pje)sman V1849 far’?ng rorrf!r‘l t‘?ﬁ%nﬁg (_talrﬁarﬁﬁgtﬁ]%la B
po ﬁ%ﬁ@”@*tr‘é‘%ériptﬂﬁiﬂ%n disHing ahdist expredsion vector which is a

virator plassaia yecsarmr inthefornaf naked XA, cmracr@@mq in thahits is
cor@@i@%ﬁﬁe%gggg agﬁomg?rget 1enz?%naner‘éﬁe Eglp&%l ﬁemjﬁ rubra

romoter which is effective in mamm lan cells. 4. Mam

Veﬁﬁe xEBpliGHoF Rdman eriBAiohitEstem cells or germinal stem cells,
expressing the secdom- hindnt:JAKR, VElait variant accarding jo Oleiblk 51 and

Fe NaRBLMAN, fansgenic arimal expﬁ%%e% feeQmbinantz]AKZ VG 7F epythroid

accordin gto Claim 1. 6 Non-human transgenic animal accordlna to Claim
t

TR AL P S mbust A REVMR iAtedfded ifobfgl I Med

recombinatign:er; disect tecamhbipatian. s7. Nﬁrfﬁier_m@nér;an%@@f agimalphert
M, asga@dén%o Claiga or 6, chaeadterized in ghat g&lalé\rf@ VoLt A2 pan1 HL
(20 %JI Egmozx ous or V617F/JA hete gous said animals ¢

rep oducmg po%cﬁﬁemla vera ahd/or eln68 ergﬁ:\/e %{%aﬁ%@ receptor
suppdbesd by JAKI Ve 7Fi8. Pmb@@eermﬁ@@compnsmgrmmamm rubra
vereonsecutive grggle;g)ﬂ'ggsmt;the'sequence SEQ ID No. 3 or 4 and

comprlsmggtlge @84ﬁﬂ%@£edd1uc'§g§'ggaﬁdp@e§ or Eré@gtfe%ccgrd'%cluse
%}alm 8, selected from the sequences SEQ s.5to 11 and

Iebtide BF ACIeEREE n@clé&%egalﬁ%ﬁ?ﬁétrlér Bltweéy 45 anHL?JStlple

S:Lgﬁ@djé@ﬂ@g:@@bab@@fdmybrmlmr@]i@ed in erythropoietin-independent
differentiation of erythroid progenitors in Polycythemia Vera,

Experimental Hematology 32, 179-187.



the JAK2 genomic DNA of sequence ID No. 4 comprising the t1849
mutated oligonucleotide, to the cDNA or the mRNA. 11. Ex vivo or in vitro
method for determining the presence’or absence of the G1849T variant of
the JAK2 gene in a sample from a patient suffering from PV or liable to
develop a PV or any other myeloproliferative syndrome, in particular
ethrocytosis, hyperleucocytosis, thrombocytosis and myelofibrosis,

Claims  comprising: a) obtaining a nucleic acid sample from the patient, b)

1.

10.

.

12,

13.

14.

15,

Isolateggl\%tmgu.txg % a'é%%?ﬁ? ?ei(r?,rc?ibrsa% (t;ieze%fitht a(f;ig'f? 4mg -Ir-is\éa.'riamt O‘f the JA’.KZ i 617
particu@ﬁpﬁ%ém’(ﬁ Mu%’&@qg%%pigf E?tlapz?saJ 5&’0 paahéga 'n.%;wé ;?rigiglfﬁﬁgﬁ is g;v;n: ::

‘sEqidhat the presence-ohihadel R4QEMatanisan indicatiar.ef LV or of any

other myeloproliferative syndrome. 12. Method according to Claim 11,

Nucleofifpierstasiz bt th dteivaeinbiigeseestepofihy bridization withad least@rece SEQ 1D
No- 2 hgyisg diedisaBratiag TP eifieoreed &I 8o e AT Mstie chabedroiisgitaCieiption.
C!oninglgncggfje;prgg%rr?&é:c (I;irzw%qcimstg ?"J;ailt CroransFrJr{‘silSv%ag grt %.pthgf c%rrr? Efl irﬂscation DY PCR rized
that it ERRALQNN NN AL leASh ARG DAL ah 5&5@@6@ aceyrd E‘&oﬁ%@e’?%@ﬁ%@@é@@nﬁfg rzu:fnaiz
cells. 10. 14. Method according to one of Claims 11 to 13, characterized In that
it is carried out on the mRNA of an individual and comprising an RT-PCR
mammaECRbr S1eesIde attording to oo Cimmttnio! SBohdracterized it recom-
nant W5 e OB EH B IfEon step by means of said primers, followed
Ncn-humbél a step of hybridization with at least one probe, preferably two probes,
whicH HyBRATZETET rRIEe Mg etfgeYiey) Bbiditiorintoteisequences
it%%o.f tEe 1849T mutation, and detection of the

NGn—hun%{ﬁﬁ@%Hgmg?at&%rg%f 1aim 5, characterized ip that it ingi
o s osigralsasiueesthy e daladls dlsald BioliEh DS TGDRS B BAALIS [0 Loote

being defined in Claims 8 to 10. 44 16. ex vivo or in vitro method for '
:fo"”"h““tfét%tﬁﬁ thenprésentdronabsencecs, thedAk2:36h fravarianking sample ve1 7
omozygﬁb?ﬁrd AT Suier TRBEP e ﬁ@@@f@@mg@im@ymwhera and/or myeloprolif-

ST SIS BEF A En@Sme, comprising: b) detecting the presence or

Probes @Qggg@%@mr@]gﬁﬁ ¥6174F variant in a sample from theﬂpatient,

comprisir@}aéa@teﬁmaéemm@gtm@ presc{érﬁgéué\fes%ﬁe\?gﬁgn%f IS5 HElIcatbH &F Bty Bpr 4 and
of any other myeloproliferative syndrome. 17. Method according to Claim

Probes ongimesniprisiing brfiting thecsaimpletintescantactnwith as antihoghsspecific

O”gonucéog hef\/tG§17F variant of the JAK2 protein, preferably an antibody capable

o Ao gjné;%fﬁ Aguian Q@%Q@?ﬂ%@ﬁﬁ%f?@g@a@% aftRhecheitangtatel IR idizing o
protein. 18. Method according to Elaim 17 et dBRHIadr itae tRRA orthe mRNA.

Ex vivo oaintibadiesal &SiBglerehain: Ordaubls-chain. manocional  of polyclonal .

sample fremiBeiosy ChiIMEio A bOMes UMA 200, ARUAPCHSS L @Pfg%@”é%ﬁﬁmf‘ ,

particular gihiRgeRshingiege fraghnenteromShethoch agenrding loGaimg18,
a) obth%raac}]eriez_gg !_n that§ it is an ELISA assay. 20. Method according to one of
o ﬁesteg] Cﬁ;@,fﬁﬁ%?e{%r‘i?é’d‘iﬁ’%hat,it is carried out for the subpopulation

jgnts’ having a hematocrit level 6F Jfdkdh thai 51 vpue aétpete cbiained

wrom 1 PRtigNts having a hema
according to one of Claims 11 to 19, characterized in that it is carried out

characterfgrithgistibpopulationr o Iﬂﬁtj@‘ﬂsamy@;% %@&%@A%tr ﬁgl&p&%t])gggélﬂy | Qoliferative
syndrome.450 000. 22. Monoclonal antibody which specifically recognizes the JAK2
Mathod acV6d],7F va'ri_ant. 23. Hybridoma which produces an antibody according to

Clai] 222 kit POPAEESHE e DmRe v EEn s labidregctumioatieast one probe

according t 13IMS B 1 . : . :
comprising one or more primers or probes as defined in Claims

M.ethod according t‘o Ciaim 11 or 12, characterized in that it comprises a step of amplification by PCR reaction
with at least one pair of primers according to one of Claims 8 to 10.

Method ac;c?rding to one of Claims 11 to 13, characterized in that it is carried out on the mRNA of an individual
and comprising an RT-PCR reaction.

M?thocj! according to one of Claims 11 ta 13, characterized in that it comprises an ampiification step by means of
said pnmers, followed by a step of hybridization with at least one probe, preferably two probes, which hybridize{s}
under h!gh stringency conditions to the sequences corresponding to the region of the G1844T mutation, and detection
of the signal produced by the labels of said probes, the probes and primers being defined in C?aims!S to 10.



16.

17.

18.

19.

20.
21.

22.
23.

24,

235.

26.

27.

28.

29.

30.

31,

8 to 10 for the specific detection of the presence or absence of the
G1849T mutation in the JAK2 gene. 25. Kit for determining whether a
patient is suffering from polycythemiaéi\?lera or any other myeloproliferative
syndrome involving the JAK2 V617F variant, in particular ethrocytosis,
ex vivdypered caeytosisidhcombecytesiscandtryetofitirodis2 ¢6ipraing Hriesaprle from a
patientradirerprobes tbprimers @t efipudire CIEHHE B 610 THthEspETR Y
e o SR S CAPAST U e N2

also comprising at least one

charac@éﬁmgmtﬁmgﬁegm & thetmaresisirpt RlyMerase fQbthsehyeloproliferative syndrome.
amplification, one or more solutions for the amplification and/or the

Methodwionidization:siep, cangriatedanyg tagentidotudetdietingtne Jabery 2r i o Vo1 7-

variant éterAgoW et ateniIs s IR GG IR Derd B aRge = e

non-migRar i\IBiBliferative syndrome involving the JAK2 V617F variant,

Metho ocrpopcﬁ%rtltgcﬁarl]mamlmaqyc@%gggqﬁqgaphgﬁ‘%ags g@ siﬁbﬁmﬁaiﬁap@@@e%ain, monocional

or paly %ﬁ%ﬁ@%g%m@r@ IhaBiR0%, s elsehy nesethan95% Ftheexpressienragments.
of the JAK2 V617F variant, characterized in that it has from 19 to 25

Methochuictedtigles; prefereizip adrinettiedtidé5 ipn fergtstie sequence of a first

strand being identical and the sequence of a second strand being _
Methodgmmplemientary ! SediferiteSEGqly Mot SurSEQUlyNG suapre|glen of patients
having ghigegaieaiies! IEERID [66.51F comprising the 11849 mutated nucleotide.
Metho a?c' épdi\;qltqcc)) orrpeec}- gnﬁgq ‘p t%t%r%HQJQ&eWz%éRﬂRQ!‘R @ngt%t}é@;}é%ﬂgn of patients
having \Q’&Eta&%&%m%%a@é?mgpmq)gopomprlsmg the steps consisting in: a)

bringing one or more compounds into contact with the JAK2 V617F
Monociptigitenitaccending¢aicibimeigiemembkEnEs fractiomicomprising JAK2

V617F, or else a cell expressing JAK2 V617F according to Claim 4, under
Hybrid g iR BGREBI TSP DIREINY &ha /B fiRiition, and b) detecting the
Kit for d%%% |r|3g Qlﬂ\%g ‘QGQM‘eramﬁ é@mm%é?{m%!;(%é/ cﬁl[ﬁ;e ﬁ%&bﬂ@é@%’ﬂ%ﬁm Claims
8 to 1070F! LOMPESING & SUceRssion ablests ~Assarding .Glaim B9 10k2 gene.

several molecules and a step of selection of the molecules exhibiting an
Kit for dE@50ifoT IAKRNMGERE G fetgitadnnl dvlyqylefeiatsy 10013 elppitesatve syndrome
invalvingnisth i REEBTTIRETS CRATHIG0 S BIseSam YRSy R MBg atVE SERIHET 14 THET >
combise RS AERYHIERTiAVE B E0 TGP FAKS PSS AR RIS T 48 327"
absench ol IR ERING MetiSd according to one of Claims 29 to 31, in which

Kit acc&%mb iBition AfIAKZYSHAR-Rhaskhandatian.is determinedymoresistant polymerase
for PCRIHRLIMEHET eCipiations Blolnfvitre screfeningamainodhascordimgtto. emeash any reagent
for dete@lagre @8:to 32, on JAK2 V617F CD34+ primary progenitor cells which

_are capable of differentiating without erythropoietin (E o?hor onicelli_ynets ndrome
o o e A e OO TS B AR W B R R SR R
nvolving N2 JRTE17F VaRant. BAPTR Viffo €creening method according to one of
siRNA SIRIMS,29:10. 330 msanaiR.Collacagriing e Jeimik. cdeesMetbodfonk2 ve17F
variant Id@0tyiRgeRdicaMmestcandidate s campkigirg:they Stopsieonsistikggin, th) sequence
of a firsadimikisted ngcompoluntds:tocacnchremanstrarisgenicoanirmahexgrdasifguence SEQ
ID No. IMSEYBLVF be defithedeiivone BIOCimd 'St ssaiteanimar At BeeiG:

~ polycythemia veto and/or suffering f loproliferative sx}ngr%g% ising {6
i TR DR BT RS OB T D) Bl e Ty e

compound and selecting the medicament candidates for which a decrease
a) HAndHoRlacking ofthe spe rtaneousWpratiterations erg differentistion @fim 1, amembrane
fra@OWﬁh@ﬁLﬁJ&ﬂ@Z&(@mm@bla@tglmxa@eiggelagé V617F according to Ciaim 4, under conditions

suitable for binding and/or inhibition, and
b} detecting the specific hinding and/or the inhibition of JAKZ VB17F,

In vitro screening mathod comprising a succession of tests, according to Claim 28, of several molecules and a step
of selection of the moleculas exhibiting an 1C50 for JAKZ VB17F of less than 1 uM, preferably 100 ni.

In vitro method according to Claim 30, also comprising a negative selection of the molecules which have an iC50
for JAKZ of less than 5 uM or 1 M.



32.

33.

4.

35,

in cell proliferation related to the presence of JAK2 V617F is observed, 36.

Use of the siRNAs according to Claim 29, for the manufacture of a

medicament. 37. Use according to Claim 36, for the preparation of a

medicament for use in the treatment of malignant haemopathies, in

_ particular myeloproliferative syndromes including polycythemia vera,

In d‘”” ‘esSenfiarmrehiBEEETATS CHTETSIE® Spib oy aRi b PamaAH2 VE17F phosphorylation
S Y EIOhIO &8 B8 B %S ccording to Claim 36, for the preparation of a
in w’trd”@.@gé@zﬁ@fgﬁgggra%dl tﬁ%ﬂiéeﬁt&‘a%% 95 (Q%@'%@ﬂ?%‘f@ r;g)nrfggr?r rogenitor cells

which tedatedHe dhadAKR M, &Ktﬁ)m%eﬁﬂ%@g)@hﬁ Mptigeant-nAemeRANEeS iorinde-
pendemgitidosohichurmoeiurssuc hasicarsimemasatmelanomas and neuroblastomas,

_ which express JAK2 V617F. 39. Composition comprising an siRNA
I vitro SEESPIMETH € R PE it ecphaifidcdutodilyepepiabib asapriyg to Claim 4.
' t: 11:22PM, 4/20/2007 1 LIST OF SEQUENCES <110>
Memoﬁfﬁi%i%}%ﬁ Sf%%ﬁan&een tfbﬁ%%ﬁ%&”&%%”ﬁr%e(%ﬁéI9| Thefitlit National de la
a) Santetet-dedagasherchedMadicale: INSERMIBSHLYL G Uslaves RRUSS Y ned in one of
Cl{IERyUniversiteatierversai esycSaintaQue atineesualings aUniversiterative syndrome
relabes 18 15 rieeaPe s A ENPIFFCATION OF A JAK2 MUTATION IN
POLYCYTHEMIA VERA <130> D 22 707 <140> PCT/EP2005/055586
DIAPEBIPOOBe P26 4 EE0mIER0 4l 48R 63 mR0Aehd ATdicdd505r Bdich a decrease in
oL BB AR VEPLSPRlilepionand AP SRS R PhoPR Texe2@chippifopr  decrease
"SR pREAE 295 s B3l pigiahe SARER MG E S 2h660591 1 Received at;

36. Use oflhe2fRMd, H2QI2007cMeS GINMELAMB GRS, FEHHLMet Thr Glu Met Glu

37.

38.

39.

Gly Thr Ser Thr
_Use according to Claim 36, for the preparation of a medicamert for use in the treatment of malignant haemopathies,
in particuiar myeloproliferative syndromes including polycythemia vera, essential thrombocythemia, myeloid
splenomegaly or primary myelofibrosis.

Use according to Claim 38, for the preparation of a medic:amént for use in the treatment of myeloproliferative
syndromes refated to the JAKZ V617F mutation, and of other malignant haermopathies and solid tumours such as

carcinomas, melanomas and neuroblastomas, which express JAKZ VB17F.

Compasition comprising an siRNA according to Clalm 28 and a pharmaceutically acceptable carrier.
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lle lle Thr Gly Asn Gly Gly lle Gin Trp Ser Arg Gly Lys His Lys 290 295
300 _Glu Ser Glu Thr Leu Thr Glu Gin Asp Len Gin Leu Tyr Cys Asp Phe
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AThr Irp -yS E«% 7§0 73J(5ji Tr Sqer?PQe Gly ThrlThr Leu_Trp Gin lle Cys
SBr %Sy Gy ASp Ly&" 7% 73%755‘Pr08 Tol 8et Ela%é-ui«é@p%gr &ih Arg

Lys Leu Gin the Tyr G 1 u Asp 755 760 765 Arg His Gin Len Pro Ala Pro
tkeys Hrp Ala GipsLauAlarAsnikouyle FA20 Fitb A89 AsnAsh Cys Met Asp
2F¥r Gin Pro Asp the ArigtPro Ser Phe Arg Ala 2285 790 795 800 lle lle Arg

nAsn.Ser rP Tyr Gly, Loy Leu.Received at:
gt M@},ﬁ%&@gﬁgg%ﬁogﬁfﬁp r}_g% e 1%% Rrat e ng)gAsn

Met Arg lle Gly Ala Lau Gly Phe 820 825 830 Ser Gly Ala Phe Gin Asp
CARg Weép Rio ;Fbg G#FPWG%@MW??S@%S@H@B&STW gg; Ile

Leu Glu Thr Leu Gln Ser Ala Phe Tyr Thr Gla Lys Phe Glu val
' 260 T 265 ) 270

5 Flu Pro Gly Ser Gly Pro Ser Gly Glu Glu Ile Phe Ala Thr Iie

275 280 285

w0
o
H

Ile Thr Gily Asn Gly Gly Ile Gin Trp Arg Gly Lys His Lys
290 : 295 300

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

Asn Ile Ile Asp Val Ser Ile Lys Gln Ala Asn Gln Glu Gly Ser
325 330 335

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

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

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

Glu Val Ala Pro Pro Ala Val Leu Glu Asn Ile Gln Ser Asn Cys
380 395 4040

Gly Pro Ile Ser Met Asp Phe Ala Iie Ser Lys Leu Lys Lys Ala
405 ' 410 415

Asn: Gln Thr Gly Leun Tyr Val Leu Arg Cys Ser Pro Lys Asp Phe
420 425 430

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

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

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



Received at: 11:22PM,8§

Ser
Leu
'Val
625
Asn
Leu
Azsn
Thr
Thr

05

Pro

Pre
Brg

Asn
185

Lou Lys Phe Lau Gin Gin Len Gly Lys Giy Asn Phe G1ly Ser Val Glu 850
/5208607 Met Cys Arg Tyr Asp Pro Lou Gin Asp Asn Thr Gly Gin Val Val
AIA“885'870 875 880 Val Lys Lys Les Gln His Set Thr Glu Glu His Lei,,
Arg Asp Phe Glu 885 890 895 Arg Gin lle Glu lle Lou Lys Ser Leu Gin His
Asp Asn lle Val Lys 900 905 910 Tyr Lys Gly Val Cys Tyr Ser Ala Gly Arg
Arg Asn Leu Lys Leu lle 915 920 925 Met Gin Tyr Lou Pro Tyr Gly Ser
Lou Arg Asp Tyr Leu Gin Lys His 930 935 940 Lys Gin Arg lle Asp His lle
shyskeushourinviyr Thy Ser Ginplles 945 950 956960 -CyiseLys . Cly Met
Gin Tyr LouG®iv Thr Lys Arg Tyr lle#is Arg Asp 965 970425 Leu Ala Thr.

cuafsrelle bea Yal GInAsD.GInAsDArg ValLys lle, 984,985,820 Gly Asp
Phe Glysben Thr Lys Val Len Boag Gin Asp Lys Glu Tyrdyr 995 .1000

1005 ,Lys, Valilys Gl Pro,Gly GinSerProdle Rhe T Tw,Ala Pro 1010

10154020 Glu Ser Leu TmGin Her Lys Phe Serd/al Ala Ser Asp Val Trp

13025 4630 135381 RheGly Mal ViakLogs Ty Gind ey Phe TRy lle Gin

5tys 1040 1045 1050s$Ser Lys Ser Pro Pro #da Gin Phe Met Arg Met lle

1LalyrAsrAsr: 1055 1060, 1065 chysGin Gly &la Mat HeVahPha:His Leu lle
Glu Len Leu Lys53#070 1075 1080 Asn3Asn Gly Arg Lou Pro Arg Pro Asp

cGIWCYS EfoASR.GinJie é@%&f%@ LYE Met lie, Met The,Glu Cys Trp
Asn Asn Aspe¥al Asn Gin Arg 110874105 1110 Pro Ser Bhge Arg Asp Lou
Ala Leu Arg Val Asp Gin lle Arg Asp 1115 1120 1125 Received at:

V§ﬂ1§833§§§4kng0@7ieu Asp ggz Ala His Arg Asn ggg Ser Glu

Phe fhe Glu Als Ala Ser Met Met Ser Lys Leu Ser His Lys His

585 600 605

Val Leu Asn Tyr Gly_Val-Cys Phe Cys Gly Asp Glu Asn Ile Leuy
610 615 629

Gin Glu Phe val Lys Pheé Gly Ser Leu Asp Thr Tyr Len Lys Lys
830 835 640

Lys Asn Cys Ile Asn Ile Leun Tr? Lys Leu Glu Val Ala Lys Gin
645 550 655

Alz Trp Ala Met His Phe Leu Glu Glu Asn Thr lLeu Tle His Gly
660 665 £70

Val Cys Ala Lys Asn Ile~Léu Leu Ile Arg Glu Glu Asp Arg Lys
875% . 680 685

Gly Asn Pro Pro Phe Ile Lys Leu Ser Asp Pro Gly Ile Ser Ile
599 695 1006

Val Leu Pro Lys BAsp Ile Leu Gln Glu Arg Ile Pro Trp Val Pro
710 715 720

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

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

Leu Ser Ala Leu Asp Ser Gin Arg Lys Leu Gln Phe Tvr Glu Asp
755 760 765

His Gln leu Pro Ala Pro Lys Trp 2la Glu Leu Ala Asn Leu Ile
770 _ 75 780

Asn Cys Met Asp Tyr Glu Pro Asp Phe Arg Pro Ser Phe Arg Ala
750 745 800

Ile Arg Asp Leu Asn Ser Leu Phe Thr Pro Asp Tyr Glu Leu Leu



Received

6 Asn Met Ala Gly 1130 <210>2 <211> 5097 <212> DNA <213> horno
sapiens  <220> <223> G18497 mutation in jak2 gene <400> 2

at: 11:22PM, 4/20/2007
Ctgce(ggaag gagagaggaa gaggagcaga agggggcagc agcggacgcc

gctaacggec 60 tccctcggeg ctgacaggct gggecggege ccggceteget tgggtgtteg
cgtcgecact 120 tcggcttete ggecggtcgg gecectegge cecgggcttge ggegegegte
ggggctgagg 180 gcetgetgegg cgcagggaga ggectggtee tegetgecga
gggatgtgag tgggagctga 240 gcccacactg gagggeccce gagggceccag
cctggaggtc gttgagagec gtgeccgeee 390y cggggcettcg cagaccitga cccgeecgggt
aggagctgcc cctgegggct cgagggegeg 360 ctctggtcge ccgatctgtg tagecggttt

Thr Edgabe d%%ﬁ:égga%@a&g@tg &40 letgitctdl ecthragdaa Phe

aagaggcttt tecteetect cecgegacd taaatgtict 480 gaadadgact ctgcatggga

5o Sidgesgctftatyathie AbadHn gAY offncattcl S48 Bofitictat atdtéagaat

Leu

Met

ggtgatattt ctggaaatgc caattctatg aagcaaatag 600 '... atccagttct tcaggtgtat

etitacett eettgggaeraicyaygoa yattatctgare 8Dt ccire thghdagtat
cagaag aaatctgtat fgctgctict aaagcttgtg 726gtatcacacc tgtgtatcat

aglatgio:-citaalgag 10aaacagna 409atctgnl 780 alecageeag coatgiettc

865 catatagatg agtcaaecag gcataatgta ctctacagaa 840 tagtatttta cttteetcgt

Val
Arg
' . Tyrx
Met
Lys
945
Cys
Lgll
‘ Gly
Lys
Glu
Ser
sSer
Lys
Asn
Tyr

Pro

tggtattgca gtggcagcaa cagagcctat cggcatggaa 900 tatctcgagg tgctgaagct
Eétettétty %ﬁ@@gg‘fﬁt%%tt%fctﬁk‘fgéﬁdlgw gty degolargBittdie”

: B g
cacggatgga taadagtacc tgtgactcat ggggcacagg 1020 aagaagtatct

tggoaiggea gigitagata igatgrgaat RaeGA3aJaR-3RIAIGAA 180y
ccccactggexatctataac tctatcagct@caagacatt cttaccaaaa tgtattcgag 1140

Hétcaidod s cAGolda it cEACtotEdiad tigsdatiadGtatttta 1260

taaafctgga aactctgcag tctgcctict acacagagaa atttgaagta aaagaacctg 1320
gragiggice dttaggtgadigagatittg saaceatiah antpacigge: aacggtygaa 1380
#pagtggtc aagagggaaddataaagaaa gtgagacaetigacagaacag gatttacagt
1440 Received ot 11:20PW, 41202007 1 agloege ictget aanoat
Yedotsittaa gcaabcggac caagaygdtt fﬁﬁogg5 J 550

Lys Gly Met Glu Tyr Leu Gly Thr Lys Arg Tyr Ile His Arg Asp

855 970 875

Ala Thr Arg Asn Ile Leu Val Glu Asn Glu Asn Arg Val Lys Ile
480 385 ' 290

Asp Phe Gly Leu Thr Lys Val ILeu Pro Gln Asp Tys Glu Tyr Tyr
995 .18Q0 1005

Val Lys Glu Pro Gly Glu Ser Pro Ile Phe Trp Tyr Ala Pro
1010 1015 1020

Ser Leu Thr Glu Ser Lys Phe Ser Val Ala Ser Asp Val Trp
1825 1030 1635

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

Lys Ser Pro Pro Ala Glu Phe Met Arg Met Ile Gly Asn Asp
1055 1050 1065

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

asn  Gly Arg Leu Pro Arg Pro Asp Gly Cys Pro Asp Glu Ile
1085 1080 1085

Met Ile Met Thr Glu Cys Trp Asn Asn Asn Val Asn Gln Arg
1100 1105 i11¢

Ser Phe Arg Asp Leu Ala Leu Arg Val Asp Gin ITle Arg Asp
1115 1120 1125

caaagatcca agactatcat attt%acaa ggaagcgaat aaggtacaga tttcgcagat 1200



caaatgaaag ccgagttgta actatccata agcaagatgg taaaaatctg gaaattgaac
Received at: ”_22PM1§2(3/2t§97gctcatt aagggaagct ttgtctttcg tgtcattaat tgatggatat tatagattaa 1620
"7 ttgcagatgce acatcattac ctttgtaaag aagtagcacc tccagccgtg cttgaaaata 1680
tacaaagcaa ctgtcatggc ccaatttcga tggattttgc cattagtaaa ctgaagaaag 1740
caggtaatca gactggactg tatgtacttc gatgcagtcc taaggacttt aataaatatt 1800
ttttgacttt tgctgtcgag cgagaaaatg tcattgaata taaacactgt ttgattacaa 1860
aaaatgagaa tgaagagtac aacctcagtg ggacaaagaa gaacttcagc agtcttaaag
Asn b e%zohflgctég aa ttgttaccag atggaaactg ttcgctcaga caatataatt ttccagttta
14980 ctaaatgctg tcccccaaag ccaaaagata aatcaaacct tctagtcttc
210529 acgaatg 2040 gtgtttctga tgtaccaacc tcaccaacat tacagaggcc tactcatatg
91158 8ggatgg 2100 tgtttcacaa aatcagaaat gaagatttga tatttaatga aagccttggc
«o12>Cagggcactt 2160 ttacaaagat ttitaaaggc gtacgaagag aagtaggaga
<213>Clacgpicag plgratgaaa 2220 cagaagttct tttaaaagtt ctggataaag
cacacagaaa ctattcagag tctttctttg 2280 aagcagcaag tatgatgagc aagctttctc
<220>acaagcattt ggttttaaat tatggagtat 2340 gtttctgtgg agacgagaat attctggttc
<223> aggattigtaaaatttigga teatiahataz2460 catatctgaa aaagaataaa aattgtataa
atatattatg gaaacttgaa gttactaaac 2460 agttggcatg ggccatgcat tttctagaag
<400> aghacaccct tattcatggg aatgtatggg 2520 ccaaaaatat tctgcttatc agagaagaa
CtaCadE AR SHPAT HT A2 AT0er BLRTC AR IE R o AL S TEEI GG EAR Y ittacag®®

tecct Higeganay 9garaiicl £LREG58RYaR 2040 JaCcalgagiaceacsigaR dgeattgaaa,
tcggc@&%@%&%@@@c}tt@cg@@@&?ﬁa%gg& t@@t%%@%%éggéa%%%‘é&%%gggaaﬁl 80

tctgcagtgg aggagataaa cctctaagtg 2760 ctcfggattc tcaaagaaag ctacaatttt
Jctachiga8gatisggeattaget Cogeat cetE 282U Ay R tat attdgsmagetaa 240
. gttg{gaaata at(t:%ta;gga ttatgaacca @tttca 99 2 O cttctttcaq a ccatccata
secce e e A R Y’

cggggctaantatga §oatagaige celaggoiiteigoigecet 3008-tgaagacegggaiegtacaseo
cagtttgaag agagacattt gaaatttcta cagcaacttg 3060 '.. gcaagggtaa

o e R AGE BTGG ARt e g A ECE At Ay GacARB Rty TE2OYGBaAYtoGE]

ctgttgggégtmgcaa%gggc a@&%g@(:tggc%gggg&ccég c%ga 9‘ g%ttga%]aggttct 480
aaagggaaat tgaaatcctg aaatccctac agcatgacaa ca%tgtaaag tacaagggag

gaaza 3240 Receiverbat 11022PMc4/2042007B ctgigetacagadgoiggieggoca 540
cgtaatctaa aattaattat ggaatattta ccatatggaa 3300 gtttacgagactatcttcaa

et et tatd ity 4t 4ty ithCat 55983 &GC33REH deacatagatey 800

ztccagiiatgeaagaggtalggagtalctiggtac aaanagdiatlalceacadog-34200tqa 660

cotit Cagct caac g%agaaat%%a ttggt aga gctg%%%aga_ta%tttgataatt gga%atéttg 34%)0
Jottaaceaa agictigdca Tadgacanay Satactatan agraaaagay cctydicaaa

qtatc%%g% glaGratatt clggtatgatacagaatcad tdacagagag caaatlict- giggectcag sg

atccacccaa ccatgtcttc catatagatg agtcaaccag grataatgta ctotacagsaa B840
taagatttta ctitcctegt tggtattgeas gtggecagcaa cagagcectat cggoatggaa 200 -
tatctegagg tgctgaaget cotocttotty atgacttight catgtcttac ctotttgotc 960
agtggeggea tgattttgly cacggatgga taaaagtace tgtgactcat gaaacacagy 1020
aagaatgtct tgggatyggea gtgttagata tgatgagaat agccaaagaa aacgatcaéa 1080
ccceactgge catcetataac tectatcaget acaagacatt cttaccaaaa tgtaﬁtcgag 1140
caaagatcca agactatcat attitigacaa ggaagogaat aaggtacaga tttégcagat 1200
ttattcagoa'attcagccaa tgecazagoca cltgccagaaa cttgaaactt aagtatctta 1260
teaatetgga aactcetgrag totgoetteh acacagayaa atttgaagha aaagaacctyg 1320
gaagtggtoe ttcaggtgag gagatttitg caaccsttat aataactgga aacggtggaa 1380
tlcagtyggtc zagagggaaa cataaagaaa gtgagacact gacagaacag gatttacagt 144G



atgtttggag ctttggagtg gttctgtaag aacttttcac atacattgag aagagtaaaa 3660
feceived at: 11 :Zapmggcga%gggc ggaatttatg cgtatgattg gcaatgacaa acaagaacag atgatcgtgt 3720

tc¢at tgat agaacttttg aagaataatg gaagattacc aagaccagat ggatgcccag 3780
atgagatcta tatgatcatg acagaatgct ggaacaataa tgtaaatcaa cgcccctcct 3840
ttagggatct agctcttcga gtggatcaaa taagggataa catggctgga tgaaagaaat 3900
gaccttcatt ctgagaccaa agtagattta caz;aacaaag ttttatattt cacattgctg 3960
tggactatta ttacatatat cattattata taaatcatga tgctagcca.g caaagatgtg 4020

et z8858MA1GIGcIGaaaact icanaqiita glaqatiflt cltcaicagg, ccaccagiaa 4080 5,

cansdd )acattaa t a aattcc ttagqaagga ttitgtaaga agtttcttaa acattgtctg 4140
R s Tty Eotiagang das AAgHb THEAREE Bt az00 1560
ttagb%%%?@aﬁ%%gﬁéﬂ%ﬁ%atb%ﬁ&‘g% satgRaaag atgCacagaa tatgtatrata260 1620

ctgctggtttitae cacagiggatgataataee ttggcatcti gigtgatgit ttacacacatdd20: 1680
racad g{gﬁggctg%&tg%attgaé 9(étgy;gtctﬁa%ttttéc%% tag ttaaét%'g att:aattaaét 4380 1740
acitcactat acaaacaaat ?aaga(f‘ﬁftc gaagaaﬁaa act%lagjt%c%ft‘attgctg?%%ﬁaﬂtﬂo T
cagd pcatttal FEgBiGHec Wichtataa geaggtgtatadtitagetigtagittcax500 1800
lgtactgtaa atattiticacataaaggga acaaatgtct agttitattt gtataggaaa 4560
e gA CEbAS At AEAIATd AlGAAREALE ATACRADA atakicla 7620 160

aaaatiattaiggdttcoettgiatciatitgh:goigaatgio: Hitita aal-ggaactatcl A680: geqaaatittb o
ctaagactac tatgaacagt ttttttttaa aattttgaga ttaagaatgc 4740 caggaatatt

2tetiibdtcottabRigeft 4 tijeeaatdaCaachegateRiqiaraB00b- tatyctbar 1980

ctaafiApetpaalt taageliaag cealaanata-gatiagatty itittanaa 4860 atgdatagct 2o40

grgtiGaliaageag.l9cageagal tagaatttt fiectaaaga EM@E&%&%&%@Q&IC 2100
agaattttgc att%cagtca tagaatgagat ttatttcctt tttagagggq 4980 { aaatgéaggta
a

O Sataytaas aaagtatger ottt Aftthbtayécagtiyda 500t ataac? ¢
tracgigiatcttitangaappatg-ageatacatc itpaaigit icaatia 509 Raecriveshat:
11:22PM, 4/20/2007 9 <210> 3 <211> 554 <212> DNA <213> homo
cagaagifighs- " E22039L5 285 ARt GRS EXTAER N2 9ty 1He G 184U F ratdatioR2 80
aagcaytdly %&!gﬂ%&g&a Seaaatgatg dicacaaaa feg q:q;tga?a%g@yttgaé%tat 2340

qagea
tfttaatgaaa ttaaaggcgt acgaagagaa

2220

0 gccttggcca aggcactttt acaaaga%
9t ttgtegagaer 120 deggledat g catgaaatatgaagtictit taagmagitet-ggataaageas 00

catat%%%%gagggéggggaa aattgtatas atatattatg gaiacttgaa gttgctaaac 2460
agttggcatg ggccatgeat tiictagaag amaacaccct tattcatggg aatgtatgly 2520
ccazazatat totgctiatc agagaagsayg acaggaagac aggazatcoet cotthcoatcea 2580
sacttagtgs tcctggeatt agtattacag ttttgoocasa ggacattcoit caggagagaa 2640
taccatgygt adcacctgaa tgeattgzaa atcctaaasa tttaaattty gcaacagaca 2700
aatggagttt tggtaccact tigtgggaaa tctgcagtgg aggagataaa cctetaagty 2760
ctetyggatitc tczmagaaay ctacaattti atgaagatag gratcagcectt cotgcoaccaa 2820
agtgggraga attagcaaac cttataasata atigtatgga ttatgaacca gattitecaggc 2880
ctictticag agccatcata cgagatctta acegtttgtt tactccagat tatgaactat 2840
taacagasaa tgacatgtta ccaazatatga ggatagytyc cotagggttt totggtgoct 3440
ttgaagacog ggatcctaca cagtttgasag agagacattt gaaatttcta cagcaactig 3060
geaagggtaa ttttgggagt gtyggagatgt gococggtatga cectetacag gacaacactg 3120
gggaggtgygt cyctgtaasa aagceticage atagtactga agagcaccta agagactttg 3180
azagggaaat tgaaatccty aaatccctac agratgacaa cattgtaaag tacaagggag 32440



Received at:

attcagagtc tttctttgaa gcagcaagta tgatgagcaa gctttctcac aagcatttgg 240
i, _ZZPMttt}?zg/aztotg tggagtatgt ttctgtggag acgagaatat tctggttcag gagtttgtaa 300

T aat tgga?c actagataca tatctgaaaa agaataaaaa ttgtataaat atattatgga 360
aacttgaagt tgctaaacag ttggcatggg ccatgcattt tctagaagaa aacaccctta 420
ttcatgggaa tgtatgtgcc aaaaatattc tgcttatcag agaagaagac aggaagacag 480
gaaatcctcc tttcatcaaa cttagtgatc ctgécattag tattacagtt ttgccaaagg 540
acattcttca ggag 554 <210> 4 <211> 94 <212> DNA <213> homo sapiens
<220> <223> fragment of SEQ ID N3 with the G1849T mutation <400>

SR e B A e

gtttogagaatattctggicagepagitigiaassatit Ot 02002 & £20:1 2 2Q 542> DA
<213> Atrtificial sequence '<220> <223> PCR PRIMER (54804-54823)

acecalihes SRttt TR hYa 20310y e RGEvET att 192021, 3420

ALCLYRAGRGG7 200 297 15 T PSS N AR AR I HitiTRAAF Sedfligtet 203480

g9t taapo3> RCR PRINIER(B5248:55260) 224009 Battgetitect tittcargaag a 2540

Ccaatta

gtccd€2;£E>3E§gQéE§ég)cﬁg%égiggu/%gacagagag caagttttct gtggecolteag 3600
atgtttggag ctttggagtg gttetgtatg aacttttcac atacattgag aagagtaaaa 3660
gtccaccage ggaastitatyg cgtatgattyg geaatgacaa acaaggacayg atgatcgtgt 3720
tccattigat agascttttg aagaatzatg gaagattacce aagaccagat ggatgoccay 3780
atgagatcta tatgatcaty acagaatgot ggaaceatas tgtaaatcaa cgeccctect 3840
ttagggatct agctcttcga gtggatcazas taagggataa catggetgga tgaaagaaat 3900
gacctitcalt ctgagaccaa agtagattta cagaacaaag ttttatzttt cacattgctg 3960
tggactatta ttacatatat cattattata taaatcatga tgctagocag caaagatgtyg 4020
aaaatatcltg ctcasaactt tcaasaghtta gtaagttttt cttcatgagy ccaccagtaa 4080
aagacalttaa tgagaattcc ttagcaagga ttttgtaaga agtttcttaa acattghctyg 4140
ttaacatcac tcttgtctég caaaagaaaa aaaatagact ttttcaactc agetttttga 4200
gacctgaaaa aattattatyg tasattttge zatgftaaag atgcacagaz tatgtatgta 4260
tagttttiac cacagtggat gtataatacc ttggeatott gtgtgatgtt ttacacacat 4320
gagggctggl gttcattaat actgtttbct aatttttecs tagttaatct ataattaatt 4380
acttcactat acaaacaaalt taagatgtitc agataattga ataagtacct ttgtgtcﬁtt 4440
gttcatttat atcgctggoce agcattataza geaggtgtat acttttaget tgtagttoca 4500
tgtactgtas atatttttca-catéaaggga acaaatgtct agttttsttt gtataggaaa 4560
tttcecctgac cotaaataat acsttttgaa atgazacaag cttacasags tataatcetat 4620
tttattatgg tttccottgt atctattigt ggtyzatgtg ttttttaazt ggaactatct 4680
‘cgasattttt cteagactac tatgaacagt titcocttttaa zatttitgaga ttaagaatge 4740
caggaatatt gtcatcoccttt gagecigotga ctgccastaa cattcottoga tctectgggat 4800
ttatgcteat gaactazztt taagottaag ccataasata galiagattg tttittaaaa 4860
atggatagct cattaagaay tgcagcaggt taagaatbtt ticctaasaga ctgtatattt 4920
gaggggttic agaattittge atigcagtes tagaagagat ttattitcctt tttagagggg 4980
aaatgaggta aataaglaaa asagtatgel tgttaatitt attcosagaat gocagtagaa 5040
aattcataac gtgtatdttt aagszaaaatg agcatacaic ttaaatcttt 5087



<213> Artificial sequence <220> <223> SEQUENCING PRIMER

Received at: 11:22pM ,(54‘}5%;;6554832) <400> 7 cagaacgttg atggcagttg 20 <210> 8 <211> 27

<212> DNA <213> Artificial sequence <220> <223> SEQUENCING

PRIMER (55207-55233) <400> 8 tgaatagtcc tacagtgttt tcagttt 27 <210> 9
<211> 21 <212> DNA <213> Artificial sequence <220> <223> PCR AND
SEQUENCING PRIMER (1386-140%) <400> 9 caacctcagt gggacaaaga a

21 <210> 10 <211> 23 <212> DNA <213> Atrtificial sequence <220>
<%23> PCR AND SEQUENCING PRIMER (2019-2041) <400> 10
atatt tttggcacat aca 23 <210> 11 <211> 42 Received at: 11:22PM,

<Z210>

<211>96@0a

<212>4/30£2007 11 <212> DNA <213> Atrtificial sequence <220> <223> SNPS

<213> PROBESAND:DETECTION OF MUTATION AND siRNA (1829-1870)

L220>
<223>

<400> 3
ctcatatgaa

gecttggeca
acggtcaact
éttcagagtc
ttttaaatta
-aatttggatc
"aacttgsagt
ttcatgggaa

gaaatcctcce
agaticttca

<2310> 4
<211> 94
<212> DNAa
<213>

<220>
<223>

<400> 4
gatgagcaag

cgagaatatt

<210> 5
<211> 20
<212> DNA
<Z213>

<220>

'<223> PCR

<400>» 5

craaatggtyg

aggcactttt
gratgaaaca
tttctttgaa
tggagtatgt

actagataca

tgctaaacag

tgtatgtygec

Lttcatcaaa

dgay

homo sapiens

PRIMER

gggtttccte agaacgttga

<210> 6

tttcacaaaa
acaaagattt
gaagttcttt
geagcaagta
trotgtgoag
tatctgaaza
ttggcatggg
aaazatatic

cttagtgatc

Artificial sequence

{54804-54823)

tcagaaatga

ttaaaggegt
taaaagttct
tgatgagecaa
acgagaatat
agaataazaa
ccatgcattt
tgetiatcag

ctggcattag

ctggttcagg agttightaaa attt

agatttgata
acgaagagaa
ggataaagca
geottteteoac

tctggttcag
ttgtatazat

tetagaagaa
agaagaagac

tattacagkt

fragment of SEQ ID N°2 with the G1349T mutation

ttiaatgaas
gtaggagact
cacagaaact

aagcatttgyg
gagtttgtaa
atattatgga
gacacectta
aggaagascag

ttgccaaagg

fragment of SEQ ID N°32 with the 618497 mutation

ctttetecaca ageatttggt tttaasttat ggagtatgtt totgtggaga

60
120

186

240
300
360
420
480

540
554

&0

94

20



<400> 11 ttttaaatta tggagtatgt gtctgtggag acgagaatat to 42 <210> 12

Received at: 11:22PM,<%/]2%'/>29%_§ <212> DNA <213> homo sapiens <220> <223> Sequence

comprising the G1849T mutation <400> 12 tatggagtat gtttctgtgg aga 23
<210> 13 <211> 21 <212> RNA <213> homo sapiens <220> <221>
rnisc feature <222> (20)_.(21) <223>nis T <220> <223> sense siRNA
<400> 13 uggaguaugu uucuguggarth 21 <210> 14 <211> 21 <212>
RNA <213> homo sapiens <220> <221> misc feature <222> (20)_.(21)
<211><998>njs T <220> <223> antisense siRNA <400> 14 uccacagaaa

$515%caliBfusean n 21, £210> 15 <211> 21 Received at: 11:22PM, 4/20/2007

<220>
<Z223> PCR PRIMER (55240-552560)

<400> 6
ttgecttteet ttttecacaag a

<210> 7
<211> 24

<212> DNA
<213> Artificial sequence

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

<400> 7
cagaacgttg atggeaghtg

<210> 8

<211> 27

<212> DHA

<Z13> Artificial seguence

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

<400> 8
tgaatagtce tacagtgtit toagttt

<210> 9

<211> 21

<212> DNA

<Z213> Artificial sequence

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

<400> 9
caacctcagt gggacazagsa a

C<210> 10
<211> 23
<212> DNA :
<213>» BArtificial sequence

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

<400> 10
gecagaatatt tttggcacat aca

<210> 11
<21i> 42

21

20

27

21

23



12 <212> DNA <213> Artificial sequence <220> <223> Oligo "5" (sense)
Received at: 11:220n <2302k 9gcagagaga attttctgaa ¢ 21 <210> 16 <211> 21 <212> DNA
<213> Artificial sequence <220> <223> Oligo "R" (antisense) <400> 16
gctttecttt ttcacaagat a 21 <210> 17 <211> 25 <212> DNA <213> Atrtificial
sequence <220> <223> "Sensor wt" <400> 17 gtctccacag acacatactc
cataa 25 <210> 18 <211> 25 <21P> DNA <213> Artificial sequence
<220> <223> JAK2 primer <400> 18 aaaaccaaat gcttgtgaga aagct 25

<212><23Q> 19 <211> 23 <212> DNA <213> Atrtificial sequence <220> <223>
<213>CIAMIKicial sequence

220> ‘ : :
<223> SNPS PROBES AND DETECTICN OF MUTATICN AND siRNA (182¢-1870)

<400> 11
tttteaatta tggagtatgt gtctgtggag acgagaatat te : 42

<210> 12

<21l1l> 23
<212> DHNA
<213> homo sapiens

<220>
<223> BSequence compriszing the G18497 mutation

<400> 12
tatggagtat gtttctotgy asa ' . 23

<Z10> 13

<2ii> 21

<212> RNA

<213> home sapiens

<220>

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

<Z220>
<223> sense siRNA

<400>» 13

uggaguaugu uucuguggan n 21
<210> 14
<211> 21
<212> RNA
<213> homo sapiens
<220>
<221> misc_feature
<222» (20} ..(21)
<Z23» n is T
<220>
<223> antisense siRNA
<400> 14
21

uccacadaga ciuacuccan n

<Z210>» 15
<Z211> 21



<400> 19 gcacacagaa actattcaga gtc 23 <210> 20 <211> 19 <212> DNA
Received at: ?,E:ZZPMB%@)%%Q at: 11:22PM, 4/20/2007 13 <213> Atrtificial sequence <220>
<223> cJAK2S <400> 20 agcagcaagt atgatgagc 19 <210> 21 <211> 24
<212> DNA <213> Artificial sequence <220> <223> cJAK2A <400> 21
ctagtgatcc aaattttaca a act 24 <210> 22 <211> 21 <212> DNA <213>
Artificial sequence <220> <223> cJAK2R <400> 22 gtttagcaac ttcaagtttc
c 21 <210> 23 <211> 25 <212> DNA <213> Artificial sequence <220>

<212> <2g> "Sensor wt" <400> 23 gtctccacag acacatactc cataa 25 <210> 24
<213> Artificial sequence -

<220>
<223> Oligo “S” (sense)

<400> 15
ggcagagaga attttctgaa ¢ 21
<210> 16
<211> 21
<212> DNA
<213> Artificial sequence
220>
<223> Oligo “R” (antisenge)
<400> 16
gotttecttt ttcacaagat a 21
<210> 17
<21i> 25
<212> DNA
<213> Artificial sequence
<220>
<Z223» “Sensor wt”
<400> 17
gtctecacayg acacatactc cataa 25
<2310> 18
<211> 25
<212> DHNA
<213» Artificial sequence
<220>
<223> JAKZ primer
<400> 18
aaaaccaaat gcttgtgaga aagcet 25
<210> 19
<211> 23
<212> DNA
<213> Artificial sequence
<220>
<223> CcJAK2ZF
<400> 19
23

gecacacagasa actattcaga gte

<210> 20
<211> 19
<212> DNA



Received at: 11:22PMgg/?e>El}Bf

<211> 25 <212> DNA <213> Atrtificial sequence <220> <223> JAK2
<400> 24 aaaaccaaat gcttgtgaga aagct 25 <210> 25 <211> 25
NA <213> Atrtificial sequence Received at: 11:22PM, 4/20/2007
14 <220> <223> Sequence of sense primer <400> 25 aagctttctc
acaagcattt ggttt 25 <210> 26 <21%>26 <212> DNA <213> Artificial
sequence <220> <223> Sequence of antisense primer <400> 26
agaaaggcat tagaaagcct gtagtt 26 <210> 27 <211> 17 <212> DNA <213>
:iig;A%ﬁlﬁcig%%h%?ensc%qg%fO% <223> Sequence of "Reporter 1" (VIC) <400>
<223% 21-tigeacaga cacatac 17 <210> 28 <211> 15 <212> DNA <213>

<4{}O)A%lmal sequence
agcagcaagt atgatgage ' . 19

<210> 2%

<2ll> 24

<212>» DNA

<213» Artificial sequence

<Z20>
<223> cJAKZA

<400> 21
ctagtgaton ssatittaca aast 24

<210> 22

<211> 21

<212> DNA

<Z13> Artificial sequence

<220>
<223> CJBXZ2R

<400> 22
gtttagcaac ttcaagtttc c 21

<210» 23

<211> 25

<212> DXNA

<213> Artificial seguence

<220>
<223>» MSensor wt”

<400> 23
gtctcocacag acacatactc catasa

25
<210> 24

<211l> 25

<Z12> DNA

<Z13> Artificial sequence

<220>
<223> JBKZ primer

<d400> 24

aaaaccaaat gecttgtgaga aagct 25

<210> 25

. <211> 25

<212> DHNA

. <Z213> Artificial sequence



<220> <223> Sequence of "Reporter 2" (FAM) <400> 28 tccacagaaa
received at: 11:2pyCABC 1S <210> 29 <211> 19 <212> RNA <213> Artificial sequence
P Y5080 03> SIRNA <400> 29 uggaguaugu uucugugga 19 <210> 30
<211> 19 <212> RNA <213> Artificial sequence Received at: 11:22PM,
4/20/2007 15 <220> <223> siRNA <400> 30 ggaguauguu ucuguggag 19
<210> 31 <211> 19 <212> RNA <#13> Artificial sequence <220> <223>
SiRNA <400> 31 gaguauguuu cuguggaga 19

<220>
<Z23> Sequence of sense primer

<400> 25
aagcttitctc acaageattt ggttt

<Z210> 2a

<211> 26
<212> DNA

<213>» Artificial sequence

25

<220>
<223> Sequence of antisense primer

<400> 26

agaaaggealt tagaasgocot gtaghtt 26
<210> 27

<211> 17

<212> DNA

<213> Artificial sequence

<220>
<223> Seguence of “Reporter 17 (VI{)

400> 27

tctecacaga cacatac 17

<2104> 28
<211> 15

<Z212> DNA
<213> Artificial seguence

<220>
<223> Seqguence of “Reporter 27 (FAM)

<400> 28

tccacagaaa catac 15

<210> 29

<Z211> 18

<212> RNA

<213> Artificial seguence

<2Z20>
<223> siRNA

<400> 29

Uggaguangu uucuguas 19
<210» 30

<211> 1%

<212> RHA

<212» Artificial sesguence



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

<220>

<223> siRNA

<400> 30

ggaguanguul ucuguggagy
<210» 31

<211> 1%

<212> RNA

<213> Artificial seguence

<226G>
<223> siRNA

<400> 31
gaguavguuu cuguggaga -

15

19



