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«just another kinase» (JAK)

Wilks (1989). "Two putative protein-tyrosine kinases identified by application of the
polymerase chain reaction". PNAS 86 (5): 1603—7
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JAK-STAT cucrtema BKnovaeT TpyU OCHOBHbIX KOMMNOHEHTA:
1. peuentop (A0, TPI1. UntokuHel, I'P, MNponaktuH, UH® n 14.)
2. Janus kinase (JAK) and

3. Signal Transducer and Activator of Transcription (STAT).
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JAK2-mediated transcriptional activation involves two separate pathways.

Nucleus

Jin He, and Yi Zhang J Mol Cell Biol 2010;jmcb.mjp054

© The Author (2010). Published by Oxford University Press on behalf of Journal of Molecular Cell Journal ﬂf_ Molecular
Biology, IBCB, SIBS, CAS. Al rights reserved Cell Biology




Angiotensin |

ACE

Angiotensin i

Aldosterone

Nibedita Gupta and Doris Mayer, 2013




Nibedita Gupta and Doris Mayer, 2013

Proteasome

Restricted E2 responsiveness




SOCS1 (suppressor of cytokine signaling-1)
uHaubumop JAK2

Receptor
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OYHKLUNN SIHYCKUHA3bI

 Ilocpeanuk peajausanuu 3Qp¢exToB
MEKKJIETOYHbIX MEAUATOPOB: HMTOKUHOB,
(pakTOpPOB pocTa M T.1.

* Peryasinusi cuHTe3a 0€JIKa M PYHKIMA KJICTOK

 Peryasinusi KJI€TOYHOI0 MUKJIA —
Ipoaudepanus

 Peryasinus mpoueccoB amnonro3a

* YyacTtue B InmpomecCax UMMYHHOI'0O OTBE€TA U
BOCIIAJICHUSA
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JAK?2 mutation 1849G>T is rare in acute leukemias but can be found in CMML,
Philadelphia chromosome—negative CML, and megakaryocytic leukemia

Jaroslav Jelinek, Yasuhiro Oki, Vazganush Gharibyan, Carlos Bueso-Ramos, Josef T. Prchal, Srdan Verstovsek, Miloslav Beran,
Elihu Estey, Hagop M. Kantarjian, and Jean-Pierre J. Issa

An activating 1849G>T mutation of JAK2
(Janus kinase 2) tyrosine kinase was re-
cently described in chronic myeloprolif-
erative disorders (MPDs). Its role in other
hematologic neoplasms is unclear. We
developed a quantitative pyrosequencing
assay and analyzed 374 samples of hema-
tologic neoplasms. The mutation was fre-
quent in polycythemia vera (PV) (86%)
and myelofibrosis (95%) but less preva-
lent in acute myeloid leukemia (AML) with

Introduction

an antecedent PV or myelofibrosis (5
[369%] of 14 patients). JAK2 mutation was
also detected in 3 (19%) of 16 patients
with Philadelphia-chromosome (Ph)-nega-
tive chronic myelogenous leukemia (CML),
2 (18%) of 11 patients with megakaryocytic
AML, 7 (13%) of 52 patients with chronic
myelomonocytic leukemia, and 1 (1%) of 68
patients with myelodysplastic syndromes.
No mutation was found in Ph*CML (99 pa-
tients), AML MO-M6 (28 patients), or acute

lymphoblastic leukemia (20 patients). We
conclude that the JAK2 1849G>T mutation
is common in Ph~ MPD but not critical for
transformation to the acute phase of these
diseases and that it is generally rare in
aggressive leukemias. (Blood. 2005;106:
3370-3373)

© 2005 by The American Society of Hematology

Janus kinase 2 (JAK2) is a tyrosine kinase involved in the
transduction of cellular growth stimuli.!? Chromosomal transloca-
tions resulting in fusions deregulating JAK?2 activity are implicated
in leukemias.?> A somatic activating mutation, 1849G=>T
(Val617Phe), in the JAK2 gene was recently described in most
patients with polycythemia vera (PV) and in approximately half
those with essential thrombocythemia (ET) and myelofibrosis
(MF).*1Y Mutation of both JAK2 alleles has been reported in
approximately 30% of the patients.®!? Tt has been proposed that
wild-type JAK?2 suppresses the transformation properties of mutant

Pyrosequencing is a rapid and quantitative technique suitable
for detecting single nucleotide polymorphisms.!> We developed a
pyrosequencing assay for the detection of the JAK2 1849G>=>T
mutation in leukocyte genomic DNA and studied its prevalence in
MPD and other hematologic malignancies.

Study design

Patient samples
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Passamonti & Rumi. Haematologica. 2009 Jan;94(1):7-10

Disease-
complications
and evolution

Allele burden of
JAK2 (V617F)

Thrombosis (7)
Myelofibrosis
Leukemia (?)

Clinical
phenotype

WBC Hb PLT WBC Hb

Cells heterozygous for JAK2 (V617F)
Cells homozygous for JAK2 (V617F)

Normal range Above normal range

Below normal range




MYTALMSA V617F JAK-2 B AUOSEPEHLMATIbHON IUATHOCTUKE
XPOHUYECKOU MUENIONOHOW HEOIJIA3UU (MPN)

Classification of MIPNs

BCR-ABL1

CML

“Classical” » | Polycythemia vera

: Essential
CNL >/ &l thrombocythemia
CEL-NOS |
Mastocytosis
MPN-u

CEL-NOS = chronic eosinophilic leukemia; CML = chronic myeloid leukemia;
CNL = chronic neutrophilic leukemia; PMF = primary myelofibrosis; u = unclassifiable M@Clscape
Vannucchi A, et al. CA Cancer J Clin. 2009;59(3):171-191. Sl bt
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OcHo8HbIe cUMIMMOMbI XPOHUYECKUX MUEJTIOUOHbIX
onyxoJseu

MuKpouupKyJIIATOPHbIC:
Murpenb, 3pUTpOMENAIBIU, TPAH3UTOPHBIE HAPYIIICHUS
KpOBOOOpAIICHUS, 3pEHMS, KOKHBIN 31

TpomM003bI (apTepuii U BEH)

WNHCYIBT, OCTPBIN KOPOHAPHBIN CUHPOM, EPUPEPUUCCKUE
apTepHuabHbIE OKKJIFO3UM, TAHTPEHBI CTOII, TPOMOO3bI
rTyOOKHX BEH, BEH KHIIICYHHUKA U MOPTAIbHON CUCTEMBI

I'emopparuu npu BTopuyHoM cunapome von Willebrand

Tpaunchopmanus B Mueso(pudpo3 UJin B OCTPbIA JIEHKO3



CumnmomMbl nayueHmoe ¢ 3cceHyuasnibHou
mpomboyumemueu (Orsy PocHUNI'T ®MBA Poccuu 20142)

Tpombo3bl 31,2%

e spurpomenarun  17,2%
e roaoBHBIC 0o 27,4% .

e TONOBOKpYxeHus 27,4% . ?QE?;IQEEHHC 2113’;(:(/(;

e 0O0JIU B CyCTraBax 22,32%) A I/IH(l)apKT MHOKapa 1092%
: gﬁiggli)ﬁel“aﬂﬂ}l ;;hg (2’ * WHCYJBLT FOJOBHOIO MO3ra )

* WHTOKCUKAIHSA 3 ,7’% 207

® KOXKHEIH 3y/1 6,5% KpoBoTteueHna 11,6%

http://aHarpenung.pd/pdf/Shuvayev_VA Fominykh MS.pdf






BbnkusaemMocmb rnpu XpPOHUYECKUX MUEJTIOUOHbIX OMYyXOJIsiX
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Survival

ET vs PV vs PMF p < 0.001

Expected survival

ET vs Expected p < 0.007

Median survival = 19.8 yrs \
Median survival = 5.9 yrs Median survival = 13.7 yrs I

0
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2g2
267
267

T |
20

&85
34
3

Source: Blood © 2014 Amerncan Society of Hematology




PacnpocmpaHeHHocmb Mymauyuu JAK2

Jonopsl kpoBu B Kurae (Xu e.a., Blood 109(1), 2008)

N3 3 935 ponopoB myrauus BbisiBjaeHa 'y 37 (0,9%)
AHanumudeckasi 4yecmeumenibHoCMb mecma

-0,25%

Hacesenue IlencunbBanuu (Orloff & Tierney, CDC Report,
2010)

N3 1165 noO6poBobIEB MyTalM BbIIBJIeHA Yy 19 e M3 HUX Y
14 (1,2%) BuepsBbie!
AHanumudyeckasi 4yyecmeumesibHoCmb mecma
-0,05%




Pain Pegaktuposadue [Npocmorp Hokywmedt  Muctpywedter Okno  Crpaeka
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Camilla Nielsen ea, British Journal of Haematology, 2012, 160, 70-79
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Diagnostic value of JAK2 V617F somatic mutation for
myeloproliferative cancer in 49 488 individuals from the

general population

v 8 JAK2 V617F somatic
mutation positive individuals

01496 ——
Camilla Nielsen,"** Henrik S. Summary
Birgens,j’(1 Borge G. Nordestgaardl’z‘j . . ) ) ) ) o )
12,3 [he JAK2 V617F somatic mutation is present in the majority of patients

and Stig E. Bojesen 1 | liferat fs . 1 1 b
= . . T =) N s e -~ 3 C AO E T S50 - - i
st Cliiol Biodhemisiry, Heilsy v ith mye opro iferative cancer (polycythaemia vera, c.ss.c.ntla thrombocyto
sis, and primary myelofibrosis). However, the diagnostic value of the JAK2

Hospital, Copenhagen University Hospital, *The
: V617F somatic mutation for myeloproliferative cancer in the general popu-

0he o] Jy Pop 0 oy

B nonyasuuu myrauusa JAK-2 o0HapyxuBaercss ¢ 4acToroi 1 ciayyau Ha

728 4e10BEK;
CpeaHuii Bo3pacT BbISIBJIEHASI MYTallUH - 56 J1.




Table I11. Prevalent morbidity in the general population according to JAK2 V617F somatic mutation status.

JAK2 V617F somatic mutation status

Negatives (n = 49 420) Positives (n = 68) Odds ratio

Endpoints cases/controls cases/controls (95% CI)

Any cancer 6969/42 451 23/45 27 (1-6-4-6)
aematological ¢ 139/49 281 10/58 44 (22.90)

Myeloproliferative cange 32/49 388 10/58 QZ] (100-487
Ischaemic heart disease 2689/46 731 11/57 I-1-4-4

Venous thromboembolism 989/48 431 5/63 1:3-7.9
Pulmonary embolism 344/49 076 0/68

Deep venous thrombosis 729/48 691 5/63 4.6 (1:7-10-9)

22( )
Myocardial infarction 1091/48 329 6/62 2:6 (1-1-6:3)
il )

Hanbonee yacto mytauma V617F B reHe JAK2 accounnpoBaHa c
pa3sutnem XMI3;

CMepTHOCTb OT BCEX NPUYUNH PE3KO yBennymnBaeTcsl Yepes 5 ner
nocrne nepBUYHOro BbissBneHna mytaumm JAK-2;




Kak yacmo ecmpe4yaromcsi Mymauyuu y nayueHmoes 8
KpacHosipckom kpae ?

e |lo HampaBieHUIO Bpayer- r€MaToJIOrOB
00cJIeIOBaHO 782 MalmyeHTa C NOJ03PCHUEM Ha
MHUEJIOMIHBIC OIYXOJIU

- MyTtauun JAK2 BoisgeneHbl y 237 (30,3%);
- CALR Yy 53 (6,8%), MPL y 9 (1,2%)

e CKPHUHUHTI IIPH JUCHIAHCEPHU3ALIMU HACEIICHUS
crapiie 45 jeT y 986 yenoBek

- MyTauumn JAK2 BbisBnenbl y 7 (0,7%)
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JAK2«+»
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KpacHosipck

Number of individuals

CamillaNielsen ea
British Journal of Haematology,
2012, 160, 70-79
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HacToTa BeTpeYasmMocTH
=1

Pacnpepenexnuwe yactoT annenoHoM Harpy3xkm JAK2 V617F - 235

nauueHTos ¢ X[1M3

21-400% 41-60% 61-B0%

annenoHan Harpyska (%)

Number of individuals by
JAK2 V617F mutation
burden

among the 68 JAK2
V617F somatic mutation
positive individuals.
These were identified
among 49 488
individuals from the
Danish

general population

Gonee B0




BbisierieHHbIe 8 CKPUHUH2Ee nauueHmbl

Bo3spacT MNMon Harpy3ka
V617F JAK2

0,26%
0,29%
2,00%
3,80%
4,10%
8,20%

40,40%




JuazHocmuka: HoebIilU ¢hakmop mpombo2eHHO20 pucka - JAK2

APTEPUAJIbHBIE TPOMBO3bl (n=871)
JAK2 myTtauus 1.134-2.588
KypeHue 1.163-2.880
[MnepTeH3ua 1.45 0.988-2.119

['vneprMnnoemms 1.48 0.952-2.294

Bospact >63 n 1.34 0.8347=-2.1241
HacneacteeHnHast Tpombodomnus 1.19 0.743-1.905

BEHO3HbIE TPOMBO3bl (n=684)

[NoBbieHne dpaktopa VIII 2.91 1.184-2.588

HacneacrBeHHas 1.362=-3.757
Tpombodunua

JAK2 myTtauus 1.237-3.280

['MnepxornecrepuHemMma . 0.311-0.962

Jifi Schwarz, MD, PhD International Hematology Expert Meeting 2014 Hermagor/Austria, p 8-9




Mymauyusi JAK2 u mpom603bi

Ninmemunyeckrue HHCYJIbTHI:

JAK2 mytaumsa y 3,3- 6%

F. Dentali e.a., Thrombosis Research 07/2014
Passamonti SM e.a., J Thromb Haemost 2012;10

TpoMO036I BUCIIEpaATbHBIX BEH:

JAK2 mytauma y 19 — 32,7 %

N.Castro,e.a., British Journal of Haematology, 2015
F Dentali, e.a., Blood. 2009 Mar 9.




MUEJOUIHBIE OIIYXOJIH B 99% UMEIOT JIATEHTHOE
TEYEHUE WJIN CKPbITbl IO MACKOHU APYI'UX
3ABOJIEBAHUHA

PAHEE BbIABJIEHUE ITO3BOJIUT JYUYULIE YIIPABJIATD
TPOMBOI'EHHBIMHU PUCKAMMA

BHEJIPEHUE CKPUHUHT A B IPOTPAMMY
JTUCIMAHCEPU3ALIUU TTO3BOJSET BbISIBJASATDH
3ABOJIEBAHUE ITPU MOSIBJEHUH 0,25% KJIOHAJBHBIX
TPAHYJIOILIUTOB

CTOUMOCTD BbISIBJIEHUA OJHOI'O CJIYUAA
3ABOJIEBAHUSA CPABHUMA CO CTOUMOCTDBIO
BbIABJIEHUA BUY UHOEKIIUN



American Journal of Hematology, Vol. 90, No. 2, February 2015
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TABLE IV. Risk Stratification in Polycythemia Vera and Essential Thrombocythemia and Risk-Adopted Therapy

-

Risk categories

Essential thrombocythemia

Polycythemia vera

Management during \
pregnancy

Low-risk without extreme
thrombocytosis
(age <60 years and no
thrombosis history)
Low-risk with extreme
thrombocytosis (platelets

=1,000 X 10°/L)

High-risk (age >60 years
and/or presence of
thrombosis history)

High-risk disease that is
refractory or intolerant to

\ hydroxyurea

Low-dose aspirin or Observation
alone in the absence of both
JAK2VBI17F and CV risk factors

Low-dose aspirin provided ristoce-
tin cofactor activity >30% or
Observation alone in the absence
of both JAK2V6I7F and CV risk
factors
Low-dose aspirin + Hydroxyurea

Low-dose aspirin + Interferon-a
(age <65 years) or Busulfan (age
>65 years)

Low-dose aspirin + Phlebotomy

Low-dose aspirin provided ristoce-
tin cofactor activity >30% +
Phlebotomy

Low-dose aspirin + Phlebotomy +
Hydroxyurea

Low-dose aspirin + Phlebotomy +
Interferon-a (age <65 years) or
Busulfan (age >65 years)

Low-dose aspirin + Phle-
botomy if PV

Low-dose aspirin provided
ristocetin cofactor activity
>30% + Phlebotomy if PV

Low-dose aspirin + Phle-
botomy if PV + Interferon-a

Low-dose aspirin + Phle-
botomy if PV + Interferon-a

7

Abbreviations: CV, cardiovascular; PV, polycythemia vera.
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BOIlMPOCBbI, Ha komopbie noka Hem omeemoe

Kako# ypoBeHb aJUIEJIbHOM HATPY3KHU CIIEAYET CUUTATH
«HEOOPATUMBIMY?

KakoBa 3aBUCUMOCTh TPOMOOT€HHOT'O PUCKa OT YPOBHS
TpaHC(POPMHUPOBAHHBIX KIECTOK?

CyMMUPYIOTCS JIU PUCKH COMAaTHYECKUX MyTallUi U T€HEpaTUBHBIX
OJIUMOP(PHU3MOB?

Kakue TepaneBTHYECKHE CXeMbI 3()(PEKTUBHBI B IIPEAYIIPEKICHUU
TPOMOO30B IPY HATUYUH MyTallMK 0€3 SIpKOM reMaToJ0rH4eCKOn
KapTUHBI OITyXO0JIEBOTO IIpoliecca?

Kaxkue OPIraHHU3alTMOHHBIC MCPOIIPUATHUA BbIAIBJICHUA HOCHUTCIILCTBA
OHKOI'CHHBIX MYT&HI/Iﬁ SIBJISTFOTCSI DKOHOMHUYECKH 00OCHOBAHHBLIMHA ?



BAIrO4APHO 3A BHUMAHUE!
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