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The aim of the work was to create a protocol for detecting the V617F mutation of the gene jak2 in samples of
patients with chronic myeloproliferative neoplasm which is necessary to unify the procedures of the
analysis of blood samples according to WHO criteria for this group of diseases. Methods. Mutation was
revealed using reverse transcriptase PCR and direct sequencing of PCR products. Results. Six samples of
blood of patients with polycythemia vera were analyzed and the mutation V617F was detected in all six
cases. This mutation was not detected in any of RNA samples of healthy donors. A case of simultaneous
detection of mutations V617F and fused bcr/abl gene in CML patient was described. Conclusions. The
proposed method for detecting the V617F mutation allows molecular genetic differential diagnosis of

myeloproliferative neoplasm as well.
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Introduction Pursuant to 2008 edition of WHO
classification it was suggested to change the term
“chronic myeloproliferative diseases” for a new one —
“myeloproliferative neoplasms (MNP)”.
Myeloproliferative neoplasms are divided into two
groups — classic ones (chronic myelogenous leukemia
(CML), polycythemia vera (PV), essential
thrombocytosis (ET), idiopathic myelofibrosis (IMF))
and neoclassic ones (atypical CML, chronic
neutrophilic leukemia (CNL), chronic eosinophilic
leukemia / hypereosinophilic syndrome, non-classified

CML) [1].
Besides changing the name of this group of
pathologies, noteworthy is an improvement of

diagnostic criteria, especially a wider application of
molecular and genetic markers.
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It is known that among myeloproliferative diseases
only CML has clearly described cytogenetic marker —
Philadelphia chromosome, and gene bcr/abl at the
molecular level. However, in 2005 several groups of
researchers described [2-6] a point mutation G>T in the
exon 14 of gene jak2, which causes the replacement of
valine by phenylalanine in the position 617 (V617F).
This mutation is revealed in 90-95% of patients with
PV and approximately in 50% of patients with ET and
IMF. It is believed that at the functional level this
replacement causes a loss of regulation and constitutive
activation of JAK2-tyrosine kinase. Subsequently, it
results in the loss of regulation of the
JAK-STAT-signaling pathway and -corresponding
increase in the cell transcriptional activity and in the
number of erythrocytes, thrombocytes and
granulocytes.
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Fig.1. The structure of protein JAK?2 and localization of mutations .
Domains: JH6—JH7 — FERM homological (F — with protein 4.1, £ —
ezrin, R — radixin, M — moesin); JH3-JH5 — SH2 (SRC2
homological); JH2 — Pseudokinase (pseudokinase); JHI — Kinase
(tyrosinekinase). Localization of mutations marked with arrows
(aminoacids position)

Besides the V617F mutation, a series of changes
were described in the exon 12 of gene jak2 (K539L,
H538QK539L, F537-K539delinsL, etc.) [7] -
predominantly in the patients with PV (up to 5%). The
structure of protein JAK2 and localization of mutations
are presented in Fig. 1.

However, the abovementioned evidences to the
fact that though the V617F mutation is not specific for
one particular disease it can play an important role in
diagnostics.  For instance, it is absent at secondary
polycythaemia, reactive thrombocytosis or secondary
bone marrow fibrosis. The absence of this mutation in
the patients with polycythaemia requires the search for
some other causes of erythrocytosis.

As it was stated above, this mutation is revealed in
50% of the patients with ET and IMF which is also a
powerful diagnostic criterion. However, it should be
noted that revealing the mutation is an important but
not self-sufficient criterion for diagnostics of
myeloproliferative  neoplasms.  Therefore, the
diagnostics may be considered reliable only in the
complex with clinical and laboratory methods, first of
all, the analysis of bone marrow cells to exclude
fibroses, dysplasia, the presence of blast cells and
additional chromosomal anomalies. The proposals for
improving the diagnostic criteria for this group of
diseases are published in [8—10].

Materials and Methods Blood samples of
patients, who were treated in Kiev hematological
clinics (with their informed consent), were used in the
work. RNA was obtained by the method described in
[11]. The reaction mixture for cDNA synthesis
contained 1-3 pg RNA, buffer 1 for reverse
transcriptase, 0.1 pg of primer Random Hexamer
Primer (Fermentas, Lithuania), 300 units of reverse
transcriptase ~ RevertAid™  M-MuLV  Reverse

Transcriptase (Fermentas), 20 units of RNasine
(Promega, USA), 1 mM dNTP. The reaction was
performed at 42°C for 1 h and stopped by heating
(70°C, 10 min), 2 ul of reaction mixture were used for
amplification. PCR was performed using specific
primers which were selected by Generun software:

JIF-5’-CACCAACATTACAGAGGCCTAC-3’;

JIR — 5>-GCCAGGATCACTAAGTTTGATG-3’
(the length of amplificate — 536 b. p.);

J2F — 5°-CGGTCAACTGCATGAAACAG-3’,

J2R — 5’>-TTGGCACATACATTCCCATG-3’ (the
length of amplificate — 321 b.p.).

PCR was performed in the volume of 30ul for 30
cycles (94°C—355;55°C—35s; 72°C —45s), using 10
picomol of primers J1F and J1R.

The primers to reveal B-actin (5’-GCTCGTCGTC
GACAACGGCTC-3’ and 5’-CAAACATGATCTGG
GTCATCTTCTC-3’) (Invitrogen, USA) and/or 18S
rRNA (5’-CGGCTACCACATCCA AGGAA-3’ and
5’-GCTGGAATTACCGCGGCT-3’) were used to
control the synthesis of ¢cDNA. [The] Amplification
products were analyzed in 2% agarose gel.

The second stage of PCR was conducted, using 0.5
ul of obtained amplificate and 10 picomol of primers
J2F and J2R, to confirm specificity and in case of
insufficient amount of amplificate for sequencing.

The PCR products obtained were purified using
QIAquick PCR Purification Kit (Qiagen, USA) or
extraction with chloroform and precipitation with
ethanol; then they were sequenced using primers J2F
and J2R. The obtained sequences were analyzed using
BioEdit and BLAST software.

Results and Discussion The V6/7F mutation in
gene jak? was revealed using reverse transcriptase
PCR and direct sequencing of PCR products in the
patients with myeloproliferative neoplasms. It is
possible to reveal this mutation without reverse
transcriptase, but according to diagnostic criteria of
WHO, it is necessary to determine the presence of
fused gene bcr/abl in such patients. Due to specificities
of the structure of abovementioned gene, the RT-PCR
is required for this purpose, therefore, we consider it
necessary not to isolate separately RNA and DNA, but
to combine the procedures of RNA and cDNA isolation
to reveal both themutations in gene jak2 and fused gene
bcer/abl. Besides, a series of mutations in the positions
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Fig. 2. The electrophoregram (a) and a fragment of the PCR product, obtained while examining patient B blood (b).(a: / — molecular mass
marker pUCI9/Mspl; 2 — PCR product, obtained from patient B blood; 3, 4 — positive control of RT-PCR (B-actin and 18S rRNA,
respectivly); 5 — molecular mass marker pUC19/HinfI; b:replacement corresponding to V61 7F mutation marked with inversion. (Bases of
jak2 gene numbered according to sequence of NM_004972.2 (Homo sapiens Janus kinase 2))

607, 611, 616, and 619 of JAK2 also disturb the
functioning of gene jak2, and sequencing permits to
reveal these variants as well.

Patient B, born in 1950, suffered from
polycythaemia vera since 1998. Fig.2 presents the
electrophoregram and a fragment of the PCR product,
obtained while examining his blood. As seen, the
search for homology of sequence of the PCR product
with the mRNA jak2 (NM_004972.2 Homo sapiens
Janus kinase 2) using BLAST software revealed the
replacement C>A in position 2343. At the protein level
it causes replacement of valine by phenylalanine in the
position 617, i.e. V617F mutation.

In total, six blood samples of patients with PV were
analyzed and the V61 7F mutation was detected in all six
cases (in three of them this mutation was heterozygous).
The abovementioned mutation was not detected in any
of five control samples of healthy donors.

Atpresent, only several cases of the V61 7F mutation
are described in patients with CML. However, the
V617F mutation was also detected in the blood sample
of patient G, born in 1938, the presence of Philadelphia
chromosome in which was proven by detection of the
fused gene bcr/abl using RT-PCR in accordance to the
methodological recommendations [12].
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As it has been stated above, only several cases of
mutation in gene jak2 are known, thus, the nature of this
phenomenon is yet to de defined. Two main
explanations are now under consideration: the mutations
are simultaneously revealed due to the presence of two
different clones, each of which carries one mutation [13,
14], or both mutations are localized in the same clone,
and the mutation in gene jak2 precedes formation of the
chimeric gene bcr/abl [15, 16]. However, both
assumptions require further research.

The data presented evidence to efficiency of the
suggested protocol for the detection of V61 7F mutation
by RT-PCR and direct sequencing, which allows using
it for molecular and genetic differential diagnostics of
myeloproliferative neoplasms.

The work was partially supported by the scientific
project of NAS of Ukraine No. 5/2007 and the
innovative project of NAS of Ukraine No. 15/2008 .
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Busisnenuss myrauii V617F reHa jak2 y XBOpPUX Ha XPOHIYHI

MienonposridepaTHBHI HEOMIA3MH
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Mema. Cmeopumu npomoxo, KUl 00360A€ GUABTAMU MYMAYilo
V617F 2enajak2 y spaskax PHK xeopux Ha xporiuni mienonponigpe-
PAmueni Heoniasmu, wo HeoxXioHo 0asa YHighikayii npoyedyp
aHanizy 3paskie Kposi 32i0H0 3 yuHHUMuU Kpumepismu BO3 onsa oa-
Hoi epynu 3axeopiosans. Memoou. Mymayiro eusnavanu 3a 0ono-
M02010 360POMHO-MPAHCKPUNMASHOI NOAIMEPA3HOT 1aHYI020801
peakyii ma npamoco cekeeHy8anHs npooOyKmie noaiimepasHoi iam-
yroeoeoi peaxyii. Pezynomamu. Ilpoananizosano wicms 3pasxis
KPOBI X80pUX HA CNPABICHIO NOLIYUMEMITO I Y 8CIX UNAOKAX BUsABTIe-
no mymayito V617F. Jany mymayiio ne 3natioeHo 8 Hc00HOMY 3 KOH-
mpoavuux 3pasxie PHK 30oposux oOonopie. Onucano 6unadox
00HOYacHo20 susasnenus mymayii V617F ma saumoeo zena ber/ably
X80pOI Ha XpOHIUHY Mi€N0IOHY netikemito. Bucnosku. 3anpononosa-
HUll Memoo 003605€ euzHavamu mymayiro V617F, wo oae 3mozy
BUKOPUCMOBYBAMU 1020 O MO- NeKYIAPHO-eeHemuunoi ouge-
PEeHYIUHOT 0iacHOCMUKY MIELONPONIPepaAmUSHUX HEONLA3M.

Knwwuosi cnosa: jak2, V617 F, mienonponigpepamugni neonnas-
mu.
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Beoisiinenne myrauuu V61 7F reua jak2 y 60JbHBIX

C XpOHUYCCKUMHU MI/I€JTOHpOJTI/I(1JepaTHBHBIMI/I HCOIlJIa3MaMH

Pesrome

ILlenv. Coz0anue npomorxona 015 eusaeienus mymayuu V617F zena
jak2 6 obpaszyax PHK 601bHbiX ¢ XpoHUYecKUMU Mueronpoaugepa-
MUBHBIMU HEONIAZMAMU, YMO He0bX00UMO 05l YHUpuUKayuu npoye-
Oyp ananuza 06pa3yo6 KpoGu CONACHO HACMOAWUM KPUmMepusim
BO3 0ns 0annoui epynnul 3abonesanuii. Memoowst. Mymayuio onpe-
0ensanu ¢ nOMOwbIo 0OPAMHO-MPANCKPUNMAZHOU NOIUMEPAZHOU
Yennou peakyuu u NPAMO20 cekgeHuposanus npodykmos I11{P. Pe-
syasmamet. [Ipoananuzuposanst uwiecms 06pasyos Kposu OOIbHLIX
UCMUHHOU ROAUYUMeMUel U 80 GCeX CAYUAAX 0OHApYIHCena Myma-
yua V617F. Dma mymayus He HatlOeHa HU 8 0OHOM U3 KOHMPOLbHbIX
obpasyoe PHK 300posvix donopos. Onucan cayuai 00H08pemMenHo-
20 sviagnenuss mymayuu V617F u cnrumozo eena ber/abl y 6onvhoti ¢
XPOHUYECKOU MUueiouonol aetikemuei. Boleéoowt. [Ipednosicennoiil
MemoO noseonsiem onpeodensimv mymayuto V6I17F, ezo maxosce
MOJICHO UCNONb306aMb OJisi MOJLEKYIAPHO-2eHemuyeckou oudpe-
PeHYuanbHol OuazHoCMUKY MUeionpoIuGepamugnblx Heo- Nad3M.

Kunrwuesvie crosa: jak2, V617 F, muenonponughepamusHuvle Heo-
naa3Mbl.
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