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Usefulness of Real-time Semi-quantitative PCR, JAK2 MutaScreen™ Kit for JAK2 V617F Screening

Hyojin Chae, M.D., Je-Hoon Lee, M.D.!, Jihyang Lim, M.D.!, Seung-Won Jung, M.D.!, Myungshin Kim, M.D.!, Yonggoo Kim, M.D.,

Kyungja Han, M.D.!, Byoung-Sik Cho, M.D.2, Seok-Goo Cho, M.D 2, Jong-Wook Lee, M.D.2, and Woo-Sung Min, M.D.?

Departments of Laboratory Medicine' and Division of Hematology?, Department of Internal Medicine, College of Medicine,
The Catholic University of Korea, Seoul, Korea

Background : Real-time PCR for quantification of JAK2 V617F has recently been introduced and
used to evaluate the importance of mutant allele burden in both diagnosis and disease progression
in myeloproliferative diseases (MPDs). We evaluated the usefulness of JAK2 MutaScreen™ kit that
uses a real-time semiquantitative PCR method and has been designed to screen JAK2V617F mutant
allele burden.

Methods : Forty MPD patients were included in this study. We screened JAK2 V617F and deter-
mined the mutant allele burden using JAK2 MutaScreen™ kit. The mutant allele burden was esti-
mated by six-scaled standards of JAK2 V617F mutant allele (2%, 5%, 12.5%, 31%, 50%, and 78%).
For evaluation of test performance, an allele-specific PCR (AS-PCR) was carried out in all samples
by using Seeplex JAK2 Genotyping kit. We assessed the clinical differences in distinct disease enti-
ties of MPDs according to JAK2V617F mutant allele burden.

Results : JAK2V617F mutation was detected in 30 cases, including 10 of 11 cases (91%) of poly-
cythemia vera (PV), 13 of 20 cases (65%) of essential thrombocythemia (ET), and 2 of 3 cases (67%)
of chronic idiopathic myelofibrosis (CIMF). The concordance rate between the two tests was 95%
(88/40). JAK2V617F mutant allele burden was greater than 50% in 17 cases, and 10 of them (59%)
were PV. In contrast, mutant allele burden was less than 50% in 13 cases and 11 of them (85%)
were ET.

Conclusions : JAK2 MutaScreen™ kit that utilizes a real-time semi-quantitative PCR method is a
useful tool for diagnosing MPDs precisely. It can be used to assess the grade of mutant allele bur-
den as well as to screen JAK2V617F simultaneously. (Korean J Lab Med 2009;29:243-8)
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o]#] gkom 1 A} MPDs Zleto]l 583t ExRf-48H 2]}
2 Q1A =0} 20089 7HdE WHO ol 3= IeH5],
JAK2 VB1TF {742} §loli= Kato]| whet thas Zpo7} gLk
A 2 A A E1Z71(polycythemia vera, PV)2] 90-95%,
A 18 AT F(essential thrombocythemia, ET)S] 35-70%,
T EHEA] E4~d-3-Z(chronic idiopathic myelofibrosis, CIMF)
] 50% ol M HEHTHY, 6, 7).
z7]o|l= CMLAIA9] BCR-ABL #38AHE JAK2 VBITF
A o] 77t Agke] 545 AR M=o AR A =

, W2 A4S Foto] JAK2 VBITF

JAK2 VBITF 704} 1ole] Sjulg ZA457] 913t 450
FslA Al=E AL Qe JAK2 VBITF f37F Ho| HEolle
cheket HAp o] ARGE AL Q= AR A7 A2 8
FEA7E oE A7E A2 A=AE AR gelstar FukE
o5 SAlol 2= o 8otk Axle] glou AR
o7} Uhi= theFet A Wol9] ok i HESE il
L7 "ojx g dx} A HAtRe T ovigt gapol
a3t o3t o] f& JAK2 VBITF 5717} Hole] Adz]Ale]
FTHALAY RS -A A AT R o]} (PCR-RFLP),
AL Bo] FasAut-S-(Allele specific PCR, AS—
PCR)Y 5-0] AM-5|3L qlTt,

AR 2 A PCRYS o83k BP=HA] JAK2 VEITF
SAR} Ho] AHAAPHC JAK2 MutaScreen™ kit (Ipsogen,
Marseille, France)Z ©]&3}o] MPDs 2ol A JAK2 V61TF
FAR; Holgke] fxE dopr iy AHHAZNY §-845 3
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1. CHY

FFES ot AR AoA B4 A MPDsE AR
4079) BAE o shglon) A SAA HARSIA
£ Wttt PV 116, ET 209, CIMF 39|, n]E-R-a335-414%
(myeloproliferative disease, unclassifiable, MPD-U) 5,

HEFE5 o1/ &34 4 Hmyelodysplastic/ myelo—

AHEZ - OlHIE - K| < 82

proliferative disease, unclassifiable, MDS/MPD-U) 1%}
o Iz} 169 (o] 35-74, B 584N, 1AL 247 (o] 24—
78X, FHat 554101 3tHTable 1).

2. 4

1) DNA 22|

OS] o] Bl B4 AAol A MATES Reld
& QIAamp DNA Blood Mini Kit (QIAGEN, Hamburg, Ger—
many)Z genomic DNAE F&3}9th £33 =A(ND-100,
Nanodrop Technologies Inc., Wilmington, DE, USA)E ©]
85t0] 273 DNA9| 54 100-400 ng/uL HSIitt.

2) AS-PCRES 0|28t JAK2 VB1TF FAA} 0| 4=

AS-PCRYS |83t JAK2 VBITF 72} Ho| AEo=
Seeplex JAKZ2 Genotyping kit (Seegen, Seoul, Korea)&
ARg5FATE, 1020 ng/ul HYIE 3143F DNA 34L&} kitW)
JAK2 AR &3t PCR master mix % 8-MOP §94& =
sklo] 25 20 L2 AAME A35HTE. PCRE DNA Engine
Dyad Thermal Cycler (Bio—Rad, Hercules, CA, USA) AH]|E
AREBe] 94°C oAl 158 HGAIZL & 94°C 30%, 60C 30%,
72°C 18 gL 353] RHESIGIAL upx|ako 2 727C oflA] SR
WA Z T PCR AL 2% of7F2=70] 100 VoA 155
5ot A719%5S AdYste] 813 bpe] YRR SEAES 9]

Table 1. Clinical characteristics of 40 MPDs patients according
to JAK2 V617F mutation status determined by JAKZ2 MutaSc-
reen™ kit

JAK2VB17F
Characteristics
Present (N=30) Absent (N=10)

Diagnosis

PV (N=11) 10 (91%) 1(9%)

ET (N=20) 13 (65%) 7 (35%)

CIMF (N=3) 2(67%) 1(33%)

MPD-U (N=5) 5(100%) 0(0%)

MDS/MPD-U (N=1) 0(0%) 1(100%)
Complications* 8 7
Abnormal karyotype 2 1
Palpable spleen 8 0
Cytoreductive treatment 22 5

*, Complications included secondary bone marrow fibrosis, hemorrhage,
thromboembolic event, and acute leukemia conversion.

Abbreviations: PV, polycythemia vera; ET, essential thrombocythemia;
CIMP, chronic idiopathic myelofibrosis; MPD-U, myeloproliferative dis-
ease, unclassifiable; MDS/MPD-U, myelodysplastic/myeloproliferative
disease, unclassifiable.
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3t 5, 543 bp XA A4 dHERHAEE, 352 bp 1A lA]
JAK2 VBITF o] tiR3dAte] 75 SeIskint. & HAtel
ARE AS-PCRY Q] A&7 EE JAK2 VB1TF mutant 9F0]
100%% BR1E 2Ato] BxF NI 410 WxFAS uig
T =5 ajste] Al slAate] ER1gH A} 5%

=

3) Real-time PCRES 0|25} SHMatA JAK2 VB1TF FHA}
#o| A=

Real-time PCRY& 0|83t "M% JAK2 VB1TF 734
Ho| AZofl= JAK2 MutaScreen™ kit (Ipsogen)& A3+
o}, W2 471 AS-PCR AAtlA AREE S 543 DNA
A 5 ul.2} TagMan Universal PCR Master Mix (Applied Bio—
systems, Foster City, CA, USA) 2 kitU] AJ9HA|, 2412} &
FE Efsto] 2% 25 uLE AR Akt A% PCR
o= Rotor—Gene™ 3000 (Corbett, Sydney, Australia) ZH]
& AHgste], 50C oA 28 E 95°C oflA] 108 §RS-AIZ] 3 92C
15%, 60C 1 1785 503] RhEsiglet, F-412F #lo] A&
9J8le] TagMan 2AIAFE o859l om 5 Wetoli= reporter
dyeZ JAK2 V617F ®lo] g5 Hmutant allele)2t A3ts}
= AR ol = FAME, A4 diE-32Kwild type allele)2} 2
Sohe AARo= VICS AREsIgl e 3 Wl quencher
dyeZ F &AA} % Tetramethyl-6—Carboxyrhodamine
(TAMRA)E AHE-8l3L}. JAKZ2 VBITF f-4A; Ho) o] vbyeks]
HES SIste] FEuizE4(100% JAK2 VIETF) 9 S/t =
E4 (0% JAK2 VI6TF) 2 37 JAK2 VE1TF o] T4t
%F0] 2%, 5%, 12.5%, 31%, 50%, 78%, 100%2] 6719] FFE2
("Reference scale’)& EFAIX & AT R tol|A Akt
€ FAM/VIC &% B]2-8 7|1Z20% <99, 2-5%, 5-12.5%,
12.5-81%, 31-50%, 50—78%, 78—100%2] THHA A} Ho]
F e ARt oleh Bl FEAIX] 2R AA ol A At
H FAM/VIC @38 vlgo] #2ad2 24 a4 HolF
T2t ool siFst=AlE skl olE WA HA9] At
ooz A

3. Znt EM 2 SA

A Mo R dojzl A
MutaScreen™ kit2 Z4% 7oAl s}
g ZF o) s gt T
VBITF {74} o] fito] w2

Ag, o], A, S 22
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wE o 2ol Azl MY o]AKabnormal karyotype), %]
o, A2 A& el tisl 2ARsESIch

S JAK2 VELTF 7AL Holge] vjmofi=
MedCalc software (MedCalc®, Mariakerke, Belgium)S A
4310] Kruskall-Wallis test®} AF-HASE Mann—Whit-
ney U test& Al8sF%ict,

=
o
)
n
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1. AA|Zt BFEHEF PCRE, JAK2 MutaScreen™ kit2| JAK2
V617F | Ho| HEE

4092 MPDs 4} 5 JAKZ V6ITF 77} o] 9FAdo] 30
o, /0] 104]%ict, 5 HA|IA AS-PCRHT AT 9HY
2 PCRY 7] HAME Y= 409 5 389)12] Axbrt UA|3tict
(YA]E 95%). JAK2 MutaScreen™ kit HAAMY JAK2 V61TF
Aol dd 309 F 19014 AS-PCRoIA 34J019)aL, JAK2
MutaScreen™ kit AAMY 2/d01%E 109]] 5 19|94 AS-PCR
o)A P22 YERGTHTable 2).

2. MPDs E&HFE JAK2 VBI17F REXH Ho| 4 8z &
.|

JAK2 MutaScreen™ kit= A3t JAK2 V61TF 5744} ¥
o] A% W%k PV 91% (10/11), ET 65% (13/20), CIMF 67%
(2/3), MPD-U 100% (5/5), MDS/MPD-U 0% (0/1) ¥t}

JAK2 VB1TF 5312} Ho] §-37-¢} o429l EAnke] Ak
S o, A, dHIESARSE 28, gHNA =]
o g o] Heh), A o, I, Al AR ol ol o
3l AR o™ JAK2 VBITF 5714} ol Aol Al B

Table 2. Comparison of JAK2 V617F mutation results determined
by JAK2 MutaScreen™ Kit and Allele-specific PCR

JAK2 MutaScreen™

Characteristics Total
Present Absent
Allele-specific PCR
Present 29 1 30
Absent 1 9 10
Total 30 10 40

Weighted kappa statistics, 0.87.
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Fig. 1. Distribution of JAK2 V617F allele burden determined by
JAK2 MutaScreen™ kit in 30 cases of JAK2V617F positive MPDs.
Abbreviations: PV, polycythemia vera; ET, essential thrombocy-
themia; CIMP, chronic idiopathic myelofibrosis; MPD-U, myelopro-
liferative disease, unclassifiable.

78-100%

Hhe 19l
(Table 1).

R JAK2 VEITF f732F #o] /ol 3kl

3. MPDs E&H=# JAK2 V617F 7MAL HO|EF 2=

JAK2 MutaScreen™ kit AAMS F/gol ol 3042 Aol
A ZAE JAKZ VOITF 5712} Ho e MPDs Hehd o] whet
AP R JAK2 VBLTF Wo] dig-30217k 50% ol4Fo & e}
w179 & PV7H10012(59%) 7P watom thiko] 78-100%
7ol 431993, MPD-U7} 3¢, ET¢}F CIMF7} 22 24|15 &}
A5k, RhAe JAK2 VBITF Hol tif-327} 50% olatel
13¢] FollA= ET7F Lol = thiis AAI613 0 (85%) 200
= MPD-Uth &3 109419] JAKZ2 VBITF 243 AA| A=
ET7} 76(70%)2 71 @k cHFig. 1.

LAy

1951 Dameshek= PV, ET, CIMF ¥ CMLE Ed¥3l=
MPDs®| 71'd& A& AAJsHAA o] A2 thefet o
FallshA] g Holuf I W7 A2 AtEo] & A
olztal FATH8]. CMLe] BCR-ABL 434S Al 9l8tale tf
= MPDS—J }‘(_]_1‘:_}-8 Zz8 9 olx}ow\}g 55]_ 71—133;(]1:}31} = 4 /\}
5] v]Eo| 29l iy o 2 o|RojAgitt. 20054 v|SE) A7)0
PV, ET, CIMF9] d¥o|A JAK2 G-Az}2] ol 148 1 849H
A 4717} guanine (G)°14] thymine (T)2 W3}o] 617HA] of

u|=Abo] valine (V)oA] phenylalaine (F)2 X%+ JAKZ
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VBITF {312} wo)7h of 2] Azl ofsl HarkleH1-4].
o] E9= JAK2 @] pseudokinase autoinhibitory JH2
domain®]l siFstH[9], o] F¢Holof| &5k JAKZ Bl 247U
Ao 22 B4 3K constitutive activation)7} dRARFL;
WAl Al22e] S41& dovl= Aol gelElenl], 55 2
2 AR JAK2 VBITF 732 34 Agh AolA AFe]
PV} ARSHEA | E4el7E SHkE= MPDE fishe A
.2 Y& HEHI0L

JAK2 VBITF 704} fo] o] Aarioll= A 71284
H 2 PCR-RFLP, AS-PCR, ARMSH, AIA|7F A&F PCRY 5
o] lomil], Zt Wi ¥ AEUAEE theFstol A A7IAE
AL 95%, PCR-RFLP, AS-PCR, amplification refrac—
tory mutation system (ARMS)-PCR®H-2 ¢F 3%2 K10

AeH[12], AAIRE FF PCRY S % W=+ AS-PCR, E
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6}31 QUTH11], £ Aol Al AS-PCRHZ AAIZE 9H4=F PCR

Ztofl 2910014 =LA AE WeR $=Hl, 19= AS-PCRH

oA S/l ot AR v PCROIA 5-12.5%2] JAK2
V6I7F Wo] 304 &= len ET7t 94s= MPD-U
ARt o2 1ol AAIRE EPY R PCROA = Wol 7217}
2% WNEe 2 A AL A AARE 7|20 SJste] FH 0= B
St AS-PCROIIA] vi-¢- oFEE PCR W= 2QlE o] ¢4
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JAK2 VB1TF 714} Ho H FE7F RES B QA

F3EE 2fo] & Holz g &% 71Eo] E 4 QleAof tiet

035% A= AL E AL 1o E'4[9] JAK2 VBITF S22}
FdtolAl Ao of3t 717to] An, Zdas) S
O RO M T, e B Mgt (5| WiET) v F7iet
The HI% QLo JAK2 VEITF F-A; HoloF 9JAF oFARS o1
TAo] 9tk B aw 9JrH4, 6, 15],

F| o= JAK2 VEITF 57414 #o] 34421 MPDsol|A] E]2
AZIUA] 22 ASE Flshe thE EddolEe] B
=3 Qlow gi3EAQl A& JAKZ VBITF 5-4Ap0] 8491 PV

oA JAK2 5AF2] 129 dlltof A RS- o] 7} wAE )
tH16], wekA] JAK2 VEITF 54 xbHo] 9-5tako 2 MPDse] <
A BAE B4 2RO JAK2 VBITF 243 dollA=

NIEA] THE Belilole] 24§58 Tesjor 3 2o Azt

o} E oJitof ZEE 11499 PV AA| & 109= JAK2 V61TF
AR} HolgFo] B 50% o7 78-100%, 3¢l 50-78%)
© 2 Th2 MPDso] Hlat] 953 522 & 5 %tk PV 5

JAK2 VOITF /30109 1o]= eAke] s 9 =4 A
A4 U PVE BEE|9lon] the TAR g
O} f7dApo] ol it gfelo] Ri=A] Fadh Zlo
= At
JAK2 VBITF 704} #o] 9] 250 Folof FAREE Aulld
(mitotic recombination) ¥4 & Ho| FHALY] 2
cation)]l 2J3} &4 loss of heterozygosity, LOH)®|
dofd = Jlen2[4, 15] A4 diy frxfell tigk JAK2 VEITR
AR} HolgEE 0% AFE 100%] ©12&= 3= 7H 4= 8
ch, & Aol A MPDs ZIHH JAK2 VBITF 3714 Holk
CIMF, PV, ET <22 &9toH o= 7]& Biuete dX|3ict
(17-19]. JAK2 V61TF -2} Ho|& 50%5 7|02 245}
A& w CIMFS} PV JAKZ VBITF 4737} wo] 949l e
ool Al FEHO R Az, BT] A9 15%7F BEH,
85%7} o|FAE o2 AL} ol 7|2 Hie} nviR|E
ETo| M= 58] vl&o] Wil CIMF3} PVolA = 55403
9] H|-&o] =& AL Hol= Ao & FolEQict T3t JAK2
VLTF §7749] 6517 Wlola F7b] w2 MPDs vk ¥l
7} Hglo] FHEL GAS BeIT
£ 0 JAK2 VEITF 7o) 5 2t
AAZEu-EF PCRY Q1 JAK2 MutaScreen™ kit ARE-3H
JAK2 VOITF +7dxp0l S ofWlsiA Had ? A & oh}
A S = A ol o] whet gho = Z1PE 7heAd
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& : 22 JAK2 VBITF 5412} Holof] AA7t A=k PCRY
< ol gg Ao 7)ol MPDs9] gk} Aske} Zgio]
Slof A} wolef Z7o] 873 W7ol AREIAL Qlck. A2k

2 JAK2 VOITF #714} wo] AES flalf M=ol aekd A
A7 HEEEE PCRYE ¢l JAK2 MutaScreen™ kit2] 842 3

Hid 1 400]9] MPDs $HE thAt e 2 JAK2 MutaScreen™
kitS o|&3to] JAK2 VBITF A W 4%} wolgks 2435}
%t} JAK2 VEITF 34} #olgk S7doll= 634 9 x@%é‘
S AESFITHO, 5%, 12.5%, 25%, 31%, 50%, T8%). AAL 4=
50| 7S Yste] FUsH e AAo] iste] Seeplex JAK2
Genotyping kitZ ©-83t AS-PCRH .2 A|afst HA} Aufe}
Hlasteict, 3 7 MPDs9] Aehtat 447} golgkol| uhE
QJAA EA 0] zjolE BTt

A1} : 309|914 JAK2 VEITF 532} Hol7} H&E9lom 7t
gk FHEL PV 91% (10/11), ET 65% (13/20), CMIF 67%
©@/39%tt. T AT 7He] Y& 95%%TH38/40). JAK2
VB1TF 414} Ho ko] 50% o]/l 179 - 10917} PV L.
JAK2 77 Ho|gko] 50% o311 13¢] Foll A= 1197} ETS

AE  AATE YR PCRYE o]8-8t AAPIQl JAK2 VBITF

MutaScreen™ kit 5742} ®lo] & 9 57} Wolgke] &
Al Z4o] 7hssta g Kok AEe MPDso] Zltte] #-83 4
AP o & A7t
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