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ABSTRACT

Clinical and Laboratory characteristics

in JAK2 V617F negative MPN

Byung—seok, Choi
Advisor : Prof. Chi young park M.D.& Ph.D.
Department of Medicine,

Graduated school of chosun university

Background: Calreticulin (CALR) mutations were recently discovered in
patients with myeloproliferative neoplasm (MPN). We investigated the
frequency of CALR, Janus kinase 2 (JAK2) exon 10, and
myeloproliferative leukemia gene (MPL) mutation and their clinical
characteristics in 25 patients with JAK2 V617F negative MPN.

Methods: A total of 25 patients (18 Essential thrombocythemia [ET], 5
Primary myelofibrosis [PMF], and 2 Polycythemia vera [PV] were
included in the study. CALR, JAKZ exon 10, and MPL mutation were

analyzed by the direct sequencing method.
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Results: In 25 patients, three types of CALR mutation were detected
including type 1, 2 and 34. Type 1 mutation is the most common in 5cases,
and type 2 and 34 mutation were found in lcase, respectively. In 18 ET
patients, 5 patients had CALR mutations, 2 patients had MPL mutation,
and 11 patients were triple mutation(JAK2, MPL, and CALR) negative. In
5 PMF patients, only 1 patient had CALR mutation. JAKZ2 and MPL
mutation negative patients were 16 ET and 4 PMF. Five of the 16 ET
patients(31.3%) were positive for CALR mutation, and 4 for PMF had one
CALR mutation(25%).Patients with CALR mutation had higher platelet
counts(1,263 x10%/mm®vs941 x10%/mm?®)compared with triple mutation
negative ET patients.

Conclusion: Because the CALR mutation was the most frequent mutation
in JAK2 V617F negative ET and PMF, genotyping for CALR could be a
useful diagnostic tool for JAKZ2 V617F negative ET and PMF.
CALRmutation may be a distinct disease group, with different

hematological characteristics than that of triple mutation negative MPN.
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5 F 2 A E % (Myeloproliferative  neoplasm, MPN)S Z&24

o

ZHRAFES A&A o HFHE FAHOoE Qi I FTF{F oY
=TAIEFHETA, AdTA, AdEAE,  HWAE)TE SIbeE
Asgtolt} Y WA FSAAME W (chronic myelogenous leukemia, CML),
A A G55 (polycythemia vera, PV), YA Z4A-H5(Primary
myelofibrosis, PMF), #1318 433 3 (essential thrombocythemia, ET),
A A9 S 1 (chronic neutrophilic leukemia, CNL),
A SR " W (chronic eosinophilic leukemia, CEL),
B TEA 3£ 5 (mastocytosis), Pl =524 A $FH(myeloproliferative
neoplasm, unclassified, MPN—u) 522 ¥FHh

CMLellA]  Zepellsfol A A) (philadelphia, ©]3F Ph)7F 7% o]

153

S

QA Wol7t b dod F Ygol HLoE FPHI

B

BCR/ABL &% A7 2o ol&

(2
i
N

Xzl o]&3sHA
= el =T
2005  Janus kinase 2(JAK2)9] 617 ofw]=2to]  Hhglof A

Hdgetdor 28y = HEAWoldl JAK2 V617F7F WA E AT, o]&=

o

MPN3} ZAeh dadol Slgol FWEeol 2008 WHOXIE7]El

Z7Ega b 3 Y FJAK2A ARl ruxolitinibe]  AErE o] ¢l Abel A
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AFEE T k. > 9 pyEkzte]l 959%0]4ke A JAK2 V617F 4w o]
FE HolARE ETef PMF#EAFS] oF 50%0 MR A& HAt ol
JAK2 =<ddo] &4 MPNe A7 dol] thgk A+7F o] gk}
FH JAK2 V617F &4 MPN#=}o| 4] Myeloproliferative leukemia
gene(©]s}, MPL)3¥} Calreticulin(®]s}, CALR) &w<Wo|7} wHA Rt}
MPL 9l 100 $1x1& 571] opm|wAal REJH7E MPLEH 9] zpihA]

g4s oAt 515MA ZES EYENO] TE ofwwAitow

W515 E¢dol7t ET PMFolA 22 1%/5—7%A HiH L,
JAK2 V617F 54 ET$ PMFolA 24z} 1-24%/7-25%% UTFSHA
lﬂ_:llﬂ 9}\‘—4_ 7,10—-12)

CALR E<dWojdtalo] w2 MPNe W7 d-e HEs] A A=

ekl CALR EdwWols 5271 @717 AAFHA  EolswWol7t

gElE Type 1 E9Wol7l 50%= 7H% E&ta, 5709 7|7
AAEE type 2 SAWo|TL 30%lA BAHE HoT HuHh P

WIAK29} MPL, CALR =407} ¢l Triple negative MPN#} CALR

iy

gwlol 9 MPNate] 94Hel SAE Aolrt ekt mugel

]—4_ 13, 15)
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JAK2 V617F =d®o]l 54 MPN =+ 25 Wolloew, ET 7}

18 ¥, PMF 7} 5 4, PV 7} 2 go|Sit}, 3ol A #4442 dA 15 1

o] 10 Woldar AH FUaE 58.5 Al(26-82 A)UTE WHF5X

= i 6,538/mm’(4,500—42,350/mm?), HEFEH  9.9g/dL(6.6—

20.7g/dL), dA¥43] 759x10%/mm*(90—1,535 x10%*/mm*) % t}.
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1) DNA 3=
stalo]l F4u wxIAHA A wd PSS B - QlAamp

DNA Blood Mini Kit(Qiagen, Hamburg, Germany)Z ©]-83}%] genomic

DNA & F=3F3

2) JAK2 V617F =dWo] A=

JAK2V617F Wo] f5+= dHfdAEolTTasd v H (allele—

specific PCR)< o]-&3lo] #4313t} Hot start PCR WHg E3HQl 2%
Anydirect Max Red premix (BioQuest, Seoul, Korea) 10 mL, A]%A] &
5 2 mL, 283 DNA 2 mL & AREstal 3 wHg3o] 20 mL 7} &
EE & #H7Mste PCR Hbg-ES ZA313 Yl Eppendorf Mastercycler
(Eppendorf, Hamburg, Germany)E& ©]&3slo] SZ34S F3315 o

94 Co Al 54 WEZAIZ]AL 94°CollA 30 %, 60CollA 30 %, 72TCelA 30

V617F &4 MPN 3x}o] sl JAK2 d& 12 ¥Ho] 52 PCR—AAA

e BAWS AAskdth. PCR EES 918 Jel2F (65—

A

ctectetttggageaattca—3" )9} Jel2R (5'—gggagttgegatataggtett—3)E 9]
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gt om AV E S Yall Jel2sF (5'—ctttggageaattcatacttt—3")
9} Jel2sR (5'—agttgcgatataggtctttg—3)E  ©]&3ttt.  Eppendorf
Mastercycler (Eppendorf)®} AnyDirect Max Red premix (BioQuest)E
o] &3t FTEAAL St om 94TCeA 5 & WEEAI7]AL 94°Col A
30 %, 50Cell Al 30 %, 72T oA 30 25 35 3] wkEsta 72CoA 5%
7 Agures Atk AAE FEAES BigDye® Terminator v3.1
Cycle Sequencing kit (Applied Biosystems, Foster City, CA, USA)<%}t
ABI 3730XL Genetic Analyzer (Applied Biosystems)& ©]-&3te] #7]&

/\11-3?)\ % }\] ;5(E ]_o:]q_ 18)
4) MPL o9& 10 9o A=

JAK2 V617F &<dWe] 54 MPN #AtelA MPL & 10 ®o] {75
PCR A4 7D EAHe A8kl PCR %<5 @] F: 5'—
tgggccgaagtctgaccecttt—3'¢F R: 5'—acagagcgaaccaagaatgectgt—3' = o|-&
33t Eppendorf Mastercycler (Eppendorf)®} AnyDirect Max Red

premix (BioQuest)E ©]-83t9 THIG& Fastglon 94CoA 5 &

jas

& A1713 94°Cell A 30 &, 50ColA 30 %, 72°C oA 60 & 35 3
HEEska 72°ColM 60 %, 72CelA 7 23F dANeS ARG GAlE

SEANES BigDye® Terminator v3.1 Cycle Sequencing kit (Applied
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Biosystems, Foster City, CA, USA)®} ABI 3730XL Genetic Analyzer
(Applied Biosystems)< o]-&3&to] 7| E4S Al gsqic) *V

5) CALR 9= 9 9o A=
JAK2 V617F =<9 o] &4 MPN #xloA CALR 9 9 Wo] 4575
PCR AH 7| EeAEAHE AASS Y. PCR S35 ¢18] F: 5'—
cattcatcctccaggtcaag—3'9t R: 5’ —aggggaacaaaaccaaaatc—3'S ©] £33

t}. Eppendorf Mastercycler (Eppendorf)®t AnyDirect Max Red premix

(BioQuest) & o]&ato] FEHAAE Fastalon 94TolA 5 & WA
713 94Co A 30 %, 50T A 30 %, 72T oA 60 2= 35 3] wE3}
i 72CelA 60 %, 72CelA 7 &3F A7gNES Azt AAlE FEAL

=5 BigDye ®  Terminator v3.1 Cycle Sequencing kit (Applied
Biosystems, Foster City, CA, USA)¢} ABI 3730XL Genetic Analyzer

(Applied Biosystems)< o]-&3&to] 7|4 Al gsqic) *V
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3. A

SRS SPSS 12.0 TRaAS A4FAR, B
k2t Fargke] W EWMSH| L= Chi—square  test,
Whitney U test& Alstlvh. A2 HAS 79

skl .
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A

1. JAK2 9< 10, MPL 3 CALR &3Wo] HI%(Figure 1~59
Table 2)

JAK2 V617F=a¥o]l &4 MPN 25%% JAK2 o< 10, MPL 3%
CALR =9wWo] RxEE 727 17%8(4%)/3%8(12%)/6% (24%) 01 2.1,
JAK2 9= 10 EdWol= PVollA] #zE Q)

CALRE ™ol types Type 1 (c.1092_1143del) 44|, type 2
(c.1154_1155insTTGTC)¢ type 34 (c.1154delinsCTTGTC) 2Z+2t
L& 7 A = e

MPLE% o] types type 3 W515K 2(ET), type 2 S505N
149 (PMF) 7} 325 o},

455 Triple

rr

JAK2¢} MPL, CALR EdWo|7} 5% #AzExA] &

negative MPNo| e}l ¥ 3s}l=t| Triple negative MPN=> 157 ] it}

JAK2EA ™ol &4 MPNT 7M. ®B2 RIEE  AAge
ET&2Hn=18)%F MPL %} CALR =eino et

29 (11%)/59(27.8%) o) o, PMFo A 22 19 (20%)°] gt}
JAK2¢} MPLEUWo] &4 ETS PMF&AtA A CALREH o)

k3o Z}7F 31.3%(5/16)9F 25%(1/4) AT}

Collection @ chosun



3,4)
ET&Ae] A 442 FAd 1094, oA 8Woldla HrdwdS
5841(26—824) %t WA FEFXE 9,081/mm®(4,500—13,120/mm?),

=Rl 13.8g/dL(12.3—15.7g/dL), Y AarA = 1,055

Lol

x10°/mm?*(603 —1,535 x10°/mm*) t}. (Table 2)

PMF o A4 742 94 3 1, o4 2 ol A" S
56.2 A (28-73 A AT, W T2 = 22,542/mm®
(11,679~42,350/mm?), SIEFZNL 9.7¢/dL(6.6~12.0g/dL), A

%= 563 x10°/mm?(90~12,620 x10°/mm?®) 2 t}.

PMFe} PVEAIE7E Zoja ZEdWolo] f{-HFo wE datzy =34
Haw s o]yt ETSHxlo|l A CALR EdwWo] AT e] HuydHo

rlo

534 (26~72A1), SAwo]  59A1(45~824) =2 FATARL 94
it CALR =dwol dAwe H WIFe FJRIEN,
YAy 9,824/mm®(6,500—13,120/mm?®), 13.7g/dL(12.5-15.7g/dL),
1,263 x10°/mm®(890—1,535 x10%/mm®) 2™, Triple negative MPN]

d Wdyee dReey, 49

o

4= 8,345/mm>(4,500—
12,630/mm?®), 14.0g/dL(12.3—15.7g/dL), 941 x10°/mm®*(603—1,502

x10°%/mm?®) % t}.
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CALREH o] <A ET3HAFol A triple negative ET3FA}ol] H|nlaj A
HAanFA7t FAXCE FofshAl Fdkth(P=0.046). =L 9] o], A4,

WA 2 A apA M= FAE Tl sl
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3. 248

1) JAK2 V617F Edwo] &4 MPN 32H(n=25)%F JAK2 < 10 ¥

o

MPL, CALR =<dWeole HEs 242 4%(n=1), 12%(n=3),

24%(n=6)2.2 CALR &dwWo] W17} 7 =9t

2) CALR &4 o] type = typel ©] 4 &= 7} &k}

3) MPL =d®o] type 5 type 3 W515K 7} 2 &= 7} © kTt

4) 3AF=7F 7P wol BEAVMEdW JAK2 EdWo]l 4 ET(n=18)

CALR Ed ol 5 # & HIEE 278%% =2 HLE Holal ¢

of

913l Triple negative MPN ¥} H|w &S o) ad5x7F A2

oAl 2(p=0.046) 444 545 7HA Ay

5) JAK2 ¢F MPL &dWe] 54 ET(n=16)%} PMF(n=4)% CALR =

Aol SFAE 27t 31.3%(n=5)9 25%(n=1) T}

12
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o

=4F 2 d g (Myeloproliferative neoplasm, ©]3F MPN)oll&= wHA &
|

FA MY (chronic  myeloid  leukemia), YHdEZ=FME Y (chronic
neutrophilic leukemia), "3 &4 & H (chronic eosinophilic leukemia),

A A d 57k (Polyeythemia  vera, ©]ét  PV), da=s4dws
(Primary myelofibrosis, ©°]3} PMF), ZEHXA43A3Z5715(Essential
thrombocytosis, ©lst ET), ZL2Jal MPN, unclassifiable & o]FoA <l
okt P ok 50 AA 1(9:22)0] )& Aehy]ol(Philadelphia, ©]3} Ph)

QA7 WAHWA Ph P W BFHNEAY I Ph 4 MPN 0.2 ¥

2005 ¥ Ph &4 MPN ©lA Janus kinase 2(°]&}, JAK2)-f =2
1849G>T AEAolol 2&) 617 HA ofn|=ilo] WA Hdded
o2 AFEE V6I7F Edoel7 HAE e Y JAK2 V617F & ol
B 9ol = oA 7A] EAFFAsHE wdel ofs) MPN 9 ofsfe} xlete]
ZRE o]y} 1¥ oo we} 2008 W World Health Organization -
NME A, ddsta] EAS vtRo® g 7]E9 dr|Edd JAK2

V617F EdRelE ko] B5H9l Hrkwm LAY

Ph £ MPN A 3to]| Al JAK2 V617F = wo] 7} thekst vie 2 ®
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At} PV oA JAK2 V617F &=

O
\__

7re

T

3

ik

FAmE el A] Ph QA S %

o] Al
S |

i

o]

ekt 1 A ol g} 7)1

H EdAHol 7} WA a1 Rom,

|-

o

c.1627_1632delGAAGAT, ¢.1622_1627delGAAATG =

EdWel7t gEE vl PMF ] 50%,

JAK2 V617F &dWol7} A E gl o

7}

o
=3

il

ofl

FEAINET 2 e AN E e o]

19)

oy

Myeloproliferative leukemia gene(©]3}, MPL)@¥-& E=

SgA2A AjsiaEe] 2o}

£ 10 WHoll §A3F 5

W515K & Hol7} 7} E351A

==

3tE = W515A, of~atg 71 o= 3
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Ho| 7} oF 95%0l A WA

AGHAR} WS e

MR EE, HHEETY

X7

B

a}

p Y

% o]

W

-

A4

-

Aoz FAMSE JAK2 9 12

c.1624_1629delAATGAA,

3 gl

ET ¢ 35~70%7 XA vt

g
o

I =

=2

Ry
s ol

ol &

R

Aol ofn

2= W5156R o] A E 7= s},



puat

T E A= T487A, Y252N, S505N 5 thokdh deje] Edwolr) whA
th2 2y ¢ Bate] wEW ET 3k A] W515L o] 7Hd EabA A

dom, W515 EdARolE 7k o] "X b ol vlsiA WY

HT
o
2
L
o
w
N
=
rie
O
_l_/

oF ALV G A7E = ET oA MPL

type 4 Z¢¥olel W515K 2 4, PMF ol A type 2 =¥ o]el S505N 1

-

A7b BAAAL Type 2 EAWole] B9t F2 FA4 D2BFNF

(Hereditary thrombocytosis)olA #zE = EAHo| 2 A A EE AW
(Somatic mutation)™= =53] =& LA, B Ao A= PMF g4}
A #EE o, FJoaskA Aol vt glla, 7|Ee| ET 9 ¥H

o 14X ET oA ojatAl o= A® MF 1% dxd MF 1A 72

SEE=S

ET ¢} PMF % JAK2 ¢ MPL E¢wWo]7} vrAw ] k= -7} oF
40-50%A % ¥t} Hol Calreticulin(e] s}, CALR)fF-4 2} & 9 =
Aok MPN oA JAKZ 32 E<¢®o] thgoa &5 Hi=+=
BAFAA oo dxa gk Y ET 9 PMF $xboll A zhz}

25%, 35%°1A4 AT = Aow HuF YA CALR EdWHo|utd o

Fl
l

w2 MPN ¢ Wi 7|d-e o

do

5] WA A= &tk CALR 4384k o]

fljo

Hol A9 = 52—bp deletion(c.1092_1143del)S H2l type 1 =4

Hol7} 53.0%, 5—bp insertion(c.1154_1155insTTGTC)E E.2l type 2
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=dWol7F 31.7%5 AAsGlaL, 1 wrell oY TR HE EdWole
=EA #FHAE P Kim T2V SR uE B CALR w0l
= type 1°] 16/25(64%), type 2 7} 9/25(36%) #+ZE At Type 1 &
ET ol 9 #@l(56.3%), PMF ol A 6 dl(37.5%)°1 4 #2% 9L, type 2 &
ET ol 5 #@1(55.0%), PMF ¢} MPN—u oA Z}7z} 2 #](22.2%) 7} 325
Atk JAK2 U MPL Ed®olo A $4S w3l ET ¢ PMF o4 CALR
Zoddole wEe g3 wEE RuEo T 20 BT oAM=
48.9~71%, PMF oA 33.3~88%7t4] RiE oL} B Afoas o)
A 3 31.3%9 25%9 WIEE HATE Type 1 EAWo] 4 9, type 2
Aol 1 d7F #&H Y type 1 EAW7} 71 ©doH, type 34 &

Aol (c.1154delinsCTTGTC)= ET ellA 1 &7} #2= Aok

CALR o] HER o

[

4G GRA,

AN EE§FA (High resolution melting analysis)s©°] =9 Z+

AAbE el whe ko] xpelrh Tk @A sHg el AR E AL 9l
PRI RA S FAH R 15-20%0]49] EdWolzt EE oo}
Azl Thestrldel ==l olHuh AL E=dwelrt xdhE A

Aol 24 9t}l. WFA high resolution melting analysis & #&
ANES ¢ AHLe EdWorF xEgHo ok HEH7|uEol

Aol wel FAEA 2ol7t A& 9l JAK?
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EIETR e = B

ET oA CALR EdWo] Aol JAK2 EAroe] Aol vl 3
& GA WY} HEFER AAETFS Holil HAWE FUIEE &
AL BT W PMF ol 4% CALR SdWo] Aol JAK2 SdW

3

M

of m& WA = Aady rBe ZvlEE A27AS worh
CALR EdWo] <fd< o] Triple negative vl H]s] W& +-7} vtal LDH
7F S7rgdar Barstgioy, B Aol A= triple negative ET o H] ]

CALR EdWo] ¥4 ET 7} 4ado] A5y

e
P
ftllo
T
30
kl
ek
4
IS

a

| 222 R A A= 2ol 7F gLl

JAK2 , MPL, CALR EdWol7te] dAS et A= ok
Aol A CALR EAHo] 3} triple negative ©] TE ol H]3[A
FAZ o] #aygdvtn Bk W &A9 Finazzi &

1,150 o] ET =S Aoz 3k oA CALR E¢Ho|7} A=

ol7b  HAA AEES AolE
TA2t= A YAIRF CALR Aol +3} triple negative 9]

2 o HEA dFe] v AESdAE SAIPSR FY5HA
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2 o

=
o,
A
rl
il

FZ=AAZF(MPN)o A Calreticulin (CALR) =<¢1®o]7}

i

A=A}, o]o] AA= JAK2 V617F <4 MPN 3k2} 25 oA CALR,
Janus kinase 2 (JAK2) exon 10, myeloproliferative leukemia gene(MPL)
=dWolo Nixet I} Fde AsE T

g W 0 % 25 WS Essential thrombocythemia (ET) 18 1,
Primary myelofibrosis (PMF) 5 ", Polycythemia vera (PV)2 ¥ o] t}.

CALR, JAK2 exon 10, MPL EdWolE ZAH d7] Ad EX4S E3

Ay} o AA 256 H APl 1,2 & 34 FS ¥ 3 A F3Y
CALR E¢iWol7} 2=t 1 § &5dwol7t 5 = 7P &3taL 2 of
34 3 EdWols ZHzh 1 gy HAFHIY. 18 Wel ET ks

CALR Zoidole} MPL EodWol= 717} 5

of
:‘_I‘
Do

)
S
>,
o)

9
)
50

JAK2, MPL 3 CALR =Wl S4E& Hole triple 484
11 Wolth 5 He] PMF 8% 1 #wk CALR E4¥ol7} A& Q)
JAK == MPL =¢8] &4 3x}= ET 16 ¥, PMF 4 Holglt}. o]%
CALR E¢IWo] Aol W= ET olHE 5 H(31.3 %), PMF oA+=

o (25 %)o]H Tk ET sxlol A CALR E<¢Ho] kAl 3kxlto] triple
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=AWl A St Hle] A A7 o E=AUT (1,263 x 10° / mm’

d
r (
ol

vs 941 x 10° / mm?).

A2 : CALR =49ol7} JAK2 V617F &4 ET < PMF oA 713

=
'
2
fft
re
E
o,
38
~N
=2
Sl
2,
(@)
>
—
=
=2
=
2
do
2
D)
ot
M
1
rlo
—
>
o
o

V617F &4 ET ¢ PMF o #&3F A =7} & 2lt}. CALR

EAWo] T2 triple negative w3 & P4 5AE ThxH
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Figure 1. Types of mutation in 18 JAK2 V617F negative ET (number)

JAK2, Janus kinase2; ET, Essential thrombocythemia; MPL,

Myeloproliferative leukemia gene; CALR, Calreticulin
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Figure 2.The frequencies(%) of CALRmutation reported by previous

studies
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Figure 3. The three types of calreticulin(CALR) mutations identified in

this study.
Type 1
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Figure 4.The two types of Myeloproliferative leukemia gene(MPL)
mutations identified in this study.
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Figure 5. The mutation of JAK2 exon 12 in Polycythemia vera

JAK?2 ¢.1624_1629delAATGAA (p.N542_E543del)
JF_KI_E10_05_Rapidbens0_FOP7_] Fragment baas 4250, Baka 245 of 425
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Table 1.World Health Organization 2008 diagnostic criteria for

myeloproliferative neoplasm

Criterion Paolycythemia vera Primary myelofibrosis Essential thrombocythemia
Major  Hemoglobin > 18.5 g/dL Megakaryocyte proliferation and atypia®,  Sustained platelet count > 450 =
{men}, > 165 g/dL (women) accompanied by either reticulin and/or 10°%/L
or® collagen fibrosis, or® Proliferation of megakaryocytes with
Presence of JA%Z VE17F or Mot meeting WHO criteria for PV, Chil, enlarged, mature morphology
JARZ exon 12 mutation DS, or other myeloid neoplasm Mot meeting WHO criteria for PY, PhF,
Demonstration of J442YVE17F or other ChL, MDS or other myeloid neoplasm
clonal marker or no evidence of bone Demonstration of L4452 VE17F ar other
marrow filbrosis clonal marker, or no evidence for
reactive thrombocytosis
Minor B hypercellularty with Leukoerythroblastosis

Increase in serum LDH level
Anemia
Splenomegaly

trilineage myeloproliferation
Subnormal serum
erythropoietin level
Endogenous ervthroid
colony formation &7 witko

PV diagnosis requires meeting either both major criteria and one minor criterion
or the first major criterion and two minor criteria. Essential thrombocythemia
diagnosis requires meeting all four major criteria. PMF diagnosis requires
meeting all three major criteria and two minor criteria.

JAKZ, Janus kinase 2; WHO, World Health Organization; PV, polycythemia vera;
CML, chronic myelogenous leukemia; MDS, myelodysplastic syndromes; PMF,
primary myelofibrosis; BM, bone marrow; LDH, lactate dehydrogenase.

0OrHb or Hct> 99th percentile of reference range for age, sex, or altitude of
residence or Hb> 17 g/dL in men, 15 g/dL in women if associated with a
sustained increase of = 2 g/dL from baseline that cannot be attributed to
correction of iron deficiency, or elevated red cell mass > 25% above mean
normal predicted value.

®Small to large megakaryocytes with an aberrant nuclear/cytoplasmic ratio and
hyperchromatic, bulbous or irregularly folded nuclei and dense clustering.

‘Or in the absence of reticulin fibrosis, the megakaryocyte changes must be
accompanied by increased marrow cellularity, granulocytic proliferation, and
often decreased erythropoiesis (i.e., prefibrotic cellular—phase disease).
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Table 2.The frequency of JAK2, MPL, and CALR mutations in 25 JAK2

V617F negative MPN

ET(18) PMF(5) PV(2)
JAK2 exon 12, n(%) 1(50)
MPL, n(%) 2(11) 1(20)
W515L 0 0
W515K 2 0
Others 0 1
CALR, n(%) 5(27.8) 1(20)
Type 1 3 1
Type 2 1 0
Type 34 1 0
Triple negative, n(%) 11(61) 3(60) 1(50)

JAK?2, Janus kinase2; ET, Essential thrombocythemia; PMF, Primary
myelofibrosis; PV, Polycythemia vera; MPL, Myeloproliferative leukemia

gene; CALR, Calreticulin
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Table 3.Clinical characteristics of JAK2 V617F negative ET and PMF

ET PMF
Number 18 5
Men/Female 10/8 3/2
Age 58(26~82) 56(28~73)
WBC( /mm3) 9,081(4,500~13,120) 22,542(11,679~42,350)
Hb(g/dL) 13.8(12.3~15.7) 9.7(6.6~12.0)
Platelet(x103/mm3) 1,054(603~1,535) 563(90~12,620)

JAK2, Janus kinase2; ET, Essential thrombocythemia; PMF, Primary
myelofibrosis; Hb, hemoglobin; WBC, White blood cell
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Table 4. Comparison of clinical and laboratory characteristics between

patients with CALR mutation positive ET and triple negative ET

CALR mutation(+) Triple negative V];:le
Number 5 11
Men/Female 3/2 7/5
Age(yr) 53 (26~72) 59 (45~82) 0.394
WBC( /mm?) (6,503%3120) (4,50§)f112,630) 0.283
Hb(g/dL) 13.7(12.5-15.7)  14.0 (12.3-15.7)  0.684
Platelet(x10%/mm?) 1,263(890~1,535)  941(603~1,502)  0.046

ET, Essential thrombocythemia; Hb, hemoglobin; WBC, White blood cell
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