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Abstract Classical Philadelphia chromosome-negative MPNs (myeloproliferative neoplasms) are a group
of hematopoietic stem cell-derived clonal disorders characterized by abnormal proliferation of some or all myeloid
lineages often with increased cells in the peripheral blood. Most of the patients carry detectable somatic driver mu-
tations, and MPN-related gene mutations contain driver mutations in JAK2, CALR and MPL and passenger muta-
tions such as TET2 and DNMT3A4, etc. Subsequently, undergoing a period of complex clonal evolution, MPNs could
evolve from a chronic phase to an accelerated phase, and ultimately a terminal blast phase, which typically presents
as an AML (acute myeloid leukemia) with more complicated structure of mutant clones. These somatic mutations
and consequent CH (clonal hematopoiesis) are likely to play a crucial part in the occurrence and development of
MPNs. In consequence, probing into the selective pressures that contribute to initiating CH will provide greater in-
sights into the molecular mechanisms of formation and evolution of MPNs. In view of these aspects, selective pres-
sures that derive from aging, therapy, microenvironmental alterations and stochastic process, and MPN-related gene
mutations will be summarized in this review.

Keywords MPNs; CH; selective pressures; gene mutations

Wk H #1: 2022-01-14 $2%% H #1: 2022-04-06

Hh g A S ARV 55 2 5 T8 4 (HEHE 52 3332020056) R 5% [ SRR S35 G (b HE 5 82100152) % Bl i1 i

*WI/EH . Tel: 022-23909448, E-mail: tongjingyuan@ihcams.ac.cn; shilihongxys@ihcams.ac.cn

Received: January 14, 2022 Accepted: April 6, 2022

This work was supported by the Fundamental Research Funds for the Central Universities (Grant N0.3332020056), and the National Natural Science
Foundation of China (Grant No.82100152)

*Corresponding authors. Tel: +86-22-23909448, E-mail: tongjingyuan@ihcams.ac.cn; shilihongxys@ihcams.ac.cn



Tt A5 20 U f) A SRR R e B E RO T T R FR

1685

5 L (1) B 3 A% Co AR B 1 1) i 8 B 12 B 98 (my -
eloproliferative neoplasms, MPNs) & — 41 & AE 7R i ML T
4 ffd (hematopoietic stem cells, HSCs)HJ % 4 o [ 14 5
o PIPAH QI BE R AR I i R JAK -STAT 555 5
I8 % 5 250 B i 1Ml (clonal hematopoiesis, CH) I & #
MM — R R, B2 FHUEE SN L= 40
WX, /MR Z B 2, A . 1
R TR SR AT 1 JI R S5 i IR B AIEM . MPNsH] 43
IR, B IR M /NS 22 iE (essential throm-
bocythemia, ET). H M ZL 44 £ (polycythemia
vera, PV i & 14 & 8 £ 4E £ (primary myelofibrosis,
PMF), AN[FB MR 2 6] 0] LR A2 Ak, F2EEAHEET
PV ] B 6 2T 4 Ak (myelofibrosis, MF)#% AL, 4 /1>
BETH ] REMPVEELL . MPNsIE R 1t e 2218, S50
FHRIEARCRE ek St 38 & I (acute myeloid
leukemia, AML)J& 5 M 55 5 A2 A7 o 5 A AR A7 B ) B
EKZ, PV, ETH PMF[a AMLIF 104E5 40 R 551
H2%~4% 1%+ 10%~20%". AMLE — 5 T
HBE I LK R G0t R, B UG, FUAEAEAT
AL R28.7% 7M. PR, B FEAL TR E MRS
MPNs, K 47 A BE A AMLZE % 14 i 8 () 1 55 F 42 i
FEALHT AR E K T

Z W JAK2. MPL. CALRI:H %75 /& MPNs
(1) 3K 3y ik PR R AR, PV i v 29 95%48 T JAK 2R
A(JAK2V617F), ET & 35 ik K R4 43 41 5 PMF & 3%
KL, M JAK2, CALR. MPLFEAS () 3 7 A
50%~60%- 30%-. 5%~8%"'%, E&xLL I =3IKg)
BRI RAZ AN, —LeAR UK AN HE K (UNDNMT3A. TET2,
ASXL2. TP53%5)98 7% tH7EMPNs 1) o [ v i3t o k4%
PRI, g, R iy IR 5848 (1) AN A & A2 CH
A IR 3 NMPNsHIMLE] A AR Rk,
TR T P I IR AR 1 i R DA B DR R B (R SR A
BT 3 — 25 U IRMPNSs ) o B 3 E AL, AT A )
TAMLP) T o A A v B 3 i & A2 R 45 s 77
FH I L K 9825 X MPNs o B T BEA L 1V — 223K

1 CHFEXHNEREES

TEIE ALY, (R4l SR8 22 B 14 e
TR K 2 B AR iy 8 B B, /b H]
B2 7 A i R A K R, I 40 B e T AR
AT LAJY R BE I AN 0 8575 A FIHSCs T 1
S I 7 A KRR R AL, 3 — SRR R A S

BN, G MR 3125 TMPNsH &K A i
HERLAR, JRI80 T MPNs o] AMLS 17 28 G0 1 g
FR AL KU, BTG, PR 9T )5 B o B 3 L R e 3 s
71, A BT B O IR MR B MPNs Y e 2 i 10
AR, A% T CHIG B /i U eS| — e ik
&, Horp FEAFEEL . BT T LT IS B
BE RIS 252 LA A B LI A2 DO AN T T
1.1 ®=Z

fEEZ AR, A BRI LA AR NS
THEHEDNAGAT i 4 32 451 DA B ok R 4H AN A E 1,
RAGBOEZHMMT. BIREHE FE, IFKR
A AL SN IR R R W], 32 5CHZ A
R R NEY], RS EREL. RS EN
M — RBVMLBOF AAER %, 58 B4R 4G 1E
(myelodysplastic syndrome, MDS). MPNsFIAML ]
ST ARG I A SR, I HL 5 AR 4 g AN AH 48
0 50 B D0 35t B A 0 1 o B2 4R B 1. GENO-
VESE&ER50f 2K BA 1 14 2 a8 i B L 009 2 B N T )
A0 L4 A S50 Fr s HEAT 20 A s R, AT
50% DL R ) ANHE(1%), 65% L E [ N B K ACHIY
AR (10%) B 3 m . stk o] WL, 2 2202 R A CH 2L
MPNsHIfER R Z —

JRAEHSCs I B 23 W 5 4 i Y 18 < T 1,
B Th e % M A N 1) 4R RS 11 T B2, T 32 3
I 1 Dy e B BEAR . IX LB Thae T B 20 1AL AT RE
BLHE 32 A K IDNAS Ji . FLACHAEPIH F 7T AE
2, 1R/ BRI ZEEHSCs Y, Mgt A i fr R 2 &
) (minichromosome maintenance protein complex,
MCM) & B> 5 EIDN A el & i sk, SHIDNA
SRR AR AL BRI, DNASR 17 39, 2% 580
211 ) AR 2 A5 B . MCMA A B S P 4T i s
S| LU e FEBRURR, B 0 R IR, i
FUDNALR A R 3G i A0 4 i Zh e 1) T B HMCM
5 DR I 4 e 06 T 208 T o 1) SR K1 i AN I, T
UG A PR 208 T B 7 i T S — PR R . S 4h,
IX = PN Y A A S SORE S DN AR £, A AT EAFS
RN T, AT R T B0 AR S5 AH O (14 i TR R
Az, DAL B A U PEDINATR A5 A2 i i B R 2H AN B
ST RIE 2 — 1, 4k, DNA%R G B A 155 HSCs
SR T . WINGERTSS PO /N B S 90 R I,
A K4S i DNATY AT 5 F 82 Ho(growth arrest and
DNA-damage inducible 45 alpha , GADD450) 3%
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HSCs DNA$7 177 1) B3R 175 5 A, a8 J5 3lp38-
MAPKI(E 5 18 6 s 40 i 43 4k, AT Al BoA 3% & 4y
A4 D 7] ERTHS Cs R 77 A i — 2R B 128 ol 24 I 48 i,
fERECHI & A

B HSCsI1 21k, DNAS il i B 45 455 AN Wi A
R, AT E RN, 1B P LR R
AR Ty rE A A A 7 AR B AR AR A I T
FE. [FIIF, DNA$R 45t ] DL 5HSCs ) 43 44 B
I, %22 0] DL5 BHSCs 1) 7 3G 5 A 3 4344,
TV B8 I 7= A K R I 40 P, AT JS B CHIE R
A
1.2 JRTT(BITsTniES

FR 15 3 22 M OC I A U 1 20 A% FE MR AL, Ab
VS RL A v] D= AR e R ), BRAT $E 2 (R VR
J7 (AT . T R REE I 5] R HSCsid B B AR,
HATCHI KA ke, M-S BIMPNsH) & 4 LL
KRG T AH I B 2 8 (therapy-related myeloid neo-
plasm, t-MN)#4LP281, BEEE o B 38 Ji7 77, . 5:532P.
I A 9 22 A H A 8 28 T V6 7 MPNs R e Jik
11571, #B-5 MPNsgk & 19 AMLIIE & Je A o5, 1t
b, MARUSYK S POE /)N Bl IR B Bl #5236 vh R B,
Tp5353 AR E AR RLPIN3E 1ML 22 40 H 4 He AL B 2 1) ik
PRI, BAERSZ RS 5, TpS397A% /N bR v P 2
W2 30 A TR BRI, AT B BT R 1% R AR ) ik
BT MAERREIRIT G MCHA, B T — 28k 1)
TG M 3 K 22 A2 41, TPS3. PPMI1D%: 5DNAH
A s A 9% ) 25 DR AR A A8 B A B e BRI, THOIT
AT S5 IS N I0E R i £ K ) AT eI i DNA
s FED RAZ WL (2 2ECHIY R A

BEAE W FE 0\, Sl Ve T JF 4 B3 5 BCHAR K
RAZ KA, T2 AT REXRT CAFAE )RR AT IESE, I
TS L8 RAR R A TP i e FE AL 4. WONG
5 DR 6 JRUR 1 AMLAG IT AH 9% AML(therapy-
related acute myeloid leukemia, t-AML)IZEATHF 7T, &
LG # I TPS3RA R AEZ m TR, Hsr e
AT R A R AE TPS3RAY . IbAh, A A1 ST
TEAA R AN Tp5 33 T 41 A (hematopoietic
stem and progenitor cells, HSPCs) ‘B #8 ik A5 14 /N i,
RINRATHSPCsTE 42 24097 5 RT3 . ik, 1t
TR — Fh gAY DR HE T TP5 39877 FTHSPCs X
T 24, FF HIX Se 8 B 7540 7 16 R 77 AR Sy 3,
RACH, FHUEM MR . (HATPS3R AR PV w4

Tt-AMLIIHLH) A . 52 44l LINDSLEY
SEBR ILAE NpS3 1A I 2%, PPMIDIERITE IR T A1
K FIMDS(therapy-related MDS, t-MDS)H [#] 5 4% 4 %
TR R EMDS, PPMIDFAZAE-MDSH & £ [ HL ]
st — PR R .

SR, TEMR IR I RE R, AR TR R AR
LORFCHIMR . AW AR B, MR T 5 & P
Jo, t-MNH [ — LeCHAH OGS A8 4 8 ] RE N, 1M )
— A R OREE AN AR B> . i, 8 I R R P S
P Jirb 98 AN -MINZ W IS ST (%) 5 A a3 47 68 B 18 0 1,
GILLISZE 1k I K 2 Ht-MN i 3 [ CHAH 96 2 [R1 58
AR [ BRI e T, (R 2 =2 — B, M
N7 [ S A, JE R A% R A [ . ARENDS SO o
XF221 4057 B AT CHE) ) 24 58, R ILZ140%1H)
CHAH I [R] J AR A8 S S5 A7 L R A %€ (variant allele
frequency, VAF)FfIN [8]25 46, 3 H B A A E A0
W ——DNMT3AG A IVAFIE AR LR FEAAE, RAD21 .
PPMIDMEZH2F2 [\IVAF R £ EF+, SF3BI. JAK2
MICBLBRAZIVAF R T B Ak, b 45 #H 7] %k
B A FEFPEIERE R B E AN PR, A
[ SR AE VAF (1) Bl 25 A8 4 52 b o b 5 A 5 LR AR e 1 1
M. DA _RWFFEER A, AT RE TR U 2 e, 15
17 AN () 9782 (1) o B K 2 P RE YR 97 I 38 )
R A P& NP . DRI, B 7 R R R S
PEAKF B8R SO RE I TT . CHS I i B 988 & A R
A RS 2 ] 1) R Tk

YBIT (RO BT )38 BRI E B ) T Rl i 5
HCHSCsid M 1 A%, RECHI R AR R R, i
BARS T WU T5 BRI R R 7K B B4R T B8
Uk, 7EMPN's S oAl 88 % 1 57 v 7 i FE v, i
TEVPAR IR YT 70 CHIVIE B E ), I8 B VR T
ST (1 ()BT 2t A0k R g 1 2
1.3 BEERIENE

HREIA R R — AN A5, A 7R T4
M. R MAN AR ML YE. i W 2% SR 2 R, H
BUBRECHM I FE Pl 8 ZAE . 5 IEH A #R
AL, MPNs. AMLEE 1 fifl % 1 <9 [ HS Cs th 4b
F—ANmEER RSB T MR . i
SRR IR FT RN, R BF B RS T ) RE TR R
/& PL5 FMPNs. AMLEE 4 55055 (1) K A2 . WISE-
MANZECHR 8 T 82 B BB R AE Ja R A ok IR G
I B 91, BH B A7 CE IR A B SR AR 5 v] B 5
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KA. HE AT LA 5, 1EH HSCs Bl A AE N B[
BRI REOA SR JS, AT DATE G RA B R 1S SR
FA, B RRCH.

W RO B A B Ak, AR SC DA TR) 7 5 4
DA B 200 0 5 0 T 1 o T AR B, IR TEROA
Be o mr LA 3 CHIM R 4B o LA BB L R I,
JAK2V617F" A 55 200 it AR AR S 365 1) 7 5 A 5%
DU 1E 5 3 1 Dy R 9 AN SRAZECH, 7742 T 3
CHIE £ % 77, b AR 45 /N 5K A= MPNsP, i £
Xt AR, (RSN PN R 4 R S T R A R
OER
1.3.1 B AAmie @SR A ST, ZAMBETTI
LDV I, MDS S8 3 1) i 1R) 70 03 40 P R 2B T ast Ak
ORI S 4 2 2, [R) 78 )5 4 fflp53-S100A8/9-TLR
PRE A 5 10 B B0 T DA O e, JF A,
[i7) 78 J5ft #H 41 fi Sbds 2 1A i 2% (1) /)N B3 P L T Shwach-
man-DiamondZ5 & {IE(SDS) & & i R . hAh,
KIMZE 0L B A= /) G154 40 M % A8 AN Mib 1 5% A
PERS SN B, R BILMib 1332 Bl 2k 1) 18] 78 57 20 fif 2%
4 PP B 8 o A 5 T 380 R M Y
DONGEEHIH TR /)N FRBE A o R 3, /I BB 68 1) 78 )7
T-AH 40 L LA K i LA B R AR Pepn TR RAZ S, 23
A B R AL I T CCL3, 5 3054 41 i fEHSCs
JE BB B 45 43 WATL- 1 BAN HoAth S RE K 7, FHSCsid
iEAL, T2 BEHSCs# 18 JEMPNsIH & k. DL T
FLA B, [A) 78 0T 4 M S U W] DL S B R R AR
S, AT AR JE B CHIFIE £ 17
132 AE@mie BRI, PR 4
2 59036 i SRR B, 3 T 7 AR S BCHIY ik
PRI 1o DAAERIF0 R R, 64 MPNs &3 (1) 4 4
B A A0 5% T JAK2 R AR, IF BRI 85 A B A
Y1 R, SR I PN R 4 i B A B i ) I A R T,
TE 1 1) 1ML 55 465 A6 AR 5 A e, BB A R T R 1 K
Ao PRI, KN BRIAK2V617F N R 4 g
53 9 5JAK2V6I7F" . B A= RIHSPCSTE {4 41 3t 1 7%,
JAK2V617F HSPCs 3 58 fIt % = T #F 4= BUHSPCs,
It HIAK2V617F N B A FIMPLAR A _F I, [k,
AR N Bz i i AT e S B E & M TPO/MPLAE 53l
%, TP ¥ HSPCs A K. B L, M #)FCH
IR BRAh, B 1 IR 78 BT M. PN B 40 AH 5 1)
ML b, B B GA 35 v i o) FE o 1IF 5 HSCs 345
G I FN ] 38 0 0 A S I M SR B CH I R AW

IR b, 7 #R 7 MPNsZ5 I3 2 40 507 1 R A=
RIEHLEI, B T RV EHSCs A & &AL 1 e 48 4k,
LR AR B B AR A AE e R IR IR . B AT LA
P AR OB S W RIE T 7 vk, R I AR BT S
e [ 2 B PRI AR Ak, AT B g oA A B 0 0 1) R R
R, HMEARIiE -

1.4 PFEHLIEZ

PEIGEM 3 A S I BE LS AR R] e AR
HECHIY LB K /7. ABKOWITZEEMH S $2 H 3756
WEIX — Mo ARAT A B0 AU S 36 ) F0 45 2R 5 K
EAE Y B B SRR AR I 5256 B0 AT LR, E
SEBE AL 2 A X CH IR 3% 358 400 35 L B o B AR 34 A2 (1)
BENLIE . HOLSTEGEZPHIGENOVESEZE 153 5 %
RAECHE T &R NAL LR FIF, #9055
I 4 SR AR R R IR A BIX ) SR, 3 1T IE S
BE AL 3% B 5 0 N A A= B Bl BHOIR 245 o 3 i 1k
I, ZINKEFEUSE— DR I 1 B AL AR CHIP I 35
JE 70 ARATR RS NBERE A AT A R T, K
DAL IR 3 R 2848 (M CHE AR E 2 4 N B
O L IR — SR R L, AR 4 A A
F B RS RAR . B PR SR 1) M 22 57 DA S
FEAE RS HTHSCs 52 25 . (H2, T H A
SLP R AR RS ARz, MR, A TR
FEHSCSHUM BT L L (8] 4b T~ Ao vF s B HEIRAS, 4%
filor3, . TSRS ARES T 1 CHE S
. PRk, BEALIEFE T RE A R T4 SR CHAR 3

gi b, B IRIT S RN AR R R I (3R ),
fEHSCs/ = A I 1 A KA F, TEH(CH, FF T REAE L
et bt —5 K JE NMPNsZE LR R SR . R,
TR ARG IT R B CH A AR R . TR,
R R ICHI R A R RT BE 098 () RS PPA
R E 2 M. (22, HTCHIEZE N
LR L IR 2R G PR S B R AR AU BRI,
D] St CHASE I 1) 0 BEVE AT R B0 IF, B8 R o HLARR S5 1Y
ASE N 77 35 DA B 10 H Ay 385 P T 55 i s 75 S — 2D

2 CHEXHERERT

FEXF T JECH#, CHE B m A LT3R
LR 22 G0V Jgg A2 BT B 1 DAL iR 1
CHIE 8 & J 41, CHAH IG5 R 58748 7] i 5 31X L& X
B39 MAT 5% . MPNsIRB) L KRB HEJAK2 . MPL
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Table 1 Selective pressures associated with CH
KR L 275 3R
Sources Mechanisms References
Aging Genomic instability in cancer [23-26]
Enhanced differentiation of HSCs
DNA damage related to replication stress
Therapy Gene mutations [30-36]
DNA damage related to exogenous stress
Selection of cells with oncogenic lesions
Bone marrow microenvironment  Immune suppression [39-43]
Increased angiogenesis
Exhaustion of normal HSCs
Increased vascular permeability
Up-regulated signaling pathways associated with CH and proinflamma-
tory microenvironment
Stochastic processes — [22,45-46]

CH: 3@t M HSCs: i 41 .

CH: clonal hematopoiesis; HSCs: hematopoietic stem cells.

FCALRIEAS, X L IR Al RAFAE ok A2k g i A2 vp
RFHBEA M., —SAEIKa) 5 R RAL A F— €
PE W, 32 A0 45 e WAZ 1 = R (AN TET2) 58 A2 il
R IR ) 9EAS (i1 CHEK2. SCRIB. MIRG62.
NRAS)% . il A\MPNs i 3 w358 [R] 58 748 (1) 35k 45 7] B
Rz )L B M e B, T R R R AR R AR 5 CH
JE 5. MPNsiZ W 2 [6] 4 — & B AR (R,
MPNs/2 I 78 CHIs 5 56 PR S AR 1) R 4F A5 2

BEAE I TR B, JR R RAZ AL 0] LA 1 MPNs
P 2 BRI 5 3k, W CABAGNOLSE: Bk 3]
CALR 1795275 (52 bp deletion)df 7 & Wi 7 T & &
PMF, CALR 274545 (5 bp insertion) | 58 44 7] T & A
ET, HAIDER % PR ILAHA T JAK2V61 7FF CALRSE
A5 MPLZRAZH N T ETIHMFEAL I XS teah, f
W FEUE 52, JAKV617F55 o7 F& DR 7 faf 38 0ok = 39 i
PVELET W] MF 64k 1 RS, (R, 35 R 5848 471 fap 338 1
2L FEMPNsiE Y, MPNs (IR B 5 R 5848 £ 4
B AR Mot FE AN R, LR R B A A 2 A AR
R AR HAEXTMPNs KA R B B2 Y,
2.1 B ESRET I A 5200 52 E VR i

1) FEES [ 6 KLU 7 425, LUNDBERGZ!5g
T KBAFIMPNs i # [ RAR 1, RILTET2. ASXLI.
DNMT3A%E 5 W, 1) AR BK 5 A48 W] DAAE SR 3 4 (R R A
Z W ZJEES H AN R A, WIDNMT3ASEAE 3 4
S TJAK29AG . 8% 5JAK29 7% [l I %% 4, TiiIDHI

RAF 3 B R AEACJAR2RAL 2 J o R R AR m]
PLEZ MPN# %4, IORTMANNZESI%JAK2-TET2
W FRAFMPNs i # BEAT B 78, kB2 R LEJAK 298 7%
(JAK2-first) i 5 W Bt K APV, 1 J¢ K AETET29 4%
(TET2-first) .3 | 55 AT e R AEET . R BRI R AR ik
#t— 2D R U MPN ) % 3 i3t FE,  JAK2-first 8 48 J 3%
o5 P23 2 B gk, [ MFAI AMLA% Ak i R 2 T
TET2-first & o IAL, AT R I JE K I TET2587%
e 1 INJAK 29 AF HS Cs 1) o B 7 184 RE g -4k e 7=
AT 2 AR, 1T S R IMJAK 250 TET2 9878 1)
HSCsN A X FAEH . RAMPLEZEROE /N R A1 )
W 50 R BRAE Tp 3 3 b /1N B 110 -1 4 40 e v 7 ‘2 JA K2
AR FE R, I 5% 41 g FJAK 2 B — 53 A8 20 g
RN AR /AN, RIVAETpS3TAL T 5t Rk
JAK 2R FE TR 32 /N B A B 22 B4 R A 40
Ja, BER AR SRR, AP R E 4R k. DL Bt
Tt 22, PR T ARG X MPNs (1) 25 8 K s ik A A
—E NI .
2.2 EERTHEF T E R

NANGALIA % A GRINFELDZ: B85 51l %5 K
A% MPNs 838 3EAT 3 R 77 ) R B, M RR 3 1 2
R RAFEH 2 FPVEKETE A, JER R H il hER
Mg MPNs ) 70 B 33 . NANGALIAZE S % 3 DN-
MT3ARAE 5 JAK 28 MPLAR A SL[FAFAE R, #5755 DN-
MT3ATAZ IR FEAL N b, [ L JAK 2B MPL . — 5%
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CALR/MPL
mutation

! Mutations in other genes, i

T ! e.g. SCRIB, NRAS
: | Accelerated |
| | phase (MF)
- S ciboind s
\
\

Additional hits, I

\
\\ e.g P53

| Blastphase |
(AML)

JAK?2 mutation

Mutations in other
genes, e.g.TET2

3 There is a latency between |
! CH and MPNs, i

3 The order of mutations

! influences development of 3
| MPNs, such as J4K2- ]
3 TET?2 double mutations!**, 3

@
(=]
2E
&%
=1
|

3 Passenger mutations (e.g. |
! SCRIB, NRAS) promote
| progression of MPNs[8],

Additional hits,
g IP53

/  Additional his (c.g. TP53) |

) <~ 3 contribute to leukemic

! transformation('4],

E1 EE I XTMPNs 5 MESE 3 S200

Fig.1 Effects of gene mutations on MPNs clonal evolution

o B BE B SE AL, DR, BEPR SRR H 3
A REfITHSCs B & T 2 s B o X —JE A8 AE /) RS
R 38) TIE. LMERT LR, EZH2ThRE iR 58
0] KA F 10%~13% [ MPNs i, H5J4K2V617F
HFEIFFER, IS BUEE SR A RBEMK. W
AMLEAL R T 1, YANGEE, SHIMIZUZE 1,
SASHIDAZE 0y B Sr | JAK2V617F-Ezh 258 5 f5
B IR BARAISH 7B SR A R AT
JAK2V617F /NG, JAK2V617F-Ezh2/)N 5, 7] 56 BL %
J& AMF, H KR AMFRIARES I, &k A4 47 2 )
F%. Ub4h, LUNDBERGSE!M A HHL, oA Ao i 21 55 PR %
A AN A JAK2. CALRE{MPL . — A g Rk
A= M AMLIP) B Ak, (E B 5 2 R S 4 H 3 2, &
H SR AT R T E G AMLEL AL RS T =,
AT BR A 25 (R AR 25 H AT DL i MPNs FY) et e J5i g
HERE, I AT P I MPNs e B A B 45 R ) — > il
MR B LR R AR S, I 5 T4 /EMPNs
RIS R E —2EH. SAPFFEL X
% EMPNS, HIF 52 IR & (fIRBBP6. TERTS: 3L [H %A%
A LB ITMPNs 5 BI04, e Ak, 5 R 4 fifg 52 A8 2k
1oL, ZRAEG H B4t ] E M MPNs ) g Bt . B 7T
RIS RSN 984 Femly I, A4 R R 2R 275 AT LA in
MPNs &9 RS, A1 AT AR 3 9 T 310393

g5 b, AETE 2 AN BE R AR I, PR 98 A 1) 3k 15
JIi 5> 7T R 5 M MPNs 1 5 b J03E i 72, AR 4 H 1
Z ] DLFUR b FE VR E A R 45 R D). BUA 1/
SRR Bk — 2D R W EZH 2% 3L A7 58748 AT LA [
JAK2V617F, fi£ 3EMPNs ) v [y 3k, 3E 1M iE 52 Bk
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