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Characterizing the genomic landscape in myeloid malignancies with normal karyotype
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[Abstract] Objective: This study aims to characterize the gene mutation in myeloid malignancies with normal karyotype by
exploring multiple gene mutations. Methods: Tatal 102 acute myelogenous leukemia (AML) with normal karyotype and
myelodysplastic syndrome (MDS) paticnts were retrospectively analyzed in Changzhou Second Affiliated Hospital of Nanjing Medical
University and the First Affiliated Hospital of Suzhou University. Targeted second generation sequencing were performed using a
custom-designed 49-gene panel. CALR, FLT3 internal tandem duplication (FLT3-ITD) ,NPM1 and CEBPA mutation were detected by
Sanger sequencing. Results: D Together, gene mutations accounted for a considerable frequency of 98.8% AML patients. Coexistence
of = 3 mutations was identified in 52.4% patients. The most commonly mutated gene was NPM1(35.4% ) , followed by FLT3-1TD
(25.6%) , CEBPA double mutations (24.4% ) , DNMT3A (19.5% ) , TET2 (18.3% ) , NRAS (13.4% ) , RUNX1 (11.0% ) and CSF3R
(11.0% ) mutations. @ The gene mutations were present in 90% MDS patients. Coexistence of = 3 mutations was in 55.0% patients.

The most commonly mutated gene was RUNX1(35.0% ) , followed by ASXL1(25.0%),SF3B1(15.0%) , FLT3-TKD(15.0% )and BCOR
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(15.0% ) mutations. @ The incidence of mutation was similar in AML patients and MDS patients (P=0.097). The mutation rate of each
of NPM1 and CEBPA double mutations was higher in patients with AML (P < 0.05) , while RUNX1, ASXL, SF3B1 and BCOR
mutations were identified more frequently in MDS patients , both differences were significant (P < 0.05). @Gene aberrations involved
in DNA methylation (DNMT3A, TET2,IDH1/2)and receptors/kinases (FLT3-ITD, FLT3-TKD, JAK1,JAK2,JAK3, ¢-KIT,PDGFRA,
PDGFRB, MPL, CSF3R, NOTCH1, IL7R ) significantly predominated in AML while post-translational chromatin modification (EZH2,
ASX1.1/2, SETD2) and RNA splicing (SRSF2, SF3B1, ZRSR2, U2AF1 )significantly predominated in MDS (P <0.05). Conclusion:

Different functional mutation combinations revealed multiple sub - clones in myeloid malignancies with normal karyotype. The

genomic landscape of AML patients was different from MDS patients.

[ Key words Jacute myeloid leukemia ; myelodysplastic syndrome ; gene mutation

2558 & 1ML (acute myelogenous leukemia,
AML) Fl'E BE 34 A= 55 255 1iF (myelodysplastic syn-
drome , MDS ) J& —J5Ilffi R A1 7315t A5 2 5 B PEAR o
1R 3t 1L 40 L v B R P o SR A i 35 1
s R AML Be MDS S5 o 22 ) 0 BIL ] K g
SETURTRARZ — ABATS A o0 IR AR B R U 2
SRR BURPLEIA o B 73 T A 0T 5 iy ik g,
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SERL S R, MR R AT 22 B R 2 A
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SPRHER B IRAE . ABEAERTIIE LA |, 25
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[ B EAS 2013 4F 6 H—2017 4% 8 7 Trg st =
PR 5 B s M 5 N R B g B 3 M R s o4
—BEBEN T2 R AL BEih 7 9 1 H Y J5 % AML K
MDS F 3L 1024, 82 4] AML 45, 55 48 il %
34491, P AR 45 (17~68) %, ELEE Mo 2491, M7 41,
M. 28 ], M. 7 il , M5 35 il , M 1 451, R BEZ3 2 AML,
24, 2045 MDS &, 55 1161, 22 9 ], F AR
49(29~70) % , G A MEIR PR AR AL AT 3R IE B 4y 24
il #4 £ (vefractory anemia with ring sideroblast,
RARS) 1 3], Y36 VE M 4R i D A 2 R kB
(refractory cytopenia with multilineage dysplasia,
RCMD ) 2 5], M35 14 2% 1M £ it 4 40 L 1 22 1 Y
(refractory anemia with excess of blasts-1, RAEB-1)
74, RAEB-2 110 4], Frfy R F 2 BRI &7
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(morphology immunology cytogenetics molecular,
MICM)#fii2 , Hoh MDS /3 AUk WHO-2016 FrifE, A
WL R BEACEEZE b3 S, Ay 2 A TRl
12 Fik
1.2.1 AL DNA #9432

BURE H 2 & Z /e 212 (EDTA) e 1) 5
T AME] IS A% A0 M, 44 R DNA $2 B R) &
(Gentra 2y Al , 2 [E ) bR 2L BRAHHIE 240 DNA . 4
PG (A DNA Wk BEFNZE RS, T4 2 K 2H DNA
RS — i B2 50 ng/plo
122 #idZ DNA M5

BRI A RE S B2 R 2H DNA 12 ng, i i3 £ # PCR
YL ZH DNA () BARIX IR, J6 PCR F=930E1 1l
VIR, THALE 1 5 5% TonAmpliSeq SCFE R & 45
VERIFRUETR AR B Am-Pure XP 2k 5 PCR 721145
B Bl SCPE  F2 RN B, AR ST Al SC
JEWRFE . >R H Termofisher B (H ) 47 BR 2 ] S5
Es i R B S B S T A RS I 5 B 5
55 26>99% , - X5 P R BE X2 000, A6 1 2 A5 24
3.0% KHIGV BAF AT as H BB e 55 L A
HAMNE T L INGEAR S>3 % B A A B, TR A
LRI Z 8 S fm) SCEAE 49 Fiiis 5 AH SC I
K& M %€ 7E 43§ PTPN11, BCOR. NRAS, WTI,
MYD88.C-KIT . TET2.IDH1.IDH2 .FLT3 .DNMT3A .
CBL. ZRSR2. BCORL1. U2AF1, GATA2. ETV6.
SH2B3, MPL. CSF3R. SETBP1, ASXL1, ASXL2,
ETNK1,SETD2 .PDGFRA ,CALR .,PDGFRB.CSMDI1
RUNX1.SRSF2.TP53 . NOTCH1 .JAK1 .JAK2 . JAK3,
IL7R. PAX5. EZH2 . STAG2. PIGA . PHF6 . BIRC3.
KRAS .SF3B1,CDKN2A .PTEN., BRAF f FBXW7 %&
1.2.3  Sanger | />

Y FE 2 AR T R DNA I 45 AR 6 K R B A
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NI 50 45 S BB SR B, ABIF5E SR FH Sanger
W% FLT3-ITD \NPM1 5[5 12 540 T4 75 58
AS K K2 CEBPA £ [K i) TAD . BZIP B fiE[X. . CALR
FER 95 A0 i A 7 5 AR R
1.24  F &R 5T

U Z P B $E R 2~4 mL, 2K H 24 h %G1
BRI R R WAl BRI TR A3 AT
13 %itssix

25 R H SPSS21.0 3K A4 M o THEUCHERER
R Ik s Fisher i UIME R, P < 0.05 A2 54

giiteri L
2 # R

21 ARARETAEFHEDAMLE S T8 HHE L

82 {9l 1 7 B R AML B &, 81 il i B 2= /0
AR AR | BVGR AR 2 H 98.8% , Hirfr, HLJL [
GEAR K A 18.3% (15/82) , MUK K 9848 e A % hy

28.0%(23/82) ,= 3 Ik K ZA8 HAy e A= Ry 52.4%

(43/82), 7B H1 % dx = oA NPM1(35.4%,29/82)
HoAh 5248 > 5% LK YK FLT3-1TD (25.6% ,
21/82) . CEBPA X %€ 7% (24.4% , 20/82) . DNMT3A
(19.5%,16/82) \TET2(18.3%,15/82) .NRAS(13.4%,
11/82) . RUNX1 (11.0% , 9/82) . CSF3R (11.0% , 9/
82) .IDH1(9.8%,8/82) .IDH2(8.5%,7/82) .FLT3-
TKD (7.3% , 6/82) . PTPN11 (6.1% , 5/82) . JAK3
(6.1%,5/82) , WLIE] 1,

Fie L DR 710288 2 5 DNA Bk
PRI P RNA Y 45 X 1 i 2 IR Tl A7 AR BRI
RAS {55t F38 B AH OC LR e S8 45 S [H e 4 2R,
FE R 6 203 A, NPM 1 AVE R iR Ak 7 11 2
MAZE(FE ), 826 AML B, B PRI 2 14
DR 278 B 3 5 155 (56.1% ,46/82 ) 3 FHABAR YR g lis
SEIRTTREN (41.5%, 34/82) \DNA HIHE AR fit) 9 15
(40.2% , 33/82) . RAS {55 5 i ‘3 3 % AH OC 3k [
(14.6% , 12/82) . 41 &1 1 4 (8.5% , 7/82) Fil
RNA 8981 F(4.9%,4/82) , WK 1,

1 SIFRTEEAIRES 2

Table 1 Functional classification of 51 mutated genes

DIREHE A 432 FRAFFLIA
DNA HI FE Ak 3 15 FE A TET2 .DNMT3A .IDH1 .IDH2
RNA 84K F SRSF2.SF3B1.ZRSR2.U2AF1
it 52 R A T 7 AL IR FLT3-ITD. FLT3-TKD.JAKI.JAK2.JAK3. ¢ -KIT.PDGFRA . PDGFRB. MPL. CSF3R.
NOTCH1 .IL7R
RAS {5 545 538 I AR 3L R NRAS .KRAS .PTPN11.CBL
T S H A B N RUNX1.CEBPA .TP53 .GATA2 .BCOR .BCORLI .WT1 .PHF6 .ETV6
R B R ASXL1.ASXL2 .EZH2 .SETD2
HiAi NPM1. CALR., MYD88. SH2B3. SETBP1. ETNK1. CSMD1. PAX5. STAG2. PIGA.
BIRC3 .CDKN2A .PTEN .BRAF .FBXW?7
35 -
RNA GIZ K] 1 fon
30 o BB LD —
RAS 155 5% 30 ][] e
25 | o A%?%@W%
& it S R 2 (R DA
= DNA H AR 8 1 JE R
= 204
o
m
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1 AMLBEERERRESHRINBEERRTELILER

Figure 1 Comparison of common gene mutation distribution and functional gene mutation rate in patients with AML
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22 ARARELEFHEA MDS B E T o oW L

20 B 1EHAZ T MDS [, 17 Bl o /b4l
I JER AR, BRAS R Ny 85% , Horf BAIE [ R AR K
"= #15.0%(3/20) , W3 R 578 & A2 38 20.0% (4/
20) ,= 3R AR ILAE A A2 0 55.0%(11/20)
GRS K R A e S RUNX(35.0%,7/20) , Hofth 5878
Wk A ASXL1(25.0% ,5/20) .SF3B1(15.0%,3/20) .
BCOR(15.0%,3/20) .FLT3-TKD(15.0%,3/20) , 578
KM # R 10%(2/20) 9 3 K445 DNMT3A ,SH2B3
U2AF1, PHF6, PTPN11, GATA2 J2 NPM1, ¥ 1 {4
MDS ## & FLT3-ITD 2275 (K1 2) o

IREVAZRIE TR, 29 60% (12/20) 1Y) 5 & S
SEVE AT BE R 278 5 30% (6/20) 1Y H 4547 RNA B 22
PN B 41 8 A 35 TR 28 5 49 il A 25% (5/20) F1I

20%(4/20) %) 35 1517 I 2 BRI 52 AR TR S RAS
5 T3 A DG TR 58 A S AU 15% (3/20) 1Y AR
HHEH S 5 DNA WAL AR T R K 28748, WAL 2.
Jii A AML J MDS &, 53514 94% (15/16)
i) RUNX1 875 & 90% (28/31) i) NPM 1 ¥4 5 Hifth 5
AR AEAE . o NP S5 UL ) A7 S ROl FLT3-
ITD J 25 DNA B 3 Ak i) ¢ W a8t % 27 o 45 3 A
DNMT3A \TET2 I IDH1/2 275 , A4 i 2] IDH1 5
IDH2 2878 RUNX1 5 NPM1 28745 A7 A& Jik R 2715
TEA[R] £ 3 P () 3 A 5 L LR 3.
23 ARE T AMLAMDS &% 18 8 57 £ 7 ik
ARG F A Eos IR W AL AML R B S
MDS 41 35 76 SR SE DR AR 8 LRI 9848 | WU
R AR =3 IR R AR LA | e 22 R o sgiit

7 RNA BIZH 1

L HENBEN

61 W RASIE S4B LR
L R LA

= s i S R 2 VAL DY
= DNA HEAL A I 15 5[]

P ERS T OD SF R ELO @
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Figure 2 Comparison of gene mutation distribution and functional gene mutation rate in patients with MDS

MDS
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Figure 3 Coexistence and distribution of common gene mutations in AML and MDS (red highlight represents mutation

gene)
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2 Y, AML #3222 NPM1  FLT3-ITD .CEBPA
WA DNMT3A K TET2 28748 Sk &, Ho v NPM1 .
CEBPA XU 7E 7 AML H 1) % A2 2R B (5 5 7 MDS £
FLDESBERIT#EL(P<0.05), MDS HEH&ILH
ZAF 1L RUNX1 ,ASXL1 . SF3B1 & BCOR iy 3=,
KAFRUE T AML 85, 25 Wik git 2 2 X
(P<0.05), JIfgHAE Bn, B NPM1 Z£48 50, 1E
HRZAL AML f8 3 322y Ik 2 R T 52 I BE R 22
AR i SR 2878 T DNA Y REAR I 5 JE R 98725 5 1F
HAZAIMDS f8 3 FEN L S 158748 \RNA 59 4%
FRAF M AL R 5874 . Hip, DNA H3E4k
R DR 5 A8 i 2 TR A it A7 A R TR 9 A8 HE AML
o & A SR B = T MIDS B i 2H 2R B i SR I
K RNA 543 [F 1578 78 MDS H i % A R0 i /3 T
AML, Pk I Dy BB R W 21 78 3 [R] 114 43 A 22 5 3593k
Gt L (P<0.05,%2),

3o #

BZE BT, 2R 50 AML K MDS B35 =30 1E
WAL, W R A TR T B B 9 kT (minimal
residual disease, MRD) Wil | ¥ J40 5 45 1 A A e
Z IS S HARE , I IR IZ B FLG T 2 B ok TR
= AR M A TR RS I R ROk £ )
FE Rk R 5 AE A R A OGO B TR A e,
WINPM1 2 FLT3-1TD 4828748, L) I 5E K € 8% WHO
VBN AML &R 53 2 05y TR g A T AML )5
HZyrHam ™ . SR, ) AML L E A7 A0 [ NPM 1
geAR | FLIG R B0 B W5 A A B K 5 bk, #
AML B E AR Z I H 2 LAF AT RE

AP F 70 IE M AML MDS B33 h2i 546
T 16 FPEE 22 BRI E N, K B0 85% 1 & /04
M1 Rh LR g AR, Horf ) ASXLL R TET2 78 4k %K
AML 8855 v i 58 48 22533 5 3k 48.5% F1130.3% 7
Lin 4538 i /55 38 2 DNA I 5 R 78 112 6] )5 %
AML S35 R 260 iR S A, & 30134 45 AR
BHREVI2AFEEA . LUIEFERCE £ HE
HEH T, REBERH B N ZRH R, H
i, NPM1 45448 5 FLT3 . PTPN11 ,PRFS % SF3B1
g AR JLAF T IDH2 W 3 2 5 DNMT3A | JAK1 -3,
AXSL1 Fl U2AF1 248347 B 5 TET2 2848 B HE™ .
ARHFFTELEA R T 51 Fp il 3 PR 28 45 25 R o,
RN F YR & AML & MDS H [/ 7 fE= 34>
R ZEAR , TF H %8 AML 2 3% b ) NPM1 . FLT3-
ITD J2 CEBPA 2878 3=, HA I AR 5> 10% 1) HE Ky

R2 ERNEERTAEAML K MDS A5 HERIER

Table 2 Comparison of the distribution of gene mutations
in patients with AML and MDS (n(%) ]

AML MDS
ERRZ (n=82) (n=20) PMH
LR AR 81(98.8) 18(90.0) 0.097
RASEH 4347 0.193
PASEIR 5 15(18.3) 3(15.0) 0.985
WLt R 23(28.0) 4(20.0) 0.464
=3 AR 43(52.4) 11(55.0) 0.837
NPM1 29(35.4) 2(10.0) 0.027
FLT3-ITD 21(25.6) 1(5.0) 0.088
CEBPA X{ZRAE 20(24.4) 0(0.0) 0.032
DNMT3A 16(19.5) 2(10.0) 0.501
TET2 15(18.3) 1(5.0) 0.262
NRAS 11(13.4) 1(5.0) 0.509
RUNX1 9(11.0) 7(35.0) 0.021
CSF3R 9(11.0) 0(0.0) 0.266
IDHI 8(9.8) 1(50) 0816
IDH2 7(8.5) 0(0.0) 0.389
FLT3-TKD 6(7.3) 3(15.0) 0518
PTPN11 5(6.1) 2(10.0) 0.900
JAK3 5(6.1) 0(0.0) 0.580
ASXLI 4(49) 5(25.0) 0.016
SF3BI 0(0.0) 3(15.0) <0.001
BCOR 0(0.0)  3(15.0) <0.001
N Ttesr 2
DNA AL I 55 2 ] 33(40.2) 3(15.0) 0.034
ik S R 37 PR B A 46(56.1) 4(20.0) 0.004
B SRR I 34(41.5) 12(60.0) 0.135

RAS{E S Sl BRAICILH 12(14.6) 4(20.0) 0.804

P B 7(8.5)  6(30.0) 0.027
RNA 553 A 4(49) 6(30.0) 0.003

DNMT3A . TET2 . NRAS ,RUNX1 & CSF3R, MDS
FWTEERTRENS AML AR KARFE, TE N
RUNXI.ASXL1.SF3B1.BCOR., &% XWF5¢ , #&
PR D BEHEAT A28 204", /2 9 DNA B4k 7]
1 i PR R i S TR YR ity 27 AR R PR 28 AR 7E AMIL R 1
A R T MDS B 2R B BE ] S RNA
BYE 2848 7E MDS H Y 4 AR R B B i T AML, 22
SRR DL RSB IE R AT B AR R
A REEZ AN F DI RE S R A AT B N 285 51, R
& MDS H A 5 1 AMLF AL RS, FF9EFR R 1 I
HIHA”  (H LR R85 5 R & AML A AR KA, i
J& 2 FPAS RIS Y 9 S A4

DNA H b R 5 WL Ris (G4 ek, 2 5
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DNA H EAL S IO RE R b 288 ] DL - 3
e A OB T U o G o 2 A
DNMT3A & TET2 2875 & AML 5 & B R e s 1)
DNA F AL 3815 3L PR, Sk iz 38, H 7 1E 5 A% 7Y
AML B P B A 253 0 7E 35%~38.9% 1 13.2%~
16% 2 [a]" 14 ) DNMT3A 545 - Y 4E % & T8
A=A I A Y AR AR AR A O, R R TE 5T
BRI EAFAERN B TR
TET2 21 F1 5 A8 5 ELAT 5 55 1 52 k% IR Jad ) T
AR AE I, 2 0E B R R AML BBl S A B TS bR
M Guo ZENHI Hunter 251" Z N F 984T Meta 4
M iR, TET2 2848 78 MDS Hh - T il (6, {H 25 H
FEAIRIT XA TET2 284511 ASXL1 2828 B4 i) £
HROREF . ABFSE R TET2 8728 R 5 F /MR IE A
15, /A DNMT3A 28748 % A SRS 1L F [ S fGE |, 43 B
X — 25 55 10 FE B T RE AN A BB IR S v R
AR PN S0 A A TR G 7 ik 1) R AR R] BEAR
PR SR 22 55, T ) KA il — DB

RUNX1 2875 52 H i & B0 A0 e DL ARG % s R
A E AML S MDS & A 29 Sk 109, 1F
MDS-RAEB-1/2 K4k &1 AML H 3 s i %>20%,
SR I/ IR AS B ) 20 R S S A A
WA 6™, ASXLY 2 fe i UL i 41 B B i S R 22
— IR IR AT FE LT &M AML(30% ) , 78 5
& AML f MDS H 8 238550008 6.1% K 1% , I
5 RUNX1 M IDH2 Z8 A8 B ) A 60 £ ASXL1 28
AR AML B, R AR G AR A, A= AA I (R, T ff
A I 5722 1Y MDS S8 DU B i 90 1l A A
DA b 2 P RE DR 8 A8 A E i fa b BE 4 )2 1 o Fbm
BIIA T 2017 2MERER MR I2 7 fe ™ ' SF3BI
BLPATE MDS-RARS S84 P B 385K 579%0~75% , TEH:
&I MDS H1 K 6%~18% , HATIZ 5875 1 HR 35 85
/b %A I A LD I A K TS A AR L
FEAML R RS 202 ARBFIE e IR & AML H
K E] SF3B1 2845 , 76 MDS 4 2845 % A= 3% 5 [ Ah
HRIEFA 2, TG B S A

R IEH AL S R R R RN e A
AR RESE R R AF A 1 s b, Horpr, JR & AML
5 MDS 7E 3 H 2848 1% A ARAORE, XA [R D
F4) i PR 5 A dan i e [] e JHLC I PR 2 780 K T3 7 AN
IR, AR HE— 2547 3 I D REF 5% v] RER Bh T 3RA1]
FRAD R BB & AL
(&2 3Hk]
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