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[ Abstract] Objective To investigate the relationship between gene mutation characteristics,
mutation burden and general condition, disease subtype and karyotype of patients with myelodysplastic
syndrome (MDS), and its clinical value. Methods High-throughput sequencing was used to detect 65 blood
tumor-related genes in 191 MDS patients and 9 secondary acute myelocytic leukemia patitents(SAML), and
to analyze the characteristics of abnormal genes, mutation burden, as well as the relationship with disease
subtypes, chromosome karyotypes and age. Results Mutations were found in 148 patients (77.5%),
including 47 abnormal genes and 186 mutation sites. And gene mutations were found in 9 SAML patients,
the number of mutations was significantly higher than that in MDS patients (x*=11.911, P=0.018). Among
the abnormal genes, the mutation frequency of U2AF1 (37.3%) and ASXL1 (41.6%) were higher, and there
were significant differences in mutation burden among different abnormal genes (F=91.946, P<0.001). There
were differences in the number of gene mutations among different subtypes of MDS, and the number of EB-2
gene mutations was the highest (2.2£1.5). In SLD, MLD, EB-1 and EB-2, the proportion of carrying > 3
mutations increased gradually (x*=52.471, P=0.037). TP53 mutation was associated with abnormal karyotype
(r, =0.177, P=0.019), especially with complex karyotype (r,=0.440, P<0.001), while NPM1 mutation is
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associated with normal karyotype (r,=0.173, P=0.024). The number of mutations carried by patients under 30
years old was the least, and the number of mutations increased with the increase of age. The number of
mutations was the most in patients aged 60 to 79 years old (P=0.017), and the mutation frequency of
epigenetic related genes increased with the increase of age (P=0.041). Conclusions The mutation
characteristics and mutation load of MDS-related genes are closely related to clinical factors such as disease

subtype, chromosome karyotype and patient age.
[ Key words ]  Myelodysplastic syndrome;

Mutation burden

High-throughput sequencing;

Gene mutation;

Fund program: Natural Science Foundation of Henan Province(182300410371); Key Scientific and

Technological Projects in Henan Provinee(192102310051)
DOI: 10.3760/cma.j.cn112137-20190806-01751

BB AR 5 LR A R (MDS) J2 — Rl ORI T
L 290 P 32 S S P i 2 g, R 2 mTRERS S
ZIFEN B UL, B— D 2T d R i R
UTAF K, Bl i a8 0 e SR R T H £
MDS A A3 R FEA , A 75 MR 22 5 (0 B DR
(VAF) B $2 43 i 522 B iy 5545 8L, fE 2 T R )7
2 AR TR R W P L e 4 A OR B B £
FIRY o ASBIR 5T 3 T vl I RO B X 65 Al

AAEDCHE , B IE QT
MEE5HE

L%k, LL20164E 1 H &2 20194£4 H , T
AT P 4 PRE S B I VR 2 1Y 191 491 MDS S8 25 il
9 f5i] MDS 4k & M-S 20t 11 1fvs (SAML) S8 5 S it
FEXT G, Hd 55106 ], 22 94 ], rh A 4R 54 (10~
87) 4, Il Bt 1 3 JHL v 30 000 7 435 R S A S IR
PRk, SR MDS 2 WS IRY R R (2019 42/7)
HATIZWTF A L

2. e A ) L o ARG 3 P 2788 R R W)
LHEEE2 ml, £ DU R (EDTA) B, R K
HR M 98 5 PR 41 DNA 2 B 57 5 4 B DNA L i
PCR 5194 14 B % B PR A5 Xk (65 Flt AML/MDS
FHSEFLA) , % H Ton Torrent PGM il 7> F- 5 3E 470
FF o DN e i A N 35 R 2 88088 2 (HG19)
COSMIC., 1000 genomes 1 dbSNP % $§ 45 4 1k 47 43
Mo IR 25 %599% , P-4 A 1 500%,
HBR X3 PR R 1 500, A8H R AU 5% .

3. YA RRE LSBT B BR AR A 2R 5 24 h 1R,
WA AN L R, R B RS B R A A AL 4y
B, AR CON 5 40 1 a5t 1% 2% 1 PR A 44 1A
(ISCN2013) YA Ptk

4. Geit2F A3 A FH SPSS 20.0 B4 #4748 3

IMMTe AFEIERM AT FORER & = s 308,11
T GORMMAS 70 A3 1R P AR TR A
B1(%) 227 o ARV 732 GBI FEBER H )
% Fisher A i K0 46 ol fBLOR HUAR 36 , Z2HEAS E 2 5
FBHR HEBER T 220007 o S8 OGO SR 73
PR ISR R ARG 0T o P<0.05 g 22 5 Geit2#

# R

1. BB H— R 191 9] MDS %, MDS £
BAZR LA R T S H (MDS-SLD )25 5 (13%) , MDS
L R M4l % & 5% (MDS-MLD) 54 4] (28%) ,
MDS FEFRREARL LN A0 il (MDS-RS) 15 41 (8% ) , MDS
P 22 del (5q) 2 1] (19%) , MDS £ J5 i 40 it 186 £
(MDS-EB) 85 {4l , H: v MDS-EB-1 46 {41] (24%) #iI
MDS-EB-2 39 4(20%) , MDS A~ AE432% (MDS-U ) 8 44l
(4%) . Horr, 176 5 B E 2 Wit HoA AT Ak oA i e
OARRZAIEE R Yo R ALE# 10861 (61%) , 5%
68 151 (39%) . 1M 9 il SAML .3 v, 5 {51 4% 1Y S %%
(55.6%) , 5 MDS B HIZE L 22 R o g2 o K
P TPSS-R Yo (o (AN T o2 W A T 4 451 (2% ) , R
U A% 115 61 (65%) , A% 1 39 i (22%) , AN R
i85 (5%) , e =R 10191 (6% ) o HEHf TPSS-R
TG 0 21 - WA G 21 19 0] (109%) |, I & 21 58 1]
(33%) , 154 46 B (27%) , 1= & 20 32 491 (18% ) il
W B e 2111 (12%) .

2. LD G AR B 5278 B A 43 BT < SR FH e 3
G 0 6 PR 2 748, MIDS S8 v 148 451 (77.5% ) H&
HORIMGEAR o 47 Fp S w SRR A 186 1A
P R AR R, 62141 (32.5% ) fE
HEHF 1R RE R 2848, 2 Fh 45 1] (23.6%) , 3 T 22 1]
(11.5%) , 4 Fhe A I 19 £ (9.9% ) . i 9 1] SAML
BB R A A A 16 Fh S H B, H



rhABBE AR 2020 453 H 31 A 100 %55 121 Natl Med J China, March 31, 2020, Vol. 100, No. 12

935

2 5 (22.2% ) f8 F #5447 1 AP L R 2848, 2 Fh 3 4]
(333%) , 4 Fh 2011 (222%) , 5 Fh 2151 (22.2% ) , #5345
SRR A B 2 T MDS BB (x°=11.911,
P=0018),

HRHE MDS 35 f AR FE R D g 7r 25 %
Ry 2 W35 AL A G LA (i 41.9%, 43 45 ASXLL .,
DNMT3A \ TET2 .SETBP1,EZH2 . IDH1/2, ATRX F
KMT2C) , % 5% 9 5 A ¢ 3 B (f 40.5%, {0 45
RUNX1, EP300, ETV6, GATA2, IKZF1, CALR,
BCOR . PML. CEBPA . CREBBP . WT1 # PHF6) , 57
YA F4H 3L K (Y 35.19%, £ 4% U2AF1, SRSF2
SF3B1 F1ZRSR2) , {5 515 A KL A (1 33.8% , 12
#% CSFIR. CBL. ROBO2. NRAS, KRAS, FLT3,
NOTCH1. PTPN11, CSF3R . KIT. JAK2, NOTCH2,
SH2B3 .CDKN2A F1JAK1) , A4 38 8 ol )8 T AH 5
FH (5 18.9%), fu 4% TP53 .NPM1 . TNFAIP3 . TTN
BCL2 FIMPL),

i H MDS B 5 3 R 28748 BB £ 1Y)
FE PR S 58 A% A A v 8 $5093 1) A U2AFL (41 i)
37.3%) , AUk Jy ASXL1(28 4] ,41.6% ) , RUNX1
(17 %1,37.2%) , TP53 (14 41|, 36.3%) , TET2 (12 {4,
46.4%) , EP300 (11 4] , 12.6%) , SETBP1 (11 44 ,
38.0%) ,ETV6(10,34.5%) ,NPM1(9 14| ,36.1%) ,
DNMT3A (911, 41.7% ) &5 , Ho A S B PR ] 1) 578
ffif 22 58 e i 78 X (F=91.946, P<0.001) (&
1) 1M 9B SAML H , % B2 A% (1 5045 £ 1) 1 22 [

s 45 100

40 B MDS ~

; 8 B 4 RAML AR 3

B 2 g 50 b o 2

B :

® 15 B * v T X
m 10 ¥ 26

.1

]

Fe G875 7 i 43 ) RUNX1 9875 (5 5], 2875 L Al
55.6%; 578 fi faf My 32.6% ) Fl ASXL1 2878 (4 451] , 5
AZ LR 44.4% ; 5E7E B £ R 38.1% ) o
3. JER A NS MDS WAL 1 56 & L AR TRI2E
RIMDS Hr, JE R R AR = o EB-2 AL, Ry (2.24
1.5)4, He Al 5¢-74 24>, EB-1 /4 (1.7£1.4)
A, RS (1.7£1.5) 4~ ,MLD A4 (1.4+1.3) 4>, SLD %
(1.1£0.7) /AU B (1.0+1.3) 4, 2l 0] 22 A Bi i
B (F=2.544,P=0.022) (K[ 2A) . HYESLD MLD,
EB-1F1EB-2 H1, #5745 31> M2 3/ LA 15848 LU 51328 ¥
s AR 22 A et B L (x*=52.471,P=0.037)
(FE2B) . HRAE IPSS-R e 4341, # i i o 4 32 [H
RANKEZ , (1741404 A& HE % F TS5
223 . SF3B1 5 RS WA &2 o B A 26 (v, =
0.282,P<0.001) , HAx 55 FE K 5 MDS 37 B 5 UL AH
4. FEN GEAR 5 e A RAZ R Y 06 3R ¢ R R AR
Yo R A gh 1R R R B E R
A5 A SR 76.5% (52168 ), T 1E A% Y 5L ) 28 AR
L 151 oh 77.8% (84/108) , — 35 2 R L Hi it &
Moo SR ENEESZNYS RS
FHH A LI, TpS3 5 R H MR
5541 56 (r,=0.177,P=0.019) , 55 ZuA% HUA Ho P48
M (r,=0.440, P<0.001) , 1M 8 5] NPM1 FH4: 58 2 24 %
AAEIEF RS P (1,=0.173,P=0.024) (K1 3)
5. JER AR AR I OC 2 AR I8 B AR IR
S HTAEIS 5 B R S AN ORI SR
R R, R EIR,30 % L
TR RN EISE N (1.041.2)
A, B AF SN, 58 AR E0H Y
T, 5 60~79 % g A ] 28 AR K

ol

i [(L8£1.5) M I EFAGITHE X

5
0
SIS @
1
" >34 .14

m 31t mot
. 24

HEREANH )
HERELH (%

SLD MLD EB-1EB-2 RS Sq- U
-1k

SAML

ok . =2 L
TR RN

B HOELE S SR IR S SR P B S

BRI S SR IR SRR 58 15 MDS 28R A SC R

fif

(P=0.017), 1 80 %/ L) I S FH RAFA™
(L7154 T Frsdb . 4Rs 5
S SRR 53T, R 80 %
DA 8 8 O 35 4% 2 A DG 35 BT 1Y
ot 238 W 0 o T A A 0 A 4 Y
MDS % (P=0.041) , HAh 2 7 &
B IERR DL AR RS 3 A 25 5 (F 4) o

it

<l
e

$ SLD MLD EB-1EB-2 RS Sg- U SAML

MDS Sz — it i B 55 o 1) B
R, R i FE T RE B L Fh



-936- rRAEEE 2R 2020 4F3 H 31 HER 100 555 12]  Natl Med J China, March 31, 2020, Vol. 100, No. 12

25

a0l = EHER
= R

15

HEFAFHE (B

0
N » oAy D ©
F P T S S
B3 BREH A SR A IR H BN 5 S L R A
R R

80
m <30%
60} M 30~59%
» 60~T9%
m=80%

gL (%)

Cemimte WUET HRAT HBES MHAC
B4 LSRG R

SRR, AR, Bl A (R A I RS
# N FH, MDS AH OC 5 5 £E ], 1 SKF3B1. TET2 Fil
DNMT3A %, Bk 4 22 b gl 46 1, IF48 5 =l PR )
WYY s (BTERE H S8 LR i IR, R &
L MDS F B 5 K 5 AR A7 7 8 B 5 e Fn 2 A1k
] P 1 5 s A Al S 11 451 MDS HR 110 Rk IR %8
A L HEAT A3 MY, IR U2AFT 25 S B PR 116 9 7
WAL R o BRI T B ST AT AT 73 451 MDS
B VAT 00T, 45 5 B ASXIL1 %5 5 B [ e A0
WA PIIRESE I R A 8 AR S R LA — i 2
S, EAMEFEIT WAL AH[E , Haferlach 2524t
T8 944 151) MDS 5 & 98 A8 51 %6 B ey (1) 56K o TET2,
Papaemmanuil U3 1o 738 ) MDS B I E E B
DUy A6 % B0 SK3B 1 114 28 A8 i R die i o ARSI 38
i 191 5] MDS £ Y58 & 30 U2AF T Fil ASXLI 5§
FEDR ) G AR BRI R, 5 AR R AR 58 G fe s
AR PR — 50, (FURH G i M0 5 Sk RO A A 22
Sto SRR, —Jr i, B NS E MO R 2E T
AT REAE B TR IGAS [F] A a8t 4% 7 st a1 > IR
B S 1 Y 5 53— D, T RE JE B T R
PG Panel AT R R, B A e 8 20 132
LB FN A B 506, 3888 >R FH 8 5 PR A i DX Bl
JT, 38 T R BRA 7 S 55 2 T RS A G35 PR iy 44

JEDKIRAN [, AT 5 B85 R 28 AR A HH AR AN ] 3
BN RS2 56 28 (R 45 R 25 57 R ohb v 30 00 G
T R G 00 91 LA R Ak b AL 75 R — 25 58
2 A BB IS W2 B STAG

FE PR A8 S R 4 S 1) A0 b, v el
B AR H F R 2878 B [ sl B 46 1 28 728 17 A 25 A
KAF B o FLRAE G Aar 0BT R VAL MG 1) S b
P, DL SRR 005 o i i v B ke A FH L
AHEZERE L, AR5, MDS AHC 571 £
25 DR 9 A AR A A A B B 2R R, PR
MDS &t e i 2, HEE R 28281l 0 F S
Pric AT REAEA R MR TR e e v, s
AR AT LAE— DA R 23 A MDS el Z PR
a2

MDS AHIE 5 SR F2 2295 e st (L= kit
N R P R S it O/ e o 7S R N
for th 148 15 (77.5% ) o 5 Hits 22 /b — A 548
A WEAE A5 408 2848008k 50% LA, Ik
PUAS[R) 7 ) MDS £ o, SE R 98 A8 A B A 25
5, FER AR B = O EB-2(2.21 1Y), HAE
SLD MLD .EB-1 fil EB-2 i, #f7 24~ (=34~ ) 28748
() EE 1) % T 1A, S DA R AR A R ARG T
S5q- 1 U B 5 [N 58 AR A B0 5 JH Al S 78 45 2R 25 /e A
K, FEFZIBALBEEED, vl ReAEgs R far
GARANEIS TPSS-R TG AH S 434, AR 5 fe
G RN Z H 2R TG E R L, FER
] R UG o> R G0 A B AN s AL 2 A
ORI 240 M TS A AR, AT RS R i
SCHRME . T SAML AR E H A6 S SR 2 A A
i 25 T MDS B, Wik — A UESE MDS A &
KM EFEEA 54T i

BE PR 9 A5 YL L ARAZ I () AH D ST , i — 25 IF
ST SF3B1 5 IR A 5 RS S R HA AH
PEO, TPS3 5 5 R R RIAH G, FRI R 5 B Ju i A
FAG , iX 5 Papaemmanuil 5571 [E 4 [F] 20500 —
. MAHESE T 8 5 NPM1 2845 (1 F 3, Higu fa 1A
I TE® . 1 Montalban-Bravo 25" 1335 , 31 4]
PEHT NPM 1 28742 i MDS J 5w, 24 61 (77% ) £ 35 Y
RERIE S, FIRGSREHIR , NPM1 5 1E# 128
B —E A SENE . NPM1 7EGL A RA% T 1E 4 2,
PEBE R (M B D, B LS 548, T 7E MDS F
F, GNP (L A A

FEH 28 A8 AR RS A OC /3 AT, B30 5 LR
BRE R AR R D B AR 3G, 45 5%



rhABPE AR AR 2020 453 1 31 HES 100 45 12 Natl Med J China, March 31, 2020, Vol. 100, No. 12 -937-

AEABORBIE N o Jain S5 RFSE KB, BEZ AFI5 1)
B, MDS PR IR, #5715 AH O3 R 8 AR 4K
BTG, H R R L 2 A O A, 4
TN R AR RS AR AE O, 3 5 AR BRI 45 SR AR .
ARWFFEH 60~79 2 FF I SEAEANHER 22 , 111 80 %5 LA
EREEE AN TR, FEE AR T
80 % L I B N /D, nl Be s i 2 Ay o il
AFEIE 5 S R R D RE T B BT, 2 IR A5 2
FHOCHE R AE 80 &7 LA AR W4 20 Le A5 It 35 &5, 55 1A
AARIE AT,

g5 L iR, vl i P EORFE MDS Iiff IRi2 97
HR R R L 38 7R T 90805 110 35 PR 2 A 33 kg DA 35 P
JEHE—2 38T MDS 1 & 2E , L2 18 RS iR
SRR S PR S L T AT RE A B TN IR K R
SVARA AR ALH AT RS . (BRI A 3
e T R R R A BR UL, DL SRR N
BT HE 20 BT AR BE 77 R 28 A= %o e 425 SR G i
PR, IR fp e — 24 58 35
RIS A (R R AR 25 h

o

% x #t

(1] G B RE L S i 2 s R R 62 Wi )] AR
% @&, 2015, 36(5): 361-362. DOIL: 103760 / cma. j.
issn.0253-2727.2015.05.001.

[2]  Haferlach T, Nagata Y, Grossmann V, et al. Landscape of
genetic lesions in 944 patients with myelodysplastic syndromes
[JI. Leukemia, 2014, 28(2): 241-247. DOI: 10.1038 /
leu.2013.336.

[3] Walter MJ, Shen D, Shao J, et al. Clonal diversity of
recurrently mutated genes in myelodysplastic syndromes[J].
Leukemia, 2013,27(6):1275-1282. DOI: 10.1038/leu.2013.58.

(4] PEEEELNM S R A R A R S
TRITHE R (2019 47 FR)[J]. Th AR LI 2 4% 7. 2019,40(2):89-97.

DOI: 10.3760/cma.j.issn.0253-2727.2019.02.001.

[5]  ZFUK, EwwAE, X85, 45 R0 e A D0 511 1) i A
S ER AR SR AR L], TR AR LY 24,2017, 38(12):
1012-1016. DOI: 10.3760/cma.}.issn.0253-2727.2017.12.002.

(6]  FBL, SELLH, 5 hh, 45 . R SH PR & DNA-PCR A5
BRI A S SR A IR AR 5 1R LV MRT AR DG A 978 ). o
A8 LI 2 2R 7%, 2018, 39(5):431-434. DOI: 10.3760/ cma. j.
issn.0253-2727.2018.05.018.

[7]  Papaemmanuil E, Gerstung M, Malcovati L, et al. Clinical and
biological implications of driver mutations in myelodysplastic
syndromes|J]. Blood, 2013,122(22):3616-3627. DOI: 10.1182/
blood-2013-08-518886.

[8]  Kennedy JA, Ebert BL. Clinical implications of genetic
mutations in myelodysplastic syndrome[J]. J Clin Oncol, 2017,
35(9):968-974. DOL: 10.1200/1C0O.2016.71.0806.

[9] Papaemmanuil E, Cazzola M, Boultwood J, et al. Somatic
SF3B1 mutation in myelodysplasia with ring sideroblasts[J]. N
Engl J Med, 2011, 365(15): 1384-1395. DOI: 10.1056 /
NEJMoal103283.

[10]  Visconte V, Makishima H, Jankowska A, et al. SF3BI, a
splicing factor is frequently mutated in refractory anemia with
ring sideroblasts[J]. Leukemia, 2012, 26(3): 542-545. DOL:
10.1038/leu.2011.232.

[11]  Sperling AS, Gibson CJ, Ebert BL. The genetics of
myelodysplastic syndrome: from clonal haematopoiesis to
secondary leukaemialJ]. Nat Rev Cancer, 2017, 17(1): 5-19.
DOLI: 10.1038/nrc.2016.112.

[12]  Montalban-Bravo G, Kanagal-Shamanna R, Sasaki K, et al.
NPMI mutations define a specific subgroup of MDS and MDS/
MPN patients with favorable outcomes with intensive
chemotherapy[J]. Blood Adv, 2019, 3(6): 922-933. DOI:
10.1182/bloodadvances.2018026989.

[13]  Arber DA, Orazi A, Hasserjian R, et al. The 2016 revision to
the World Health Organization classification of myeloid
neoplasms and acute leukemialJ]. Blood, 2016, 127(20):
2391-2405. DOI: 10.1182/blood-2016-03-643544.

[14]  Jain M, Tripathi A. ICUS/CCUS/CHIP: basics & beyond[J].
Expert Rev Hematol, 2017, 10(10): 915-920. DOI: 10.1080 /
17474086.2017.1371588.

(e H 157:2019-08-06)
(AR SC G« JEIBH)

ARFIXFi8 3R SRR Eh MR R Bk

HRAE [ F B2 R R BB 1988 4FEAT A (1 S0 s 8 1 4%
) FN T A HE 1998 A 0 A7 A € s 2 52 30 5y ) 45 1 ST it A
WY, A RIXE SCH A LB S iR, ZoR TR LR
FI: (1) S F RO R BRI FR; (2) 8875 ol
SR )T AR 5 () MR ARRE AT ; (5) 2%
KR AREUEN G5 5 (6) 1 IR IFEE IS B R85 5 (7) fk Rtk

A VR

oL ; (8) X B RiAb BT 2K

PR SR sy o R VU G — SO B PR T
G5 SR TORFE W J5UA (SPF) 95 IO TE TR % (A& &R
W) o TR ERGR KA A B A8 SCEERHIF S B A5
R 2L RS shY) .





