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118 151 B BEHE A5 S5 i 23 Bk SO i R
RNA BV AR S8 H 935 H SF3B1 .
U2AF1 F1 SRSF2 28453t

FHx L¥ HMIER EE RE AR S FR4AE RK IR

EZE] B %I RNA SRR &Y it %E R SF3B1 U2AF1 Al SRSF2 28725 7E MDS AP
TSR AR AR G S IR X, FiE DA 118 15 MDS Rl e B I BF g x4, % PCR Y™
T 7 W BRI 3 A I SE3B1 (K700E) . U2AF1(S34.Q157P) Fil SRSF2 (P95) 28 A5 {51l . 45 R
118 I MDS &, B 76 4], & 4249, i A% 53.5(13~84) %, W4l s H48E4T SF3B1 (K700E ) B
K 2738437, SF3B1(K700E ) HY 548 %y 19.49% (118 151 23 ] ) . 7EZS78 114 22 4] MDS .35 v, 14 14|34
TEERRL LT AL (RS ) LeAl=15% , FErPoUEvA PR BT i A PRAR L A 2T 4l i (RARS ) 7 4] ETE M 1 248 Al
R £ R KB S H (RCMD) 6 ) MEIRPEZT ML (RA) 16, 5 ARGEAFA AL, 5874820 H 35 (A I Dok
[58(32~78) % X} 51 (13~84) % ,z=—1.981, P=0.048 ] . PLT fi = [ 121 (22~888) x 10°/L % 59 (6~1 561 ) x
10°/L, z=—3.305, P=0.001 ] . B4 J5L 4 40 3 LL 4914 41K [ 0.007 (0~0.122) XF 0.017 (0~0.268) , z=—2.885, P=
0.004 ] RS LA [ 0(0~64% ) % 0(0~58% ) ,z=—4.664, P < 0.001 ], HGB R AIL[ 63 (40~95) g/L %} 77(34~
144)g/L,z=-3.192,P=0.0011, XJ 105 {3 #4T U2AF1(S34 .Q157P) 3L FI 2875 4341 , S48 %64 21.90%
(105 B 23 61)) . RASLH B E 45 I RAFAE 5 K AR LA L 22 R G124 . 107 Bl 53 4 SRSF2
(P95 RARLENL , 8 I TR , TEAL AN 7.48% , 537 4 S8 WIS AF I8 =1 , "h AL AE S 63(50~84) %, Hor
MEVEPEZT MAEAT AR AU Z- 1 (RAEB-1)4 ], 5378 3658 14.29% (28 141l 1 4 ] ) s MDS e Ak 2B R
P 3 491 o 1 45 £ 35 T s i1 B SF3B1 (K700E ) Fl1 SRSF2 (P9SH) 28 7% , 2 3] f8 2 [A] i5f i 9 SF3B1
(K700E) Fll U2AF1(S34Y) 5878 . %518 SF3B1.U2AF1 FIl SRSF2 B 421K & AW % A g i 2L 8 rp L AU
SF3B1 Jk K 58725 55 IR b 4l 21 200 M 2o M 2% 1 8 VIAR G , Sz 8 %) = B0 2L

(X@R] HEESHLGIE; DNAZE T, JEH,SF3B1; KA, U2AF1; ALK, SRSF2
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Mutational analysis of RNA splicing machinery genes SF3B1, U2AF1 and SRSF2 in 118 patients with
myelodysplastic syndromes and related diseases Wang Jiying, Ma Jiao, Lin Yani, Wang Jun, Shen Hui,
Gui Fumin, Han Cong, Li Qinghua, Song Zhen, Wang Xiaojing. Institute of Hematology and Blood
Diseases Hospital, Chinese Academy of Medical Sciences, Tianjin 300020, China
Corresponding author: Wang Xiaojing, Email: viciwxj@126.com

[Abstract] Objective To investigate the incidence, molecular features and clinical significance of
RNA splicing machinery genes mutation in myelodysplastic syndromes (MDS) and related diseases.
Methods Mutational analysis of splicing factor 3B subunit 1 (SF3B1) (K700E), U2 small nuclear RNA
auxiliary factor 1 (U2AF1)(S34, Q157P) and serine/arginine-rich splicing factor 2 (SRSF2) (P95) in 118,
de novo MDS and related diseases were separately performed by using polymerase chain reaction (PCR)
followed by sequence analysis. Results Of 118 MDS patients, 76 males and 42 females, the median age
was 53.5(13-84) years old. 19.49%(23/118) had SF3B1 (K700E) mutation. As compared with those with
wild type SF3BI1, patients with SF3B1 K700E were of older [ 58 (32-78) years vs 51 (13-84) years,
z=—1.981, P=0.048 ], lower HGB level [63(40-95) g/L vs 77(34-144) g/L, z=-3.192, P=0.001 ], higher
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platelet counts [ 121(22-888)x10°/L vs 59(6-1 561)x10°/L, z=—3.305, P=0.001 ], lower bone marrow blast
cell counts [ 0.007 (0-0.122) vs 0.017 (0-0.268 ), z=—2.885, P=0.004 ], higher ring sideroblasts percent
[0(0-64%) vs 0(0-58%), z=—4.664, P < 0.001 ]. Of 105 MDS patients, 21.9% had U2AF1 (834, Q157P)
mutations. Of 107 MDS patients, 8 patients (7.48% ) had SRSF2 (P95) mutations. Patients with SRSF2
mutations were older at diagnosis, the median age was 63 (50-84) years old, including 4 cases RAEB-1.
The ratio of mutation was 14.29% (4/28), and three patients transformed to AML. SF3B1 K700E and
SRSF2 P95H mutations coexisted in 1 patient, and SF3B1 K700E and U2AF1 S34Y mutations were found

concomitantly in 2 patients. Conclusion
sideroblasts, it was the key to pathogenesis of MDS.

[Key words] Myelodysplastic syndromes;
U2AFI1; Gene, SRSF2

DNA mutational analysis;

Only SF3B1 gene mutation was closely related to ring

Gene, SF3B1; Gene,
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B BERE A W LA (MDS) & — 4 57 i e
BEMEpO , H g A A R — A2 IR R R 2
(9 B AR, et , Yoshida 25 2 ) FH 4> 4 -]
¥ 715 B RNA By K55 A W 8 A 4 is 3 R 28 A8
T MDS H 7R % UL, 045 : SF3B1 ,U2AF1 2 SRSF2,
I 2 5 R 58 A2 % A E MIDSS 18 - B A2 200 i 1 I
J9%i (CMML) F1 MDS #4611 S 8 2 11 15 (AML)
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HZ R KA FH (RCMD)39 6], MEIAPES LA R
TR £ -1 (RAEB-1)33 ] ,RAEB-2 18 f4i] , MDS-
X 432 (MDS-U) 2 ] , MDS £ 2 4l 5q- 2 ] ,
CMMLI1 ], MDS 1k AML 8 #5 , JT 45 &4
SF3B1(K700E) 548 53 M4t 5, 107 4 i 35 47 SRSF2
(P95) 278 Jr Hir 45 B, 105 1 72 5 45 U2AF1(S34,
Q157P) AL 54

=GR AL S

IR E RS , 742 24 h 4 B AN A 5 0 v o 4 e
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1. Sl - BOMDS BAH S99 5 B BT
Ficoll b U 20 A 73 25 W 43 25 - 6 S04 A% 4 i,
DNA #EHU 5] & (15 [ QIAGEN 23 & 7= i ) HEH

[K2H DNA , H{ 50 ng DNA #Ef7 PCR "3 .

2. PCR Y34 : 517 5 (R 2OEhr ) -
SF3B1 (K700E) 5| ¥ iF 1] J¥ %1 : 5'- TTGGGGC-
ATAGTTAAAACCTG-3', I [/ J¥ 41 : 5'- CCAGTT-
TACATTAACAAATCTGGAA-3', ¥ 14 F Be K JiF Hy
456 bp; U2AF1(S34) 5| ¥ iE 0] /741 : 5'- TGCTGCT-
GACATATTCCATGT-3", I [1]J¥ 41 : 5'- AGTCGAT-
CACCTGCCTCACT-3', ¥" 1§ J Bt K £ 2l 323 bp;
U2AF1(Q157P) 51 ¥ IE ] J¥ 31 : 5'- ATTAAAGCGT-
GGATGGCAAG-3', )X 1] J¥ 41| : 5'-TCCAAAGAG-
GACATTTGGAT-3', 9" 4 i B < 24 524 bp; SRSF2
(P95) 519 1E [8] J¥* 5] : 5'- CAAGGTGGACAACCT-
GACCT- 3", JZ I J¥ 41 : 5'- AGACGCCATTTC-
CCCAGT-3", 9" 34 i Bt B4 551 bpo I 75 4
MER AR R A PR A WA B PCRAKER < [ 1A
AFH 20 pl, Hr 2xPCR Mix [ RARA LR (b 50)
AR F] ] 8.5 pl, DNA #iHz 50 ng, I FiiE5 4 (10
pmol/L)#% 0.3 ul, ddH,O #h5F . PCR £5f4: 95 CHilAs
P£ 5 min; 95 CA5PE 30 5,56 CCIB 2k 305,72 °C FEfH
30 s,35 MG ;72 CHEfH 5 min,

3 M F BT IR R AR Y e e alife s, o
SR B35 1 e ABI 3730 J PR | 52 /sl
¥ TAE. I Sequence Analysis #1417 41 43
Br, P45 5 5 26 B B R AE R R S B (NCBID
SEPR Y AT HXT o

VU Geit b B

IV 1 SPSS 19.0 B AT 412450 B . 27284
5K 5788 41 5 1 BEORHRY L 8K FH Mann- Whitney
U5, 72 0Rk LR FH R 5 K 3 | Fisher 6 V)4
Fik, P<0.05 HZEFAGIEE L
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118 5| MDS e AHOCH e 35 v, 55 76 il , 2 42
B, AT AES 53.5(13~84) % . #1121 WBC H 47 44
9 2.76(0.84~62.15) x 10°/L, HGB i 5}y 77 (34~
144)g/L, PLT "7 80H 70(6~1 561)x10°/L, ANC
iR 1.34(0.01~7.75) < 10°/L B J5 1 240 i L 451)
A ER 0.015(0~0.268) , I TEBRkE 2 21 41 i (RS)
Fe B rh 2880 0(0~64% ) o 114 451 F8 35 A YL LR %
R et S Horp U 4 63 91 15 w45 32 441 L T
JE 221961, 57 1 B T PEAY E bR BUS FR R 80
(IPSS) 42, Hol i 8 491 L Hp -1 31 491 -2 13
Bl 1E S B BRSSP a1 B IR AR fa 4, F
W G -2/ 15 A T A B fE A T hT

= SRR S

1. SF3B1 278 . 43 118 il #2243/ 17 SF3B1
(K700E ) % A 2 48 43 #r , 5848 23 f41] , Hovfr 22 44 4y
MDS, 1 {5l 4 MDS 4L i AML, 2875 % 4 19.49%
FESEAE 1 22 i MDS B35 1, 14 i RS=15% , H v
RARS 7 4] ,RCMD 6 5] \RA 1 i . [t # SF3BI
(K700E ) 5848 41 FI A 58 A8 2 F 35 (A I IR TS b , 45
Wz 1, SRFEAAM, 5828 4 B3 41 i K
[58(32~78) % %} 51(13~84) % ,z=—1.981,P=0.048 ],

®1CHBOELESR

PLT i /55 [ 121 (22~888) x 10°/L X 59 (6~1 561) x
10°/L, z=-3.305, P=0.001 ] . & & J& 4 40 Jfd Lt 191]
% [0.007 (0~0.122) % 0.017 (0~0.268 ) , z=—2.885,
P=0.004 | RS Lt 1 fisi =5 [0 (0~64)% %} 0 (0~58)% ,
z=—4.664, P<0.001], HGB 1 1% [ 63 (40~95) g/L X}
77(34~144) g/L,z=—3.192, P=0.001] , RAH 5Kk
A% 2H MDS W B #4) J be 25 S A St 2 i L TR
MDS £ 7.5, 11 451 RARS #8325 1 9 40 & Az 2728
RCMD Y 5758 % 5y 23.68% (38 4] 1 9 4] ) , RAEB-1
G AEF8 0 3.03% (33 b 1 461]) o M 53]  WTi2 i
WBC #J1Z i ANC B o fR 4% 8 (IPSS 432522 7 4
TGt L (P>0.05)

2. U2AF1 5277 : 105 {4 {8 & #E 47 U2AF1(S34,
Q157P) B 5 AR 43 AT (2 2) , Hirbrge A48 23 f4i] , 28 4%
K 21.90%., o S34F 2875 11 44], S34Y £ 7% 10
B, Q157P 28 4F 2 f7il . L3 U2AF1(S34.Q157P) %
5 2 TR 5748 A BB 3 I I IR AR AIE , 9112 1) WBC
PLT 1 ANC /K43 5124 3.79(1.10~62.15) x 10°/L X}
2.76 (0.84~25.45) x 10°/L (z=- 1.950, P=0.051) . 51
(11~234) x 10°/L X} 73 (6~888) x 10°/L (z=—1.904, P=
0.057) M 1.34 (0.40~4.08) x 10°/L X} 1.31 (0.01~

TLEAAIE(MDS) M A E 905 Fe 3 SF3B1(K700E ) 3 [ 2878 240 55 R 98 AR 21 It R AR L

Il PRAFAE AR (23 151)) R (95 141)) 2{H/ME PIA
TSI (B8, 53 /%) 13/10 63/32 0.468
R, MR ] 58(32~78) 51(13~84) -1.981 0.048
WBC[x10%/L, M(FLF) ] 3.09(0.84~5.26) 2.69(1.01~62.15) -0.517 0.605
HGB[g/L, MGGEH) ] 63(40~95) 77(34~144) -3.192 0.001
PLT[x10°/L, M(FEH) ] 121(22~888) 59(6~1 561) -3.305 0.001
ANC[x10°/L, M(FELFH) | 1.34(0.01~3.28) 1.34(0.08~7.75) -1.407 0.159
BRI AR A L [ MGERD 0.007(0~0.122) 0.017(0~0.268) -2.885 0.004
RS LI MGERD) ] 0(0~64%) 0(0~58%) -4.664 <0.001
MDS M1 [ BH M 8k S 614520(%) ] 31.611 <0.001

RA 2/22(9.09) 2/87(2.30)

RARS 9/22(40.91) 2/87(2.30)

RCMD 9/22(40.91) 30/87(34.48)

RAEB-1 1/22(4.54) 32/87(36.78)

RAEB-2 1/22(4.54) 17/87(19.54)

MDS-A 42k 0 2/87(2.30)

MDS #5146 59— 0 2/87(2.30)
Yo (AAZ AL [ FRPEBE A B (%) 0.064 0.800

TG4 11/21(52.38) 51/92(55.43)

T A TR 25 10/21(47.62) 41/92(44.57)
IPSS 4325 [ FHAE BB S 515 (%) ] 0.473

% fe/fE-1 9/11(81.82) 30/46(65.22)

hf -2/ 2/11(18.18)

16/46(34.78)

RS MIRRL LN LT AL s RA : MEVAPE R I s RARS : MEVA TR FE LA A PRIE AR L 2T 40 i s RCMD - M P i 2R s M 2 RR B 7

RAEB : MEATEF LA UG ANHE 22 5 1PSS - PR UG TRI> R4t
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7.75)x10°/L(z==1.912, P=0.056) , Z5754H 5 K575 3. SRSF2 878 : 107 i 35 /£ T SRSF2(P95) 3
2 MDS W RURA A b 22 57 I 48 1 F 24 5 S, 76 MDS 4% RAL AT, KA QB , KAL) 7.48% . 8 14l
W AIH  RCMD 5 RAEB-1 B8R0 9 17.65%  SRSF2(P95) 5875 i Il R4S AE W22 3, 5 6 1, 2 2
(34 il Hr 6 9] ) . 24.18% (29 Bl h 7 B5) o ®IiZBF B, R4S 63(50~84) % . RAEB-1 4 f4i], 5878 %
HGB B #i i 4 40 L] (RS L] M5 G ik T 14.29% (28 i 4 ] ) ; MDS % {k. ) AML 3 f4il ;
R IPSS /3 A4 [ 22 4 e 4124 L (P>0.05) RCMD 1|, H:H SRSF2(P95H) % 7% 6 f5i] , POSR %

R2CEREEA R R LG AE(MDS) SR DGHNG 5 U2AF1(S34.Q157P) B[R 9820 15 A S8 AR AL I PRAFAE L 4K

I PRAFAE RATH (23 1)) RRAH (82 441]) AHAE PlH
PR (%, 5 /40) 18/5 52/30 1.176 0.278
[, MGERD ] 46(21~70) 56.5(13~84) -1.659 0.097
WBC[ x10”/L, M(Fu ) | 3.79(1.10~62.15) 2.76(0.84~25.45) -1.950 0.051
HGB[g/L, M(FEH) ] 77(52~112) 77(34~144) -0.775 0.438
PLT[x10°/L, M(F5 )] 51(11~234) 73(6~888) -1.904 0.057
ANC[x10°/L, MGEF) ] 1.34(0.40~4.08) 1.31(0.01~7.75) -1.912 0.056
BB IR A LA [ MGEF) ] 0.021(0.001~0.170) 0.015(0~0.268) -0.442 0.659
RS Il MGER) ] 0(0~25%) 0(0~64%) -0.164 0.870
MDS WAL [ BH M5 85 S 5150 (% ) ] 4.643 0.543

RA 1/22(4.55) 3/74(4.05)

RARS 1/22(4.55) 8/74(10.82)

RCMD 6/22(27.26) 28/74(37.84)

RAEB-1 7/22(31.82) 22/74(29.73)

RAEB-2 7/22(31.82) 10/74(13.51)

MDS-RK 432 0 1/74(1.35)

MDS ffER.46 5q- 0 2/74(2.70)
Yo (R AL [ FRAEIEU R 1% (%) ] 0.628

TilfE g 10/21(47.62) 45/82(54.88)

T Hh 419 22 11/21(52.38) 37/82(45.12)
IPSS 432 [ FHM:IE S B1%(%) ] 1.000

A&/ -1 9/14(64.29) 26/39(66.67)

HhfE-2/E G 5/14(35.71) 13/39(33.33)

RS VBRI AN LT M s RA  MEVAPEFT UL RARS : MEVA PR ST AL PR IE AR L 2T 40 ; RCMD - XA P I A0 DA 2 R KB 2
RAEB: iR S MY A TR AR 4N £ 5 1PSS : FE PR Tils FUr R 40

R3S SRSF2(P95)FE N %A 115 By A 5 W £ 5 I (MDS ) BRSSO £ Wk PRAFAE

il v AR WBC  PLT ANC HGB  Bgki4)  BhElEn , IPSS
5 5l (5)%/}‘53@ IR (x10°L) (x10°7L) (x10°L) (g/L) ZI4uMELbfil(%) 4niaLbsl REIRR Vi
1 % 84 P95 R102del RAEB-1 3.21 291 - 71 14 0.023  47,XY,+21[101/46,XY[10] -
2 % 66 P9SH RAEB-1 2.52 39 0.71 94 - 0.023  46,XY[20] hifg-1
3 1 57 P9SH RCMD 1.71 83 - 70 - 0.024  46,XX[20] -
4 % 50 P9SH RAEB-1 3.20 22 0.69 75 - 0.094 43-46,X,-X,-?12,-15,-16, HfE-2
-17,-20,+1-2mar,inc[ cpl ]
5 % 81 P9sH RAEB-1 - - - - - 0.027  46,XY[20] -
6 % 60 P9SH AML? 1.22 44 0.20 85 - 0.207 46,XY[12] =5/
7 B 69 P95R AML* 3.31 72 0.91 89 10 0.268 46,XY[20] =
8 % 76 P95H AML* 3.87 888 0.01 61 64 0.002  47,XY,+8[31/46,XY[17] ifE-1

TE = U s RAEB  METR PRSI A S A0 41 3G 22 s RCMD - MEVG PR VAN BB A7 2 2K & 5 5 1PSS: PR TS AU R 48 AML: 2k
HEAH UK. 4 MDS#% L) AML



-196- B MR A2 2017453 HE5 38 555 3] Chin J Hematol, March 2017, Vol. 38, No. 3

A5 145],P95 R102del 14,

4. Z AL 1 MDS #4619 AML 34
] i HH B SF3B1(K700E ) 1 SRSF2 (P9SH ) 28748 , Y
ORI R TG 45 IPSS 2028 i fa-1, 2 i
F A B SF3B1(K700E ) il U2AF1(S34Y) 8745,
439132 K RCMD Fil RAEB-2 , Y4 (0 {44 5 241 5 i
J5 26, IPSS 4328 1 B Ry e i 1 A b -2,

15 I 5

SF3B1 2748 Kk HETE R 7 10 & A = i8R B
B4 2140 g (high-count ring siderblasts, HC-RS)
(>15%) I MDS WA lTRARS FiIRCMD'*”', 7%
IR B, SF3B1(K700E ) 2875 23 4], Hov 14 4 %
"4 AE &5 A HC-RS 1y MDS IV A H (RARS 7 ] .
RCMD 6 5] \RA 1)), ¥4 7 Bl KA I RS, 7¢
RARS . £ RS ) RCMD 1 SF3B1 %845 #4315 A
64%~85% . 57%~76% "> A 21 ¥k} i RARS V.
R SF3B1 845 % Hy 81.82%, 5 CRkiE —2k ., A
e, A0 145 MDS %4k 19 AML 8 3% & 4= SF3B1
AR, LA, FRATT AR 1 6 RA JRA SF3B1(K700E)
ZRAR | A WA 2 SCHR R

FHOE Sk 7, SF3BL 28 748 A] /E Sy 24 17
B e AML % Ak i 5 B B2 A AR A 2 57 ot 0 g
FRieomsl AR B SE FATT A X MDS B TS 51T
i

H A, E 38 B U2AF1 2872848 114, A0 45 94~
i L3RS (A26V ,S34F/Y \R35L .R156H/Q.Q157P/R
K G213A) M2 A5 45 (Q157 FIE159) ', K
R A3 98 AR e L AE U2AFL () W 448 X, S34 Fll
Q157 fe J 8 WL o A UL 1]t U2AF1 () 545 K Ny
21.90%, i F3CHR [ 22 J[HRIA AT 1%, U2AF1 A8 X}
BE TG B AN

SRSF2 78 4% i A7 i i w1 , 5 SClk il —
| BT R B AR S TS AS A 00 7 52 e A
%1422 Thol 254} 1 SRSF2 275 . # jJEJiE g AML
) L) S 3 v T AR AR 4, AR 4 8 5] SRSF2 2878 #i
& P4 36150 MDS 3 i ) AML, \— 72 F2 B EDIE
TiZEEE

RNA BY AR5 G W 8 11 G it 5k IR 5 28 2 A HE
ik, — M AE A — R RAs b H O —Fh o AE | 42
7 Ho Al BEHA AR [A] 22 AR FH 89 MDS ZUims AL i 5 51
HAE ] — 4 M P [ B 28 AR i 4 R RE TR 37 o SR
Thol %5 /% 193 f4i] MDS £ % /1 4 H1 4 1] SF3B1 Al
SRSF2 3 A [A] 58745 , 8 ARH H 2.07% AL 1 45i]

MDS # 4k 1 AML i % SF3B1 1 SRSF2 [f] i} 28 7%
Wu 25550 B v [ 304 451 MDS 2, ZRAGI0 21) 1 451
ASXL1,SF3B1 Ml U2AF1 [a]if 584y . HoJs H n] fig 2
2% 200 B P T 52 A A e R AR P A F Al 35 R
TR R R AR B B0 P, EARBILS] v T i —
ARG

SF3B1.U2AF1 Fll SRSF2 5 4344 5 & W14 11 %
G FE R b N SF3B1 3 K 2848 5 IR IR R 4 21 21 iy
B ZPETT I DIAH 56, R W R Y R BRI A
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