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(1. PEEFHFRARBER (TEEFHFZRLRFHALH) , RE  300020;
2 Eh ik FERELLRE, K& 300020; 3. BELEBEREZHLF S, XE  300020)

[ 5 ] B HOHERE 2B LAY Shwachman-Diamond ZE51E (SDS) B LAY G AR ERAE B 3k K 28 7%
T0. AE R AT I AT 1L S 2B Ay SDS HULMY IR ARSI, A LRI RAFAE
RIS A8, 258 1149 SDS L, 9 ] (82% ) FI N ILEMEAEM AN (RCC) , 161 (9% ) K
PBER A A ZEAAE (MDS) PRGNS £ (MDS-EB) , 1l (9% ) JyaMEfE & A s £ MDS A 56 il A8
(AML-MRC) . KA RER GBI AR 48 M H (Wl 7 ~ 142 ) o 56 (45% ) BILERAN
HA Y MR RS . A LRI E] SBDS SR 2848, # WL AR L N ¢.258+2T>C 4lif 58748 (5 i,
45% ) Fl c.184A>T+c.258+2T>C H 47555745 (3 5], 27% ) . SBDS E:HHiAE 5 ¢.634_635insAACATACCTGT+c.
637_638delGA Fil c.8T>C 43T “EUwmy” M “FIREEURAY” o #% 1k RCC A1 MDS-EB/AML-MRC £ JL 3
AT B AR 5 100% . 0% (P=0.001) . #5i¢  SDS BILATHELUM IR RGURER I E—FRBL, RN 5
AT, P ST 51U AHOC [ PELSRILRIZE, 2020, 22 (5) : 460-465]
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Clinical features and gene mutations of children with Shwachman-Diamond
syndrome and malignant myeloid transformation

AN Wen-Bin, LIU Chao, WAN Yang, CHANG Li-Xian, CHEN Xiao-Yan, ZHU Xiao-Fan. State Key Laboratory of
Experimental Hematology, National Clinical Research Center for Blood Diseases, Institute of Hematology & Blood
Diseases Hospital, Chinese Academy of Medical Sciences & Peking Union Medical College, Tianjin 300020, China (Zhu
X-F, Email: xfzhu@ihcams.ac.cn)

Abstract: Objective To study the clinical features and genetic mutations of children with Shwachman-
Diamond syndrome (SDS) and malignant myeloid transformation. Methods  Next-generation sequencing was used
to analyze the gene mutations in 11 SDS children with malignant myeloid transformation, and their clinical features
and genetic mutations were analyzed. Results  Of the 11 children with SDS, 9 (82%) presented with refractory
cytopenia of childhood (RCC), 1 (9%) had myelodysplastic syndrome with excess blasts (MDS-EB), and 1 (9%) had
acute myeloid leukemia with myelodysplasia-related changes (AML-MRC). The median age of onset of malignant
myeloid transformation was 48 months (ranged 7 months to 14 years). Of the 11 children, 45% had abnormalities in the
hematological system alone. Mutations of the SBDS gene were detected in all 11 children, among whom 5 (45%) had
¢.258+2T>C homozygous mutation and 3 (27%) had c.184A>T+¢.258+2T>C compound heterozygous mutation. The new
mutations of the SBDS gene, ¢.634 635insAACATACCTGT+c.637_638delGA and ¢.8T>C, were rated as “pathogenic”
and “possibly pathogenic” respectively. The 3-year predicted overall survival rates of children transformed to RCC and
MDS-EB/AML-MRC were 100% and 0% respectively (P=0.001). Conclusions SDS children may have hematological
system symptoms as the only manifestation, which needs to be taken seriously in clinical practice. The type of malignant
transformation is associated with prognosis. [Chin J Contemp Pediatr, 2020, 22(5): 460-465]
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Shwachman-Diamond % 4 fiF ( Shwachman- WEERERIAE (S A B HN . IR ) | F%

Diamond syndrome, SDS ) & — Ff 56 K P4 B 8 £
P ¥ %5 (inherited bone marrow failure syndromes,
IBMFS ), DL PR 4 s | BRIRS M- I D REAS 4 |
Z Rl dn B WL A FRE Y 0 G o 1A fa s 1%
Wi SDS HAREARMGIERAL Al 1, Feib2ilt
T EHE A RS

MDS ) FIZMSER A M (acute myeloid leukemia,
AML) 4. it 90% (¥ SDS f# HA7 SBDS i [K

I ( myelodysplastic syndrome,

KA, SBDS AT 7 S Y alk qll X, HisZS

SRR E M . ILAh, SRP54. DNAJC21
EFL1 F R 2878 1) f 35t mT 68 H B SDS i Ilfs RAFAE o
SDS I RRAY | ™ EE FR B P i B AE R R B A
RNZEREAR K., 25 40% 1) SDS 3 H 3™ 5 1)
MK RGHSAE " MR ARG R T EUR A S
T HLAZ S M T 40 9248 ( hematopoietic stem cell
transplantation, HSCT ) 1 FHEFEHE P SDS & —Fh
UL, BT E PR SCHEk R RE 29 300 26, A
B Y 2010 4F 8 H & 2020 4F 1 A M6 3, 4t
ieiE 25 4, X T MDS 8¢ AML 1Y SDS & LI
PIARE 1 3] °, AR R GEARE T 11 BilfE MDS/
AML 1) SDS f8 LRI PRAFAE B 3 PRI AR T L
1 #RERE
1.1 HRIH
1B 1 3 BT 3K BE 2014 48 1 H % 2019 4F 1 H
BHIZH 11 B R 552412 B 14 £ MDS/AML )
SDS &)L, SDS s AISWrbnifER « (A EA i 28 i
Wb (FEZED 34N HNEA 2 b ok g s %)
THEURT 1.5 x 10771 scH b i 40 s > ) FngsRgsh
SPUATIREAN A, SO HAD SCRE TR, S
WiE . 17 MR, —HEE A2 SDS &, Ik
R AR e 2T 4R 4L  Fanconi F3U0L Se KMEfMAIL AN R .
Diamond-Blackfan 7% il - HAWENG . /> F2# 12 Wik
WEA . KGN F) SBDS 3 PR XAV 32k PR B0 1 ol mT 5
Fom kA P, MDS 275 4 2016 4 WHO 43 #1
Wik R L MDS i2WiksifE . AML 2 Wikr i
SR /A E LS R IR LR AN = 20%1 . BT R
ILFK BRI OB EZAE R, JRIRBE e 5 &
i ( NI12020009-EC-1) o
1.2 IRERFREIE

Wtk SDS BULRYIGIRBORE, AFGRAFEES . PR

SBUARIMERL, AR ARER . Q@
AZHY . AT DIREFIB IR AR 45 R AR 745
1.3 BRIERE#HZR AN FENREER

JIT A s 191 X5 >R B B B AP R 1M 5 mL, EDTA
LB, 4 CHRAF, 72h W HEAT DNA SR L, R &
5 UE DNA 2 ¢ A A2 B: 1/ s [8] i 41 4 1. DNA.
PO AL B By P X 4 4K Panel,  H [ DX 5k
fu 45 SBDS. SRP54, DNAJC21. EFL1 K& I fih
IBMFS. itk MDS/AML Il MDS G R 4 564
MR B RN R AN TN E TSR X B
A Mlumina NextSeq 500 il ¥ & #E 17 NGS, 4t
[ DX 3P 34 35 R 7 55 3 98.19%, - 5310 7 VR oy
1000 x , 95% BHLI DXIAT EE >20 % o XU i Y
A S RLHEAT Sanger Y AR A8 S5 Y B0 1R A
Wi a5 [ PR 2t o AR N A A o
College of Medical Genetics and Genomics, ACMG )
RAGIT AN S bR A
1.4 FEiG

JIr A B JLBEDT & 2019 4F 10 7, Bl 15
B4 39 A~ H (JER: 4~130 1~ H ) o BEDTERE
VR TAEBER I T 129 D1 o XoF Bty S I ZE T ) 1]
Pl skl 5 LK 8 LR EE R B
1.5 FHiFFES

K H SPSS 22.0 BAFREATELIH R THEBE
BRI AR (U R HHECRORHAI B 43
He (%) 3o, M HBCR A Fisher KSR
e W% Kaplan-Meier B, R log-rank o Iy
AT R L, P<0.05 HEFAGITE L,
BAETE (overall survival, OS ) BHIHAISHE R G VEE
PZEFET A I ] BOR U B I TE] 3153

( American

2 R

2.1 IAREHE

YA 11 B SDS BIL, B 76, L4l &
UK BE SDS AH G A AT A A AL SRR ) R A2 AT %
HAERE GERL: HiER ~ 8% ), H R B0
P B AR O 29 S H (EHE AR ~ 128,
H 2B MDS/AML ) P A7 4E % D 48 1A (JE
Bl: 710 H ~14%) o 9Bl LRI ILEXER
P 1M 40 B 9k 2> (refractory eytopenia of childhood,
RCC) , 142 MDS )50 4 2 Jfi 38 2 (MDS with
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excess blasts, MDS-EB ) , 1 #fi] S5 AML £} MDS #H
FhZZ (acute myeloid leukemia with myelodysplasia-
related changes, AML-MRC ) . 45% (5/11) f8JL#%
BN RAER MR R GESEH . 18% (2/11) [BILFK
IR by SR e A 2 L D PERE TS o 279% (3/11) J&
L U H B 20 8 4> ]I MDS/AML, 445 2 4l
RCC, 16 MDS-EB. fUEIL S A RKIRL, %L

Wik RCC, B0 4 1 40 i pd /0 &k IR 2%,
1B A AR R 5828 () [R) M BF AR IR TS . K E
RGE O I W T A AR AR BT 53 A AE T 45%
(5/11) . 18% (2/11) H118% (2/11) 1y & JL.
27% (311) BIFFEIRISAR 8, R R
BRAARUNF RIS BEMfE. 11 ) L34 A ksl
FFEReRE (£1) .

Heo T

F1 11 GIERREERENH SDS BILIGKRFMEMERER
Ak MDS/ SBDS FE[H - o AN ACMG 3 , .
poa=N i1 - = RIS SARSEE o] /E; z=2 ]
G’ PES AML (4RI S SRR RARR X etk LS ESAES
. BEIVIE . 2> IRIME. XSUAL
1 14 :25842T>C splic 2 gl J RCC ” X
* v ¢:258+21> splicing - SCfp - AE S0 C W, B
2 %k 5% ¢.258+2T>C splicing LB Ay BUR RCC  KHRZE
3 W 74A ¢.258+42T>C splicing b sy BUR RCC I
- ; ENKERR . EFIRE.
4 3.8 258+2T>C lic WG ais ) RCC g :
S & c:258+21> wing Supse Al 2 BB . 50 ALK
5 5 25 % c.8T>C pI3T  BHEAYE 4G WTHEEUW RCC KEIRZE. BERARDIfL
6 % 6 % ¢.258+2T>C splicing AT o s %Eﬁgﬁﬂfﬂgf'ﬂ
¢.634_635insAACATACC- . N J RCC Ik FEARM kB IRH .
* 7 A N T TaY N
TGT, c.637_638delGa  P1212KE*16 BHR A5 HERERE
7 3 1 % :25842T>C splici AT g4
C splicing ‘ ii fj[j’%‘ RCC jﬁ
c.184A>T p.K62X B R
8 L2 4 % c.25842T>C splicin BEYR A
e . O RCC T
c.184A>T pK62X IR ORAE
9 4 124 ¢.258+2T>C splicing  BRHEZ4G  4id H§  AML-MRC JRWHTS . JRARARHG 1k
0 B 8 % ¢.258+2T>C lici BRJE b
. TP . fi H9%  MDS-EB T
2 SHNRFHIR - H k%A ARa
11 0 3% c.258+2T>C splicin AR Ag A
preme . fz o RCC o
c.184A>T p.K62X R R

e [RCC]JLEMER TE ML AN/ [MDS-EB] &84
BRI

W2 BE 2 VAL SDS B2 LAY I 2F R AE
DL 2, P 20 ek e UL AEAE T 91%( 10/11)
ML ERER S 11 F ) L BEhs A= B B 3%
THN AR S, B S5 omE 4E f
ARERR, ZR2ANKEZRRSEN. £ILE
1t MDS BiIE S 50 EEAFE THER,,
RN AR A I BN [) 2 B i R sk /D . ik
MDS J& BIE A S0 o 3, Hoh il 20 A 1
&N BF, R Pelger-Huet FEMGIE . B i A4 Uk
U8/ B i 2 0 K1) B s B 1 R AR s L
B B 3 5T I B 4D R S L. e iR
RIS 18% (2/11) B ARTER, 45
7 inv(9)(p12q13) (B JL 4 ) F1 del20)(q1 1) (FBIL1)

SRR A 22 5 [AML-MRC] 2VPERE R 1L FF-5 i 24

| = e
LR

JIT A B LRI B H A R G R

F2 11 BIEFHREERNLA SDS BILFIZHH
MEFIERFFE  (n=11)

iH B (%)
r A 4 ek 10(91)
ARG Z (<0.2 x 10°/1) 3(27)
BIAIEELZ (<0.5 x 10°/L) 6(55)
2L 9(82)
FEAUM (<60 g/L) 6(55)
FREEZT I (<90 g/L) 2(18)
N 7(64)
I/ <20 x 1071 1(9)
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11 FIEILH, 55% (6/11) NELETRAE, 45%
(5/11) HEEGIETAL, ¢.258+2T>C Fl c.184A>T
S BIAEHE T 91% (10/11) | 27% (3/11) &L
(£ 1), c258+2T>C. c.184AST HPE T HRIE Y
O A8 P, ¢.634_635insAACATACCTGT+c.63
7 638delGA(.I212KEs*16) N FF A5 5. AR N
SMRAR, F54 PVSL; %7857 ESP 6% (http:/
evs.gs.washington.edw/EVS ) | T A 3 A 20 %5 48 /52
( http://browser.1000genomes.org ) . ExAC % 4 Ji=
( http://exac.broadinstitute.org ) 1F X FEEE H oK
K, 54 PM2; % MutationTaster ( http://www.
mutationtaster.org ) 1 GERP++ #14 ( http://mendel.
stanford.edu/SidowLab/downloads/gerp/ ) Y E %) & B
b6/ v b1 N 71 - N 5 o< N S5 5 1 M
Fi6 PP3; IIZRAEPHIE N “BURIN” o ¢.8T>C
(p.13T) s 5, BILS NeliaAs s, BILAFAFR

PR 2R S L R, G PPL; SEJLRYSRALA
RN BRI FE N RS, f745 PP4; 12785+
o ESP B . T NEEE . ExAC B A T X
ANHEP AR R B AS S, £76 PM2; 28 SIFT ( https:/
sift.bii.a-star.edu.sg ) . PolyPhen-2 ( http://genetics.
bwh.harvard.edu/pph2 ) . MutationTaster Fll GERP++
BAFR A A5 BB BT B0, e iRy AT
T CAREAHERT . CBURMT R CRERT
P8 PP3; i8S N SUE S, T PRI A R S
AR SRR B SR SR R R AL, RS
PP2; PR HHIE N “FIREEURM” o Fik
i AML-MRC 1958 JL 9 K 31 IDH1 FE ¢.394C>T(p.
R132C) MRAANE I AL o A [ 5 PR 8 A L o 24 g Dk
A Qe R R SR SR TSR IR R SR )
RAFRTRFENZESR (B P>0.05) , Wk 3.

%3 11 GIFREEFERFHERTEEELEN SDS BILWIGRIFMELLE (4] (%) ]
i caswiat>C g PR ST Ffbzes .
: (n=5) Yooy (n=3)
FR PRI <0.5 x 10°/L 3(60) 3(100) 2(67) 0.452
MLTEEH <90 ¢/L 3(60) 3(100) 1(33) 0.231
1L/ <100 x 10"/L 2(40) 2(67) 3(100) 0.231
Gt A% 5 2(40) 0(0) 0(0) 0.231
BT 1(20) 0(0) 1(33) 0.565
AR MV RGFE R 1(20) 3(100) 1(33) 0.079

2.3 FWEHH
w0 2 1 R AR & A B B N
LA A Y5 R T ( granulocyte-colony stimulation
factor, G-CSF ) . JoiJLIE3Z KM G-CSF iRy7 s il
Bitkiayr . 2 BIEJL (1 4] RCC, 1§ AML-MRC)
ez 7 HSCTIRYT o P L H B 200 Jfd sk /0 I
34F i 0S K Ny 82% (95%CI: 70%~93% ) .
L% AL A MDS/AML J& 3 4F #iil ] 0S 2 4 80%
(95%CI: 67%~93% ) o M3 Im 2 st/ 254 Ak
i MDS/AML Ay i B[] 2y 18 AN (FE: 4~121
M) o #ALA RCC A fa 5 & MDS-EB ¢ AML
(8L 3 AE T OS 5051 100% F10% ( P=0.001 )
(E1) o At lm el i MDS 8¢ AML (1) 2 i /&
JLMH12 MDS/AML ZIBET BB [E] 5354 4 A~

5540 Ho MR, EWKIZWE SDS MAERS . Mk2ES
BN RS YAz B i) L A AR o 5y
i (£4) .

150 1

= RCC
— =L- MDS-EB/AML-MRC
E\/ 100 14
8 :
& |
3 s0q L.
= 1
Bk |
04— : : .
0 20 40 60
SSAEAERE ()
B 1 AEEREEELZED SDS BILAEFHE
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x4 11 PIFAEERTMEREML SDS BIL

3 OS RMBEREENH
; 34E 0S R
T i 2 P
i H % 95%CI) 2 1H (D
53
3 7 1% + 17%
0.928 0.335
i 4 100%
T2 SDS 4R
<1% 5 100%
2242 0.134
>1 % 6  60.0%+21.9%
R MR e = T
<0.5 x 10°/L. 8 71% + 17%
R 0.928 0.335
= 0.5x 10°/L 3 100%
I ET 8 e
<90 g/L 67% + 19%
1465 0.226
= 90 g/L 4 100%
1L/
<100 x 10"/L 67% £ 19%
b 1465 0.226
= 100 x 10'Y/L 4 100%
Yt A%
EH 9 75% + 15%
0.536  0.464
FE 2 100%
Ay
RCC 9 100%
11.023  0.001
MDS-EB/AML-MRC 2 0%

H . [RCC]JLEMER MM AL [MDS-EB] B84 %
CEOIEPEIR IR A 22, [AML-MRC] Z2VE56E 2 1 st B s 2k
R AT,

A% [ B A S R T O B R BA B A R
PRI A ) SDS FBL A I PR AR AIE RN 35 PR 28 A8 1 40
25 20% [ SDS FF L PRI <0.5 x 1071 J e
YORIZIE N, BAUA 65% 1) [m i B L 1
JEERRE AN I D REA 42 K i B W, PR e G IR P A
TWZATRE Y, — IS 1514 (54252 HSCT ) MDS
BE IR IRIE, 4% AR B F T SBDS 2
R4, HRZHAEBMATREZHE H, $ERZE
BBE TR IR T AETEARAS 1 T BB T, AR
45% BILRI N HLi i R G 5 %, 78 SDS #
FKFEHKEIAE IBMES 12 Panel Hh A4

ML 90% 11 SDS 14 SBDS JEH 5848 . e
UL AR S 4035 . 184AST Fl ¢.258+2T>C27 %
KA SDS FL ML SRR . 184AST 4l 5 RA8 |
. 184A>T+¢.258 4 2T>C B A4 A RAF M ¢.258+2T>C

Ui AR R L, A3 56% . 14% F1 8%,
AW IE LR w UL AR TE 2R ¢.258+2T>C 4lify
GEAF (45% ) F c.184A>T+¢.258+2T>C & & 4 &
RAR (27%) o« SERAEHRE 5, RUFFRIR AR
I 1) SBDS F PH] A 1 e A1 2 ] (1) O BX T 5 Ah,
AWFSEE RARIE T SBDS AN A S, Bomtk
ZEA% p 212K fs*16 F A GEBURPESEAE p 3T, BR T
SBDS, HTidA 3 A HIHHRGE A2 SDS R4,
£45 DNAJC21™ . EFL1" #1 SRP54"", iR LA
TE SDS & th T o LUy <1%. ASBIFSE R 4G I 5]
RS, WIRE Rk IR AR AR IR E SDS
JLFEW, L, XFF4E2 SDS Ly i 5% B
I SBDS F&[K ., TPS3 J2& SDS g f UL il 44 41 Jif 28 7%
FEH, 5 MDS #Ab XU 38 = R KT A 56
7E 1] & 4= AML %46 i SDS f8 5 Al 1) IDH1
AN s s, R AT RES BUE RAFAH o 2, AR
W5 JL 9 G IS IDH1 R4 27, — 5 1
FIX 527 T BEBK Bl SDS 4 PR AL B T3
T — iz EBILTE 22, R T 0 290 ok B A
IDH1 AR X5 B 520

SDS 2 F H UL I Fh T IR A0 i AL R
Hi(7)(q10) F del20q)"™,  HoJE 75 5 % M 5% 1k A
KM AEESR W W2 W R M i(7)(q10) FT del(20)
(q11) N3 AN SDS G PEFE ALy KU, g Ak 7 1Y
A i(7q) FH, FEAUE AR 7 TR S EE RO AL
HASE P AT Fe R RIAEAE T 44% 6 2R EE AL )
SDS B F H, IFHES ARG A", ARt
4T del(20q), KT F] inv(9)(pl2q13), 2 %l &L
WIERIUR sk =, 30T 14 %L 45 H AT
b4 RCC. 1 2 B4k A MDS-EB/AML-MRC f i
JLYRIE R,

H AT E A9 SDS B 22 B L R 22 RIR K,
1E 5% 3] 36% =z |a] B! SDS #% 4k MDS/AML
JE WG 22, 10 4 0S AL 25%", 2019 4F— T £
HUC BRI 5E s A BETT 4.9 4, 54 MDS
FAML & W TP AAE I 018 7.7 4EF1 0.99 45,
34E OS BAPHE 51% F 119", ABF58 45 R IR 53
NGRS MDS-EB/AML 9 B LTIS 22, Miksfb R
RCC LT KR E .

SDS R I R R4 5, A uDhs it ot A8
Ta X FIRr e A HEE L, AR AR KM
SHUG MM E R, 1l e S HEARE DB D
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ME RGAER R FA K X TFEA46 D MDS/AML 119
SDS 3, HSCT B hME—Tn]Rgin @ FB, A5
WP, LW MDS i o A A7 I TR 1.2 4F 1
A A7 AL 23%M, X TR 26 B A SDS [ 3,
N AT B AR — IR 0 B RN I R RE W B, I
I L of 240 3T SO R e A T T R R
JE, 40% B TE AN B S IS L T R AR
MDS! R (AL T W T R v R R A
ffo 2 M Z B BRI B 3 4F 0S K55
H62% 55 28% ",

Sz, BB o A A bty SDS B4k MDS/
AML L, 4558 57r SDS L AT e LMK 2 GehE
RAME— LB, RN G E M. ¢.258+2T>C
. 184AST J&fe i WIS AR A7 a5, A A by PR i
M e, 4kl MDS-EB/AML (19 LTS 22, 4
W, Mk RCC W BJLT R e, E—
A R E N SDS FEHIEIC R G, EvET
UEHE A2 B . IR FNAE BRI XF T- kst i L U
BREE,

(2 % x W]
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