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AT ARAE SA BILA T2 Wi il RN AN A, &S X SA IR BRI IR T 0K ik UdE 36
B2W R SA FBILAYIG R TERE, SR B B3RP 3R ARI 7 a7 T SA A SR HERA | %mq%/—\ﬁmeﬁm&
BRI G SRR, AT SRR R I R R R . SR 36 Bl JLH, 32 Bl s E PR 4 4 gt
(CSA) , 4B BBEH A T LR B I FEE AR SN L 4N (MDS-RS) o 3£ 53% (19/36) HULKINE] CSA *ﬁ?’i
FEPR g | Hirfr ALAS2 LRI 2875 5 479%( 9/19 ), SLC25A38 KR 2875 15 219%( 4/19 ), Lk id i BElit gk 1 329%( 6/19 ),
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RN o 2518 JLEE CSA LA ALAS2 K SLC25A38 JERIZEAR N 2, (HEGRAILR K Brih R A A et %1
L)L R B AR P2, 5 2 R RS (1 T RE

[ PEYAILRIZZE, 2019, 21 (10) : 1016-1021 ]

[ &R ] e tEgoRigha anisim,; BHs A S sE G IR ER BB h£T A0 IRIRARAE; P 5848

H r3E g AR e; JLE

H

Clinical features and gene mutation spectrum in children with sideroblastic anemia

AN Wen-Bin, LIU Chao, WAN Yang, GUO Ye, WANG Shu-Chun, ZHANG Ying-Chi, ZHU Xiao-Fan. Pediatric Blood
Diseases Centre, Institute of Hematology and 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 gene mutation spectrum of children with sideroblastic
anemia (SA) and the clinical value of targeted next-generation sequencing in the molecular diagnosis of children with
SA. Methods Clinical data were collected from 36 children with SA. Targeted next-generation sequencing was used
to detect mutations in SA-related pathogenic genes and genes associated with heme synthesis and mitochondrial iron
metabolism. The association between genotype and clinical phenotype was analyzed. Results — Of the 36 patients, 32
had congenital sideroblastic anemia (CSA) and 4 had myelodysplastic syndrome with ring sideroblasts (MDS-RS).
Mutations in CSA-related genes were detected in 19 children (19/36, 53%), among whom 9 (47%) had ALAS2 mutation,
4 (21%) had SLC25A38 mutation, and 6 (32%) had mitochondrial fragment deletion. No pathogenic gene mutation was
detected in 4 children with MDS-RS. Among the 19 mutations, 89% (17/19) were known mutations and 11% (2/19)
were novel mutations. The novel mutation of the ALAS2 gene ¢.1153A >T(p.I385F) was rated as “possibly pathogenic”
and the novel mutation of the SLC25A38 gene ¢.175C>T(p.Q59X) was rated as “pathogenic”. Conclusions ~ALAS2
and SLC25A38 gene mutations are commonly seen in children with CSA, but mitochondrial gene fragment deletion
also accounts for a relatively high proportion. For children with hypoplastic anemia occurring in infancy, mitochondrial
disease should be considered. [Chin J Contemp Pediatr, 2019, 21(10): 1016-1021]

Key words: Congenital sideroblastic anemia; Myelodysplastic syndrome with ring sideroblasts; Clinical feature;
Gene mutation; Targeted next-generation sequencing; Child
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PRI GLT R MEAT 0L ( sideroblastic anemia, SA )
Je— 2 R A AL 35 BAT S e R B, HAL T
R R AN BEAF TR IR BRI A 2L ML, oA
AL VEFUARATE SA . 38t A5 PR RORL 4 21 240 1 3% 1
( congenital sideroblastic anemia, CSA ) J&—41H T
ENGIE- BRI = iR RS AN R 7 2 =7
B SR AR T B B S R SR AR R Y
W M, BEE AR ( next-generation sequencing,
NGS) #ARM IR, HACHRE T 14 4 CSA A
U HE I, fF5 ALAS2, SLC25A38. FECH,
GLRXS5. HSPA9, HSCB. ABCB7. PUSI,
YARS2, LARS2, TRNT1. MT-ATP6. NDUFBI1,
SLC19A2 J [ Jr SR R L R B 2 P A e,
VYA IE 40% HL2l CSA B CSA BURISRER G HER
FENBOF R P e IR SA S B A
SRR R 2 2L 41 ( myelodysplastic
syndrome with ring sideroblasts, MDS-RS ) , £ 70%~
90% BN B AE AFAE SF3B1 B 2878 Y, fH0— 3%
GEAFTE CSA IR AR 2] M, B SRR
BT T BIRYT MTUS AR, P, B0 Ak A
S AL AR 551 % i PR R SR B R H B . AT
FEAIHT T 36 1 SA FBILAYIG RRHAE, SR HTH Y
PRI 3K NGS HOARMEAT SA HHRBOREEA . 5 14D
A M RRLARGACHAT A BRI, oA 2
RS I RIS

1 ARSI

1.1 RIS

YEHL 2008 4F 1 & 2018 4F 1 H F Bt 36 flllfs
PRI SA BILARFFEXT S, CSA I2WikrifE R P,
(1) R (AR ZILE) R R
(2) EBEIE A Bon B 21 7 20 Mt A 1 = 5l e
Wi (3) EBEERYLC B R SN K B EH L,
BRI A0 e (H 2 80%~90% ) , MK
WL M B3 B (>10% ) 5 (4) HLES SR
CLA MO RLAAR R DTN (5) A7 AH I Y Z 6 B
(6) [ ~h4k % 7 SA, MDS-RS 2 Wi b7 o g &
¥ MDS BAGIZWR e, B BRIk 4 21 40 At
= 15% 8= 5% HEA SF3B1 BEHRAZ,

iR BILR BB M RZE, kb E
[ ~F k2 e IR 5 B ML TR A R 52 BT (e PR 2% B 2

fitifE (KT2013004-EC-1)
1.2 IR R EE

WAk SA FBILRIRIRTORE, IS4 .
S EEERMAIE (AR FHO . KR
JERER /N ) o GG . IR L. I k. kR
HFIRE . SR H . AMAIMR A AR
P ONRFIRYT ROV 5
1.3 BHEEIK NGS #illl SA RETEH

T AT LAY SR A B B s S0 1M 5 mL (EDTA
Lt ) , 4°CIAAF, 72 h WHREUDNA, KR KAE
DNA $2ICH ACREAN /7 s [Rl fg 2hJaT i

F 9 FE P panel 4245 Ui I8 1) CSA AHOCEUR
B 5 MLELR B AR AT SCHE A Y 42
FRAME - SN - NS A FHUX A 564 DR
W FH Nlumina NextSeq 500 | 7 °F &5 #£17 NGS,
PR w5 Bl 98.1%, V- IR BE Sl 600 x
95% 73 53 & >20 x o FF RGN B Y AR S 5, %)
JEUEH M HoR @ 4T Sanger P S0E . K4 5 [
Bl 5 R N4 2% %2> ( American College of
Medical Genetics and Genomics, ACMG ) %45 4741
AR SRR AEFITE R 1 AR S R BRI

S AL PR 2R 0 A AR T 34 R PR 98742 1Y B
15 JE NG B IR ARG AE ( Pearson syndrome, PS) A9
BIL#E T, 3R panel XF£47 & DNA #E17
WAE. VB, W Mlumina NextSeq 500 Il 5 &5
X AT NGS. BidE s r et i, 5
AR S TP AN HEAT XS GEi e R B S 7 o
J, SNP/InDel A, RS GETHR H miDB £
J#E( http://www.mtdb.igp.uu.se ) , OMIM B 2 ( https://
www.omim.org ) M MitoMap 8 3& & (https://www.
mitomap.org ) o FHIRZCE N 80%, Z&Kifk DNA 7
FEIK 99.93%.
1.4 FEiA

Jr A LR 2 2019 4F 1 A, o7 BE Ui s
] 41 (3~130) A o BEVTBERDRIRTHE BRI |
I 12W . XTREDTIA BRI ZE T i 1], AR s 411
S BILFERIRER R0, R UiEILEL 3 4
(8%) -
1.5 FitESH

BAEAE (overall survival, OS ) $AHZHAIZ 2501
(BT SR 12 2 2019 4F 1 HIH5E. THECRER DL
g (VR ) R
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2 #£R 126, 19 6] (53% ) Kt CSA FH 80 / 1]

REEUR IR 224, i 68% (13/19) H LA

2.1 SA BILWIGKRFHER ERRTH FIAEFE 278, 329% (6/19 ) A6 3] £ 47 {4 I [A] fie

36 i & JL B, 32 i S CSA, 4 i S MDS-
RS, o6 flEIL (2MKR) AREGEL (K1) .
HIKIGRIZW SA A4S 3 (0~14) %, 5 24 f],

Ko 20 PRGN R F0 anT BE O sl SO W2

AL B LRI PRAFAE S BE R S TR L IR 1,

Iv ooQUmHl
1 ﬂz 3 4 5 6 ﬂ? 8 ﬂe
i O ()
ﬂl ﬂz 3
1 BERKERN ALAS2 EFERETSH K CSA BILRERE

L ][O/l

wxnt @
At N\
VI
b A

Lt E

plas

FERAIR]

SEUEH

Pl A 7R ALAS2 LR AR B X FE B ER R Bk
RIANZLAMIAT A R 1, ABFF AR EIL 11-15 358NV 2, V-7, V-9, V-1, V -2; [ B/R ALAS2 JEH R T8
B X GEBERRPAA LALLM R R 2, AUTHFNARIEIL 10 9T -2,

1 21 G HBHESN AT RBRERN B AAERERT SA BJLIERSFMEMEERER
Ui 7823 . - RAS o ACMG BUR RG4S (TR
| | sV \ﬁ AR ‘,ﬁ V=1 {*E I N 2 AR AR S YR . X
B P51 WA s AR AR FHTR AR e RANEA AR Y @ BETJE )
1 5 AR 2Rtk 625012498de15978 - - - [ k57 - I FiE
e (35 AMH, K
2 5 054 Lhifk 8647-14399del5752 - - - HAERRE = 7 fﬁt (A\ ;ﬁ
g, RPE)
. . TS0 A, H
N 24 . _ _ _ ZAR _ N ’
3 4 3MH 0 kiR 11027-15950de14923 A k548 Jc )
" . HT-84NH, £
A ’ _ _ _ LA _ SN
4 B 24H Rk 865015360del6710 H k548 P i SE T RERE )
s o . -6, R
5 & 24 H Rtk 884313459del4616 - - - S - e ?ﬁg; PR, B
6 L 54H Rtk 984915137del5288 = - - H k54 - I pear
7 9 14%  ALAS2  c.l412G>A p.C471Y  exon9 EETFT AREE  HUA G years
8 H ox ALAS2  c.C495A pF165L  exond . ! .
¢.G606A pM202I  exons AT AERE B X i
9 B 2% ALAS2  ¢.1231C>T pR41IC  exon9 FHTF HERE  HUR Jc FETE
10 5B HJE ALAS2  c.1153A>T pI385F  exon8 AT BHE WREEUR A T
11 9B HEJF ALAS2  ¢.-15-21881A>G enhancer intron 1 5T KR o H Yeahs
12 B HAJE ALAS2  c.-15-21881A>G enhancer intron 1 fA&F R o A FEIE
13 5 HEJF O ALAS2  ¢.-15-21881A>G enhancer intron 1 (AT BRI o H yean
14 B HAF ALAS2 c.-15-21881A>G enhancer intron | 5 RS ESE A T
15 5B WS ALAS2  c.-15-21881A>G enhancer intron 1 AT B o f yaarn
16 B 24H SLC25A38 c.400C>T p.R134C  exond  4if1  HAREZE  HUA /s FET
17 2t 51MH  SLG25A38 ¢.560G>A p.RI87TQ  exon5  4lifll  HAERA UK Jc PKeiji
18 B 34H SLC25A38 ¢.260G>A p.W87X  exon3 PPN 54/}? ﬁwﬁ P o
¢.429delT c.431T>G  1143Pfs146X exon 4 B o
19 B 2% SLC25A38 ¢.175C>T pQSOX  exn2 ., . . R o X .
.560G>A pRISTQ  exon5 0T g sops i
20 4 34H ALAS2  c.1600+1G>A splicing  exon11  Z&%& KF BUAH PKeiJi
21 4 3% ALAS2  c.1499A>G p.Y500C  exon 10 ¢4 KA BCRM T i
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19 BIFEH 2L, ALAS2 38U / 1T
RESOW ME 278 7 47% (9/19) o fEIL R 54k,
B3RO0 B4y USRI A ) /N LAt R AR
I [ 2T 66 (48~89) o/L, -4 21 41 i 14 B
72.4 (60.9~84.6) fl], BREE HIEATIE B & (943

(87~6020) ng/mL] KBt B FEHIAEZ R (1
B MERBAR . BN IR . JFR
KR ) o Hod, Rar1c”, Fiest®, m20217
CATIYPV A c.-15-2188A>G!" Ay B 15 4% 38 i 19 5L
5 2 A5, L 10 47 7E ALAS2 5 . 1153A>T(p.
1385F) BEEPEE S TR s, H2 BRS8N
ZAESEEE T, A PPL; BILEAIRZ kL
X BRI S R, AR PP4; %7 5y ESP
B8 B Chttp//evs.gs.washington.edw/EVS ) | T A
e R 2H 8088 % (Chttp://browser.1000genomes.org )
ExAC %% ¥ (http://exac.hroadinstitute.org) ok
KBS, 545 PM2; 28 SIFT (https:/sift.bii.
a-star.edu.sg ) . PolyPhen-2 ( http://genetics.bwh.
harvard.edu/pph2 ) . MutationTaster ( http://www.
mutationtaster.org ) FAF 1A= W15 AR - B i
SRR CHERYT L CRTREAR T A CEURR
FE6 PP3; 278 S At OB S, TR ) RS SC
AR SRR A SO S R B R AL, A
PP2; RIGIZAS e fcH e AT REEORRY” .

449 (21% ) B ILAFAE SLC25A38 R o 14
RAF, WO, BRIy ol E R /N AR
R [ ML 57 (49~62) /L, FIILT4H
AR 71.5 (53.7~74.4) fl], BREE A E 332 (197~
1435) ng/ml], £ RZGEad IR R, 98
JURER IR (2/4) o 2 BIBILREEERAE, 2610
BERGRAE, 4 FIEILRINE] 5 Fhoeds, 2 Fhgh
XHAE, 3T LR, H, R134C, RI87Q,
W87X ., 1143Pfs 146X N REAEHR E 1 A o se s ),
Q59X MBS . LT NT LIRS, F55 PVSI;
AR ESP AR . T AR . ExAC EdiE e
R EIIAE S, £546 PM2; 45 MutationTaster F1
GERP++ A AWy (5 BAAE - A B, 73 wil4ers
O CAERT L CURSERT ., 5 PP3; BRtixAR
SHHE R BORRYT

PN Rl ESIES €W N -2 ey i 2 S ER -9 I
PE— AT B IE D L T o 32% (6/19) i
DU 1) 2R A4 5 BRUAS [R] /N e Be i ok, R/

JLEITE 4000~7000 bp Z [a], L [EP K 1 FE K A0 45
ATP6 . COX3, ND3., ND4L. ND4, ND5 Az tRNA ( {1
% TRNG. TRNR. TRNL2, TRNS2, TRNH ) JE[H,
BR2Wi ol PS. 6 1 PS FR L AR I RIAE A 8 B R4
MM [ LT 60 (49~81) ¢/L, P41 41/
AT 89.8 (74.1~101.4) f1], FFA5 4 4 AL A 1L /MR
ANTFFR BE 8IS BB LR = &R AT AN R 2 B 1
AT I, 21 R FURL 28 A4S 240 it B 3 2 00 O RE
TEMER I 0 LR M A s FRE AT M
W (715 (164~1265) ng/mL]. 6 il JLH B
MR R G VASMEIR G LB IB S AR
AEAN4: . WAk J1sifik, FBJL 1 RIRHREA 1 AR IR o

AL, HOJL 20, 21 Rl EE SORBA) ALAS2
R AASE, Y¥IhZett CSA UL, Hidr, Y500C
o WEAE R GE 3 A BOwR P24 MY . 1600+1G>A H
ESP B e . T A E . ExAC £l ok L ot
FYAR & £% MutationTaster £l GERP++ A4 19 2E ¥
EBEE T, AR CBomrT . R
SEEYT O, Al TR LSRR REAS, ANRE
W2 1% B L B AEAE X Qe ARAEREAL R 76 . 4 B
MDS-RS & JL¥ KK 5] SF3B1 2848 Jz CSA #H %
FEH AR
22 WilE

Yk rE K By ¥A JT XF ALAS2 3 [X R4l11C,
F165L, M202I, C471Y &AM BILARL, 1MXT c.-
15-2188A>G F1 1385F 28748 [ LTCAI . 4R B
RIT RN UG I, 208 F TR I 25 )5 1~3
MAWTFRIES, SREAZRE N, Mgt R B,
TC I F TR i T 2D A, IR ™ A ekt
BA RS E 3 . SLC25A38 LR 9878 g )Lt 4 4=
K B IIT I . BB 19 FT 0 i i T4
MR G e, AEBILIR i, PS &
ILFUG 8%, 67% (4/6) FET Y | R £
JIE#S DR s .

3 g

CSA Bop ik H 329 S 2T R A % (ALAS2
SLC25A38 ) . Bk %A s (ABCB7. GLRX5) .
LREEAGRASSEABERLNEAS
M (2 KL /& DNA., PUSI, YARS2, TRNTI K
SLC19A2) . AR, AWrA kR giiE, £
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#& HSPA9. HSCB. LARS2. MT-ATP6. NDUFB11
R P A MDS-RS 205 56 H 32 29 K g it 55
PR 2 A4 H 548, 4245 SF3B1., U2AF35,
ZRSR2. SRSF2, H:rf1 SF3B1 %875 1 70% LU I,
{HJLEE MDS-RS AAM 2 _ iR FEEH 7848 B, A5
RGHT T X —F LB R 22455 . 59% CSA
LRI R T Bow /AT REBUR ERE A, 4 5] MDS-
RS & LI ARG I 2 S0 / 7] BE B0 MR SE R 847,
141 5 O A i T e PR R AR ARG H SR AR — 3 P,

ALAS2 FE[R 578 T 8 X BRI 4l 21
AN ( X-linked sideroblastic anemia, XLSA ) &
CSA 5 WHZE AL, ALAS2 Zmft I 2T 2 4 s —
A P RE W2 R R A M. 124 Mk, B
I 100 FhZEAE P, K 280w T 2 AR T A0 i F
5HAMNEF 9, JEEE TSRS GO, R
iz 391™Y, ALAS2 HE[H 2848 X Wi Y D BERZ )32,
IR A FRUR S & . A KB R e e, A E
5% MR RSN AL T NS F 1 1Y GATAL F% 5%
a5 A0 b, RS IE 5 8 Y mRNA %
IR M ABEIE AR E CSA L GE
T c-15-2188A>G fif s Iy R A8 (B L 11~15) &
XLSA HEmE 20, FPN A/ NR AR (6 R
L. At ERLy s 14, IFHEAARHEKIG
IRFEHR S 2783 B Bk R 27 20 2 LN
PRMLALREAR , T P R 2 A AR LU B IE 46
W/ RANMIE R A, JLTAR S Y kR RIS
WA K, BRAY R, ARTFIEH 2 Fl 4tk LI R
FF6 CSA, (HATI H BA F, Al iy A8 5 RE AT
7E CSA B th B S B e A 3, Hi T
B AT BERRAS R BE B IE & B AEAE X YL e fR A Rl
P, WO AR S 0B . 7 TR R 2
B RAEN A R B IRYT N, ARAFTE R,
{7 5 R411C, F165L, M202I, C471Y ¥J%f 4k 4= &
Be GBI A SN, SERAERIE—3 ™ HAh R g
PIHEAL TS T Sl 5 H 2R . SRR G A SRR
(57 ] BEXT4EAE R B JAYT RO AN, ARBFTE
1385F i FHLME LS A s LISl W RE R B LA
HF B i0IT R AMER A

41 R S B IR SLC25A38 S Bzl CSA fi i
DL SR AR HE P, Hm R SO R AR R, B
LI RBOHE], 2276 )L 3 Bk 2 30k 5 B /N4
REERML, SUEAE B iRIT LN, HZ2HKH

Fym Ay o HALHI T AE SR SLC25A38 Al AES i
RIRLRRIE N iz, F1/ 80 H &R S §- J 5k -y-
fili [N, 12 ( S-amino levulinic acid, ALA ) {4 26 Hi {4
WSS iz, ITESE ALA & . TG SUZRAR
R 58 AR J By 2 9 A 2w WL RAR B =, A
AR /3, TS SLEEAR W L0 F IR 45 A r
RO REAS R RSP R o 25 Mk, ik
40 > SLC25A38 HH56 CSA Z A9t , Hir 2/3
B A RAE, HRAR Y109X I R117X &4
R P AW Q59X T R IR 2SR 1
REAT AR & 171 R s 7] i H 2 RR TR YT X SLC25A38 28748
[ CSA JEaL " SR PG 2 74 By 48 1 ] i
ARG ST AR AR A T 1 9] SLC25A38 58742
(1 CSA fBJL, A 3™ H MR R YPiE Fm s
AHFFEHEIL 19 547 T IC O HEE A0 A 41 H i i
M4 R A, SR FH = 280 b v o 2 1 s 1 40 i
B MIRIT AL B 2 M, R 3™ E AR D)
PimE e, BRTMAEHIES, REATHEEE
I L N T AN MR A A U TR X —
PR FBZ—

PS 54K DNA R Bk . A
Ko RASTA L, Z8 AR 5 B A R (A
DNA FbBIAS R 5 30O [ B I R B0 S B o Bt
RIF AR SE R (R 6 A ) BRI 2T
PEA AS R R B 7 200 it B it /AR /D B R A
T I G0 40 255 6 K e F AR A1 o3 1l B 5 B
KBRS, PS BILIE T RELI A B /NG . I
Ko MR WIS . SR 2 LA B0 e AE
W LA RN MK R 550, HERA bl
10 P S I 8 1512 Ay 5T R 4l 21 40 it 14
BERFPESTIM P, AFgTH, Bl 2. 6 BRI R4S
S AN HAB S H, iRl 6 AR LS i R B
Sk = ZR B A AR A A 5 i B RS R LR M A T
I A IR AT B RIBAE R,
AHIFSE R LEE R BRI B AH N 248, IR
R HRAIEH WL IRY T IR . BRI S
#b I R SRRV PR A A R A SCREIATT, (HYT A
e, BHETMIE, SFEHE T 40 AEIGIT PS
SCHRGE AT 4 4, 3 BIsETS, X 1 HlBRLERE
Ja 3R A R P PSR 2, BILZ T3
BHIBET S, FET-H UL A e B L E . R b R
i Z MR e s P (B sr O LAEAR T B AT
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HH G B0 56 R 28 48 Ry (9130, T S 43 S PR e A
IAER— AFh g, =, NCSHARAH
FETEJmBR Y, BT E S (0~1.5%) ,
H R BEEOR I RN panel 5 I X 4
W& FIXAAEMNAS ST ICIER AR H LR
] NGS 7] ARSI 21 /) 7 Be ik / 4 A48 5, (B
Pok K Bk . 8 DU S R BRI AT T
G 5=, XEERTANEK R, wTREI A R
HIPEUR R, B T B B0 2 A AR MR
Yo

M2, BRI NGS HoAR X & Juist il
ST IS WA TAR G N R GE . msk.
AT E IR EZIL T ALAS2 JEPA | — AR 4e2E 2 B,
IRIT AU AY AR 45 1385F, M SLC25A38 i %
AF Q57X BEAh, KRR LRI AR A 2
I, RHETMAENARGIERE, T % IELHL
RIS AT RE, T RS R A e, SR
SRR TE IR A, AT/,
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