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Advances in transplantation and gene therapy of chronic granulomatous disease in children
SHU Heng,YE Tongsheng,ZHAO Yuwei,DAI Liying,LIU Guanghui
Author Affiliation:Department of Neonatology, Anhui Children's Hospital, Hefet, Anhut 230051,China

Abstract Chronic granulomatous disease is a rare primary immune deficiency disease. When routine nursing and treatment fail, he-

matopoietic stem cell transplantation can be a cure. The earlier the age, the better the effect. However, with the emergence of viral vec-

tors, endonucleases and new gene editing technologies, gene therapy has become another promising method, showing great prospects.

This article focuses on the recent advances in transplantation and gene therapy.
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12 4 A 28 I 9 (chronic granulomatous disease,
CGD) fe /2 7E 20 tH 42 50 4F A H Janeway & B, H
T 2t B AR T Y M A Y R % R (nicotinamide
adenine dinucleotide phosphate oxidase complex,
NADPH) % f i 52 5 W 7 507 14 ik DR o 5 | A2 14
Wik 241 JY 33 R 7 1) D i M B 32 R BE i (primary im-
mune deficiencies, PID)" , it f& J7 U A DL & H
gp9 1" BRBE A X T SRR B AL AL pA 7™ BB o 3
A AR RS A R 20 1/25 J1~1/13 7,

e A AT 5z 52 H 30 A4 L gl el i L A=
i, LR BE SR PP 7 H R e LA KR B M
AR BT HRTE G Mk T O A S
BB S TR, A SC T A T AR ok 5 T RS A S AR AR
ST RSG5 e o
1 S THEBERTT

H 1977 415 1] 3 1l 1 28 ffd £ 48 (hematopoietic
stem cell transplantation, HSCT) &7 CGD A3, 40
ZAFA HSCT T O 1™ 5 CGD B3R @t Js 5,
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BRI JLF AT LAA B JC0 A7 06 i — 0
Z WL F A IR SE T X B AR 4 L, 3 AT 5 A A7 30
H 85.7% , TLFH U4 17 (event free survival, EFS) iy
75.8%" s Mk A E HE F 90% , A 5E M 95 (inflamma-
tory bowel disease, IBD) %5 A JiE R 7] LA 58 42 78
SR AR S B A ) A 5 S T A A ke | Az 2
FHOCEEME A ARG RS A P P A 3296 (graft versus
host disease, GVHD ) A% 48 5 8% e 55 [n) &, H JC vk
FEOF VAL IR , O T HSCT AT 418 .

1.1 HSCT#EMINRIEME 5EEREdHH
A REGE T AR YT , K21 90% 11 CGD fig NKF 23
FEIE B BUAE™, FR 4 5 7R FE A AR RS A A
BAAF R (overall survival ,0S) J7 T I JCHH i 22 5%,
E2AHE H IR RESAT AZE F 40 BT I (hu-
man leukocyte antigen, HLA) A& {1t ) CGD 5 JL
Py R HEAT HSCT, T2 4 2 75 BE 7R & A o B 4
H T BRAT AL GEIR ST B AR 9 B A 3 VIR Y
L SO, % T AU A o 2 T B4 i 8 A5 0T R
i I JL RT3, 355 22 WL 55 11 45 155 1T RE 2 B 4 A 38
B Sk AT B 60 224 Y [T UM A R <14
4 It %4 5 %0 A G AE £ 8 (transplant related sur-
vival, TRS) MU A1 5C (HR=4.51; P=0.035) , 2 Wi 5 30
AR A TS B AG T A 659, L, @ U T T A
HLA it £ >9/10 1) NADPH 4 £k fiff 15 14 il 2 1) 41 4%
CGD M NA 1% JEBEAT HSCT, FE e /N T 14 %7
TCIE S I AAE B ANRCRIGF T B2 )5 iR
MLy, 8 Z AL 24F 08 1T ik 90% LA 11, 5%
SRR P JLAE B RO BIRR B b 2 s

1.2 fEFEEMAE PG E 9 Ik
HSCT Y RTH2 4524 . HSCT 14 5 FHAR {3t (A 1L HILA A
& 1 5] i AR (matched sibling donor, MSD) , OS #
157, B A 2 L (graft failure, GF) . GVHD F1 88 A AH 5
FE T~ (transplant related mortality, TRM ) % JXU S 5
A% AER S A Sk X R A RS 2 309, 1 36
I REIE A E] 10% , HoA iy W 75 2 — D2 it
W 2AEBA MSD BYAE ST, HLA A0 A9 A i 2 LAk
(matched unrelated donor, MUD ) J2 1 ¥ ; Ifiy P& Ay JB 1L
B ] A DL R AR 28 M GVHD 3 ]
TR Legh L s K HLA-FRAG AR AH &
LR T Y GF R B GVHD I e SiE iR B A
JRURS: R O, 7 LA B S 78 H A2 AU HE A AT
I Y B S T, SR B % AELA) 1R SR W 118 J5 i
HEE , TR A 5 PRI IR e A P 5B T 40 i S2 14K
i HL- 55 [ 72k A HAL R AR A HSsCT ™, 3¢
JRE XU BA 3z FH B A HSCT I 26 =7 It i 3%
HIRYT CGD S HAt PID ¥ 1 RAFRYROCR A

BT AR A B R GVHD & 4 AL, TRM N
11.9%, 53/60 {5 TC s #7137 , 5 4F (1 TC 2% I OS FIEE 14
FEAE RGN N 83.9% 1 88.1%"" 1% ) Ik BE K45 T
FARRARFL A AR IR AR E 3 1 S o P
L TRV SO AT 5% M Ay el A2 EAEA (R A
B[RV SN Ny T il B i S K T 1]
A HLA 43 BUHOR (GVHD TR T & E Ak 377 T8I 11
PEE LR HSCT ok i 22 4 A ml 15

1.3 FAAERARX WL A A5 R R
LS e S DIN Y S i L o NN
AR e A5 IR S R R B TR 8 00 T i 1 T4 3
(MAC) Jr BRI BERIVE T e ) e 2 LA L2
HhR] 5 S AR R A 1 R ) R R R Ak A
e AN UT IR L G 4R 0F 90 3% D R AR 2/ IR 23
P AL B 5 %€ (reduced intensity conditioning , RIC/
reduced toxicity conditioning, RTC) %} CGD %5 A (£
5 IBD i A ) 2 % A A 30K, B BCA AR TRM TS
R R g e g e B B h C R SE AT
P JLEE HSCT A A7 R il 2 T8 0 " s A
SR B A, BRI HH TR G A A, I AN 5 e
OS FIEFS ™" fEX T tH BUE A ik & R 10 2 CGD 45
B AT T AT IR YT, LAPPAR 1 B G g2 50 1Y)
AR, HET TR RN i 8 A B B R A 2 23 (eu-
ropean society for blood and marrow transplantation,
EBMT )/ P 42 2 6 [ 272 2% (european society for im-
munodeficiencies, ESID ) 48 Fd #fE 72 14 RIC J7 % tH Sk
LS IV A 7 2 B, A BTl I e 2 IR R It SR
JUAEAH DRI B 800 AS )RS, 55 ) B T8 e T
R SO AR I XURS: , PR T B 48 GF XL
B MAC B9S2 T RIC™ o SR T4k BTy
AL PR AN BERZE R o 2 UIAR G, EBMT/ESID 95 R
LTSNS T H A I BB A A AR A i AR R
MAC, H Al {34 O J5U0 2R FH RIC/RTC # T4 5
o ENKHPIRERAES A Y £, Bz — 255
2510 Alemtuzumab £ Treosulfan , 3= 214 2% F MAC
T %8 LA RE T 52 Ak 21, 1 58 AR 15 52 19 ¢
E T EE N U

14 GFETIR  HSCT ARJF R4 A5 Rk T )
Jir PRI 4k P A ) sl ) T 7 (B 4 i i AR
AR TEEZE 10 %L, LLE GVHD)™ . 1k 5
5 I RE L B iR GVHD %G HE B, JLH RN F
AT AR K T MR R A, B TR T Y 5 A AR S
25T 20 | 0] A A S 25 T IR IE I L i v T
(70 o B 2400 P R 2 1 B o L2 48 JH R 2 P R4 CD52
B TERE DU BTG bt ) SARGR) B RS A e A
1R S T P e v B i M 7 1 DA 151
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JiL B4 1% I, BF 9 % B E AT TAE BT iR GVHD H & #5 H 2L
PR 5 At HAth 2 ke B 50 H A EL R B —
PR B SR B 25 T AN (TCRaB T 41 ) i) HSCT
N T PID, B AE TCRyS T 41 i  NK 4 g A 21k 41
JL T T A B TR A ROR T U JR
WSS —AJ7 ) .
2 EEET

H R FLHIA YT (gene therapy , GT)AE A —Fh T 1Y
YIRSk SR GVHD 1At [ A S5 A s vy e
FERRED", DA P AR FAL B SR J k1
TR MRS S ARG LT, B A BT G

GT I R 58 4R T 1900 4F A, AT i y-1i F%
SRR B R BRAAR  AEAS S 1 2 R A 4R 8 () 38 5 - 36 1
S5 T T SE R A A, S EOE E  AE 28
BAERY KA, B R A 3 A I PR URC2E , H 2000
ERK BT TR B A G N R S H R T
PR B AR %8 B IR SE IR Bl gp9 17 7 A Wik 4
Jitg b F 3k, B & & HSC AITAEL 40 i (9 F #& CD3473R
7 X FEBT CCD, 69 155 AR 17 Hh 22 80 Hh A2 19 2044
5 DUBCRIRE A B A A TG 1 T aX — A A E
259 FDA & F 20204F 1 H 827X FhBE IR T 259
(OTL-102) 48 & F FR97 X 81 CCD. A # R
FEA R0 AR I TAZ G B IR YT ok T ANl kA
AR A 27 SRV, T 10 3 D] 4 4 i A T T L 7
RS AA PN AH A S BRI DTBR AR IE A A
o T A i) ) S PR 2R 0B 0 7 SR S A% R P 1)
il 0B i A TR T A ST TR TR T R A58 A TR Tl
CRISPR/Cas9 #% 2 fitf 1A 7 () 3 P 4 s 17 K )
W77 38 R D) A S 9 XUBE 97 24 (double-
stranded break , DSB) [ 7= 4= 3 |5 sl # [n] DNA 2728 |
{FL R A i A% T 6 8 2 S 0 TR —F 00 A% T i
LR BEAS BT ) DNA BB AR 15 11— X5 1Y 8% R
fiftg 2 b CGD s N SE PR 5848 (R e 1 | 7 28k
A2 N SR, BTS2 B R FH e R A T
Hrft CRISPR/Cas9 ¥ 11R Bifff5c HL & ST ¢, CRISPR/
Cas9 1% R i 1 — A1 T4 0 B ) 5 1 4319 RNA (1948
SN 5 IR L R H AT 0 AR, T LS B S18) DSB,
3 3 T B A BBk 1 TR] R R st i R B
FVFHER DNA 8 AR [R5 A2 )18 52 3% 42 47 1&
U C AT I UESE o R g PR 4
HORXT R B CGD Wi A 115 5 2 fig -1 40 A =5 4H 240
AT [R5 E ) BB B IR R AT R C 2S5 T
A3AL I R A0 i T NADPH 480 £k il 56 PR 2 15 e
TR T REEIR Z (0 H Bz U A AT VR 2 Bk
T B R, AR Ok [ 40 A B4 SR VR RN % % | A R TR

e T AR P 26 206 I8 S DA A4 8 100 66 DR o P A
T T 0% A 0 i DR A I 1 R05%, 0 A T T 11 B 988 S
N SR I 0 DA B R B A AR T RCR
i O TG B — 2 M 5T, LAk 20 PRIV FH A9 H 5 o
3 NG

7 I R T BT 5 VRN, 174 T SR e 1
JRR R T COD LG . FATIN R, HSCT iR
I AR SR EE A MRy R H A T &
YL /5 B B RAE I R AE AR S fE CGD R,
X F AT DEC LA (4 55 /& CGD R AR % T T &2
PR B HSCT F GT B AT BEYE IR B BT
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