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[(HE] BHE HEHAEEE LT Chaplo-HSC) BEAH =7 I ((pCB ) BAAYTT X EBUE LR
ZEBh (X-CGD) [WIRERIF 2. ik 2014 4F 4 A 2 2018 4F 3 A & Bellis 26 15 ¥ X-CGD HL, 2R haplo-
HSC BE Ay ipCB BAEIGYT, BHIPALAERS 3.5 %, 3 25 (1 94038, 1 I hblitl. HLA BCRL 5/6 A4 9 1, 4/6
AHE 1261, 3/6 HE S 6. BRI 7 25 H T2/ AREIERG / FEGRRLEE / PUMIIREREE (1 T S A
PrvitE 3 (aGVHD ) RAFAIER A RN B Wil . TRME 1 Ko s fs (B i i 40 pCB,
RO 2 KA A AR AN 38 10 T2, T4 A B A A (2 250K 14.6 x 10%kg 1A, CD34" 4l h {7
B 5.9 x 10%kg PRH, CD3* AUl 50 T 2.1 x 10%kg AT, Z55 w200 LR i/ SR A A2 B0 30 S
Fett)E 12 d f123 do BAlJG 30 d A RoE iy, Hob 25 GRS IR, 1 BRI . TG 1 B4 A JR ke
AR AIIREAN B, 1 Bl R A4k K ViR Ak, NADPH A LlE I TRME 1 PAMIE ER, [ ~ 15
aGVHD %A%k 35%, 1 ~ VI 15%, 1 B ESEYE GVHD (¢GVHD, JBJRBRIE) , T kR, By
6~52 N H, 1706 25 B, Hodr 24 B ICAE (23 BIASEE cGVHD, 1 Bl fFEE R BR A JRHES: ) . NADPH %
RGP R H 1 IR Ak R MR ARIGRADAE0G s 1 BT ReA)S 16 A A SEFRe stk Bt & . S 4F
) EFS 2R A1 0S 5518 81% = 12% F1 89% + 10%., 451 haplo-HSC BE A tpCB f&iAYT JLTE X-CCD AU
Z—0 [ FESRILRIZZE, 2019, 21 (6) : 552-557]
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A clinical study of haploid hematopoietic stem cells combined with third-party
umbilical cord blood transplantation in the treatment of chronic granulomatous
disease

TANG Xiang-Feng, LU Wei, JING Yuan-Fang, HUANG You-Zhang, WU Nan-Hai, LUAN Zuo. Department of Pediatrics,
Sixth Medical Center of PLA General Hospital, Beijing 100048, China (Email: m18600317816@163.com)

Abstract: Objective  To investigate the clinical efficacy of haploid hematopoietic stem cells (haplo-
HSC) combined with third-party umbilical cord blood (tpCB) transplantation in the treatment of X-linked chronic
granulomatous disease (X-CGD). Methods The clinical data of 26 boys with X-CGD were retrospectively analyzed
who were admitted to the Sixth Medical Center of PLA General Hospital between April 2014 and March 2018. All the
patients were treated with haplo-HSC combined with tpCB transplantation. The median age of the patients was 3.5
years. The donor was the father in 25 cases and an aunt in 1 case. Transplantation was 5/6 HLA-matched in 9 cases,
4/6 in 12 cases, and 3/6 in 5 cases. The patients received busulfan, cyclophosphamide, fludarabine, or anti-thymocyte
globulin for myeloablative preconditioning. Cyclosporine A and mycophenolate mofetil were used for prevention of
acute graft-versus-host disease (aGVHD). Then the patients were treated with haploid bone marrow hematopoietic stem
cells combined with tpCB transplantation on day 1 and haploid peripheral hematopoietic stem cells on day 2. The counts
of median donor total nucleated cells, CD34" cells, and CD3" cells were 14.6x10%kg, 5.86x10%kg, and 2.13x10%/kg
respectively. Results The median time to neutrophil and platelet engraftment was 12 and 23 days after transplantation
respectively. Full donor hematopoietic chimerism was observed on day 30. Twenty-five cases were from haplo-HSC
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and 1 was from cord blood. No primary implant failure and implant dysfunction occurred, and secondary implant failure
occurred in one case. The NADPH oxidase activity returned to normal one month after transplantation. The incidence
of grade I-II aGVHD and grade III-IV aGVHD was 35% and 15% respectively. Chronic GVHD (cGVHD) of the skin
occurred in one case, and no progression was observed after steroid administration. During the follow-up period of 6-51
months, 25 patients survived, of whom 24 were disease-free (23 patients without cGVHD and 1 with cGVHD of the
skin) and NADPH oxidase activity returned to normal; one patient developed secondary implant failure but survived,

one patient died of viral interstitial pneumonia 16 months after transplantation. The 5-year event-free survival rate and

overall survival rate were 81%+12% and 89%+10% respectively. Conclusions

Haplo-HSC combined with tpCB

transplantation is one of the effective methods for the treatment of X-CGD in children.

[Chin J Contemp Pediatr, 2019, 21(6): 552-557]
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12 P A ZF M (chronic granulomatous disease,
CGD ) &t — KL A 5 728 5 | e 4 22 20 Y o A ks i
TS T i e R W — A% 1 IR W2 (NADPH ) %1k
Fit % 1 . 2 I AR ) S P S 8 R B P ( primary
immunodeficiency disease, PID ) , 240 41 il
WEAE IS AN REA R A G A SR B P T
SECRE R E AR . VDT TR S5 A0 A
SE W S B R . BILAAE R, BRI K
AN T B S S KA R P R e S RE B I 2 ] B B
PRIZERIE . M T 1954 4F T IRB AR 1T, i8tf% )y
A XGRS H Y ORI G ok B s
Horp X B PERZEM (X-CGD) i 60%~70%,
WAROR R RS S AR RO LRI
AR UG 2%, ARk, MEDUER, UH
PLEEAYRNHE, COD Wjs A MR Kk, B
JEAE R ARIA I, H AT S Ak PR T 20 RS A
(‘allogeneic hematopoietic stem cell transplantation,
allo-HSCT ) JEAR{A CGD Ky Jr iz — ", CGD &
JLiH AT YL T allo-HSCT, R THEERINE,
ity B3k I S e P B, DR HOR A A i 1T
21 2 (haploidentical hematopoietic stem cell, haplo-
HSC) BAEATIRBACR . o TS A, BRI
MG HES:, AW R H haplo-HSC BE4545 =75 i IfiL
(the third-party cord blood, tpCB ) #AHIAYT, HA[H
T 7 A BB T 2014 4F 4 H 2 2018 4 3 A R AL
haplo-HSC Bt 5 tpCB # 8 36 J7 26 7] X-CGD £ L
AR R, BEHAn T o

1 ARSI

1.1 #HARM&K
PEHL 2014 4E 4 H & 2018 4F 3 H Tt i &

B2 it 55 7S B2 2 R 4257 haplo-HSC S tpCB 41

IRYTIY X-CGD 8L 26 BB 5, S F 4k,
AP ORI N 3.5 (0.8~7.5) %, Fif L
Kl NADPH EALEEGVE ( 9661k ) IR (5
T ) R E2E, Hrb 25 iR CYBB
FHZAE (24 BPRIETHE, 1HIhAREE) ,
1 iR CYBA JEHZEAE (AR ) o T A BJL
SR N - 0 LS N R NEC N 1 N
JaiEFIATE , 23 Bl AS [ AR B 1 25 A% ek e, H:
3 A gt 7 B AR R ERE At R A TCU
RYT, o 3 8GR IR AL B RF s 10 4 EE L
PRI A Ik B 225 AT o Bk P kAT AR AR A 3, AR
LA B B R R AR DR
1.2 HEER

P A BOJLJE A28 A 40 i Bt S (human
leukocyte antigen, HLA ) A& M, 25 FilfitE >k
FIACoE, 1Bk A Wi, fE3 s <45 JH%, ik
HLA FCRUAH G S0 5235 45 HLA FCRAH & a5 07
B, Pk 5524 M AAH R 5 # HLA B RAH
B EATEOHEE, RS2 E RN, kg
AR HEBR: (1) LR AR PR P
(2) WHEIF IR EREDUARIATE;  (3) e

PR (4) Bl (5) ARG
PREERFIEST s (6) A7 XA SOl A o

2735 Z [ /%) HLA-A {37 /5 . B {37 %5 A1 DRBI 3 15,
AT e, 56 fH A9 B, 46 AHE 12 4, 3/6 M
A5l mAEME 12 6], EZARE 6 H], KE
ANESHI, IME FIREAE 36, FiA fEE M
FEAE T 3 d JFUR#ESE 5 d #4208 EE H 5~10 pg/kg (R E
BN ST E AR AR B F (G-CSF) o 3L
TANME R A o0 0 K AT, 55 1 K Iml 4 S R i
T T4 AT tpCB, 2 2 K [l iy A5 R A1 i 3 1.
T, XMtz E RMA & / IRAE M FEREAS
H, AR T LA AR / B AL TR, [l
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THEAN A1 & LSRR LR 1:1~1.5, [l
Kamish 14.6 (6.1~17.1) x 10%kg /A5, CD34"
A% N 5.9 (3.6~8.7) x 10%kg AT, CD3" 4l
Bl 2.1 (1.8~28) x10%kg K, AL 1 KA
A BERT 4h, THIE (pCB 408, I HLA-A |
B HI DRBI1 & 43 ¥ b, 5/6 M4 5 6, 4/6 #1417
1], 3/6 K& 4 Bl [l Y B AZ 2E MO ECR 8.2 (6.3~
11.3) x 10'/kg {& #, CD34" 40 il % M 3.8 (2.1~
6.8) x 10°/kg A,
1.3 BHEAR

PIRHE AR, HANE (&
H 3.2~4.4 mg/kg 1R B, 4d) / 35 B Bt e ( & H
50 mg/kg RE, 4d) /735 PR ( H 40 mg/kg
R, 3d) /PR ERE H (B H 2.5 mg/ke 1K
#, 4d) o RITHAEER A F 2 2 s 1 b =
PRI PTAE £95 (acute graft versus host disease,
aGVHD ) , FREE A WNBEAIET 3 d R4 4 H
2.5 mg/kg M H R 4L 24 h F KR T, R 98GR
PR PR R v, A R W ot 2 B, RRAS U A
FFPE 200~250 ng/dL, FR Ji7 1 1 52 1F 1 2 IR,
M 2545 He B 4E 516 120~150 ng/dL, $54: BB IG
VAR, ToHES AR nume, B2 A s
W) % 27 2 Ty e RS A AT 11 d JF 4R 5 BB 4 H 25~
30 mg/kg A B 43 = WK R, fF RL 40 AT A IS D
i, MG 28 d M. i BILE A R)Z 0
9 D e A7 WAL 38 B % rh MR A i 4 X (ANC)
= 1.0x 10°/L, MBI IRL TR, Blfe. 1k
o ORI . BRI R TR B s BT
B bR T EIS TS, BAEE 1 RBATE Tp
MM EE (CMV ) &Y 25 T 1 51 b R FIAR 53+
JHF 25 00 B I K AT 265 (VOD) o BB A S 2 14
HEANIMAGBRERNFIERE 1 WS4 TIRMFL. &
fig . AL A% MM < 20 x 1071, Ifil4L
W< 70 /LI, 5350 i 13 4 FEBLR i/l R 2T
PR ABKSG 5 d P0G TR S 5 30 i A
T (G-CSF) ZEAMEITECETHE >10x 1071,
1.4 FBEIEENRN

FEAE )G 24 A0 50 = 2.0 x 10771 B} R B
AR %+ HLA ANHH AR H 4 7 42 )% PCR-
SSO J7 KA [ 5 3L R A0 L 5 XFF A [R5k
FHE G o AR FISH A4 € .
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1.5 FEWEIERR

(1) S Uik R, BEZRAEE
AT AR, 2R 240 s A LLAR A I ANC 3%
Z23d = 0.5x 10°/L brifE (BRES 1 RAMAKR
B 5 B R RE AR TS M /MRBE  E, H
THEESE 7d = 20 x 10°/L MbrifE (BiES 1 KN
FEAREL) o AHAR WY & PR Ak & 1 Wil
Horp i R MEAE A R WOR S FEAE IS 28 d AP JE Il ANC
RN, HEE R A 2 <95%; 4k KM ALK
TSR A G ANC FRIK <0.5 x 10°/L, L& 8
R <95%, FEHERR GVHD s MATHREAR B
Bt et AR A BT, ANC<0.5 x 10°/L I
/MR <20 x 107/ F58E 2 i (2) BA SR PFAl -
ALFE R NADPH i 119 % 77 0 58 A5 J R 11 Wk &2 17

s (3) FALFEAHSCHEYE, 248 i T AL H T 8L
#ME; (4) GVHD A4S M: 35 aGVHD F112

£ GVHD (¢GVHD ) , aGVHD & 15 % i J5 100 d
PLPY & A B HE 52, cGVHD J& 45 B8 #5100 d LA
RS (5) JFRIEMDL; (6) 45 2REH
Ui RSN AEAF 3 M AR TR A AF (event-free
survival, EFS ) J&381 i3 1 i+ AR )7 I A
R TCHAEN 3 BARAELE (overall survival, OS) J&
B MBS ATL ] (8] 21 5 S5 BE VT I RS AE 5 5 BB AR AR OC
T ( transplantation related mortality, TRM ) =18
EpE At Mt RS T R IE S 60 d LU
WHYFET .
1.6 FitESH

K H SPSS 19.0 Gt R EAE At T Se it 2200
B, IFEBRLI AR (JERD) Rox, TR
P (%) Fn. KM Kaplan-Meier 77 E17
AT

2 R

21 EmME#E

26 5] g L H P 20 A It /R A TR, AT
ANFIIN 100%, K KA 11 FE KM A R
ANC = 0.5 x 10°/L AL/ = 20 x 10°/L #Y K E4)
BAFEAEIE 12 (11~18) d 123 (9~65) d, Hrh
T 1 NGO S 0 v O (| RANY R SN N
B0 N B A e 13d fl65d. B 5 24 WBC
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= 2x 10°/L i, il B8 AT 1 e 0 1k FISH 4G
3¢ PCR-SSO J7 ¥ 4 W A [m] 47 s 36 R 43 8, 33158
St i A, Hob2s B o Bk, 16
JBF Mo 8 WIAT R AR, 22 ) 2 A R e A 5 4
BEE RS CEAE 1 IR mAE A ) , A RREE
JfEE R 4T RREG 4 (3~6) 1 H G Rk
% 80%~90%, TIFEAIZE A R/ S T4 i ml
fy, 3 HIRE et E, L HITRMEE 8 A
RAYRRMERARIM ., KEA 1 HIBATIREAR
22 REMRITMH

26 il f JL NADPH i P& ME 1 A~H Y
PRI TE N, Horh 25 B Ee4E e I % K (d
1 I TR 16 S HIET-HHRIL) , TR 8
MHEAEGR PR AR 1 5135, NADPH [ /)
BRI A BILI R R TR 2
ANHWEIEH, Ho 25 ] gL H B3 N AR
(HL45 1 BT 16 S HIET-EIL) , k4
Ak BAEREA ISR 1 1 8 LI PR 5848 Pk i 2R
2.3 FaIEEXSMHE

JIT A B LI s b B, A R BUEG
MRk L, ZRTREYRYT R Y2 12 B B
9%, XPRE AL 38 Ha . T EOL HH 30 R
B, A 10 BN AR DL &, TR
AT R R IER, JC 14 VoD &2,
2.4 GVHD MEEFBTER

I ~ I £ aGVHD & A= # ik 35% (9/26)
LR IR IR T~ IVE aGVHD
ik 15% (4/26) , THIEEEM L. CD25 B,
BOKE R R A SO A s s Rl L 26 4] LES
G A ¥ g 100d, Ho1 il (4%) H 8
cGVHD, MR, THEIRITTRITE,
25 HEIERBR

26 il LA, 1561 (57% ) HEL CMV IILAE,
8 1 (30% ) HiBLEBRSEEIMAE, THREHIRN.
B BT S T AP UR EEZG A/ 5 CMV R
PEPRFNEREE FIIAIT R, A 1 Bk R fal St Ad 42
TG 1 3 e EB 5 85 AH SR AR IS Ik L 40 M1 7 e
$9% (PTLD) o 6 Bl BRI (5 F] Rt
VL, 2 6] CMV ) |, TXHRE XPUR R A 1
3Gk A e E s AR, 2 BIEE, 1B
K25 ( TR 16 ~HIET CMV [H SRR ) .
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BEis RIEEER

RtV % 2018 4F 10 H , D I E] 18( 6~52)
AH, 1736 25 B, Hod 24 Bk TCIRAETG, A 5T
SEE RS, NADPH B IR E IER, BUR
RAFFEDI AR DL B, Il R B A g A A, 23
B cGVHD, 1 B PERIFR AL R Bk HES: s 1 171
BHEMEEBARMEIL, B RAE, 4
TR EASATT , AT KRR 1 ) PR ) S
RIET-. TRM K 4%, 54FMT EFS KA 0S %
3500 81% + 12% F189% + 10%, T 1 il F-HI5ET -,
A5 HT UL 1~2,

2.6
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3 itip REAR ', FH 0¥ A 3B CBT 3397 X-cGD™, {H

PID J&— 2 g 3 PR e o 5 | JE 1) G R4 B g
KE M SRR B b 0 W, B R T R
geo A B, AR MRS ImIRR B, H CGD
JE—REUE LR PID,  FLR 9 3 ] N JOAH R
S E RN EEAE K Z942 1/200000~1/250 000 T 44557
A L. HEWLEZ M F CYBB, CYBA. NCF1,
NCF2 F1 NCF4 FLA~FE A AR — 4> it A8 5 ]
EAWEANNE A9 NADPH EALBES T B & AL, £
Bz, AR RS AME, PR
TRV G, ASEA S0 S K S Ak S FH PR
W, FEERE SRS, ERETEE, 3k
LA 5 PR AR A d I g R 25 Ry,
2 IMATRE RO IS5 A%, ISR AL . CGD gt
B UL X ER U £, £8 CYBB 2748, # &KW
HRL, HAORB., s

AR, BEEDUEEZAYMN, HRsHTR
KEGE, A AR AR 4 ™ g mis, (H
FEERIBI TS, ARAIRIT ks RS AT 7,
B BRTBERIG M B, allo-HSCT A fd )L s &
a#, JEHERIERME— Tk, X T CGD BAEIRYT
FEAEAR R (1) CGD J&—Fh g, &
A E XK AT allo-HSCT 35775 (2) Wi sk g
FoAE, FEAEATHLANT A 2 o AHOCSCR B TR H
G MBI TG, SR En. BEHERIL
R IR R R SR AW AR, R 15%
vs T1%; RIS HUER T AL A A7 i, 0 B v A
HARE, AV B TS, 45 CGD
— B2 Wr, &R FAT alle-HSCT 3G YY, 4
M 245 R BRI AL, fa A U2, 4K, allo-
HSCT SRR R, A OCHEE allo-HSCT 1377
CGD MY TCHR AT TG F 5 90%~95%", WA IARYTY
T L RN, [FAEAMA (MSD) S fE i1
YRR IR, (TR EAE L BOR Stk 30 AEZ A,
R F) MSD HERAF] 10%, TE5BERE P IR AER
Mt RRAR, FHRBPK . iR, &
BOERBE AL AR M2 27697 CGD kA
Z—, HETE e NK 0 ReAs e, 5
PEJEPEAR, 77 2 5 G IO 1 40 B PR 25 AN
B, —MIA A BFIMAAE (cord blood transplantation,
CBT) J5 By GVHD & A 58 Jo ™ 8 78 FE 3 30 B RS

CBT J& 1 I A G 3 o g, v ok A4 i dle G 9 2
O H R AR A & A Rk 239, X
X F B A 1T 44 AN [ A B SR e g kb 1) PID £ L,
SR S B AR AR G A . 28 haplo-HSC FS AR
I JE e B, HAEA L E DA A SRR
2 AR RS KPR, AT Bl R T S 2
TR AIMR A, B TIE MSD LR, AR
RIS haplo-HSC BAR LA A — G iE itk
Ui A SCHRARGE S TR AN I 25 35, B i i
VR I T 40 i 25 CD34" 43R BES CBT 897
MRS, BT R S R M e e Y, (R
SEIRTT A, RN 2 84, 1 BLAA AN
Y NERS I O L ATE P /8 (1w RO
A58 K H haplo-HSC BK A tpCB B AEIAYTY CGD.
R H haplo-HSC B AEIA YT CGD Y SCHRHE 15 R
AEHGE, HSIEH> .

T T A AL FEIATT CGD I B 55— )
R JE R Mk K A A R AR R A 2091,
Hul R TR EE A, PR BEE B 2,
AR 100%, KE4 1B AR AL, H
I 22 i35 ke B 58 At il A (4G 1 Bl
MAEAZE ), MBFFEERS e N B R, 4 fliR G
AREE, TERME A M/ s 4t 1400 w5,
3P et E WA, BANE 1 6L A4k Kk Tl
AW, 4B Hn] 68 R ) L2 i 24 R 32 1 A1
2SR R LATRE R R B R 2R
WS BEROR 22 . AWFFEAE RS AR T X AE A I 45 T 5
A S BPURG Kb B R A B SR SRS B
WAL E Iy %, BILYIT 22, E0 B MLE & A4 %
Bwm, BTHEPUREERIT IR, U 1 kR
[ S s 4%

GVHD 1388 J& fe ™ B 1 I B IE, KW F N
509%~70%, I HE F ik 21%~72.5%. HHi, BiiA
haplo-HSC # 4# J5 1 GVHD, % JH 14 )5 = 4 1K 4
T AN, [l T A 4 T IR EEE ", AHE
5% KB haplo-HSC B¢ 4 tpCB At i, 1M ~ IV JE
aGVHD #4545, A2 1 ] 4 3 cGVHD, h %
R IR BRI, T IR IAIT ARSI, 207 iR B I
N A —Fh CD4'CD25 Tregs 201 ", # BF 5% & 0
Tregs TE¥& ] GVHD &A= i &5 T EEAEH Y,

AL TCHR A1 1) 24 8L NADPH %A ALl
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W SRR R R, BAIE A R LRASFE P A B
P, FERAUTIH SR IR A 07 R . 5 AR
EFS 1 0S /35I| & 81% + 12% H1 89% + 10%, 4%
FEAMRIEAL D, ATREIR R AR IR AU, BT
B, iz ESh R R ES, BN
W HsF (1) 4 2 18 TR R W, 2 WA L T A SR
FEFE

CGD AN, HILE BN A ay B
BT RO LA WUy, R 2 0GE
UK R A AR T, A )G B LAE 5 1IE % JLE
—FE, IEWEFE. BAKES, BIRMO AR R
IRGR . ARAEILEE REBEE 1~1.5 445 H e
REMHN 255, TR AR IR AT 258, J6 1 4l
Bko RESALWIT : BRI A R0 15 i T4
Mo AEAASR IR 2 —, %G HLA 4 AH-4 R K I ifn 2%
HEE, haplo-HSC 7£ JL# CGD 677 h A & A BEAK
B A7, $E7R haplo-HSC BE G tpCB A SRR IA
CCD MARITEZ —, HHTHEARLE] ¥ A e,
XA A K. GVHD FISE0A 1 T R AT
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