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[Abstract] Fanconi anemia (FA) is a hereditary bone marrow failure syndrome that is characterized
by genomic instability and heightened sensitivity to DNA cross-linking agents. In recent years, the CRISPR-
Cas9 technology has exhibited groundbreaking progress in the field of gene therapy for FA. The traditional
CRISPR-Cas9 technology has been successfully applied in FA gene editing. Further, single-base editing
technology, based on the CRISPR/Cas9 system, performs precise and efficient gene repair for prevalent
gene mutations in patients with FA. The prime editing technology provides new possibilities for gene
editing; however, its application in FA has not been initiated. Despite significant advancements in FA gene
editing technology, several challenges remain, including the collection of sufficient hematopoietic stem
cells, the risk of increased tumorigenesis postgene editing, chromosomal instability, and off-target effects.
Future research is recommended to focus on optimizing sgRNA and Cas9 nucleases, designing stricter PAM
sequences to reduce off-target effects, and devising personalized gene editing strategies. Further, ethical and
regulatory issues as well as long-term follow-ups are crucial priorities for future gene editing work. With
continuous technological advancements and in-depth clinical trials, we expect more breakthroughs in FA
treatment using the CRISPR-Cas9 technology in the future. This article reviews the latest research progress
of CRISPR technology in FA treatment and analyzes the advantages and disadvantages of this technology in
FA gene therapy.
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AR T DNA 4% [8] 52 B (interstrand cross-linking, ICL) Jf:
2 5 A5 4115 % (homology directed repair, HDR)™?!, iZ;ii
% 23 A FE D R BYAT AT — A & A e AR 40 1] BE S B FA AR
TEFTA B ARG 3L R 248 FANCA F R At XS a7 F5 [ 58 A%
O H L, 29105 BT FABE 1 60% 7,

& 1L+ 40 9 7% A1 (hematopoietic stem cell transplanta-
tion, HSCT) /34K /& H HiIVA YT FA [ ME— I HOATE 7 5,3
TR A 80%™ . SR, N HLA PR AL E A BR , Ot
AEpr A BB A A 2352 HSCT., 4h, B YL 9%
(GVHD)"""W RIS A8 J5 32 1 S A48 > il o 2B 3 JE 1 DA
HSCT W3k %5 o R, £F X FA BB B0 R HILI] , e AR TR
IT T RSB BRI B E AR SR . 5 HSCTAH L, BE A
IRIT AN T A G HLA 38 i o SR i 7 22, IR T ek
TR WD RS AE 5 HE S Ko B SE R IR ) & A=, AT S B 4R T iR
H NG B H T FA AR R I T 40 i (HSC) B 8
b BN A R R, S B FA B IR AR BEAE IR PR )12 M
o 2023 4E K, B A A& T CRISPR #Y & [H 4 4 97 1%
CASGEVY (exa-cel)" 3Rt , b ki 4 5 X i B A IE U HEA
T—NB R, AR SCHE CRISPR-Cas9 F AR AE FA w1 55 iF
JRAE—£RR

— .CRIPSR-Cas9 4 X 5 A (1) 7 FH AL

CRISPR-Cas9 £ 4t I T 4 B Fl1 ity 2 1 by I3 %) A1 A 4R
i Ak Y B AR AL, 32 5 A 2R B )5 RNA (single
guide RNA, sgRNA) Fll Cas9 & H 4 il - sgRNA fI %
CRISPR RNA (crRNA) F1 2 5 #{if crRNA (tracrRNA) , 1 5%
5% Cas9 2 [ [0 452 (1) DNA J¥51] . Cas9 % &4 HNH
F1 RuvC WA 564 45 4735 . HNH U] 3 55 sgRNA H #b iy 5,
RuvC Z5F 3R PI I 4E B A . Cas9 7E sgRNA 515, I Al
[&] [X. )5 511) 4R /T % 5 (protospacer adjacent motif, PAM) , 3 7£
PAM {37 A5 1 ¥ifF 3~5 /> g 2 b ) %] DNA, 7= Az S 4 Iy 24
(double strand breaks, DSB) , X5E Wi 24 J 41 i K E — A5 ik
THER A& E BRI 32 A 45 Ak [R5 R o % 42 (NHET) A1 [R5
A& (HDR) B Fh 7 20, NHETZHH WA Z ki,
AL DAL A AT LA DNA A S (1) H 2 5 7E#A 5
R BEATLAR A SR |, R B0 R 2R T s HDR DU A (] AL 44

DNA, fE 52 BUAE M (93 A L 5 2% B 3 B 3, (H 350 4
K", HDR & #i ) A€ I FA & 42 , FANCD1/BRCA2,
FANCN/PALB2 ,FANCO/RAD51C . FANCR/RAD51 .FANCS/
BRCA1 il FANCU/XRCC2 % £~ FA H 36 3k R 48 & ¥ 45 &
AR,

. .CRISRR-Cas9 £ AR 7E FA Y7 H Y iz
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Osborn %" B W7 FA B & BT 4EANM P 3 20 #M 5T FA
AHICNY DNA SR 1R 18 0145 G RS R E HU ki , i & i

tracrRNA
Cas9
O%HNH PAM
crRNA
unvC
111
|
]:D DSB
|
{ |
NHEJ HDR
]I D:[ insertions donor template
or /

]:D: deletions m

¥ Cas9:CRISPR Ml JC 2 1 9; PAM : [if 1] X ¢ 51 48 3T 25 )%
crRNA: CRISPR RNA; tracrRNA : 2 3 #{ i crRNA ; RuvC 1 HNH:
Cas9 & [ Y1 B RR 9 45 K4 358 ; DSB - BURE W7 24 s NHEJ « Sl ] Y A Sty
3% ; HDR : [A] W 8 41 /& & ; insertions: 1ffi A ; deletions: $t 2% ; donor
template : SEAAA AR
1 CRISPR-Cas9 3 [H 4 45 7 AR J F0

1 CRISPR-Cas9 7£ 3 A J& %% I H A% v FH

Ef SE UM HUEE i gk 5 BEH AR B &R
2015 Osborn 52! FANCC fibroblast CRISPR-Cas9 HDR

2016 Osborn %2 FANCI iPSC CRISPR-nCas9 HDR

2017 Skvarova Kramarzova%'*!  FANCDI fibroblast CRISPR-Cas9 HDR

2019 van de Vrugt %! FANCF mESC CRISPR-Cas9 NHEJ/HDR
2019 Romén-Rodriguez 2! FANCA ,FANCB ,FANCC ,FANCD1 ,FANCD2 CD34 4 iy CRISPR-Cas9 NEHJ
2022 Sipe g FANCA HSPC CBE.ABE

2022 Siegner &2 FANCA HSPC ABES8e

$E  CRISPR-nCas9: i 7 #HE ] 5 181 SC T & /4% 1% Tl it 25 78 Cas9 ; fibroblast: B ZF 4E 41 Ml ; iPSC: 5 1% £ BE T 40 Jft ; HDR . [ ¥ & ) 1%
5 s mESC /NG T 41 M s HSPC « 3 1 T /H 40 ; NEHJ « JE [R] U8 A b % 42 ; CBE : Jf M5 WE Gl S 4 45 25 ; ABE : ISP Bl S 2 45 25 ; ABERe : IR IR
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T FANCC %:[H Y ¢.456+4 A>T 5878, Je P i LA 8 20 2%
X & CRISPR-Cas9 $ AR 7E FA J A 4 b 14 1 YO B g o
TEIG S B, ] X AE FA B35 00 S 1 £ 68 T 41 i
(induced pluripotent stem cells,iPSC) #', Fl| H{ nCas9 (D10A)
FIDNA FURAE N AN, % FANCI R M 1 . 1461 A>T %8
ARFEAT T L RAS IR, 3 ot =5 22 255 K C (mitomycin C,
MMC) fifi 6 , 3 H 4 S 0 R B B T 66% , 2 3£ AL IE J5 19
iPSC AL I 4 1k o H A7 HSC % M i CD34'CD38 41 Jifd .
Skvarova Kramarzova 25 2'BF 55 1 BA U DA 1 1) j A 52 B 244
5375 (886delGT 1 6162insT) i) FA fE 3 1 K2 R & R A rp 2
WU EF A AR, b T BRAE SE A% 1T R (ssODN) 1 iy HDR 4%
M, i 3 CRISPR-Cas9 % %t #& & T FANCDI # K 119
886delGT %848 , | H PARP 1)V il 37 1447 240 Jfa i 18 J , 25 1M 4
HAURAIHN 23%

SR8 HDR A5 119 55 (5] 2 48 7% FA 48 J r BROAS— 72 119
Ty, AF L D A0 o A AT, LT R 1 U SR
(Kt , BIF 5T 35 1 %% NHET 4% 76 FA i s h k&2 FANC 2
FIIfER AT fERE . van de Vrugt % i F CRISPR-Cas9 JE [
B AR, X FA B3 B FANCF $E B 2828 64T T IR ABF5E .
A AT PR, 38 3 CRISPR-Cas9 i () DSB fil &2 NHEJ {54
1, T HNERAR , 0] 5015 2 FANCF SE R 25845 | 4 4w
920 fL A MMC A0 B R ARG 48 T T 27% o EAh i 1A
IR AE /N B E T4 B (mouse embryonic stem cells, mESC) HH
HE4T T HDRAEE i 4%, RS L I 4 S AR AR (<6 % ) 10
Z 3o B DR 4 0 VS G 4 6 7 3 0y T R R T A R A A
#v, 7 Roméan-Rodriguez 2V HF 57 7 , il i CRISPR-Cas9
e AR BT NHEY L6, sIIE & T FA | % HSC 1 iy
FANCA ,FANCC ,FANCD1 %5 & # 3£ [H 2 45 . F] F§ CRISPR-
Cas9 RS TEHL LN 5] A DSB, FI| I NHEJ 16 5 B& 4% 7= £ b
PSR ARG 2848 IR AE Tk R ) 5 , DATT Y IE 1 2848
FEH A T REBIEA , 200 g B O AN AR AR AT (SLER = 1E 37 ) FiiAk
PO B RV AR ) S2 56 rh 2 R BN 5 25 (3 A A 3

2. ARG AR R (Y T < 1548 CRISPR-Cas9 £ AR 1.
T 58 A28 (R TER o B e 2, O T o IR T e Bk, M
NBUTF & 1 B Kk 2 55 57 K (base editing) o 3X T AR 40 4%
3 135 I B I 4t 6 2% ( cytosine base editor, CBE ) F1 i I 04 fisf S
i %5 2% (adenine base editor, ABE)™™!, B 1HESE AT
DNA SUE Wi 24 (9155 00 T, 1A 5 06 &0t i A 79 nCas9, B
16 F AR A7 5 5200 C>T(G>A) 8 A>G(T>C) BB S5 46,
A TFAL G I X —H AR e (B 80 % 4. Moriarty
S 6 2% ) FH B0 4 A R B8 TE T FANCA 3 [ ) 58
A% RIE T FANCA 25 W IE 33k, il ik FANCD2 (1) 5132
FALRAIE T FA (5 5l B 09 52 88, IF H 23 SRS IE A 4 i
X MMC PP 15 3] 17 B 3 3587 . Corn 5256 2 W SR
TR ) ABE8e MU, Lk T sgRNA i3, e = T
FANCA Z [F H i B A 8 W, 58 48 ——FA-75 1 FA-55, 5C3 T
70%~80% I3 K G 4 500K

3.5 F I 4B OR 9] 5 3 B 4 4 R (prime

editing )" B R 5 P Ft 48 4T 4R, 11 5 9 2, 3 ok L R 1
“WREGEHHLE], GRS KT B AT ITA 12 BT B8 B
G, F G GRS . X —F AR T L S A
IR AR R, fENE SE I A B Tk C B G B LA, X I
BAR AR H T FATRYT U, (HIXFPE AR 1) & S 24 FA (1938
SEHRAE TR DT 1 .

— .CRISPR-Cas9 i AR Y Jay BR 14 B2 A SRt 5% Jr 1)

CRISPR-Cas9 B R FEVRYT FA 7 MR ELH B KW 7,
ARG PR S F AT T I — Lo Bk i . 1 2, MR R % 1) HSC A&
SEPVAYT I O . WIS 2 Al DR 40 A AR T P
(G-CSF) 13 4R Y048 (plerixafor) 3 5t HSC X it oA HH 30 -
FEUR I FA E L & HARME R0, K2 FA & TE
T2 i L H B0 S 35 109 4 i 40 sk 2L, S C ) i S e 3 K
BN SRR IRA IR T FA B ROZAE R BB B
AR 70 B 8 0 R U H 4 HSC, 30K A I FJ5 917 3%
HYAYT . K, FA B35 DNA B E ML B4 , CRISPR-Cas9
5| % 1 DSB M LA HUE S , 5 303k B 41 K R B i 4 A e
R HE = B R &t XU, s RS 7E B K A
KHEHRE A HSC Pt 35 . R BRI A AN 5 | 5
R = DSB, SR T 2t 2o A v = £ (1 BRURE B 475475 1T i
Bl RUEMATRE o BAL, 5 DN G i A A A 0 sk g
S AL S M ) S, RS 7E DNA B I T RESZ 411 FA /R
B ALY W] BB & E RS A B . AR P 4
TR A, AR SE R R AR LT LT I - Ak sgRNA Al
Cas9 BRI T T 7™ 4% (19 PAM 51 Al Ak 3% 26 7 = R o
% T T 14 2 2K sF [0) B TEAE ff %) R ARG i R4, 4
Je T AT RLE o -4 0T A AGAE FA B S0 A0 i v JIR FA R
# DNA &G ML BB IEAFIRA TR F . Ak X FA BEAR
7] 74 i [N 2 AR 2 Y | B DR g SR et T S IR A5 0T, DS B
FEIRYTF AR o T WL o5 2878 | BRI g B 5 | S a4 B AR
IS R R A S R A (L% T 4R 24 9 S8 AR K R BB
{445 CRISPR-Cas9 1 g HAR# . X 2R IR EIR
BRI GBI AR RIS | RS S AR R UL & B e

e FRYA ST TAE R, 48 B W ) R b BB 7 Hf 2
FEP Gt AR R 1A, 20000 ORI A G A0 B o W A 22
3R . #8252 CRISPR-Cas9 IAYT I B T A TR VIR 7 , APEA
TR R AU X g BR TR AT 5 L A LA R A T W
5P

M 251

CRISPR 5 P 4 B AR A O i 1k 1) S R i T L 7
FA MRYT PRI BB . RS F 2Pk, (B4
175 Bifi 25 32 D9 i R BRI AL , e 28 FA L PRIIB YT I & 7
Il PR A5 B

£ % X ik

[1] Hoover A, Turcotte LM, Phelan R, et al. Longitudinal clinical
manifestations of Fanconi anemia: A systematized review [J].

Blood Rev, 2024, 68:101225. DOI: 10.1016/j.blre.2024.101225.



A M ~F 2475 2025 4E 3 H 45 46 555 3 Chin J Hematol, March 2025, Vol.

46, No. 3 <279+

(2]

(3]

[4]

[5]

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

Harada N, Asada S, Jiang L, et al. The splicing factor CCAR1
regulates the Fanconi anemia/BRCA pathway [J]. Mol Cell,
2024, 84 (14): 2618-2633.¢10. DOI: 10.1016/j. molcel. 2024.
06.031.

Palovcak A, Yuan F, Verdun R, et al. Fanconi anemia associated
protein 20 (FAAP20) plays an essential role in homology-
directed repair of DNA double-strand breaks[J]. Commun Biol,
2023, 6(1):873. DOI: 10.1038/s42003-023-05252-9.

Sebert M, Gachet S, Leblanc T, et al. Clonal hematopoiesis
driven by chromosome 1q/MDM4 trisomy defines a canonical
route toward leukemia in Fanconi anemia [J]. Cell Stem Cell,
2023,30(2):153-170.€9. DOL: 10.1016/j.stem.2023.01.006.
Fiesco-Roa MO, Garcia-de Teresa B, Leal-Anaya P, et al. Fan-
coni anemia and dyskeratosis congenita/telomere biology disor-
ders: Two inherited bone marrow failure syndromes with ge-
nomic instability [J]. Front Oncol, 2022, 12: 949435. DOI:
10.3389/fonc.2022.949435.

Peake JD, Noguchi E. Fanconi anemia: current insights regard-
ing epidemiology, cancer, and DNA repair [J]. Hum Genet,
2022, 141(12):1811-1836. DOI: 10.1007/s00439-022-02462-9.
Zhong L, Zhang W, Zhang K, et al. Clinical and genetic features
of Fanconi anemia associated with a variant of FANCA gene:
Case report and literature review [J]. Medicine (Baltimore),
2024, 103(36):€39358. DOI: 10.1097/MD.0000000000039358.
Ansari F, Behfar M, Naji P, et al. Fanconi anemia phenotypic
and transplant outcomes' associations in Iranian patients [J].
Health Sci Rep, 2023, 6(4):¢1180. DOIL: 10.1002/hsr2.1180.
Lum SH, Eikema DJ, Piepenbroek B, et al. Outcomes of hemato-
poietic stem cell transplantation in 813 pediatric patients with
Fanconi anemia [J]. Blood, 2024, 144 (12): 1329-1342. DOIL:
10.1182/bl00d.2023022751.

Martinez-Balsalobre E, Guervilly JH, van Asbeck-van der Wijst
J, et al. Beyond current treatment of Fanconi Anemia: What do
advances in cell and gene-based approaches offer? [J]. Blood
Rev, 2023, 60:101094. DOI: 10.1016/j.blre.2023.101094.

Fink O, Even-Or E, Avni B, et al. Two decades of stem cell trans-
plantation in patients with Fanconi anemia: Analysis of factors
affecting transplant outcomes[J]. Clin Transplant, 2023, 37(1):
¢14835. DOI: 10.1111/ctr.14835.

Rosenberg PS, Socié¢ G, Alter BP, et al. Risk of head and neck
squamous cell cancer and death in patients with Fanconi anemia
who did and did not receive transplants [J]. Blood, 2005, 105
(1):67-73. DOL: 10.1182/blood-2004-04-1652.

Hudda Z, Myers KC. Posttransplant complications in patients
with marrow failure syndromes: are we improving long-term
outcomes? [J]. Hematology Am Soc Hematol Educ Program,
2023, 2023(1):141-148. DOL: 10.1182/hematology.2023000471.
Singh A, Irfan H, Fatima E, et al. Revolutionary breakthrough:
FDA approves CASGEVY, the first CRISPR/Cas9 gene therapy
for sickle cell disease[J]. Ann Med Surg (Lond), 2024, 86(8):
4555-4559. DOIL: 10.1097/MS9.0000000000002146.

Mali P, Yang L, Esvelt KM, et al. RNA-guided human genome

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

engineering via Cas9 [J]. Science, 2013, 339 (6121): 823-826.
DOI: 10.1126/science.1232033.
Al-Jarf R, Karmakar M, Myung Y, et al. Uncovering the Molecu-
lar Drivers of NHEJ DNA Repair-Implicated Missense Variants
and Their Functional Consequences [J]. Genes (Basel), 2023,
14(10):1890. DOI: 10.3390/genes14101890.

Liu M, Zhang W, Xin C, et al. Global detection of DNA repair
outcomes induced by CRISPR-Cas9 [J]. Nucleic Acids Res,
2021, 49(15):8732-8742. DOI: 10.1093/nar/gkab686.

Karasu ME, Toufektchan E, Chen Y, et al. Removal of TREX1
activity enhances CRISPR-Cas9-mediated homologous recombi-
nation [J]. Nat Biotechnol, 2024. DOI: 10.1038/s41587-024-
02356-3.

van de Kooij B, van der Wal FJ, Rother MB, et al. The Fanconi
anemia core complex promotes CtIP-dependent end resection to
drive homologous recombination at DNA double-strand breaks
[J]. Nat Commun, 2024, 15 (1):7076. DOI: 10.1038/s41467-
024-51090-6.

Osborn MJ, Gabriel R, Webber BR, et al. Fanconi anemia gene
editing by the CRISPR/Cas9 system[J]. Hum Gene Ther, 2015,
26(2):114-126. DOI: 10.1089/hum.2014.111.

Osborn M, Lonetree CL, Webber BR, et al. CRISPR/Cas9 Tar-
geted Gene Editing and Cellular Engineering in Fanconi Anemia
[J]. Stem Cells Dev, 2016, 25(20):1591-1603. DOI: 10.1089/
s¢d.2016.0149.

Skvarova Kramarzova K, Osborn MJ, Webber BR, et al.
CRISPR/Cas9-Mediated Correction of the FANCD1 Gene in
Primary Patient Cells[J]. Int J Mol Sci, 2017, 18(6):1269. DOI:
10.3390/ijms18061269.

van de Vrugt HJ, Harmsen T, Riepsaame J, et al. Effective
CRISPR/Cas9-mediated correction of a Fanconi anemia defect
by error-prone end joining or templated repair [J]. Sci Rep,
2019, 9(1):768. DOI: 10.1038/541598-018-36506-w.
Roman-Rodriguez FJ, Ugalde L, Alvarez L, et al. NHEJ-
Mediated Repair of CRISPR-Cas9-Induced DNA Breaks Effi-
ciently Corrects Mutations in HSPCs from Patients with Fanconi
Anemia [J]. Cell Stem Cell, 2019, 25 (5): 607-621.¢7. DOI:
10.1016/j.stem.2019.08.016.

Sipe CJ, Kluesner MG, Bingea SP, et al. Correction of Fanconi
Anemia Mutations Using Digital Genome Engineering[J]. Int J
Mol Sci, 2022, 23(15). DOI: 10.3390/ijms23158416.

Siegner SM, Ugalde L, Clemens A, et al. Adenine base editing
efficiently restores the function of Fanconi anemia hematopoi-
etic stem and progenitor cells[J]. Nat Commun, 2022, 13 (1):
6900. DOI: 10.1038/s41467-022-34479-z.

Tran NT, Han R. Rapidly evolving genome and epigenome edit-
ing technologies [J]. Mol Ther, 2024, 32 (9):2803-2806. DOI:
10.1016/j.ymthe.2024.08.011.

Evans MM, Liu S, Krautner JS, et al. Evaluation of DNA
minicircles for delivery of adenine and cytosine base editors
using activatable gene on "GO" reporter imaging systems [J].
Mol Ther Nucleic Acids, 2024, 35(3):102248. DOI: 10.1016/j.



<280+

[29]

[30]

[31]

[32]

[33]

A M 7245 2025 4E 3 H 4546 555 3] Chin J Hematol, March 2025, Vol. 46, No. 3

omtn.2024.102248.

Kantor A, McClements ME, MacLaren RE. CRISPR-Cas9 DNA
Base-Editing and Prime-Editing[J]. Int J Mol Sci, 2020, 21(17):
6240. DOL: 10.3390/ijms21176240.

Liu Z, Chen S, Davis AE, et al. Efficient Rescue of Retinal
Degeneration in Pde6a Mice by Engineered Base Editing and
Prime Editing [J]. Adv Sci (Weinh), 2024, 11 (42):e2405628.
DOI: 10.1002/advs.202405628.

Diana JS, Manceau S, Leblanc T, et al. A new step in understand-
ing stem cell mobilization in patients with Fanconi anemia: A
bridge to gene therapy [J]. Transfusion, 2022, 62 (1):165-172.
DOL: 10.1111/rf.16721.

Heidemann S, Bursic B, Zandi S, et al. Cellular and molecular ar-
chitecture of hematopoietic stem cells and progenitors in genetic
models of bone marrow failure [J]. JCI Insight, 2020, 5 (4):
e131018. DOI: 10.1172/jci.insight.131018.

Long J, Hoban MD, Cooper AR, et al. Characterization of Gene
Alterations following Editing of the B -Globin Gene Locus in
Hematopoietic Stem/Progenitor Cells [J]. Mol Ther, 2018, 26

[34]

[35]

[36]

[37]

(2):468-479. DOI: 10.1016/j.ymthe.2017.11.001.
Anurogo D, Yuli Prasetyo Budi N, Thi Ngo MH, et al. Cell and
Gene Therapy for Anemia: Hematopoietic Stem Cells and Gene
Editing [J]. Int J Mol Sci, 2021, 22 (12):6275. DOI: 10.3390/
ijms22126275.
Pacesa M, Lin CH, Cléry A, et al. Structural basis for Cas9 off-
target activity [J]. Cell, 2022, 185 (22):4067-4081.¢21. DOIL:
10.1016/j.cell.2022.09.026.
Amjad F, Fatima T, Fayyaz T, et al. Novel genetic therapeutic
approaches for modulating the severity of [ -thalassemia
(Review) [J]. Biomed Rep, 2020, 13 (5): 48. DOIL: 10.3892/
br.2020.1355.
Long term follow-up after administration of human gene therapy
products - Digital Collections - National Library of Medicine
[EB/OL]. [2024-09-24]. https://www. fda. gov/media/113768/
download.

(i A1 491 : 2024-08-25)

(RS i - X 38

PEEFSMBAFNEE T _RERSER

FTEZER N O#K

BIEEEZER X

REEERR Kie#

Bl EMEZERCGEREENT) F 48 HER

& Z R (REREENY) 2oL 255
X WHRE FmE FAH
REHE KR WA KRaT
W SEB kT OBAE

ES R (FIEREmNT) E=8 £
OB asdkd 3 F AEK
Hak i fF REE «hz
FR FXE FWA FAF
F &R MRS HIRE XEW
KO B BRWE KT
R Elfath R%EE # %
W E WA A ARIGR
F®w KA AREX M e

waME Mk R ORE RER

koM BT REE FHOA

I o®m 4+ o M4 B gz x A
F 8 F W F E OHER KUK
MeFE W OB OE W E A EP
I 4 E M EEFz X OB OF
fEa ke 3 A x HE 3
THhE FmE A Ok A B A #H
& % FRT FHE F B F F%
koM KSUR RBH R K &
& M HREF EXE £MRER A R
1B B & fE & ¥ EPX F 0mW
wAR B B e B OBRIEH SHEE
WRE EWH FERK B & #H MK
L RABRAE L K BERE





