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Research progress on gene therapy for
ABCAA4-related stargardt disease
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Stargardt disease (STGD1, OMIM#248200) is the most common hereditary macular dystrophy, caused by mutations
in the ABCA4 gene, and is an autosomal recessive inherited disorder. The disease typically manifests in late childhood
or early adulthood, leading to progressive and irreversible visual impairment. Significant advances in understanding the
clinical and molecular characteristics, as well as the underlying pathophysiology, have ultimately facilitated numerous
human clinical trials of new therapies that have been completed, are ongoing, and are planned. This review focuses on
the progress in gene therapy research for STGD1. The primary obstacle in STGD1 gene therapy is the lengthy sequence
of the ABCA4 gene and the low efficiency of specific transduction of the ABCA4 gene into photoreceptor cells. The key
to addressing this issue is to develop a vector with a large carrying capacity that can efficiently transduce the ABCA4
gene into photoreceptor cells. Current gene therapy strategies for STGD1 mainly include adeno-associated viral (AAV)
vectors, lentiviral vectors, nanoparticles, optogenetics, and antisense oligonucleotides(AONs). With the deepening
of research, it is hoped that effective gene therapy methods for STGD1 will be developed in the future, bringing new
therapeutic hope to patients. This review provides valuable references and ideas for clinical applications and scientific
research.

Stargardt disease; ABCA4 gene; gene therapy; review
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StargardtJii (STGD 1, OMIM#248200) & 15 /> 4F i i
DL PE T B TR N KR, KRR A1/10 000~
1/8 000" , fiDr.Karl Stargardt@ﬂ§3:1909ﬁzﬁﬁ\?&iﬁﬁﬁ
&, STGD Lt T LA M s A 20 e e s
APRECHA T . R AT R . STGD15ABCA4
BRI BURI AR A 0, L SO H Rk
Wi, RESTGDLHFI M ARG ik, HEZ
TR RIEENSE T, EREIEPNEYT . WAYT .
TANMIAEAE S o BT TG RIS LA K — 26 i AR A% Al
PRIRES I IRATIF B AR T Horh, JEDEITAE N
— PR HT SRR RIS, DAL 5 A B R
giffart, DMREHIERDIRE, Won i TiRT B 5
FEVERRRG I 77, ARZERTEAS B 4 iF 78 s IEAE R 9T 1Y
STGDIEEPIIGYTHEIE, B 7E M PRIV FH AR 2= 57 4
P EUE

1 STGD 1S FizfE=

1.1 ABCA4EH

ABCA4EEH 7 T AR ik 1p22.1", Hhsof
AN AN, FERZIDNAS K128 kb, JF i 2 X K
6 8191 IEXT, HifSIABCA4ZE &2 273 & 3k
RS, oy 20250 kDa, AT HUFT4H A AN A AE AR A A1
T, ABCA4E FIME MG RN M BIEE IS 5 11-
IR B AE AL SE R h 568" ABCA4 H KRS
PEIEH ST, 24 01k CARGE B 5148 RO i
4000, X RS R4 3 PR R AR ¢ R A T 15 %
THCREIEME, B B P a 3 5] ALK R 1
HIZEAR M TCRLSEAE , W SPIRIMIRER O, HHER
BT W EN S 5T 81, =i N & o7 S I b s T

Z 8,

1.2 STGD1EIfRAIST FHLH

ABCA4 FH [1J& ATP 455 £ (ATP-binding cassette,
ABC) ¥4z H FUBZX AR GY , 7 T RURT 40 S AP
MRS SR R . B NP BRI TS £ A
(N-retinylidene-phosphatidylethanolamine, NrPE) (1l # [i%
IV HE IE B B Schiff BRI £5H0) DA e R 21001
GBS 2 B AL I 2 L 007, DT A Rtk 11
L ML SZ S A A R R, BT LA IR 8
FIAYIIFR . MABCA4KE N KA S ABCA4E
FHBRFART , NePEFI 4 S U B ARG IEAZ iR N AR
R, AP EEE R bR AN IRPEAT I e 2 A 1l

ANREBIA T AN AR 2 5L -N-A0 B B (N-Retinylidene-
N-retinylethanolamine, A2E) M A2ES RAEAERPEA L
IR BT, Nate BRe % 5 IS RPEAN I i B IR 5 22
iU gk KGR B AN A T RE RERS B BB T, A
151 % STGD1M, gt 2 AL a8 2 AL S W FL 2 S
STGD1 HYFFfiEZ—.

2 STGD1HIEREEYST

2.1 #Eik

LIRS AEIRY T BRIk DR 35 1 P 0 P i 4 LA
ERMIW 1. STGD1REPIRYT BYEEA Hin & ABCA4
FEPG 3 4 L R AR, ABCA4RR 145 DL IE 7
Fik, MBS RPEA A A BN E E Y TR
STGD 1 KR YT 1Y 3 ZE R AT & ABCA4FE [H ¥ 41 i K
(6.8 kb) LA St ABCA4RE R TE LI SZ 2R A A Hh i R S e
P, X — ALY SIS BT K A
RERS B RO ABCA4SE 5 b B 2R A0 I A 2 14K
KEFREW A2 Kas s p gk, g 2 AR
BEERIR, KR ABCA4ILIH G T A CIRAZ 2R ANM I BCRAS
S, T RES AT S0 RS AR A R 204, AnRAH G
TR EBE S AT PR o B X 2k AR A A 98 A ) 0
IRYY STGD AL T AR AT RER Iy 8, R4 R 1E
— IR, DAL 2 e MR i

2.2 BREXKREHRME

AAVEUR G AR | e aetEs | e aertm i
RO, RIERAT TR —FHEAR T ., FEBIAT LN 2
Ak, BT AAVIY EAARTE S BT 25 25 < 1)
TRYT O GIRSZ A5 AT RO I (5 3R 1 S RPE Y HE [ 203
Tt Bk, HoA R A 4.7 Kb, TCHf%6.8 kb
ABCA4 R Hifh 741, X BRI T HAESTGD AT i)
Kj}?ﬁ[w] R

T SRR ER S, B  GUER H ALAAVE AR
W CR RPN i BRI 438 22 N AAVEAR, TS TE
16 F AN FAE & BRI, JFC A TABCA4
HEIH . ColellaZ5 ™ Fl TrapaniE ™73 I F1 FH A AVEL /K 22
GoAe /N BRI S T ABCA4SE R WA 5% 38
FEMEE]—E BRI TR -

HAl, JEFE KT ALA AV A ek R AR P A
[EHLHI K EL AT 734 8 & (overlapping) . [ Z 57 Y] (trans-
splicing) LA ety (hybrid)zﬁlz'@ﬂ o =MPAAVEAARTR
W 34 D) s 7E ABC A4 KL PRI R /N RS A S 1



348

AR} £, 2024,39(7) journal.gzzoc.com

ABCA4IFRIR, I8 i/ WAEARR / A2E /g4 I3 (1 FR
SR T AR R

SRIMT, T FH XA AVERIATE GBS 5% rh S B K]
FEIR M RCRAAR T H L AAVER AR, 1 EHLr A AAV
AR RGN AR R E A B RIS R ),
RS AEES . ST PIHITE S ABCA4AAAVELR
PRI, ATRESSXHIAYT I ik s e, AR
Il RIS AT A T AT A

T, Riedmayr¥5 >4 H T —FhdE FmRNAK Y
P41 A LA AV AT A (reconstitution via mRNA trans-
splicing, REVeRT ) F-7ESTGD 1)/ B 2N
TG E EE 2K ABCA4, REVeRTH AR NI T
HJE R s ein, i HLabE g 74N ER F A R ™= i =
A, AR T IBAE R S SR AU

2.3 2% E Lentivirusai{i

8 BE AR, R IR IR T A G M B I B
(equine infectious anemia virus, EIAV) () {4 StarGen, [AH:
REASHET 2 e 1 B R i AT S I R 3R
T STGD 1 KL AT T Y BAR e 2 I 5
WK, EIAVEUAREHS A 80 ABCA4 BRI L 13 2
PRI RIS SN FIRPEZA AL, I B 2 D g &
AEIFL R FEAbcad™ /INFARS T, BAYRARL S
TESEIAV-ABCA4ZARENS 7121 H W ILEE R ABCA4E
FERIE, FEEVEERIFA2EK T IEH /MR, ik
A, StarGenl2 i B AUATE S ARG AL BT 125 vh
TR R Atk T2 A

FT FIRAFGTEE R, StarGendk [ FTY T (BIAV-
ABCA4, SAR422459) ) T/ ailf RIRE (NCT01367444)
EARRTZLE, AT IR B DB 5 7, (AT
ZUGEM IR UNIESE . fEZ 41 b, EIAV-ABCA4
PR SR 2 RAF, A S IR R,
KRB GIHTTA A G IR E LT ae e ik, 78
Rl A — RGBT IR, EBE TR B
WL, SR, 27 %G T IRZEAR IS A & 2% (fundus
autofluorescence, FAF) " I B RPEZEZE N E . T 4>
AP EIAV-ABCA4RY L R R RUME , TR ZEXT £
B MR TR ANARSERIE S

2.4 HKFRL

B ER EAARAL E TTIE RBR M, g R AR
SR A B AR AL T ) — A, eI AT eS|
RAPERED, BN T HRRPUR AU 23 H B Fh

N7, T ELEA SR RN BRI, AN S AfE LA
A, W TIRARARRNRE . (1-2 3 2 FE) 2 FE R
(N (FHEE Y2 Dt - 1- 2 2 £ 28 N I ) (ECO) J&— A
Z I RepHBURA Z NG T, & SRR/ NZIR H
LA BURRE R BRI, AT L BIR .
TEGK OB B A N 77 I, ECOfE i pHASURR 1) T 2 1
PP AR R gkt , 51 e A7 35 R A R0 P
%[30-32]0

W98 A %1 ECO/pRHO-ABCA44 K ik B
ZARARLHE T 5 ABCA4 2K Gt 3 31 1 2R 028 41 i
(thodopsin, RHO)JH 8+ 1Y Kz ihiDNA, i) [ 4%
ML, BEAETE L I BRI AZ 25 20 il rh s S PR 3R Gk
ABCA4JE[N . W5 £ W, ECO/pRHO-ABCA44/ K ik
TEABCA4™/INRUERY i BEAS ) 50 /0 AE R R, 4E
2% Stargardtfig AURE D, O T HE— R LN Kk
R A FEABCA4TR 5| A T SV40RS 38 T ARSI
W, 2 SVA0HE TR T I 9K Uk e AL (2.2 |
FZ 4l ARPE- 1941 it H B A2 1 35 42 I ABCA4 mRNAF
PR BRI, TEABCA4™ /N UL b iy 1A S 6
IR, A SVAORE TR B AR UR AR B L
TARAEMG OB IR TP AR, AT REJE T SV40g5E +
TEA RN i 022 552 ZE BB R A Y7
T AT E R X SCHR /S X (scaffold /matrix
attachment region, S/ MAR) ] L) 1455 e KB R R
ik MR E R T A v LASK sl 3 R LAz g v )
Fi PR IR GER FUEIRSZ AR 1 (G protein-coupled
receptor kinase 1, GRK1) J&i ) FFI AR A S/ MARME
5 AR BRI ], AR B0k T LS S ABCA4ER
HECERZ A PRk . M T g S8
ABCA4FKIAIERK ANAYFRCRIG I, JF W I A2EH
Z, MNIMARIAITSTGD . K IRAE/ N RAR N £
DAL BT 1 S Bl R4 e ek, e il iy
AN R AR S

2.5 HiEfkFE

I e — X W B 1 L R 7 O s
el D R 5 7 28 1A A AV T o B A s 6 0 O X
fii 5k BR ARG A2 S A M X O BUR . 2R IE TR R
H-1 (multicharacteristic opsin-I, MCO- | )%éﬁﬁ%ﬁ‘ﬁﬁﬁ
TR FImIE, AR T SO 40 HP LR A
B2 RAEDCIRGIRT, B R EBOUR AR 21k,
T HXT PR AR AR I A 1) sl A A el
AAVERIIMCO- [ (WMCO- 1), MCO- I 8% ] S i %



ABCA4HH K Stargardefii FEENAYT B ST HE G XIIKFT, 45

349

B E OIL IR BN, 3 GE 1O Kk
MR SE S TR

IEAE HEAT (9 — 00 22 rpo F M T 300 PR3 6
(STARLIGHT, NCT05417126) 1E7E 14 6 51| Al Stargardt)ii
H SRS SRR 3 e 2 F) AR B BB TR 1 vMCO-010
LA PERA R PIPESR BIR , vMCO-0107RY 7Y
SRE R IE AL ) (BCVA) J T % AT 11 R 2 SL A
M3 Octopus T I A A EF 1 2503 dB, HoR
HH B R AN B S,

2.6 RNBZHER

STGDIBURZ S A RKEMNNE FAES, &K
A5 T mRNARTAR R B et B B0 . e L IR
(antisense oligonucleotide, AON) J&fF A RNA #5579 A
TAEF BRI EAEE /N B A 15 mRNADE pre-mRNA
B EAMEHTRES &, MNIME BT IEIRZE N & Pl 55y
T 5 A Y B s i A1 7Bk ER DA B b AR AT B AR 1
FT, AT SR T R Z N & 28 =25 [ STGD1 .

Kaltak %5573 6 36 5 LY /™ F ABC A4/ 51K
.5461-10T>CiX it QR-1011(—FPAON) . Z 7L FE
AN 398550 B -39 R 40 kR, ARSI SR AR . A
FERIL, QR-1011HEME 1 35 14 I iE A 59 45 A mRNA L
i, IFTE B E IR AL S 88 B kI ABCA4 R 1]
M#ik ., AONTEC.769-784C>T . c.5196+1137G>A% 2 Fh
ABCAHR)Z N & TSP A B B AR,

H 5T 8 AN U7snRNAZR A 1] 24N F RV
1635 [ AT R (AON) B2 ABCA4FE F By F2 L
FEARE AU HER293 T E B, £ H U7snRNAZLIABE
i b 256 2 AT A BT 2, (HAE R EORIR DG
JBRAZ A HT AN ﬂ@(photoreceptor precursor cell, PPC){'ﬂ'JﬁK
FPRUE IR T U7snRNAFE PR E1 54 S I 2 A0 B 42245
ER

I BT R —2410%8 & 1 c.6817-713A>GAE 57
Bt TAON, JHEAEHEK293THNMY . 55 25 M JA ) il 2T 4
4 AIPPCHINAONAY By H2 4H IE AR, A IMAONTE
X =P A e D T PR RIS A, AR 2y
IETAR SRS R A By BRI, Won O B B A R 1 18
AW XA R — 5 WL STGD LR Y
MAEALAONTT L I RETI, A AR STGD1
PR TIRTER R DT 58, AR R AT IR AR S E T
1B, DABGIE SR/ NI 22 4 ARG B T BB 25 FR iy e s

3 RESRE

STGD1H Fir i CABIGT 75, —Biiiguis
AT PERY . AT R R R . R R
J 7 P DR S A AL B T B AT ELR BT ), AR
ZERTHE T —SEITERY R IR T S HATIE R AT
A — LBl RIS . FEE A5 IS B TRA NI RIS Y
e, ASRAT B BN STGD 1A A FEHAYT -

PRI AR AR 25 7R 2E
FFHIR BN AR

ASCiE T AR L= AT il (Creative
Commons), RFFH =R RE S (BY)—ﬂEﬁﬁﬂk
YAl F (NC)-2% 11782 (ND) (CC BY-NC-ND)#yJ5 X3t
=, RV =05 AR R R SCEHITE S . K&
7. RENE . R, k. JTREEOE A E B R A
ARG, ABAE XS R A AR AR E B 4 . AUFR
TR H . AT

S5 3k

1. Michaelides M, Hunt DM, Moore AT. The genetics of inherited macular
dystrophies[ J]. ] Med Genet, 2003, 40(9): 641-650. DOI: 10.1136/
jmg.40.9.641.

2. Fujinami K, Lois N, Mukherjee R, et al. A longitudinal study of
Stargardt disease: quantitative assessment of fundus autofluorescence,
progression, and genotype correlations[ J]. Invest Ophthalmol Vis Sci,
2013, 54(13): 8181-8190. DOL: 10.1167/iovs.13-12104.

3. Stargardt K. Uber familidre, progressive Degeneration in der
Maculagegend des Auges[]J]. Albrecht Von Graefes Arch Fiir
Ophthalmol, 1909, 71(3): 534-550. DOI: 10.1007/BF01961301.

4. Kaplan J, Gerber S, Larget-Piet D, et al. A gene for Stargardt's disease
(fundus flavimaculatus) maps to the short arm of chromosome 1[]J].
Nat Genet, 1993, 5(3): 308-311. DOI: 10.1038/ng1193-308.

S. Allikmets R. A photoreceptor cell-specific ATP-binding transporter
gene (ABCR) is mutated in recessive Stargardt macular dystrophy[]J].
Nat Genet, 1997, 17(1): 122. DOL: 10.1038/ng0997-122a.

6. Illing M, Molday LL, Molday RS. The 220-kDa rim protein of retinal
rod outer segments is a member of the ABC transporter superfamily[ J].
J Biol Chem, 1997, 272(15): 10303-10310. DOI: 10.1074/

jbc.272.15.10303.



350

AR} £, 2024,39(7) journal.gzzoc.com

10.

11.

12.

13.

14.

15.

16.

17.

18.

Quazi F, Lenevich S, Molday RS. ABCA4 is an N-retinylidene-
phosphatidylethanolamine and phosphatidylethanolamine
importer[ J]. Nat Commun, 2012, 3: 925. DOI: 10.1038/ncomms1927.
Fujinami K, Lois N, Davidson AE, et al. A longitudinal study
of stargardt disease: clinical and electrophysiologic assessment,
progression, and genotype correlations[ J]. Am J Ophthalmol, 2013,
155(6): 1075-1088.e13. DOI: 10.1016/j.2j0.2013.01.018.

Zernant J, Schubert C, Im KM, et al. Analysis of the ABCA4 gene
by next-generation sequencing[ J]. Invest Ophthalmol Vis Sci, 2011,
52(11): 8479-8487.DOI: 10.1167/iovs.11-8182.

Molday RS, Garces FA, Scortecci JF, et al. Structure and function
of ABCA4 and its role in the visual cycle and Stargardt macular
degeneration[]J]. Prog Retin Eye Res, 2022, 89: 101036. DOI:
10.1016/j.preteyeres.2021.101036.

Sparrow JR, Kim SR, Cuervo AM, et al. A2E, a pigment of RPE
lipofuscin, is generated from the precursor, A2PE by a lysosomal
enzyme activity[ J]. Adv Exp Med Biol, 2008, 613: 393-398. DOI:
10.1007/978-0-387-74904-4_46.

Tsybovsky Y, Molday RS, Palczewski K. The ATP-binding cassette
transporter ABCA4: structural and functional properties and role
in retinal disease[J]. Adv Exp Med Biol, 2010, 703: 105-125. DOI:
10.1007/978-1-4419-5635-4_8.

Sparrow JR, Boulton M. RPE lipofuscin and its role in retinal
pathobiology[ J]. Exp Eye Res, 2005, 80(5): 595-606. DOI: 10.1016/
j.exer.2005.01.007.

Tt 3C, sk I Stargardtyi B B S 167 R R [T). EAMEE
ZF(RELEM), 2003, 27(5): 306-309. DOI: 10.3760/cma.
jissn.1673-5803.2003.05.013.

Fang YW, Zhang Y]. Etiology and treatment prospect of Stargardt's
disease[ J]. Int Rev Ophthalmol, 2003, 27(5): 306-309. DOI: 10.3760/
cma.j.issn.1673-5803.2003.05.013.

Piotter E, McClements ME, MacLaren RE. The scope of pathogenic
ABCA4 mutations targetable by CRISPR DNA base editing systems-a
systematic review[ J]. Front Genet, 2021, 12: 814131. DOI: 10.3389/
fgene.2021.814131.

Colella P, Auricchio A. Gene therapy of inherited retinopathies: a long
and successful road from viral vectors to patients[ J]. Hum Gene Ther,
2012,23(8): 796-807. DOI: 10.1089/hum.2012.123.

Colella P, Cotugno G, Auricchio A. Ocular gene therapy: current
progress and future prospects[J]. Trends Mol Med, 2009, 15(1): 23-
31.DOI: 10.1016/j.molmed.2008.11.003.

Vandenberghe LH, Auricchio A. Novel adeno-associated viral vectors

19.

20.

21.

22.

23.

24.

28S.

26.

27.

28.

29.

for retinal gene therapy[J]. Gene Ther, 2012, 19(2): 162-168. DOI:
10.1038/gt.2011.151.

Hermonat PL, Quirk JG, Bishop BM, et al. The packaging capacity of
adeno-associated virus (AAV) and the potential for wild-type-plus
AAV gene therapy vectors[ J]. FEBS Lett, 1997, 407(1): 78-84. DOI:
10.1016/50014-5793(97)00311-6.

Colella P, Trapani I, Cesi G, et al. Efficient gene delivery to the cone-
enriched pig retina by dual AAV vectors[J]. Gene Ther, 2014, 21(4):
450-456. DOI: 10.1038/gt.2014.8.

Trapani I, Toriello E, de Simone S, et al. Improved dual AAV vectors
with reduced expression of truncated proteins are safe and effective in
the retina of a mouse model of Stargardt disease[J]. Hum Mol Genet,
2015,24(23): 6811-6825. DOI: 10.1093 /hmg/ddv386.

Dyka FM, Molday LL, Chiodo VA, et al. Dual ABCA4-AAV vector
treatment reduces pathogenic retinal A2E accumulation in a mouse
model of autosomal recessive stargardt disease[J]. Hum Gene Ther,
2019, 30(11): 1361-1370. DOL: 10.1089/hum.2019.132.
McClements ME, Barnard AR, Singh MS, et al. An AAV dual vector
strategy ameliorates the stargardt phenotype in adult Abca4-/- mice[]J].
Hum Gene Ther, 2019, 30(5): 590-600. DOI: 10.1089/hum.2018.156.
Riedmayr LM, Hinrichsmeyer KS, Thalhammer SB, et al. mRNA trans-
splicing dual AAV vectors for (epi)genome editing and gene therapy[J].
Nat Commun, 2023, 14(1): 6578. DOI: 10.1038/s41467-023-42386-
0.

Kong J, Kim SR, Binley K, et al. Correction of the disease phenotype
in the mouse model of Stargardt disease by lentiviral gene therapy[]].
Gene Ther, 2008, 15(19): 1311-1320. DOI: 10.1038/gt.2008.78.
Binley K, Widdowson P, Loader J, et al. Transduction of photoreceptors
with equine infectious anemia virus lentiviral vectors: safety and
biodistribution of StarGen for Stargardt disease[ J]. Invest Ophthalmol
Vis Sci, 2013, 54(6): 4061-4071. DOI: 10.1167/iovs.13-11871.

Tanna P, Strauss RW, Fujinami K, et al. Stargardt disease: clinical
features, molecular genetics, animal models and therapeutic
options[ J]. Br J Ophthalmol, 2017, 101(1): 25-30. DOI: 10.1136/
bjophthalmol 2016-308823.

Parker MA, Erker LR, Audo I, et al. Three-year safety results of
SAR422459 (EIAV-ABCA4) gene therapy in patients with ABCA4-
associated stargardt disease: an open-label dose-escalation phase I/1Ia
clinical trial, cohorts 1-5[J]. Am J Ophthalmol, 2022, 240: 285-301.
DOT: 10.1016/j.2j0.2022.02.013.

Bucher K, Rodriguez-Bocanegra E, Dauletbekov D, et al. Immune

responses to retinal gene therapy using adeno-associated viral vectors



ABCA4HH K Stargardefii FEENAYT B ST HE G XIIKFT, 45

351

30.

31.

32.

33.

34.

3S.

36.

- Implications for treatment success and safety[ J]. Prog Retin Eye Res,
2021, 83: 100915. DOI: 10.1016/j.preteyeres.2020.100915.

Sun D, Sahu B, Gao S, et al. Targeted multifunctional lipid ECO
plasmid DNA nanoparticles as efficient non-viral gene therapy for
leber's congenital amaurosis[ J]. Mol Ther Nucleic Acids, 2017, 7: 42-
52.DOI: 10.1016/j.0mtn.2017.02.005.

Sun D, Schur RM, Sears AE, et al. Non-viral gene therapy for stargardt
disease with ECO/pRHO-ABCA4 self-assembled nanoparticles[ J].
Mol Ther, 2020, 28(1): 293-303. DOI: 10.1016/j.ymthe.2019.09.010.
Sun D, Sun W, Gao SQ, et al. Formulation and efficacy of ECO/pRHO-
ABCA4-SV40 nanoparticles for nonviral gene therapy of Stargardt
disease in a mouse model[J]. J Control Release, 2021, 330: 329-340.
DOI: 10.1016/j.jconrel.2020.12.010.

Sun D, Sun W, Gao SQ, et al. Effective gene therapy of Stargardt disease
with PEG-ECO/pGRK1-ABCA4-S/MAR nanoparticles[ J]. Mol Ther
Nucleic Acids, 2022, 29: 823-835. DOI: 10.1016/j.0omtn.2022.08.026.
Wright W, Gajjeraman S, Batabyal S, et al. Restoring vision
in mice with retinal degeneration using multicharacteristic
opsin[J]. Neurophotonics, 2017, 4(4): 041505. DOI: 10.1117/1.
NPh.4.4.04150S.

Therapeutics, N. Nanoscope Therapeutics Unveils Clinical Trial Results
for MCO-010 in Treating Stargardt Disease[EB/OL]. (2023-09-01).
https://www.prnewswire.com/news-releases/nanoscope-therapeutics-
unveils-clinical-trial-results-for-mco-010-in-treating-stargardt-
disease-301896754.html.

Xue K, MacLaren RE. Antisense oligonucleotide therapeutics in

clinical trials for the treatment of inherited retinal diseases[]].

37.

38.

39.

40.

41.

42.

Expert Opin Investig Drugs, 2020, 29(10): 1163-1170. DOI:
10.1080/13543784.2020.1804853.

Kaltak M, de Bruijn P, Piccolo D, et al. Antisense oligonucleotide
therapy corrects splicing in the common Stargardt disease type
1-causing variant ABCA4 ¢.5461-10T>C[J]. Mol Ther Nucleic Acids,
2023, 31: 674-688. DOI: 10.1016/j.0mtn.2023.02.020.

Kaltak M, de Bruijn P, van Leeuwen W, et al. QR-1011 restores
defective ABCA4 splicing caused by multiple severe ABCA4 variants
underlying Stargardt disease[]]. Sci Rep, 2024, 14(1): 684. DOI:
10.1038/541598-024-51203-7.

Tomkiewicz TZ, Nieuwenhuis SE, Cremers FPM, et al. Correction
of the splicing defect caused by a recurrent variant in ABCA4 (c.769-
784C>T) that underlies stargardt disease[J]. Cells, 2022, 11(24):
3947.DOI: 10.3390/ cells11243947.

Khan M, Arno G, Fakin A, et al. Detailed phenotyping and therapeutic
strategies for intronic ABCA4 variants in stargardt disease[ J]. Mol Ther
Nucleic Acids, 2020, 21: 412-427. DOI: 10.1016/j.0mtn.2020.06.007.
Suérez-Herrera N, Riswick IB, Vazquez-Dominguez I, et al. Proof-of-
concept for multiple AON delivery by a single U7snRNA vector to
restore splicing defects in ABCA4[ J]. Mol Ther, 2024, 32(3): 837-851.
DOL: 10.1016/jymthe.2024.01.019.

Suédrez-Herrera N, Li CHZ, Leijsten N, et al. Preclinical development
of antisense oligonucleotides to rescue aberrant splicing caused by an
ultrarare ABCA4 variant in a child with early-onset stargardt disease[ J].
Cells, 2024, 13(7): 601. DOI: 10.3390/cells13070601.

FERZE: T7%; RERE: FH



