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o RGLEIR T ABCA4 FER G5 5 IIRE . 1A% RRAE SOAH A I BB i I R R 30, BT ABCA4 JE[R A58 i 548 %
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« CH1 ABCA4 JERI 878 5 ZFp st (B AL AR 8 DIAH DG, H B B s 53R 5 Ik,

o ARSI DRI AR SRR | PR RY - TR AR S B A S 42 45 05 X AL S R AT R R VA4, IR T B S BRR Y e
PRI KR IT BEIRHEAT 48 0T o

3. ENEME

o A B TERAXT ABCA4 ARSI RS o B B I PR S ek A AR

o NIAEELWT . SR EORERATT R BRI IE 5 5 AR S Bk

[ E]  ABCA4 PG IR 2 i ABCA4 HE[H 5785 7| % 1 S DR ot A P00 PO LS , I A 3 2 2
R (38 1 e OB IRAZ 35, P EOOL IR AERERG , S T B0 D 2245 . ABCA4 JE I i L3 2 A
% Rim B 1, FEICEEZ RN T I F AR, — B ABCA4 JEIN A, AR AR,
T FEL P EASE . BAR X ABCA4 JEIH HUBFIE R T A, (EFLH U 928 S IR 14 % 58 4V 43
%, ABCA4 BEPRfL) 17, JRAR R, TETEW Bt 5 bk . SePRAR v | PR R AR 3
VERL KA A 070, B0 S D EOR  TAREE  H LPO B £ AL Stargardt i . PLAEL
FRAILAET IR BRI IR 3R ARPE 26, A IR Pt . S IR O ORI PRAE IR e B4 5, {165
DUGEZ S TIRERE AR ANSE T RARE . LURIRIRREE M T B4R . TEIRYT b, LB T 5%
BT BECARAAYTI7 s, SEEAYT AT ANIEIAYT 2 F AR A, 250IAY TR T
HioR K I I IR . ASCERIR T ABCA4 HEBI A G IN B h ABCA4 JEHI S5 ST . 4k
R FEARAE . AR GBI PRASRIE B £ BT 720, AR ABCA4 FEIRFSC KL RIS O AE .

[58837]  ABCA4 JE[H; tfLHERLMIRSO ; JEIRA-RAAICHE; JERTAYY; Stargardt Ji

175 B #A (Received): 2025-09-16; €17 H B (Revised): 2025-12-16; #£1 B #A (Accepted): 2026-01-26

1B {5 £ (Corresponding author): [/i1%, Email: 923613616@qq.com

Tk A A ) R Sl 2) ATEGCRE: SeEill 3) SRUETIER R TR 4) Bl SR 5k
Sl 5) BRI SR el o) MRS . ITAMEE; 7) MMFRABITSHE. IrafEs

Contributions: Conception and design: ZHANG Xuegian; Administrative support: ZHANG Xueqian; Provision of study

materials: ZHANG Xuegian; Collection and assembly of data: ZHANG Xuegqian; Data analysis and interpretation: ZHANG

Xueqian; Manuscript writing: Both authors; Final approval of manuscript: Both authors



https://doi.org/10.12419/25082504
https://doi.org/10.12419/25082504
mailto:923613616@qq.com
https://journal.gzzoc.org.cn/

ABCA4 JEPARSCHL M PSSR BT TE BRI skilie, &% 601

[ME4ZES] R774.1, R394  [XEKIRER] A

S| AT sk, BRNS. ABCA4 FEPRAH AL I IR0 B STt J2 (7). HRBR2#4R, 2026, 41(7): 600-612. DOL: 10.12419/25082504.

Recent advances in ABCA4-associated
retinopathy research
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(1. Eye School of Chengdu University of TCM, Chengdu 610603, China; 2. Chengdu First People’s Hospital, Chengdu Integrated
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TCM & Western Medicine Hospital, Chengdu 610016, China)

ABCA4-associated retinopathy is a monogenic inherited retinal disease caused by mutations in the ABCA4 gene.
It primarily affects the retinal pigment epithelium and photoreceptors, leading to retinal dysfunction and
progressive vision loss. The ABCA4 gene encodes the photoreceptor-specific Rim protein, which plays a crucial
role in the metabolism of photoreceptor outer segment disc membranes. Pathogenic ABCA4 variants impair this
protein's function, triggering various forms of retinal degeneration. Despite decades of research, comprehensive
classification and pathogenic assessment of ABCA4 variants remain incomplete. The gene exhibits high allelic
diversity, and its clinical impact is shaped by genetic heterogeneity, allelic variability, genotype-phenotype
correlations, and ongoing challenges in variant interpretation. Collectively, these factors underlie the broad
spectrum of disease severity. Common phenotypes include Stargardt disease, cone-rod dystrophy, and retinitis
pigmentosa. Although these conditions differ in inheritance patterns, genetic loci, and clinical manifestations,
these conditions share a common pathophysiology involving photoreceptor dysfunction and cell death,
ultimately resulting in varying degrees of vision loss. Currently, there is no complete cure or effective treatment
for these conditions. Gene therapy and stem cell therapy are the primary investigational approaches, while drug
therapies have not demonstrated significant efficacy in short-term interventions. This review explores the
structure and function of the ABCA4 gene, its genetic characteristics, the clinical features of associated retinal
diseases, and primary treatment approaches, with the aim of enhancing understanding of ABCA4-associated
retinopathy.
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ABCA4 K& PR AL 9 I o 2 — 2 UL Y FFA ML E 2 A K (cone-rod dystrophy, CRD) FIFL X
TP B AAER BRI . RIS BRI R, ek JEE (5,25 A5 (retinitis pigmentosa, RP) 55, JS A I IR

AT ], PR o A 0 ELAT i S b | A N DA
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SRR A TR k. (RS R AR

SR, FERITEAIMIEAL . HBUZ R IR

fito ASSCL ABCA4 ZENZ5HG 5 I)fE . FEPE L4y
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1 ABCA4 EE M EINEE

ABCA4 JEPH AL F 1 5§ Ak p22.1 [, &
A 50 MANE T, JFFREEEIX K 6819 Bl LX),
B EAT 2273 DAL . > T 2Y 250 kDa
f) ABCA4 1. ABCA4 [R5 S i 26 K 704
HEZ P L W S Rz g b o HATT Z IR,
ABCA4 B T ATP 45 & & iz, 1A
20 AN RLAE SN G KRR, 5 Rim R A MIEY,
Bl LU I ATP 254 FK i 77 AF 1Y B8 BB N-TF
PR B -l I ot £ B i 2 22 G IR A A L
RYERERGRIVER, BRI AT A 4 e s AR
Y. 4 ABCA4 BN 28455 | kBB M2 DI hE
SR, N-E AR BRE - B AR T5E £ B e SR AR A2
i A1 5 O A R ) (5 3% 1 B 2 S (retinal
pigment epithelium, RPE) 7 W 5 JC 15 # [ i, i
AN AT AR B P2 ) G N7 R 3 - N R - 2
Jf (photo-toxin N-retinylidene-N-retinyl ethanolamine
bisretinoid, A2E), A2E 7E RPE 1 2 i E# % ,
M2 RPE FIGEAZ 25 B D RE R A FISE T, fx
KREMMBSREA, FIRM I TR R,

2 ABCA4 E A 8 5% 41 7 IR %5 % & &
=R YFE

ABCA4 H PRUAH S 0 JE 5 33 1 728 S AR AR AR
WA, WL R SRR e PR
RN BFRPREZTTM, FWME DT
iz WG Y o

21 BEEEAXSREM

ABCA4 HE [A] J& 15t 1% P4 1 N i 9% 2% (inherited
retinal dystrophies, IRD) fe % WLAY S A8 KL [N, Hiist
& 5 R B TE IRD AT LA AN [ (19 gt A4 B =
(ERANCR S ERENSU i (N R S R LN T A G S i LN G L
B SR AR RN A — SR R WL R st A%, 1)
P A s HHAG B 1Y G0 (B R K N 7
SR ATAR RN AR AN B R X SEMAZ ]
PR AR TR IR 2E 5 . STGD iH&
2O G ERBR RS E . W AR B R & X
PRI PR G . RP Z N AR 5848, st fe s
KM H G iR Wbk st i RP, & YL AR R RP A
X B RP , A 3 A 15% ~ 25% . 5% ~

20%. 10% ~ 15%, IMi7EH:Ah 40% ~ 50% B HL T,
TR E AR Uk M RP)P, ABCA4 A &
2 30% ~60% 195 YL @R Ba M CRD, MiiFZ2
T H e o i M CRD 9 91 F 20 2 [F GUCY2D
S, A Y 2/3 0 XES RP FIH 4 LA 2
() X 8 CRD H 80 3 [N RPGR S8, iy
(AN R AT AR PR, X R R — ST B A
A FL D BN T BEAS 2 B R AEAR , B
Al AEA AR H R MEGR KRBT il v AR
AHIEAT S YA S (17 PRPH2 F1 ROMI) 7] BETC
ARG il A b

22 EEESMEBESHH

ABCA4 SR b X, F 200 KAk N 2
i X (24 10%) (19 BUAE A 35 PR B A% 1 iR A8 57 (single
nucleotide variants, SNVs) B 52 W 8T 32 (1) N & 748
891 2y 196 45 M AR S (structural variants, SVs),
W Bk DR A IX 38 ek B A2 0, R R Ol 5
HAE 5 (copy number variants, CNVs), R X 3 A
H P50 08 DB R A AR A A SR 1) 4540 727 S
FAGEINL . mATS NS, Bk Z4h, ABCA4 3
PRI 52 A 58 ARG 0 2 252 ) - AR AN (] 1) b A6
B ERICAARB AR SRR, W1, EH—
FFXT IRD B BAFNWESE s, ABCA4 JERAAAE T 5T
ARGz, )& WL ABCA4: c.5882G>A, p.
(Gly1961Glu) 2814 UL F 15.9% 1Y (1 Flt A Fi1 25.8%
AR, I H p.(Asn18681le) 25 fv J [KALFE (A Fh
AR, JEAR A EcE WA AR 72 c.5761G>
A, p.(Val1921Met) ", 33 3 B S [i] 4t BEL037 5 0 o
& v s R PR ()8 S S R H R RN R Y

2.3 ERFEB-REEXMN

ABCA4 Ft [RUAH S AL s HAA T 32 1 I IR
SERPE, DU S MR S L PR AR - A ) A S
KFREY), ABCA4RH R FH T —H Y
AR BV 35 0 0 IS, & STGD1 FA B0 JELIA
5 W 9% & R Y STGD3 il STGD4 2 Fi ok 25 {1
STGD1 BPRAVAHRUE 8 12 A8 Gy (A b 1 i 23
i 45 “Stargardt BEVERE Y, AN FE H A R
i STGD1 AHARLI ARE DR 11T i He At 35 PR AR SR 5 R Y
LB ) i PRPH2 2875 S 30 1y B B S IR A
BB B ABCA4 FE A AL W I A —
BB, (HRZE G L Im R R ] A% 2
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# 1 ABCA4 EFEMEXMIRERFS ABCA4 BEERE LT

Table 1 The most common variants of the ABCA4 gene in ABCA4 -associated retinopathy

P ABCA4KE R e IR A e =P
Y[ c.5882G>A, p.(Gly1961Glu) Lin S et al.!"”
eS| ¢.2588G > C, p.(Gly863Ala) Demas N et al.l"
HRA ¢.5882G>A, p.(Gly1961Glu) Karali M et al.!"
W= ¢.3113C>T, p.(Ala1038Val); ¢.1622T>C, p.(Leu541Pro) Matczyrniska E et al. ™
FATAR 4E c.5882 G > A, p.(Gly1961Glu) Schlottmann PG et al. *!
W F c.1804C>T, p.(Arg602Trp) Marta A et al.l'®
T HI ¢.52C > T, p.(Argl8Trp) ;¢.5882G > A, p.(Gly1961Glu) Ozguc Caliskan B et al.!"”!

WS WIVE IR, RDRBERG AR | R JICHE s AT
B 5 0L B A Y 2 R B BEAS (bull’s eye
maculopathy, BEM), £ 5882G>A, p. (G1961E) 4%
RS EL O PR IR 22 B0k Hh e B B (1 PR IE SRy PR
PEZES . AEIRE F R AR R AR A Z At
flifsgm B —E IS WiEE

ABCA4 J:[H W 5 R R 57 ZeAHOCE , UK
IAEA TR L Y 2 T Z AU R B, BRI
ERBZE A REES . RASIMERF—,
DL R 5 PR AU R AU R i RE ] . — A JE R A AN [
RAF S FEONRI R, ANFEZER RS FE
e AR R AL, T H sk L6 3% AT 5B 2 Bl 5 e
o JRe T AR P — T R G T R PR R - R A
KM AFNBESE, XF 71 4452 ABCA4 FE PR AH A
IR JEE T A8 Y R B R TN A5 AR R BRI R 5 2R
ARPERGAS /I B AR B LR 1 2ok 7 v A i
JRARATAE W RS AN, ABCA4 DI 54
Y R DG A O 7 B R B RIREAAAE R &R .
WF5Erh, ABCA4 HHFRARIEVEMm, KA EHRE
P . IOk BIEE R, &% 5 ABCA4
S EBREAC, RS, #EIAN
Bl SCAR S5 R R ) R A AT O, T [ SR SR
.768G>T p. (Leu257Valfs*17) ZE {4 ] ¢ B H 7™ 5
FeRP AR b, U PR A TR 1

Bk, XGESURE AR RP R E, R
o fe 22 B iR Y o R Bk AL B A RP R FL
B ERIETRE L, WRICHRERERA R,
WL KR STGD1 5 5 A7 3 [ 3 [R A5 S A 56 Y,
FEAFE RGO BN TR S, M TRAL
5 ol WG & 11 O B Hp e U1 Y STGDT i A8 2 i T
Burke % P AIFSE & B ¢.5882G>A, p. (Gly1961Glu)
NN TEAE R RS RPN R FE AL, ABCA4
e R S A0 Do s 9 v S PR A e B AR S e .
by 35 PR 5| A %) 28 2R RR AR A T 32k PR AR - SR A 4 B0
PERZIR AR 5T Al A2 W T S A

24 TRHE

7 S5 A SR — T B I PR 2 AR i R 3 [
G I SCHH R AT WO AN AR S AL R et A, AR SR
B0 2 S B IS (R R A7 A8 S i B0 M J B o 2R
0O PR SO 43 bR i E ok 11 26 B IR 2 0k
f&27%2 25 (American College of Medical Genetics and
Genomics, ACMG) Fll 73 Bl2# P32 (Association
for Molecular Pathology, AMP), H{ 3 PR il v &
AL A e KB M RYE . ATREE RYE . ANH
EHE X, TREEURME BRI AR U, ABCA4
R FEZ, NIk R T 2200
ZREOR A R, B2 S IA2E N
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AN %E 1) A% 5 (variants of uncertain significance,
VUs), HHEEEZEREH L, BREWANER
P[] AR SR AR b i) S350 IRDP . 53 4h,
JSAE AR 5 3 S SCAF AN e R AT 8 > 5% 3 i o R
Ap U0, {HAE STGD Hh R BT LA e vy A (31 ik R
TR 2 ABCA4 A8 520 il 2L 7 LA K A
SERLEEDY (g ABRRAS S A7 I IF R R EEE 42
e, — 0T SR P RF b X A BT 5 3 X 211 B
ABCA4 K PRAH AL 190 [ g S8 R AT Ak R A
RILT 22 HIBORAE R, b5 T
DAL HEIA T 22, XK W] ABCA4 ML S A3 KR A
AT e AR 5 DR RIS DR ARG 0 )y A 2 A5 B

;} ABCA4 £ [X 18 5 4 ] P& £ 5 I R
FAE

3.1 Stargardt f& Il R4FAE

STGD & e 7 UL A 388 A5 1 0 0 S 5 %), de
VIR N E BB AR, B ERREE R A
R e i DL R HE R A s R R i 2 S
R &R AR O, M WU BB, STGD
R 1/10 000~1/8 000°2, fx¥7, STGD1 ¥& %
PRI ABCA4 FEN 2878 S8 # Y AR Bk 8 1%
P R, AR A Ay R RS B RN B B S 4 1Y
1994 4F, BF5E KB T4 6 S YAk q L —Fp
R TS IR BRI 251 STGD1 (36,
W HoE N “Stargardt B9 Y, EE AU STGD2-
4, STGD2 e ¥I#% % BLAE 13q34 Y (A ik BV J5 ok
TES2 S8 1 ELOVL4 B 52 51 #2 ¥ [F] STGD3.,
STGD3 /& ELOVL4 i Kl 28 48 5 B i Y o fk bk
Stargardt FEEBEE IR AR, B4 STGD3 BETE
SRR S BTk, IRAREIRIR T &
T (O R T MR N ABES Y, STGD4
B — M YO K B Stargardt FEEEBEE AR .
1999 4E 4% % 5F i 5 PROMI KR A A K, Hi
LK p.R373C Y, STGD4 Ml fiE A 5 STGD1
H1 STGD3 AHBL AR HR R 0% 3 Sy HR G 14 BE
HAE, ERAOIEMEAMTARESRAR .. BH
ERAR ., PR G R P SoR"Y

STGD i 7 F 30 Ay FE A7 MU o AR g 2k
W F R T A AT BUER 10 AR B 20 4F . B LI ACRE
RIBHE AT . LRGN e TR,
T HIR PSR 0 96 B Ry ] 48 e B 0 [T % s [T 5% X

B AR, M AT, IR R
LR T A R 0l AR Bl A AR AR AR UL . STGD R & 5+
KU IE R AR 7 4509 2778 T AL Bt
R R, DR AL IO ) B € B A5 A FIR RS AR A 1
oAy o HHRR A 22O ER I K BE AR B &
PN, AFAEREA B BE 5 R R RS 1T 4 1) 555 9
FFA 7R 2 80% H & ] M B bk 2% JI5 o 95 4E "
LI 1,

B1 —fl STGD B2&MNRS AL BRNA
Figure1 Multimodal imaging findings in both eyes of a
patient with STGD

STGD MUIR Z LU R R B AR RO AT 552 (A, B) A
FFA(C, D). MUHR FFA: 7E FFA AJ LLWLEE 5 LR 8 5 X A0
R T DX, A7 IR B S A TR SE R, 18 DX 9 ] AL SEORAE 55
PN FTAZBI LITAAIRIR, SR G, 4
F o BT P R4 A PR B

Bilateral multimodal imaging studies, including (A, B) scanning
laser ophthalmoscopy (SLO) and (C, D) fundus fluorescein
angiography, = were  performed.  Bilateral  subretinal
hypofluorescence areas were visible in the macular regions on
FFA. In the right eye, with prolonged angiography time, a weak,
millet-like  fluorescence was  discernible  within  the
hypofluorescent area. All images show the right eye above and
the left eye below. Image source: Chengdu Integrated

Traditional Chinese Medicine and Western Medicine Hospital.
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AR EEME cone H IR A R (cone dystrophy, COD)/fiL
HELAT 40 B 52 A K (cone-rod dystrophy, CRD)
03 191 Y9 6096~65% ', oAb 55 COD/CRD #l %
A5 5L F EALRF GUCALIA, GUCY2D, PRPH2
A A PRRE PR 38 & A AE L W SRR R
PR T YU E SR SE B Y, B R Y
BEHTHERMBCE o R B G A 0730 n] B /R B
HIR JEG s e T IR0 i S5 (v sk (M S5 5% ), i
JE BN ) s B R A AR AR 2R E A
5 RS 2 SR 2 A4 AN B (A BE P OB AR T
81 J22 99 4 (optical coherence tomography, OCT) M
3% Hh R B 0 JRE A 2 45 B i T A
5L [ (electroretinogram, ERG) {7~ a. b I ik
I SR PR, WL B B R R R, B
SO HE AL, (EL7E 0 g S0 4 3R 5 1 1o
1, I RFRIA A S T . CRD B2 4E T
I AR . HRJEAG A . OCT FIAIL I AR HEL 14

3.3 MR B ETHEIERIFE

RP J& H B G AL T AL I B (0 2R 1 i 25 45
5 | JE ) — o 3 £ S P R IR0 S A ) A At L
5000 N2 1 AR, HRfEmELA
50 1~ RP A 56 B Eofs 2 K ) 41 ABCA4, RHO,
PRPF31. RPE65. USH2A fil NR2E3 %171 Hirh
FH ABCA4 875 5| 2 i) RP(FFIR 4 4 80 ) 4 26 9 11
FEHE I R R B, Hei, Vanita 25 "S5 1 %t
RP BE PEAT DT, 4 RP A 5 A 7E 1p22.1
Yufafk |, R I ABCA4 N & 1748 F [ RE T S 34
RP (B3 R BB AE , WiH . Pz R .
FBEWRS S, K, RP & AIERANEE, Al
HELE R B, e SR oM ek . K
PR3 e e — 5 2 B0 R WU TG P 0 M A T R
RP 14 L0 HR IS — BCAIE 2 0 o JB B T R 0 R T
M PRAS TS 310 Al , AL BB i |
PSR SAE . PN BB DK 55 . S5 RE T N AR
R R, OCT AR A% Ak 2 40 I JIES o 2 A5 3
BRI R AR L SR JE R R AR, e S
)2 o RP AT () AR 3 i Shy v JRD BB S 5 K e A
JEWE &5 . RP HE 1Y ERG Won a A b I 9% 08 14
REAR, 1K S A Aof A E K BT FRA R B 41
MR b R | IR HERIRDO, T
B R IERIO, 2846 X N AT DRSS B K
M4, 246 X% RS Wt WIE 2 ik 2,

B2 —flRP BEWRSEAZKRIA

Figure 2 Multimodal imaging findings in both eyes of a
patient with RP

(A, B) BUIR SLO: AU MLIMIE) iz (2T, PRI RZE S

(C,D) R OCT: HBEX LU . (B, F) BURFI] FFA:
SCHIR AL PO A7 A2 20, e O O v AL R AN MR 2 352 e
O, HEEFIO6®. Fraegs rhaiRg, T
I RS . SAARIE R R AR T PP R4 5 R B

(A, B) Bilateral SLO: Extensive peripheral retinal pigment
deposition with retinal atrophy. (C, D) Bilateral OCT:
Structural abnormalities in the macular region. (E, F) Bilateral
early-phase FFA: Bilateral retinal vascular narrowing with
extensive irregular pigment-obscured fluorescence throughout
the retina, accompanied by enhanced peripheral background
fluorescence. All images show the right eye above and the left
eye below. Image source: Chengdu Integrated Traditional
Chinese Medicine and Western Medicine Hospital.

4 ABCA4 E F T HHx M M IR & i/
BT

HHT, ABCA4 JE[HAH AL X BEEE v 0 ih A
() BB R YT k. SRR YT AT A0y vk
& HRTEAEMR N T, PG T m T wot R
FEIEA IR RCR

4.1 ERAEIT

FEPRIYR T 38 1 [A]— 2 A ) ) e 2 46 i 356 [ G
ok IEDh R A BN, DL S g5 A0 TR
PEIRIIRTT o FE A% EBOoRPUR AR, WR
FPHORRE AR . BRI, DR #E A,
WYKL . 5 SCEEAZ R . B g 2 S 4
FRN@RGEE 2 B, B E o5
AL P IE R DIfe . R s AR5 & A
R, IR AR, 5T
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2 Stargardt 75 AT AR E TR R R AN IR 2 R MR HHE L

Table 2 Comparative characterization of Stargardt disease, cone-rod dystrophy, and retinitis pigmentosa

ABCAUIIIIX g TR etk I LR
é’k ] /‘\
" SR gy ORI e BB
1/8 000~ H YLk - OS5 XA A L o bt ot
Stargardt)i . B NN o N e pep 2 BRIBBEAU R 5595
1/10 000 Fabisfe e I T B, BRKEFHIR .
HLM%ﬂW%ﬁ@ﬁ%¢wﬁ%mFM4%§@ﬁ&ﬂ
» o
wiewie ke ROVTIE GRS e wocr. stz iase
HHEAR Wbkt ) ot T s B ERG: a. bIARIEZ BT
Mk R B
ERG: a. b IRIFILIFEAL
‘ o . PURUBCRFEE WF o RO A A R £
Ay R YA
WIBERERE ysoo ook BURCREAURIERL oo siin M FRA: BURRIOL. BABEEI
A

MDA AL B o, ZE4 X WLk R A

FEAE TR SR SR 8. RNk RR T
SRR T RAL, HR AR R, )
PEAR, HIFRAER D, iR r i kseh B A
WM E . HAr, 2 FEE ko NI TE
ABCA4 LR G HE I AR IR ST R, JRAE
YGRS R B R [R) AR B iR 7 A bk o
411 MARXEEHA

JFEAH IR FE 2K (adeno-associated viral, AAV),
JE— M EAR 2 25 nm, RABEAYR R, RN
PR 5L PR3 SR VR T Y T R A, LA e IR
. A RFAD R KRB R RE . SR,
AAV Hiz (T 4.7 kb, AT ABCA4 FEH YK
e AFEMRX —JR PR, SR TR AAV KR R ZH AR
A MR ki, Bk AAV NG, Bk kT
5 kb®™,  Allocca %5 Py #1598 & B K AAV 1 7E
ABCA4"/NHDLIRZ £ h3k15 ABCA4, JfFsE
3 ABCA4™ HIEA K IIBE . (H B FE S L]
B, oz R TIUH, JF HE S BT
K AVV AT RE 5 DNA BEHLA T/ B 207,

PRI, 2 T B0 KA R 1 3L AAV 4k
M . Riedmayr 258 Jf]—Fp LT (reconstitution
via mRNA trans-splicing, REVeRT) [} XL AAV # {A&
HFR, HIXUmRNA 8542 AAV, $ 1 503
PR ERER RIEYE, 2% T STGD /N BB A 41

R FEEAS P A g . A G BRI SRR S T
E ik, AR5 5 AAV BARM L, W AAV ik
TR IR ORI, XTI R, BESEN B
R T vgAAV BART-5& , A2HE T BEIEIR P 1 545
AN 2078, IR TR R SReR Y
412 RAFEHRA

1% 9 B 2R AE R 17 215 8 kb Y 3 B SR K
R0 TR AR P R b I DN 3 6 B B 2 40 i
SN BEAE SR R 0, A R T 1
BT B 4% Ye T 1ML 95 BE (equine infectious anemia
virus, EIAV) A2 R 804, P R0CH 4l i i b
MRS 28 b R FOGIRAZ 8%, O 2 b 2k L
(P4-5)Abca4 /1N FRLAL 199 J2 o i 463 3% 1y AR R 12
Parker %5 A M58 T 3 F EIAV 18 5% B 25 43
K, X ABCA4 K K45 A0 2 AT P00 I i3
EIAV, KA REE I, —FlRER
IR ARIRITIR , 6 7 IR P 3 B b U035 B S B
WD, AR EIAV AT L et L RIB R

JAE YR [ EIAV., BIV B8 % % B 4 0% 3
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B BB RS s FE AR B A ) IR R
AR BRAAR
413 HRBE

g K ORL S AR #E # R, K/ A 10~500
nm', L G 5.3~20.2 kb, A —FfT
RIS IR AR, ARk HA L i 2 T R 1 L R
STEEME . BN EMEEENHE ., -2 5
LK) W B BB N- b Bt~ e 201 - 1- 2 AL 2 5%) N
it % 1((1-aminoethyl)iminobis[N-(oleoylcysteinyl-1-
amino-ethyl)propionamide], ECO) J&—FF £ Jjfit pH
MU S NG BT, R Y B 4 T DUE R
W S i) ECO/pRHO-ABCA4 41 K ki 18, th T
BN iR AR SRR S C R S I S AN IR S R P = D]
F (rhodopsin promoter, RHO), {#i7% ECO/pRHO-
ABCA4 fiE 5 4 2% A T 6 % 52 2% 4 BE & 1k @),
pRHO-ABCA4-SV40 44 K UKL i 3 & A 72 4
BEE X E P S A SV40 BT, 7E I ETA8 K BTk
AOSERE b, BE5R T R R A R RE O, g
J R, i ] ECO/pRHO-ABCA4 Fl ECO/pRHO-
ABCA4-SV40 9K Jki % Abcad™ /)N B HEF T 00 /4 fist
TEPEYY, A0S A2E R D 36%
299%°1,

EHH, Sun ZEVF Malamas 26723 ECO 1)
LNP *} &5 (ECO-based LNP platform technology,
ELNP), f{f8h ECO /5 pH U Wi 5% 14 P 1A 1k itk
0 T B J5 R i S B (PERC RN ) Y TR EEL, 44
T Mo AL FRE R BRI, AP g K
R A4 38 o) B £ BB I T Ik B v R R 3
% H M . AN ABCA4 Jfi B DNA B 2 — 1k
ELNP (PEG-ECO/pGRK1-ABCA4-S/MAR) 4 K i
ki (PEG-ELNP), i s 3% 55 (A P 1 S AE /N BB I
SERFI T O SRR ORI R 4F e 4k,
Il A2E BB R b T 0%

414 ROUEMRBR

LSRR (antisense oligonucleotides, AON)
P R 6 B RNA, 24N ABCA4 FEH Y 47 57
PEREAR AR, 5 ET mRNA J5 50 351 7 h 5 e
X T BT BRSSOk PR A By 7Y E TR
Wi b RN TR AR S R A9 PE AR HH T
2 1F B 332 Bl B 10 18 1 AON € 7 8¢ 4% 4 A 19 fik
PG AR HEAT T W HF ST, 0 U7snRNATT
QR-1011"%, Corradi 2" '#f57 T AON Tl ABCA4
RS F Y B B AR, S5 R s I A T

ORI 2 2R oY BBk 4 AT B AON i %%, Jf H 4
AR RS 2 DA — A~ AON 1] L 5§ 24k &2 5]
SRR B AR Ko S5 4h, —Ilm R AT, B X
MAFHIER N & T ABCA4 281K ¢.6817-713A>G, il
xR A B RS A BB R HE AT T 5L T N-of-1
A~ PEAE AON JAYT, 32 1 UM G 3Z e i
PRANMAE S TR Pl ABCA4 (1 AON ik,
S5 RAE RNA K- A —EMER], (BART S —
ek, Bz, EEXPRRZEAIM RN AE R, AON
7 22 5 R A s AR T 90 45 0 3 e 4 IE 5
HAWRITE .
4.1.5 BIEG 5

T s i e e 5 e R o) 5 A
MR, HRBAETEE /2440 M b s Ak e U 7R
A=At Z Rl =47 . ABCA4 BlL 4R 75,
FE T A FILIN 8] I 25 ] SC i 42 7 1] -CRISPR AH ¢
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repeats-CRISPR associated systems, CRISPR-Cas), HJ
DA B0 58 42 57 s FE AT #E 1] 1) DNA B RNA fis 1
R 0 LA B IS 2 b 2R G R A R i 25
1 1 e i R 2 e A ), X S R R S R A
it 25 44 Jaf il 1) 9 16 B AE T ) Cas(deactivated, or
dead Cas, dCas) £ B "*", % (7 $E 45 J5 I U 2 4 5
RIS P GEAE o — TG T 53 A% 1 PR W) A e R
FR R T T AT 2 2 5 3 12 369 A2 7 35 [R R AT 20
PEAS RO A, 255 IR 53% A E0 5 7 3 N B4
il 35 2t 4 0 17 7). Zhao %5 L T R 4240
Mt RELEE T — P25 Ricolinostat, il
Ricolinostat 711 fifd W% e fis 3 4t 5 45 156 & A H o] DA
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T v = TR A, T it — D T A O S il g
DAVTA 6 8 i I 7 A AR ) 280

42 FHEETT

T BT B A A P B Y T A e AR
B2 Z MBI R bR ADLRZ 4 . 1990 4F
5 A I G T 410 M (embryonic stem cell, ESC)
(1 R BUbR i — A R 20 2006 4T & 195
FZ BT 41 M (induced pluripotent stem cell, iPSC)
Pt T — PR AR AT 1T 40 i
SR A, AR B AN TR YT £ A 2B ok
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W&, MESAE ESC 177 A= A9 400 I J5 €0 25 1 Bz 401 fifg 3] 1)
FI A K iPSC BEAT A PEAL BRI B Li %778 2021
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STGD. Weiss Fl Levy 47T H)—Tiff 55, & BLfd
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