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(57) Abstract: The present invention relates to a pharmaceutical composition for preventing or treating retinal diseases, comprising a
CRISPR/Cas complex as an active ingredient. The present invention is research for developing a technology for targeting target cells
to be treated, to fundamentally treat retinal diseases, specifically age-related macular disease (AMD), and Cas9 expressed under the
human VMD?2 promoter was constructed to induce retinal pigment epithelium (RPE)-specific expression, and it was confirmed that
pVMD2-Cas9 was specifically expressed and operated in RPE cells in both in-vivo mouse and in-vitro human retinal organism models.
By using this, gene editing (correction) restricted to RPE cells is possible, which is expected to be greatly used in the fundamental
treatment of various hereditary and non-hereditary eye diseases related to RPE cells.
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B o rhubal s Abs] of] Eo] 2] 0 &2 ZHEE = CRISPR/Cas E3HA| & f- 84
o xotst= WA st X g8 kst Al Eof 3k Aot}

CRISPR/Cas A| 2= 812> Al 9] A&k A= 755t
AUFLE, V&Y Alw B Y V=R #Ex
DNA M A& Ao g Midsts A2 HY B2 ARG E = 49 g 7] o]
U}, CRISPR-Cas A =812 vhul A v} RNA Q] F 7hA] 4] Q' A ¥ a1, o
ARl Cas9= AN 7ht gl @40 ¥, 5 RNA(Guide RNA; gRNA)°l 2] 2]
S ¥ = Aol 9 ol % 7= 313 (Double-Strand DNA Breaks; DSB)E WHE
T Utk A7 DNA 4] & A Al dde did gote 29 =
8= oFd E7he) AR AL A (ZENs)&F HALF A A FrAL o] e B e m A
(TALENs)$} th2 2] © & CRISPR-Cas9 A 2282 gRNA A Do Aalat d o= 3l
th. ol 2] & o] -5, CRISPR-Cas9 7|52 U Al 3£ 9} 77| A o] Alwo 34 8}
AR == A4 str] Y8l HetAol w=a1 Je] A8 o] it

CRISPR-Cas9 7 Z #| o} A & ©] &3k RNA 5 7 A 114 (RNA-guided
genome surgery == RNA-guided genome editing)-> T}t f-A A 3] A&

o Zgo ] 2 Ao Z 7|t ¥ X7, 8] f-7 A Eof] o] CRISPR-Cas9 & @ o} A|

o) 5t fakiz el vk AR el ch vl 42 Agke) o 2 P
o, _‘101/‘4 S A (Age-related Macular Disease; AMD)< & <+ A TF. AMD+
A =re] 8 Qo M o a8k 4w Qlojt}, wekut & ¥4 Al (choroidal
neovascularization; CNV)= 21 A & 74 AMDE| =2 W] 4] Exlol, =1
7 Y 3] A7 A A} A(Vascular endothelial growth factor A; VEGFA)<} -2 &
A A Aol & 7)<l (angiogenic cytokines)ell €] 8] F R T} 2] F 71 4] =, SHHEH A] 9
AR A EAM VEGFAE FA 25 st vE 8 34 e tepy7F F 2 72k o
Skth. 1y, VEGFA7Z et Al sEoll A &2 0 = wbgl v o1 8] ¥ 7] wfj <o,
F3 7]13ko] A g2 Q1 o] & 3-VEGFA A A| 7} v 2] © 72 Fo ¥l ofof 5t 11d
ol Ht 73] o] Fol ¥ A "t

X & 54 S 2 CRISPR/Cas9 Al =~ 8l-& ARE-3H wff, =4 gjof o 2w o 14
A E7F A& At L o, CRISPR/Cas9 A 2= 8l o] E% F g o] Al ENA 2HE
o= Ao M = FAAf wA o] dojrh= A 7F AR = glo], o
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A DA A, ofH o] ofH P e & B nEF A ), o] l_—i——tg
L. =] Q

= o] ol e} 2 7

Ja=
Howkhg o] ¢ ¢rejo) w2y, B wkd e VMD2 X 2 R E e} I3 3] Al 2}
(Vascular endothelial growth factor; VEGF) F- 7 A& E ¢3F= 7}o] = RNA(Guide
RNA)E Al & ghr}.
B g 2= -2 $FHEA A) (Age-related Macular Disease; AMD) 2] ol X B E
lo

o
CEEEE

Asl, x5l oF 3 T4 A FEE e (targe) & - A& V&= NS
o] A =25} 1 AT} 917 VMD2 R FE| Sl A uE ¥ Caso S A 2} 3}
o] Wt 28 &~ AFS)(RPE) 0] & 28-S 7281 2, pVMD2-Cas97}F A W wh-5-
2=oF A 9] IZF e {7 A B Bl A gk Al A ) Al Fo A A A o'
o AEE S gelst v

B g Al Aol A 8o "3 2 W E](Promoter)" = DNA® 4] RNAE 4] 81= v

1 HARS] Al 2ol #hofdt= f Aol At 92 ouEth S RNA 53 5.4
(RNA Polymerase)7} 2 36}= DNA 7FeH9] g 51-9] B3= DNA 3§+ 7 5ol AR 4]
21 RNAE 34, = AAZE A2 = 791 & Edihr)

Vol wpEH, VMD2 Z 2 FE = ¢17F VMD2 ZE R E S o] &% Zlo|th
TA Ao R, 17 VMD22] A A 424 585 ~ 4380l 9 %] 623 bps =171 2] VMD2
ZZREE o] &3 Ao, o] Al gk = A2 ot

B g M| Aol A gof "& 3 W3] A <1 (Vascular endothelial growth factor;
VEGF)'= @3 84 & A531E B2 Al oA A== Al S o gt
oo W) A Al A Rk B g, Al ' s A 21k E
2 A AR s Y 2, ot S8k A o] A2 FA S Fhs d A 3
71 AARZTY o] A st dail el #ofskE T ash Ale v
Holt},

B Aol A o] "7Fo] = RNA(Guide RNA; gRNA)"= RNA =+ DNA ¥4
3t A49] 7ol = ke 8k RNA X218 9| 1| ah ], RNAST 5345 A ¢
th & =R o] §4%F ¥4 RNA = DNAE 2HA|, el = WA & st
A Ao g2 dA skl T3 755 Al g 8HA T CRISPR-Cas9 B! CRISPR-Cas12
o e o B gl AL g A 9

T EEE ECES PRI R EAVE BEE SRS ERE B
7} €12} A(Vascular endothelial growth factor A; VEGFA), Ell ¥+ & 4] 1 ZK(Placental
growth factor; PGF), 3] A 1A} B(Vascular endothelial growth factor B;
VEGFB), & ¥ W3] A7 21 A} C(Vascular endothelial growth factor C; VEGFC), #]
2% f-3 214} 1-¢ 3 (Hypoxia-inducible factor 1-alpha; Hifla), 2 & 3 W3] A
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7 212} D(Vascular endothelial growth factor D; VEGFD) = -4 ¥ - 0. 2 H¥ 4
Bl 5] = o] = skl A9, 7Fo] = RNA(Guide RNA)O| U 141 2] 0. =2 3= d ¥ o
-4 A7 A AL = e, ool AlEhE = A of T
A Aol A 8o "d 3 W3] A Q1A A(Vascular endothelial growth factor
A: VEGFA)"= @1 7ol 4] 815k ] 414 212} A 52A0] o af o & 55 = o] 2
o

2 3

A bl A olnj gt A3 o] A AR A= A A, EE A,
A WS R A" A s iAo 2 e A A 2y 2 71 g
2y Tk ARl Al BgAolt), HFETE W 7)o P o] ot
W7t o2 55 A Hamd, W3] AlEZe] sk 3 Wy A4 Q1A A9
ol o Eah e o] A o7k AFEE 4= Stk A3 Wy A Q1A
A A =&l o] A# R 37)9] 8 o]4d T1Fel o) A=, 3719
o] A~ g o] A ¥ = H-$-(VEGFA120, VEGFA164 2 VEGFA188) ©] = v}-$-2~¢]
A3 A3 2 AA a9 A Q1A A FHob o] AL E FEshA] &
3 Wy A QA AE 3 3ol Basty] witel 7] o gte] da4] o]
™ A AT A ZAA e A A Ao B S Al A St H A
e Al AP Y] A gto] Al 4= Qlt) 3)-VEGFA &2 ¢ 2 <t} A %
o| M v A EtA] o2 I3 A E D Eo e BAE A =55k U AR
S Qo A A DAY B o AAE 2T 5 9

2 A Ao A gof "EfE A 1A} (Placental growth factor; PGF)E Q1 7kl A
el e @A Q1A Frd 2ol o & ¢k Eh = vl S ofwl gkt B Rk A QI Rb =
3 Wy A A A B g o] Aol 53] nljo} A Fok EiE A
2 A A Ao A Fxfoltt Al T HiRE A QIAFe] 8 & Ei Rk
GHrolar, BiRt A A= R YT 28 B ohE A A H
=3

B g M Aol A gof "AAikA S Fd 914} 1-¢ 3 (Hypoxia-inducible factor 1-
alpha; Hif1A)"<= HIF1A - Aol o] 8l oF 3} 5] 3= o] Fol &FA| AAF 1A} A4k A4
T A I LHIF-D O] 8k @ & o n| 3tk HIFIA ¢ & 39)sts 7
U T3 U PAS S| Qo] A qabA el o g A E dbg §h-g-o] mpAE
AAL 24 AR b st AL e 74 4] aidfjol] o g HIF1A S =4 4
of H Td & ARt ol 53 - FA 2 I3 ’\J*g o 1 %] thA},
A AEL TEAE FAolA B2 vhE B Ay stel] =7 A= 9l
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kg o] th 2 ofglo] w2, B i 2 VMD2 X2 2 E 9 d 3 3] Al

b F A S E38F5F= 7o) = RNA, 2 Cas(CRISPR associated protein) 22+
F7AE ¥33H=, CRISPR/Cas 5 3HA| & Al &3kt

g x| Ao A B-of "slak B3 & A (Nuclease)"= 314+ 72 4  Efo] = A}o]
o] elittholo 28 Ajls Add = & 84 E v st} wEd ol &, A7t
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A
A

]

ol

g g e vl



WO 2023/249475 PCT/KR2023/095023

[24]

[25]

[26]
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B 1 M| A of] 4| 8-0] "CRISPR(Clustered regularly interspaced short palindromic
repeats) Cas"&= M| A& A5 dAdel A 7118 f22 Ay 7]<=& o] g
o} BF(target) DNAS G skA] el v A4 O 2 DNAZF 575 =5
Sto B W} 2hastal g8 A0 R FRA A e EkA| §ktt o] Al 22E]
2 7}o] = RNA(guide RNA; gRNA)2} Cas nuclease = 74 ¥ ™, RNA %z} 7}
#1(RNA-guided engineered nucleases, RGENs) 7| o] 2}31 5 g}, gRNA T target
Ao FR Ao R A3EE crRNAS} Cas-bindings ¢ §F tracrRNAZ -4 %] a1
gRNAT CasE target - O 2 QM el & 31, target DNA A &€ 1} AR 24
O =7 A%k}, Target DNA A 2 3' o]l = PAM (Protospacer adjacent motif) A
o] 9lofof gt} gRNAZ} Cas nuclease 2} &3 A| & A 3HAL target A Eol] 59|
2 o 2 A%elH, Cas nuclease ™ PAM A1 €& 2123131 PAM 2] 3 bp upstream -
-0l o] F 7}k £=4H(Double Strand Break, DSB)-S 4 © 7] A ®t}.

B ol w2, 7] Casi= Cas9, Cas12, Cas13, R Casl42 7 ¥ w2

T

-

E] A8 5] = of - 3l 2191, CRISPR/Cas 31| o] o}, -4 4] 2 & &= Cas9°E‘
0}3»} ofof] Al gkx = A2 ot}
A A ol A -8-0] "Cas9(CRISPR associated protein 9)"-> DNA H}o] 2] 2~ 2
galr n=of &k 54 vhe elofo] Wl Whojo] T gk S shi= 160 A&
gE dwE S on gt -4 F8 Z& wofoll A Wol EEEM, 8 V|52
5

DNAE dasto] M3z e] A& A sk slolt).

B g Al Aol A 8o "Cas12"= Y- Bhe| gl ofoll A CRISPR A 2~§l9] AR5 &
/3= RNA & = &8 ob Al & o v gt} Cas12E 2R E 25| o] 4 9] <l
2ol & 22 AR A 2ol = 322 o ol 521 o] vl 7FE DNA(single
stranded, ssSDNA)2] 54 A& f10ght} Casl2= #5420 At 7] 5& o]
23t kst o8 ek 7<= o] s ekl &8 H U} Casl2acrRNas &4 = H-~
Ao 2 el 71 DNAE #-383h=dl, T4 ol % 7 DNAC] A& 31 139
e 12503 o] 74 duhs o

FF
o

e’}

21 0 717] dj<Eell, Ak AE L AT FEFHE 5A
oﬂ E‘ T A= AAEA Casl2as F53F3L At} Casl2 5'-(T)TTN-3'9] PAM A
& 7HA = ol H R DS 5ol A 0B Q1A Sk, ANHA 0 7 AR
ﬂt Cas12+ Cas12a®} Casl2b°]5}. XA o] dd 7l DNAGI 7 -$-ol+= PAM 9
Aol 100% DAeHA] e¥aL, W37} et a4% Aus o o= ¢4y
2

P g A A ol A 8] "Cas13"> RNAZR f 5 RNA %722 o};q] = on|s}
™, DNAE Aehab] &Fa1 v 7her RNATE A ehght Casl3 132 ﬁxd, Trx_
ALE Q123 4= 913 28-30 bp 2] ¥ o] A & o] Fo] X gRNAS} 2] K.Y
99T} Cas13 0¥ 2. DNA 340 547 ohl RNA 320 54 482 8]
™, Cas132 DNAS #5402 Aubsli= Cas129}= €8] RNAS #5482

et} Casl3 18 S0l o] Aol = 2022 e AW Casl3aZl 7S WA &4l
AZo] g¥ A} Casl3ai= crRNAC] = L 2 E A ¥ o] & 7}z ¢+ 7pet
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RNA ¥ 3 & &l A 71tk @ 7}=F RNAC] 3F ¥ A3HS 314, Cas13a @22
H| 5] 2] RNA ¥l a4 2 288 sto] 5= o] 9li= RNA7} 3224 RNA7} oy T
g FAE AT g e A Ao R H A 1043] 2 A HYS o7
= AR BaEo ot 4 FAA o) 3k A vkal v Eo] 2 91 23 RNA A
Aol At 27hA] WAl o] EA A Ak oh= o) Th Cas13E AR AR ZRE A
Aol M E detshi= Aol ofy a1, 1 FH S detsty] vl ZRE A oA 7}
SR8 FA 7| witel] AjfE A ole] A & % 9o FFHaAE VE
o2 wighel dsel] &89 5 9ok Cas13 A A2 PAM A E-S H Q& 34
2 © 1} protospacer

[29]

[30]

[31]

[32]

flaking site(PFS)&}aL 3] 4] ¢17] Sfoldlo] L& & ~5o]A] o
o loforgtt}, Ay gt W ek Rto| A 7 d ] AMS ¥ = Casl3 @A 2
Cas13a®} Cas13bQ1H], Cas13bi= Al E F A A 22ol] T % oA 29l Al o
!

B A A o A 0] "casl4" = Casldi= FU 7 DNAS] L2 E AT o] &
A2 4 3la= RNA Sl &7 S e obAl & o W] et 81 = (Harrington) 155-&
Cas14-DETECTRE 7Hato] @ d 917] Wol & HEs it 712 Casl4+= &
o 7=t DNAS] A & T3l L4 ddo] &ty 7| ool o]F 7} DNA
& AEdof iz 49, o] 5 7IE DNAE @< 715 DNAE A& A A o &}
= 3473 e] E3hghe] ). Casld= 71 # Lol] HA ¥ 1AL Casl4a, Casldb,
Casl4c® -5 =], o] = PAMS| A G 3} F#stA G d7te ikg A st}
T o] F bS] A o Abe] Ak el A= VA E TV o gk R
PAM A do]l Ha st o2 Bu¥ AT} Casl2a7} A @A 7 A -39
A 7E A= A= G Caslda FA 7Y 4 {729 2o 7f sl A9
o .t 212 sk 4= Qi) o] = PAM A & o] glo] k= v vtehd o] SNPE 2
sz Hlol] AFgE T & HolE T

Bk o] A A QL F-H o of] =W, 43 7] CRISPR/Cas 5 &A= Wt A4 7
9] (Retinal pigment epithelium; RPE)2] &+ W3] A4 <14} F-# 2|
a1, 2173 " (Neural retina; NR)©| @3 W3] A4 Q12 {2} A& oA 514
¢Fi= A ¢l CRISPR/Cas 43} o]t}

B g M| Aol A g-of "t} A A~ AF3H(Retinal pigment epithelium; RPE)" & &}
A2y Aol Qs ashs A4 727 B vuhE g Eo) ol MA A ESS
= et 7 Qo) 9l e A7) A ol dhde] Ak of

H 7 A}

A =
<] 1= & = ] =2~ S >
e A B A S, B1E ol e 9, A1 T, A7
bl e) =

M
({1
A

R 2-I} g2 o VS 7HA AL T
< A oA E-o] "B (Retina)"<= TS| AT E A Al S E o]
AN M 7H bl glaz ol R S8 o . w9 FohE o] A
742 A A o] 24 o] SrR A 22k8] oM X F A star, of o u X & ol thet A
714 A A o2 mgkste] Al ZbA Q142 sty Fhdl ekl Aol ol
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Al A e} 7-AFS 7] 52 S AL W9 (Neural Retina)> Al 222 A2 H o
T FHoR AR 2 g I A e L5l o sl A x] A}
b o] b oFEjo] i, B w2 VMD2 Z 2 R E 9 I 3] Al
L 85H= 7FO] = RNA ¥ Cas AR G4 E X8el= HAE
= A&t
ol A 7] "HE "= oW A F A AAE e S e
U= A7) AL Aotk WE o] §F 7EA] 79 &, 571419 DNA Al 1H E7
A= 7 9= Y oS 7HE DNAE 7H 7] &= "Eef v mro|th T T E 79
o ME| = obx] e o|t}h v & o] WE = vlol e 24 ME R, 37142
DNA Al 2 E7}F upol 2] 2= Al 5ol AZE = vt oW HE 52 15| 74
H A EANA A& A< HA & ‘i;} T Akl A, e gl oA W E = HhH 2
& A A H). 718 HE (2, Bl 9 E 5
T B SFAE FPEdx ’“Zxﬂ o Alwell T&E o+ AL, ol & F
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[99] T 2E H oy o] o Ag oo ulE, pCMV-SpCas9-RFP % pVMD2-SpCas9-
RFP A A W] w}-9-22 D Al ) A1F 4t 7o) =9 3 o |l-& e
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-
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S & 3= pVMD2-SpCas9 2 Vegfai= W7} H] 1l 5to] CNVE F-¢] 81A] & &)
A7 215 gRNA L off & ] 8] 4] E (Aflibercept) Z .2 0 & 3= pCMV-SpCas9 2
Vegfa®t f-AF3FAtE 271 Y BF= 200 pmo] B} 5 4ci= e A A b of| A mhg-
22 I3 3] A2} wh A o] oF2 oRNAE ¥ 4] 0 & 3= pCMV-SpCas9 2
Vegfa 2 gRNAES 4] 0 & 3= pVMD2-SpCas9 L Vegfu2l F 17 W Foll A tf
Zvtoll vl &l # o] ek Al TrAste & YET
o] AXAE A3 A FH

Bk A 4 A B A E A detell A el ehal, SR E o} A & Al Al (Quartett,
Berlin, Germany)<} 7 120102] RIPA ¢+ 9 (Rockland immunochemicals, PA,
USA)ell A & Al 2ot mh-2 d it 3] A xp el a =58 Al g A4 o] A
Aol whe}, mhg-2 & 3 3] A2 2} Quantikine ELISA 7] E(R&D Systems, |
)5 A&t SAE AT

A2 A I|(RPE) 5o 4 1 El o] A HA A o R E 3= Cas9 WE Q)
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623711 2] 7] (base pairs) 7] 2] 1ZF VMD2 Z 2 BB Al 2~(-585 ~
+38)+= A Mk Ze}o] ™ 5-accggtATGGAATTCTGTC-3' & 2] ¥ 2= 3 2lo] 1 5.
aactt AGGTCTGGCCTACTAG-3' & 5 %3], HEK293T(ATCC, VA, 1| =)< #|

* DNAoﬂ 2] AT}, pCMV-Cas9-mRFP-Puro
221 Mlu°9} HIND IS

13“&2

CRISPRV2(#52961, o =%, 1] =+

71918l pYMD2-Cas9-mRFP-Puro %

HE]of| A, p)CMVE & A 3+ A 3k
A8t pVMsz’a oA = AT, E] upole] 2 A
! pCMV-Cas9-mRFP-Puro & # E]
o) W2 qH S ESAT

LentiGuide-Puro(#52963, o] = X1, 1] =) W E] = gRNAE Ul sl7] 9 gk 2y qf
ole] 2 M 2 ALGH A Th gRNAS] M H MBS &S A% 34 4 32 A<,
ﬁiiwﬂ W A EEEPAM) MY S &4 EAQE S 1ol St
ol 9l 2= Vegfaol A3t VEGFAS )/ 0.2 3} gRNAL] A -, T & A}
o] 9] ﬁ% ‘?%71*10501 A= A

[3E1]

Target gene Target sequences  |Forward oligo Reverse oligo
(5'to 3") (5'to 3"
VEGFA (human) & |CTCCTGGAAGA |caccgCTCCTGGA |aaacTGGTGGACA
Vegfa (mouse) TGTCCACCA GG|AGATGTCCACC |TCTTCCAGGAGc
G A

AAVSI (human) GGGGCCACTAG |caccgGGGGCCAC [aaacATCCTGTCC
GGACAGGAT TG|TAGGGACAGGA |CTAGTGGCCCCc
G T

Rosa26 (mouse) GGCGGTCCTCA |caccgGGCGGTCC [aaacCCTGGCTTC
GAAGCCAGG AG|TCAGAAGCCAG |TGAGGACCGCCc
G G

TE

A A C57BLI6] v}
AlE Aol A FE

2 A

DY}

=
12A13F of 5 Abo] 2

.
PETE AR

A8 9
e o

WE 9 ALE 993(1ACUOY $412
ahol A 2 ¥ 9.

A E|upo] FH & 4t

gl E]ulo] 2] A5 AArst7] 98] HEK293T Al 2= A &4
Addgene) E pMD2.G(#12259, Addgene)2] &&= Z3E(
1] =

s

A €171 2000(Lipofectamine 2000; A 2 3] 4 Alo] o1 ] H
o] FEu] 2 Mol H A}, vulol & 7} E3HH AN (supernatant) = & & 7+

(Hol) ¥, 364 =
(Millipore, 7] =7)& &

1 60 7koll 5= ¥ %1 a1, Millex-HV 0.45 um A ¢ 2
ol ol #hgl A5 ol 2 BlHE2 3 20(Vivaspin 20; 5

29 A= 18-20g 0 & 8-10F # o]t} B E n-9- A= ok}
5k A1) 2 ot} o & 3)(ARVO) <ol uwhek
Alth o] o SHIACUC H 3: 2017-0239) 7| & &
Hkolt. CSTBL/6 MH9-22

127 %4

A}, psPAX2(#12260,
20 pg)dt A 22
)& ARE-ate] 4:3:1
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[115]

[116]

[117]

[118]

[119]

F AR E -0l A AR gl o el 5= H ATk 7] 52 BFolE(titen) & ¢
71 fate, 24 E-2(BECKMAN COULTER, V| =9)& 2214 © 2 24,000 rpm &
B 4oCo A 241 ZE & e Th AR F AT g e E] Al A skar vt
ol & 2~ B2 200 ul PBSON A 4°Coll A wHA B 3 5 -80°Col| A #|4&F3d o}, =l
Elulo] 2] 2 e o] Bl = A £ ALe] A H o] whe} 47 42 55 RNA o] 2] 2 7] E
(D A1718 Eb7behel A E 9 22 qRT-PCR A A 71 E(U B A 714 Elgleh & &
A ¥ At

BukslFd 2 AA Y 92k d #2431 2 d (Sub-retinal injection and in
vivo choroidal neovascularization model)

8 WA 1078 ¢] n}-§-2~& 9 & e} (tiletamine) ¥ & 2} 4| 3 (zolazepam)(1:1,
2.25mg/kg A5 AL 2} A4S (xylazine hydrochloride)(0.7mg/kg Al %) <]
SRR B FASte] W5 o) %, AEvholel & WElo] £
Cas97} gRNAE =% 3] 7 (Leica Microsystems Ltd.)ol| A 33G 5+ Hl5(World
Precision Instruments Inc.)©| 21+ Nanofil -A}7]1 & AF-8-3Fo] -2 AW A 8¢
AL o] F Fo] A4S o] &3to] Wt NYP e RAY AT A
1k 52912 33 Alo] X M H nlo]l A2 F B =9 A 2~El(World Precision Instruments,
FL, USA)2 2 53] ¥ )t}

Vegfa ®=3= Rosa26-E W/ 2.2 pVMD2-Cas9 S pCMV-Cas9 1 ul2} gRNA 1
wlZ2 - E 8 x 10 vho] & 2= Al (vg)/mL 5 2 W7k vh-22 el Fgko s A
g o, Aol ¥~ B F 15U ¥, 532 nm 3, 50 um 223 =17], 100
mW A2, 100 ms =5 Al ZF FeHE & 2k o} 2% #| o] A A 2~ ¥I(NIDEK, CA,
USA)el ]38l #lo] A 3F-& 3l (photocoagulation) & AF-&&Fo] wl ekl A A& o] £
SHAY =9 glo] AFS gt Bl xehEglar, Ao R ALSH
Afras FE ez o2 ONV F9k S ol A Well == A2, CNV
Fre T 159d F 245 QAW CNV 2715 H7Fe it

guk 9 7l o] = K31 H A E o] 3 A &= ¢ (Retinal organoid differentiation
and lentivirus transduction)

Y @ 7o) B = 17k mobE V] A E(hESC)ol A E-3FE $lom, Ho= o] A
o] TR EFd upe} ofghe] 424 & 7hebith 130-160 W3} 5, A A )
(retinal pigment epithelium; RPE) 7-#| & ¥ gtel= Wi} Q7o =7 F A=)
A9S el A H A FY B AW 5 v S5 Al vk-d = &) o) 8ug/ml T
¥ LTR(Long-Term Retina) W] A] 200ull] Z+ @ 7} =0l = & 8 x 10°7(Cas9 T
@, 4x10° 2 gRNA #3, 4 x 10°)2] #Evlo] 2~ 5 A= A53 ) LTR A
= A T 2447000 300 W E H7FSHA L, 48417 B T T, F A%
BEr Q7Fw o] 5= 3X PBSO A &t v dlE]HEo] 2 2 glo] LTR njj #] o] A
AF At dEutol e 2= FAER] 25 F, G S FAAY AEE

Jo it ¢
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[120]

[121]

[122]

[123]

[124]

[125]

a2 g ‘3}—4 H < 7‘7—‘] 3} 8t 3 4 2% 9 < (Immunohistochemistry and
angiography of mouse retina)
Apg-22 A 78 ko et A 4 ”349] H A s HA s 98l
L Z4E o] PBSOlA 4% St EF AU 8] = 1A X 9t =g LA AT
< PBS9Y] 15% —;*EL?-_/\(Sucrose)@ 7hereksl bz
A8t o B AP BEH Y E} > OCT 3}g&ol e Al ar, A A4
ol Jo] BT} A& a5 ol gsle] 7Tum FAZ Adslgl A,
Wsdd AES 12 A, GP-RFP A 2 23} 84| Q1 Alexa FluorTM 594 8-
7] IgG(RIH| E =2 A, v =& 19 ¢ A = At

CNVS] 21718 B7ksh] 13 FITC-8) 2= 20k nh5-2= 5 4) 53 Ao 4o 5
A FH AT AEH e AL A 4% SHFEE LU o) 1A B

DAY}, A 3] EB3A(RPE/W EN /B E i AEbebar, 3 8

1] 7 (BX43, Olympus, Tokyo, Japan) 2. = #2331 th CNV & -2 =14 %%X}ﬂ-
Image ] &2 EOI(NIH)E AHE-3to] S o, =9 P 34719 CNV 4

o] WA it

B}l | Al @A (Targeted deep sequencing)

T2 Y ADAANS e H20) YdH EA Zalo|n| 2 AR Al DNAY]
T4 2 x4 9 9dgdg 2350 o A EA 2ol B 8 g]i= PCRoI| £ & *ﬁ”ﬂ
%131, TruSeq HT Dual Index X 2}o] ™ & AL-&-3lo] Z+ A& gl S &) &
¥ g}o] B 2] ¥] = HiSeq X(Illumina, CA, USA)E AF-&3}o] so] = ol = /«1{@%

33T PAM A o] A5 3bp - 9] 4 A 2 (indel)& Cas9 FHA
2% EQdRol & IFHY I, AP A e AR GRE BF5 2§35

Al A= AT

[352]

Target gene |PCR

Forward primer (5' to 3') Reverse primer (5' to 3")
VEGFA (huma|ACACTCTTTCCCTACACGA |GTGACTGGAGTTCAGACGT
n) CGCTCTTCCGATCTGCCTCT |GTGCTCTTCCGATCTCCACC

CATGCAGTGGTGAA TGCATGGTGATGTTG

Vegfa (mouse) |ACACTCTTTCCCTACACGA |GTGACTGGAGTTCAGACGT
CGCTCTTCCGATCTCCCACA|GTGCTCTTCCGATCTCTTCA
CAGTGATCAAGTTC TCGTTACAGCAGCCTG
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[126]
[127]

[128]
[129]

[130]

[131]

AAVSI] (human|ACACTCTTTCCCTACACGA |GTGACTGGAGTTCAGACGT

) CGCTCTTCCGATCTGACCA |GTGCTCTTCCGATCTGTGG
CCTTATATTCCCAGGG GGGTTAGACCCAATATC

Rosa26 (mouse| ACACTCTTTCCCTACACGA |GTGACTGGAGTTCAGACGT

) CGCTCTTCCGATCTATCAGT |GTGCTCTTCCGATCTCAGA
AAGGGAGCTGCAGTG AGACTCCCGCCCATC

Vegfa (mouse)| ACACTCTTTCCCTACACGA |GTGACTGGAGTTCAGACGT
off target 1 CGCTCTTCCGATCTGTGATC |GTGCTCTTCCGATCTCTCCA
AGCTGACTTCCAGTTC CAACTCAAGTCCCATTAC

2 3 U9 AAAA 54 9S4 H(Mouse VEGF ELISA)

kA A Ab] A A & A1 ke A e Ehar, 2 E o} A & Al Al (Quartett,
Berlin, Germany)<} 7 120102] RIPA ¢+ 9 (Rockland immunochemicals, PA,
USAYOI A LA ATE vk Ak 5] A4l @ 52 A %] Aol A
ol whe}, vh-9-2~ & 7 W3] A< A} Quantikine ELISA 7] E(R&D Systems, Y]
)& AREste] A AT

A3 A3

ik A A AFS)(RPE) 0] 2 w3l o] 249, HA % o7 ke 5= Cas9 W E] Q]
pCMV-SpCas9-E2A-mRFP-T2A-Purol| A CMV ~ 2 ¥ E = 9} A 4 43 (RPE)
Eolx T2 HECQ QIZFVMD2 Z 2 FE & th A =] At} Q17 VMD22] -585 ~
+380l 9] x| g+ F-gh el 1} 5| 7 gk gk g4 623 bps 1719 VMD2 ZE K.
B A ES A8 AT 1).

el o] e SR RFP(A A & 3wy o] §f Fofl ol 274 A
9] v} wdl W oAl E 7 917k U 11}37]—1,—_0] ZHAEG O, pCMV-
SpCas9-E2A-mRFP-T2A-Puro(pCMV-SpCas9) 2 pVMD2-SpCas9-E2A-mRFP-
T2A-Puro(pVMD2-SpCas9) & & &}i= A el vl o] 8] 2= u)f Al 4 A5 A X5

FHrehis Q13 B @bl B g ek} FALE Fa vk 2 e Fkon

o

2

ME

% E%‘ RS W pCMV W E] = 2t A% ) 0) 9 217 ah(EE 2a, 2b, 2e, B
O

2)91 4 REPE w31 3 #Hel, pyMD2 W E] 1= whul A & 4}5] o] 4 v REPE 9H
SFATHE 2¢, 2d, 2g, & 2h). pYMD2-SpCas9 X H}—or/\ Vegfa "= Rosa26< 374
O 2 3= gRNAS Halshi= 271 9] gl ufol e 25 sl ARG & 34 Al
g SRl B A g 2 A R INR) Ol A 1ndel( Aol W oA Ahe 747t %
AbstATE 270 9] Aol gk mh -2 {HAE HA & SF= gRNAY] A5, A4
2 W15 = NRO|A B} e A4 s ol A -9 8k A] o] & ETHNR o RPE, 3

T+ E= Q ZHS.EM.); Vegfa, 0.25+0.03% T 5.9740.42%, p=0.005; Rosa26,
0.275+0.14% ™ 4.2740.43%, p < 0.001](%= 32,2 3b). A A v}-9-2 Al 550l A Vegfa
gRNAS] 24 A3t 17 B= 270 9] 7] BEL X7 = 9= 7Rl A AL,
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[132]

[133]

[134]

[135]

TA Y AAAE S Aol A= L F ol ek A aHE AEE A XS
T} pVMD2-SpCas9 X 217F AAVS1 34 8} gRNAE QI Wl @ 7o)l =2 4l
Elvlol 2] 2 & 2 Q1.8 NRO A 1.07+0.27% 2] 4+ A4S whul A A Absi) o] A
24.13+5.69% 2] A A A A = B AT THp =0.016)(5 3¢). NRoIA A3 el
Az} vl alspe] gk AL Ao A A H A QA Al o] Hl S-S Wk A4 AT 5
|
I

H

]H 0.2 AHolsS a1, pCMV-SpCas9 X pVMD2-SpCas9oll A 2}z 2] H]%% H
15+ 2 o indel 2] ] (RPE/NR)-Z 3.48+0.93°] %1t} pCMV- SpCas99] 4
pVMD2-SpCas92] 7%~ 2 pVMD2-SpCas92] 7 -$- 17.40+2.41-2 -2l 51 A| U] %
2 3 A& 4] ol S WERTHp = 0.002)(5 3d).

A W mhg-2=el 4] o)A {5 CNVE H A 7]=t], gRNAE 4 0 = &}
= pVMD2-SpCas9 & v}-5-22 Vegfa2l X5 8395 H7FsF T} gRNA L pCMV-
SpCas9 H== pVMD2-SpCas95 ¥4 S = 3}5= Rosa26-> PBS T-AF9] &4 dlx
1} v st CNV A7 & F-o 8 A 71 2] ZTHCNY Z7], um?, B
+S.E.M.; PBS, 17335+1231; pCMV-Cas9 ¥ Rosa26 gRNA, 16517+ 1007, pVMD2-
Cas9 X Rosa26 gRNA, 15074+1493). pVMD2-SpCas9 X Vegfa 3% % 3} gRNA= T
ZTH(CNV =17], urn , B 3+S.EM., pVMD2-SpCas9 X Rosa26 gRNA, 15074+1493
] pVMD2-SpCas9 2 Vegfa gRNA, 90,001+0.03159)°1 H] 3| CNVE f-2] 8} A ¥
HAZTE pCMV-SpCas9 X Vegfa 323} gRNA 2 /34 0 2 ALE 5=
AW of &2 H 41 E (Aflibercept)(CNV 7], um’, 8 7 + S.E.M.; pCMV-SpCas9 =
Vegfa gRNA, 89994971; Aflibercept, 9405+890)2} F-A} 8} S THE 4a).

wpul Al s Abs) o A mp9-2~ &3 1] A Aol 2 kil A o] oko pBRS 115 3 H|
1L3ke] pCMV-SpCas9 X Vegfa 34 3} gRNA 2 pVMD2-SpCas9 2 Vegfa 34
3} gRNA Q| F 13 5ol A PBS L& (mVEGF, pg/®™ & mg, H 7+S.EM.;
pCMV-Cas9 2 Vegfa gRNA, 50.29 + 14.93, pVMD2-Cas9 & Vegfa gRNA, 47.98 +
7.553, PBS, 172.5 + 13.45, p < 0.001) 7 7135 kol zFo] 7} gl (= 4b).

ol deo g F g o 5% g AT 7=l vl A T4
25 7 A Al dol A ol e g A A Q1 7] & A akek A &k 7 of]

of ¥ g el MATF A = Ao ofd A2 Wity EﬁPﬂ‘rH, - g o
AAAJN H A= A AR 19 b=l 9 }04 gejgrhar ¢ Aot

}o]

&2l Al
BH o ]
=

A A o2 gk A (Age-related Macular Disease; AMD)2]

21 slof & 4 A EZE el (targe S 5+ A= 7= 7

, 21 VMD2 X 2 5 H ﬁ}oﬂ X A ¥ Cas9E A 2Fsho] what Al s Abw)

(RPE) 501 & "0dl & /5313 21, pVMD2-Cas97}F AW vp-¢-2= 2 A 9] 9131+ %
) Bl RPE AEIA FA2 02 w0 452 o

AT} o] & o] -&3lo], RPE Al ol 5k o {2 #y (aA) o] 7hs & 4
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olw, o]3= RPE A| £ 9} A vbel th 3t w44, B4 ehA she] 222l A=
of Z7 o]-gd Aoz Vet
X 8 E-Z Free Text
XD 5 1: VEGFA (human) & Vegfa (mouse) Forward oligonucleotides
caccgctect ggaagatgtc cacca
XD 3 2: VEGFA (human) & Vegfa (mouse) Reverse oligonucleotides
aaactggtgg acatcttcca ggage
DM F 3: AAVSI (human) Forward oligonucleotides
caccgggggc cactagggac aggat
XD 5 4: AAVSI (human) Reverse oligonucleotides
aaacatcctg tcectagtgg cccec
XD 5 5: Rosa26 (mouse) Forward oligonucleotides

_—

caccgggegg tectcagaag ccagg

XA Z 6: Rosa26 (mouse) Reverse oligonucleotides
aaaccctgge ttctgaggac cgece

X1 Q™ 3 7: VEGFA (human) Forward primer

acactctttc cctacacgac gctcttccga tetgeetete atgecagtggt gaa
X1 Q™ 5 8: VEGFA (human) Reverse primer

gtgactggag ttcagacgtg tgctcttccg atctccacct geatggtgat gttg
XD 5 9: Vegfa (mouse) Forward primer

acactctttc cctacacgac gctcttccga tetcccacac agtgatcaag ttc
XD 3 10: Vegfa (mouse) Reverse primer

gtgactggag ttcagacgtg tgctcttccg atctettcat cgttacagca gectg
XD 5 11: AAVSI (human) Forward primer

acactctttc cctacacgac gctcttccga tetgaccacce ttatattcee aggg
XD 5 12: AAVSI (human) Reverse primer

gtgactggag ttcagacgtg tgctettceg atctgtgggg gttagaccca atate
XD 3 13: Rosa26 (mouse) Forward primer

acactctttc cctacacgac gctcttccga tctatcagta agggagetge agtg
XD 5 14: Rosa26 (mouse) Reverse primer

gtgactggag ttcagacgtg tgctettccg atctcagaag actcccgecc ate
X A & 15: Vegfa (mouse) off target 1 Forward primer
acactctttc cctacacgac getcttccga tetgtgatca getgacttec agtte
X A & 16: Vegfa (mouse) off target 1 Reverse primer
gtgactggag ttcagacgtg tgctcttccg atctctecac aactcaagtc ccattac
A1 @ & 17: Adaptor sequence Forward primer

acactctttc cctacacgac gctcttccga tet
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[170] 1AM F 18: Adaptor sequence Reverse primer
[171] gtgactggag ttcagacgtg tgctcttccg atct
[172] XA F 19: Target sequences of Vegfa (mouse) off target 1
[173] ctectggaag attttcacca ggg

PCT/KR2023/095023
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AT

743 1] VMD2 2 2 X E & ¥3}5E= 7Fo] = RNA(Guide RNA) 2 Cas(CRISPR
associated protein) Y 4HE-8ll & A F FE Esl=, CRISPR/Cas 5314,

[d8F2] Al 18l ol A,
7] 7Fo] = RNA 8 & W3] A 491 AK(Vascular endothelial growth factor;
VEGF)E ¥3%}6}:= %191, CRISPR/Cas ++3FA].

[48F 3] Al 28kl 2lofA,
A7 3 W3 A A= A3 W3] A 1A} A(Vascular endothelial
growth factor A; VEGFA), Bl ¥+ & 4] 1 ZK(Placental growth factor; PGF), &
7 W3] A4 912} B(Vascular endothelial growth factor B; VEGFB), & ¥ ]
3] A4 212} C(Vascular endothelial growth factor C; VEGFC), A kA5
vl 1 2} 1-2 9H(Hypoxia-inducible factor 1-alpha; Hifla), 2 & 7 W3] A4
212} D(Vascular endothelial growth factor D; VEGFD)Z -4 ¥l o~ . 2 H-F
A8 3= o = kel 2191, CRISPR/Cas 1 §HA].

[d78F 4] Al 18l 2ol A,
7] CRISPR/Cas 34

rlr

bk 28 4 /)3 (Retinal pigment epithelium;

RPE)2] &3 W3] A Q1A FAA 23S EolH o7 A slar, AAW
I+ (Neural retina; NR)2| &3 W3] A4 12} A A @b & o A 6HA] &=

121, CRISPR/Cas 5 %A.

[7d 73 5] Al 18] dofA,
271 Cas YAH-8l &4 += Cas9, Cas12, Casl3, ¥ Casl4® -4 H 7+ o2
B A B 5= o = shukel A1, CRISPR/Cas 34

[7d 73 6] A 139 534S st WH.

[ 73 7] Al 68l Lo A,
A7) W E = o} ¢ -l o] 2] 2~ (Adenovirus), &l E 2 H}o| & 2~ (Retrovirus), o}
tl mulo] 2] 2~ B ulo] ] 2 (Adeno-Associated Virus, AAV), & 23| 2~ n}
o] /\(Herpes simplex virus; HSV), # E] o] 2] 2~ (Lentivirus), =&} 2~1] =
(Plasmid), & 2] X & (Liposome) .2 T-A ¥ 7 0 2 HF M B E] = o] - &}
Ll AL, |y,

(ATas] Aledel MEE RN R Febehi B o iz A2 g ofs
EXE-3

(Aol Al sakel glol A,
7] UPASHS A, SRy F, v Sl PugF, 35
A, Pug s ), L vl G d e Ao TAH FoR e A
= of = shpel A9, oSt 2R

(78 10] A 83toll Qlo] A,



24

PCT/KR2023/095023

WO 2023/249475

i

3k 11]

Q_—rL

[

|z

—

(S

o

e}

g
!
X
X
0

—_—

—

=l

o}
;00

Al 6

|
|

sk 12

Q_—rL
Q_—rL

[

ol oA,

A 12

sl 13

[

s} 14]

Q_—rL

[

_i_l

i

(b) 71

N
Ko

(c) 71

o 3101,

&

A 14

@ 15]

Q_—rL

[

ey

&

A 14

@ 16]

Q_—rL

[

Fo

=0

2

©] CRISPR/Cas &3}

—_—

0
B

—_—

0

—_
fite]

Z

& 5o

&

Al 1

3k 17]

Q_—rL

[

=0

|
|

5} 18

Q_—rL
Q_—rL

[

sl 19

[

CRISPR/Cas

of Wel

&

Al 6

?l_

t71 9]

=l

% 20]

Q_—rL

[

ojo



WO 2023/249475

vea £

LTR

623 bps

177

PCT/KR2023/095023



217

WO 2023/249475 PCT/KR2023/095023

| pCMV-Cas9-

[5=2c¢]
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[5=2f]

Neural retina
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Neural retina

pYMD2-Cas$9: Vegfa

in vivo
o
Ny 5

indets (%)
n

NR RPE
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[5=3b]
pVMD2-Cas9: Rosa2b
invivo
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®
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RPE
[5=3c¢]
pVMD2-Cas9: AAVS1

Retinal organoid {in vitro)
40~
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PBS pCMV-Cas9: Rosa2é pVMD2-Cas9: Rosa2é
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