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The present invention provides a carboxylated nanodiamond -mediated CRISPR-Cas9 delivery system
for gene editing comprising nanodiamond (ND) particles as the carriers of CRISPR-Cas9 components

designed to introduce the mutation in a given gene for repairing a tissue damage.
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(QEE SRR AL REB AR T/ CRISPR-CASO{Hi 2.4t

[ 2328H4T] CARBOXYLATED NANODIAMOND-MEDIATED CRISPR-

CAS9 DELIVERY SYSTEM

(]
AR Ot P BN GREEHVZ (RO RIE R 74571 CRISPR-Cas9{#i# %47 »
f& 5 KRB OML T (nanodiamond » ND)FIHL {F /& CRISPR-Cas9H 7 HYSkAG » 34

CRISPR-CasO%H s tiiasat Rt —saE AN 5 | A2 LUE1E —4HER B -

(53]

The present invention provides a carboxylated nanodiamond -mediated CRISPR-
Cas9 delivery system for gene editing comprising nanodiamond (ND) particles as the
carriers of CRISPR-Cas9 components designed to introduce the mutation in a given

gene for repairing a tissue damage.
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CEEERTLEE D
[F3r84TR] (kG R T CRISPR-CASOMSE %50

[ 2328H4T] CARBOXYLATED NANODIAMOND-MEDIATED CRISPR-

CAS9 DELIVERY SYSTEM

[seftremse ]
[0001] AZEHA K —HECRISPR-CasO Sl 241 > AT Ea—LLANIES
—RIAEEE — SR G T

[oeRidsdin ]

[0002]) XFvEfeSR R AgEZY4ERE(X-linked juvenile retinoschisis * XLRS)
F—TEE RHVEEE=ERE - FEFZAVNT] > BIRFR1/5,000%1/25,000
[1, 2] - XZrtaae PRHT G IHTHEE (XLRS) A FRRH = B A B (A o /e A B
YT RES LUR A AR N [ 7 3 ~ AR R - DURGEERG 3] - RSTAy
FAXLRSAHBHRVEN > E6(ENET - dmth224(dz EBRHVEH'E (4] - THEHERT
— 1 % ERSIZEZBEXLRSHY# AR - Hex SRR S Y e R 2 R
(http://www.dmd.nl/rs) °

[0003] RS1HYEEH'E &5 i N 70 5T B 51 LR Cling & 35 E B IR EE 5
&itrigi(discoidin domain)FT#HEY, - HAEVIMERTEE FRSFIS, 6] - #HIRE B S EF
FERETZ bRV BRRGE S ER T > HEXIFAAREREIT K AHAE-AAEAE G /F A R

o BRI RS - #% A  DURGIRE(I R ZE R - RSTERTHY

REBERBHIT R IEES, 9] - FeplI IR - (2R E B A RSIFFREE
1 %27 HERTRE®)
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Aspl45His ~ Argl02GIn ~ Arg209His » DL Kz Arg2 13GInfy 5 & 7530 Y B B A R 45
FUBSERTEU10, 1] - RSIEE O WSS F 2B HESEATTE W 7] REEEAHAL A K 41
RSN BT - A B AR A FEIR S IR M AE R [12] » 404/ B AR P P
BIZZFHY - RSIHSMEAERERY 2 78 DR A 1 48 B 6 S AR AR 22 B R 73 s [13]
HE—BHIATEEUR - RSUEECZ RS Sk Bl & i E A 1 4N SRR R [ - G5
SOtz AdERE  EERARE - DU R Mallen)4BAE 2 FERIRGRT - AT (A 17 4R
GERESEREMERVAERF[14] -

[0004] ZFREEAKLF(ND)B—REEFIRAVZORMRL 0T R Y77
FRACEYVES-17] - 5 T EHZORE R F 2 omeEm o HiY OGS T&
FERE T DA MBS | AR ~ FREL  DURIRES A (e (LB E LR AINVAE & < &
it s E - SR AN O E R A > FRVEIR 247 - BIZIDNA [18,
191 - EHEI20,21] » PAR/NTFEEY)22, 23] » FoRSB AN FHY ARV A R e
TR R N A YR ERN PR 2 2aEo R 24] - ZOREE R TRV IS
LB B A A SR Ry R (M A R Y B R RS

[0005] ZREEAMFENBEREFETFIVERRRERE  BEEELE
g f B B H /5 (Food and Drug Administration > FDA){[yZ2K I+ AREAHYEEYA
RERIFEIRERS] - BB UERHIEORE ol T EA TR E e RakayESs - (2
13 B AR A B frRrE e BURkE[26] - BB - B0 RN HE
M - EORAYRIRAR TRELE B B PR (27, 28] - ZORFRAY EEZ iR R IE A R
SRR o B AR IS RO Y EE B 7 0A(29] © St R A B
BY/NBR 4 B R Sy FHI R4 55,5 nm - (R » Z8KSB Ak FHY R/ N T AR

R EFRAPRITRER[30] -
H2E %27 HERTR®)
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[0006] BASERHSR(ERZ R - AR > DU ATEHERZORERS < i 2471 -

[HHAE]

[0007] At > A3 IRHR M —FE A HY AR 4REEHY = U 547 -

[0008) Hr—J5iH - AR —TEANERNFRENEE LS - farmk
SRR T FARLIE FsCRISPR-Cas94H 77 HVELAS » 7% CRISPR-Cas94H 7B —Cas9E
H ~ —5[EEHERNA) » —5GTHNR—EE5 | A—GERERN L EE —E8E
{(FHIIEIRDNA » H a2 Zo R i R RV B/ NS nm > HEBH LAV
{EfERME L —a b E e MBS S DU — NI Case 9 HHYES
AR IEDNAREZAG LR — I R % gRNA/ER DN AR SE 4R YEDNARESRAG A
BRERDRME B MBS & ez B E ORI Ot Rk R DUE SR B
$E LT/ CRISPR- Cas9Fo K FE O FARL ©

[0009] FAS&iH s —Ehap|F » sz FoReE R TR AV B E4E3 nm-5 nm
AYEEEN BN - 2o R o TR R B A4Y3 nm

[0010] WA—EHEHIT - AEHP{EH L ZEEH FmCherryEH °

(0011] M —FrEER BT » MB\BAFEH TR RBOLTEN
CRISPR-Cas9Z= K8 4 ki o] 4L {5 A i LA E H & H (bovine serum albumin >
BSAYELTE - © NEIMIEEIR > ZoREE R THY BRI i - HmCherry 22 ¢
HERERV] » T VSIS -

[0012] FA—BEHEBIF - 345 E AN R B X AL (G B Jit 15 4 R 2R
(XLRS)HHEHHIRS L[]

F3H > H27 HEVEHS)
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[0013] RIZAZZIHENE & —FRIFIARY - 5245 T8 BRI Y22 5 Ry KK i
GRIEDNARZRASS [AHY > 5% R EDNARRAG I Z S HYmCherry B 4% - HEZ 5
4 1 DNATE 22 35 4 15 CasO 1% B A D) B DL K — &k &% ' 2R H (green fluorescent
protein > GFP)#HZEELN > H %% SR MEDNAREZR SRS —sgRNA - I8 &—HDR
TEARAVIEA R Bz > i i A7 Bt RS LARST c.625C> TZE%E -

[0014]) FeASEIHT - sZ{HWMEZGRIRS T c.625C> TZRE S| AAFEEENES
AEFF ARt (induced pluripotent stem cells > iPSCs) B¢/ )\ g8 fRAGHE F -

[0015) W55 —J5m @ AR —TEA YR —(HARR —RAEEE —
HEBERY A - A E BRI L RS —& BN TP Y 22 B FH I N (B2
ZERE T -

[0016] FA—BHEBIT - ZPRiA R XA TR R ERZHEEXLRS) > H
%S0 TE AN Ry XL (G 5B IR A AR B E(XLRS)MHEARYRS 15 A -

[0017] Fr5os—T5iE - A SRR TR alER N e N RARIA R
& T AR EE BRI Y BG4 E AR N T Y ZE 2 FiEn A (BRI SEE M
ZAERFIAEGPSC)—BPIE B -

[0018) Fr—BHEGIT - ZPRiA R XA EAe R AR FHEEXLRS) > #%
SEEFEA By BIX A S R IR R ZHE EXLROMHBARIRSIZLA - HZEVIE5E
R/ NERAAGRH

[0019] FoASEHR 2 —EHEHIT - %2 EEEZGIRST ¢.625C> T2 5] AN
RS ENE 2 REFT AR PSCs) B/ BRI A A -

[0020] FRIFAZEDH - fraZ/ N EE AR T AR EEHYZ Rs I B N BB XA (1
A FP I A AR AR RBE (XLRS) B AU R B A 2 > (I 2 B2 BG4S -

F4H - H27 HEYESHD)

i
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[0021]) fEEHERRE - DLER M i DUR LU T HY SRt A0 E E Ry Bl
VE R R BEVERT > AL PRAETAZERA -

(EREW D

[0022] E4EGHTEREEER - Kt IR G AT S AN A R AT B A 38 A
ZEFHBEL o B T EREAASE - AL E PR T B AT ERY B AR E R o

[0023] FAE=H :

[0024] [E 1A - E1B - DURE ICHTR A B A XA EHs Fp it A RE 2B AE
(XLRS)HJRSI ¢.625C> TZe & BEERRRE o B 1AFTR R IEE ERJE
&) DA XLRS 23 (I ) 7 222 A RS T LR FE Ay Sanger B FRés . © RSISMEF-6
c.625C> TZEBBEIE R E K - REREEL - [B 1 BIRAEXLRS B EIRERVIR %
ARG - PR R NSRRGSR SRR R IR o B 1CRRHE TR
[E] R B &t (optical coherence tomography » OCT)&2{8: » B/NTE /N (AR
AR ZERERVTRAT -

[0025] [E2A-E2EFT/RA&CRISPR-CasOfEZEEE L ET © DA | ARSIZEEE D
Je mCherry 250 HY 20K 88 A KL FBY DI REAL AR 7 Ho (s - B 2ASR BEREUR K
.625C> TZES 5 | A AJARSIELRIFCRISPR-CasORE SR BN EET > SR E & © RSIAN
BTOFIn R B E F Ry DB i B (AT EA75H) R PAMIF Y (AL EFHS) -
JEER AT A I{EDNAREEERS » Cas9-GFPLAK RS1-sgRNARYERE - E2BIR AL
st R A EEHEE{CRISPR-CasORy SRS A kL T 2 7 %% H AR AR EDCHEALAY K
o R ALFROREE ML T (carboxylated NDs > cNDs)&E 1 COOH % [ 4L {5 i 52 F

mCherry > LIEACND-mC ~ Cas9-GFP [z RS1-sgRNA%ZEDNAZE #EHis-tagEcND-
S5 H > 27 HEEHHERAE)
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mCE## » ZE42cND-mC-C/C9 - E2CHREEmCherry (BIfHYZ (LA R EEARFHY
HA s R e E G - E2DRTR R ASHEEERE - HEU R BB R RE A
ML FEIBREY Cas9-GFPLL K RS 1-sgRNA DNARESRASHTETS - B 2EFE o R AT
FEEMAVFTIREES © LA R AT (R4R) ~ cND-mC (B43) » DL cND-mC-
C/CY (145 » E2FHRALBSAJE & HJcND-mC-C/COZ K FakI HITEMEA (S -
[0026]) E3A-E3EFEHE{FEhiPSCHcND-mC-C/COEIRS I K RH4RiE - [E3A
Pt LUR S FTRIRRE BYBSARYCND-mC-C/COFR R B HE HThiPS CsHY 28 S BT
% o BI3BATR Ry FImage  #AS 1L 2 L BIMER #215: FHIEhiPSCAHYmCherry
BOLERVEAR - DIEEREREGERTIE  B3CH R AER EREHIBSA
SR HYCND-mC-C/COFERFTHL Y EI AR E & » Fon A2 A N{EmCherry 3155k
FIARREAY 29 1 73 L © B 3DFRfHELLND-mC-C/CORE FR AThiPSCHYGFP 3 HE R A
RS1 ¢.625C> THEHIEHYAIPCR 317 - [EI3EFR(ECCK-84HAIIE T B AV . - BUR
LLFS E S FE A eND-mC-C/COp FEhi PSCsHYR R 8228 T T MAYE B or B i
BN ARERFRAA(0 peg/ml) - FEtRUBEUR B T EHMERRAZR L - * p <0.05
% p <0.001 - ##p <0.01 2K S 3BT EERAVEL A [N i kg - * MHER0% BSA ~ #
3% BSAMH#E 1% BSA) o
[0027] [E4A-E4DATR FykieND-mC-C/COE IR E]/ NEEARAIRE S - [E4ARR
¥ BT HE2E Cas9-GFP (£ Cas9) L RS 1-sgRNA (Cas9 + sgRNA) DNARESR A8
cND-mC-C/COZ I EA A/ N AR T AISLOBRE 4 © E4BHEfEf£cND-mC-C/C9
Pt T H /) B 100 48 B Y A5 4 T - mCherry LA Rz & €18 ' 28 H (green fluorescent
protein + GFP)FHSRAYE i Y LR YRS - GFP KemCherryzfl5k HATHEFE R
(&4 CHEHE LAcND-mC-C/CORE R K/ N B2 A RIS Yy A ek I 2 GFP R B A 3R 2 LB

F6H 27 HEVEHHD)
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iR EREE - {ERGCIE (F EATHR) ~ Y2 is/Z IR fE (AT A7) - AR RPEfE(H
FETIH) P ZEFIGFPEISRE - WIE 2 Rt 2 ReRVARECY) - AAL &R ya e - 4RO
LADAPIZL(E o [E4DFE AL LAcND-mtwC-C/CORE FREY/ N B AR 48RS A T Y H&B
f&, - RPE (retinal pigment epithelium) —48E €12 [ K » PR (photoreceptors) —¥7
B , ONL (outer nuclear layer) —4MZ%Jg » OPL (outer plexiform layer) —/ N8RS -
INL (inner nuclear layer) —[A/f%/& > IPL (inner plexiform layer) —N48R[E » RGC
(retinal ganglion cells) {7 48HF (AL ETAHHE -

[0028] [ESA-ESDAR AcND-mC-C/CO{E/ N EE AT AR f ¥ Rs TR RV 4R
68 o [B]SAFRELE TR c.625C> TZREE | A /N RsI ELFHICRISPR-CasO RS B 192
5T 2 - R IINET- 61851 7 BB e RSN BURAT U EI i BL (AT A7 5H) LA S PAMFR
FIELETER) o CERFTT B I {EDNARESERS Cas9-GFPLL K Rs 1-sgRNAHJIE 3 -
5B FT7R By LU B2 (1 Cas9) LA Kt LARs 1 By H 2 HJeND-mC-C/COFR K FAL (Cas9 +
seRNA)ERFR [T AR AERE F Rs 1 ¢.625C> THREIBIAJIAPCRIATES IR « BHEFIR
FotE SIS © B SCHE fH LAEHE (£ Cas9) DL K (Cas9 + sgRNA) ceND-mC-C/C9Z=>K
FEUR R B W Y N B AR ARV OCT 48 - MBI AR © GCL (ganglion
cell layer) —fH&E EAHAT/E - TPL - 48R - INL - Jg - ONL -4M%JE » OPL -
INEER 2 OLM (outer limiting membrane) —YNEFLRE ¢ IS (inner segments) —[A
#i5> » OS (outer segments) —¥MEHE 7y » RPE{R4IHEGE A7 « THE * BOKPIAL
IR aER R - SRS S ML R AR 2 S 34 - B SDIR L E
ACHIOCT B Ry & RS MR AR T 2 R 3HY R R B L » Fom Ry T (E Ml
EENE o ABEHY T #Cas9 | BIIEER " Cas9 + sgRNA | - BESEFRALDIEIIE
Cas9) L Fz(Cas9 + sgRNA) cND-mC-C/COZ KT BRER W A/ B 1 A R s

FTH > #27 HEVESHD)
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HHYH&EZE - [ESFATR A ESEFRIOCTE G THHYIS/OSfEHY [EERVE(L - B
TR B RESTCAIERHEE - MBS " #Cas9 ) HIEE ' Cas) +sgRNA | -

[0029] [E6A-E6CHT/I £ cND-mC-C/COFL/Rs I rE /] Bl S 4 T HY
YEAZRGHIAEAY R - LIS HECND-mC-C/COFIHL (£ Cas9) LUK, LARs 1 5 [N By H AR
(Cas9 + sgRNA)HYcND-mC-C/COFF fa B HBHY /N B AR 48 BE AU AR B T A 7T SR e
Yeth - ARITEREVH SRR ¢ IPL-NEEIRE > INL -Af% )& > OPL - 4NE{RJE -
ONL —yM%J& > IS -l oy > OS —JN&ih 77 ° ADAPIEERCH - B6 AT R LIS
R SRR SR & B (Opsin) LU RS 1AV AS I THY SR IE Z4 (5 © [BO6BATR &
LISt IRIEE B RSB TAS T THY R @  EO6CHTR R AR 2
M EARRER G REZER

[0030] E7FTRRZIITFELEEE - Kook a4 thae (LA (EE
fzmCherry 25 H K 4w CRISPR-Cas9OE: [NH R iE 247 HVAH 7T HYDNARESRAG - K2R
SRR FEBSARS » W 4REHIPSCs Ko/ N AR AR BRI - i (E eI R
oAl EERRS N KA N RIE AR A LA, -

(&0

[0031] BrIESSAER  SRIASERRIRTAR KBS sk A LA
A AT I ROy A R4 T AR A E) &

[0032] ZORSBOMT(NDFUL A R B ASEYHEEN: - R8RS L
KAREE BV EEY A aAe o ORI O - HIRS SRR E AT
REETRE O T > BB B Bt Rey LR A RS SRR EN: - T K
M > DURGEERNE « By > BB LT 5 2t A o R AL T-HYCRISPR-

58 H > 27 HEVEHS)
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CasO{HLEE * Ll — ¥4 COOH M7 (IR T RE B A (L - 6 His-tagh
SEHImCherry HAETE (B IELSRLS & B2 Z MR T LURBHBDNARYS -5
4 76 His-tag 130 940 e T O 4 7 AT O e S (B S PA ES 4 (
T {9 (GFP)S 2 (5 2 LEDNA L 2 CRISPR-CasO 2 RHIALYS » FHZE b T
P (L 2 S B A R THY » PRI B m Cherry A SE (B B 5 22
DABE AR » DR BB e S P B B M (HL 5-6) T > T th SRR AT
S PR ER B (GFP)FIE » B E (5 (GFP)IAR e YL B
PHIE FHETI - IR » 45 58 938 (1 (GFPYERE Byl — G BHIDNAFPRIR » {E
DN AR (I L) B 2 PRI S A«

[0033] AFrRD  TZSREEERIT-(ND), » T ZkiB R T-(ND)EEHL
o T EEZORER ) S A pm R AR - E ARG
VS IE T e S (A TR R A (L e TR AR
AR SRS - 2oM RO TR T (e 5 B R e WA : - Sl
17 DR ATRLS B TR A I RS - 2R T B S
JEALE AT AL kB R T e B M i S B P
LYRTRBENE « TTRM: > LURSEIBIE: -

[0034] HiAETE —(HEFHENIE » ML T R BN ZO LB R T
HJCRISPR-CasOfEi e © Dl COOM BB kSl T R B AL (L -
Y16 His-tag 2D HImCherry 58 8 (1 ARk S & B 2RO RLT » LURIE
JBDNARS -4 6His-tag 3. (9 41 BB Ay DRIAL 2 > REIA R DR Mg 1 (1
RS (8 1 (GFP) A (A9 EDNA LB CRISPR-Cas9 2941 -

MO REE AL TR I P B S R BT N AR AR T THY > [RIEEEEHEmCherry

F9H > 27 HEVEHHD)

109135798 FH YR A0202 1093334524-0
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A S ACHY E 25 DB HIE R - R R EAE IR A BG H BE MRS (pH
5-6)71 B AR R R - M Bldk v e H (GFP) A [A] - &k a2t & H (GFP)
HY&k BV CAE B R HIE MR, - [El » Sk Eva G E H (GFP)HEGET Bl —4d
EHIDNAREIR - {F Ry iXHYDNARK L EIE KL RE(F RV B A A © FefTE
RAFORE AR T8 HYmCherry 28 5 H/ N IR AERE TP RS E R RT A © A1 > &%
B H (GFP) IR B AN L H AEDNARS G RIR - & 1 PR IB B TOREES
T AEES, - mEREEAHARHREE -

[0035) AAZEAEAHEEE > /- )E H & H (bovine serum albumin » BSA)DUE
FEMREY T2 IENT 1 HALFORIE A 0 B8R - I AUBY N 7 mCherry 2 6Bl
HER - BREERRE (2 AED3) -

[0036] CRISPR-Cas9#f:/r % s AHANAYE R 4H4REE - ELIEIRRGER 1A
(embryonic stem cells * ESCs) DA F¢ 5% & 14: % fe #3 4l A (induced pluripotent stem
cells » iPSCs) » s NARE ERRAVEEARE TR MAEE ) - BEEMI 721t
Ry PR BV 4HAR - FOASEH S » BB R AR T (cND)HY 574 H]
FIFYRFCRISPR-Cas92H 7322 7 S0 Ei 2 AR B 2 ReRedii(PSCs) - i
{58 FFAFIHYND-mC-C/COEHE Z:. 478 AT T eyt Re X S (G A2 56 1 A HE SR
(XLRS)Hy 2 11 HY RSTFL [N 2852 (c.625C> T)5| A IEH NS BV % fe i 4 AT
(iPSCs) = K2k - FEIRRL A B 2 e irdliGPSCs) 1T 2 i Ho oy (b Ry 3D 14
REEES B 0 (56 A B A AR B8 (e SV SRR B 2 R il B GPS ) 1F Ry ¥ I
SKRAFFEAR ARG B 70—+ e SRR -

[0037] XZA:E08G B IR AR ZHEE (XLRS)E RS T AL R 285 5 LAY X H

R RARIE - HAR R IR 71 3 - AL LARTRBEIRs TR R PR/ N

510 H > 427 HEEWRRAE)

109135798 FH YR A0202 1093334524-0
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A R B 2R H A L BLFETX Y& (outer nuclear layer » ONL)EFEJ/ D LUK
TRERE A 22 (b o FAAZEEA T > &8cND-mC-C/COZ b TR BRAY /N EE A A EAYOCT
PREARBUT A A L8 - (S IMTE R E 2 S S Ml i ae i
2R3G 1 BREBERD OSSR - —Buth > HHRERREET R BB R A
RSN IR YR D ROt 2 RS AHREHY TP RE S AT - SR R aE I M/ N BRI BN o AR ZE
BRERsIELN - BTG RS NS BRYRAL 155 T R TEINBES & 1 1]
REEL#25 [E)e 2 AedlIREIB B RVEVE - SRR RS BB A iR A AR A 1Y
RENTORBEON T BRARCCEIP R ZHLEE » NILEE T RSIEHL)
AEfr B A B MRV RHIE N R - 5— 7 > R ILEEsE i E
B n VAR S R MTER FORSE AR T HVERS S T R e AR > ez sl
REAYRF M - ERMIEAR R O THICOOHE A B fL i fmCherry
e By TR LB A - (IR AR R R ICRR EE B AT FIRF &S & (EORIE O
M PAROCZ iefs BRI R EIR -

[0038] FHETHELFSIREEHY ZIE » BT REE kT B AG A ARG Ry i
TR T B EE I E RIE N AR AR E e 22t - B R
HEFOURERRE - RMTEESSERNEN R O T RGEEES
(GFP)HSAE/ N AR TR B A R 2 1 2R (E3A) » NI - SRR R T
HEEZ e T DHEH - — BakE st EH (GFP)RETRGT » BEEAR
RIEHL T ARORFFILERYEIRE » AR S RGN BN HARERHT R -

[0039]) ZEABLLT Ehaf#E—DaR A » IR LT HbE R ek
I IERR ] -

[0040] EHES

511 H - 427 HEWRAE)

109135798 FH YR A0202 1093334524-0
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[0041] 1.1. CRISPR-Cas9z%&t
[0042] {ESCRIHIBTSE R #E7Cas9-GFPFIR B AS[31] © EFILL FsgRNATY

ZRFER5 | ANKERST ¢.625 C> T (p.R209C)ZE%

GGCACGTCTGCATTGCCATCGTTTTAGAGCTAGAAATAGCAAGTTAAAAT
AAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGC (SEQ
ID NO: 1) ;

BB TFHDRFAI]

GTCTTCTATGGCAACTCGGACCGCACCTCCACGGTTCAGAACCTGCTGCG
GCCCCCCATCATCTCCCGCTTCATCCGCCTCATCCCGCTGGGCTGGCATGT

CCGGATTGCCATCCGGATGGAGCTGCTGGAGTGCGTCAGCAAGTGTGCCT
GATGCCTGCCTCAGCTCGGCGCCTGCCAGGGGGTGACTG (SEQ ID NO: 2) -

[0043]) {HHsgRNAYZEFYI5| AZNERsI ¢.625C> T ¢

GGCATGTCCGAATTGCCATCGTTTTAGAGCTAGAAATAGCAAGTTAAAAT

AAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGC (SEQ
ID NO: 3) ;

LUK HDRFFAI
GTCTTCTATGGAAACTCAGACCGGAGTTCTACAGTTCAGAACTTACTCAG

GCCCCCCATCATTTCCCGCTTCATCCGACTGATCCCTCTAGGCTGGCACGT

CtGtATTGCCATCCGGATGGAGCTGCTTGAGTGTGCCAGCAAGTGTGCCTG
ATGTCTATTTCAGCTCAGTTCTGTCACTTGCAGGGAGA (SEQ ID NO: 4) -

[0044] jisgRNASAREAHDRFFAIEETE 2 pUCSTH A (Addgene /A T
[0045] 1.2. FRALAFORIE AL T (cND)HY B LK BimCherry K2 ¢ 11:DNA
LS

512 H » 4227 HEWRRAE)

109135798 FH YR A0202 1093334524-0



202129005

[0046] & H/ = oKk B Bk T LL2.5% (wiv) KRB A RV IE B B
NanoCarbon Institute 5 R/ 5] - fRIBIR AV ARV - EEE T
3.2 + 0.6 nm/EEAVRIHE o« ASEE SR AR FREP O F LR LS R K
5REEENSBE IR NG (B BRI EER N ARE - BT
(ERF A A (COOmMI AR EBAf FREE L » REMEA3 : 18YHSO LUK
HNOZE &Y 100°C T HER EET2/ N « BEATRHVR (LA REE A RLT ((NDs){E
CRFERSAK SRR > A LA250 ng/mlgTERE S EHAPBS 1 o mCherryZE 5 E
PL1- 20 B -3-G3- = H OB B AW B ) R o B (l-ethyl-3-3-
dimethylaminopropyl)carbodiimide - EDC) £ ft { LEIHIHEKBLFR A LA REE A A 2
Pt R B RSB AL T (EPBS #9250 pg/mif#/%iR) ~ mCherry 25 H (250 pg/ml)>
LAK0.1 M ECDEAL : 2 : 3RVASTELLIE S » A4 C T LR R 18/ « 8
LAPBS Z 718/ 2K 44 {6 S e = 9] ((ND-mCherry) © mCherry B &3 1: DNA 7% i
mCherry 6His-tagFE B HYBKIEEL F L K DN AR S BB AR BRDK ML -
cND-mCherry PBS/AR(K&J40 pg/ml) ~ 4514 (LAYDNARESERG(200 pg/ml) - DLK
0.1 MECDLAS : 2 : 1HYRSFELLIR G » M4 C N EHEIR FAEFI18/NEF « 2535 DIPBS
FEAT 18/ NI AR AL FEEE Y - 1 F B BT R S At FE FI R 4R AT I g%
TR By 1 %883 % (wiv)HIA-MDE H & EH (BSA) - i AE N RE B E B AR 2/ -
DABF 1 H2 Sl R R T =) 43 B -

[0047]) 1.3. 28358 F-E5/% 8 (Transmission electron microscopy » TEM)L
T AT EEREIRAT 4 e (Fourier transform infrared spectroscopy » FTIR)

[0048) #£100 kVAJIEM-2000EX 11 JEOL/A\E)) FIESZ KB TRF1Y

TEM& A - BRI QML T-(40 png/mL)RIFHIPBSH - Z81& 5 HIR A2 2 TEMAY
513 E 427 HETRRHE)
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t&(Ted Pella/A5)). | » BT IIER LBRIEH © ( FIFT/IR-42005¢ 5 JASCOLF])
FEBFTIRAHIZOREE AR FAYREEET - 7 KT (D) Fsd e > BRI &
FRT2567K -

[0049] 1.4 NEAEEENEZ RERplliff(iPSCs)

[0050) uifmit - NAEREME L Aedr4HRGPSCs) &5 Bt (A B %
RS ) R 32 [ BE A% 4B (peripheral blood mononuclear cells » PBMCs)EE 414R
FRAERHY - S < 0 KRR S AN (PBMCs) B8 & 74 58 = PBMCET & 251
247185 (5 x 10°4AE/FL) © DLUEGZAE (multiplicity of infection » MOI) B 31t 45
OCT3/4 ~ SOX2 - KLF4 » DL cMYCHYSeVEfE R &) E 2 2 I AL 41
(PBMCs) » FfF—RKFER—IIFEE - BEEETR - K1.25 x 10°(E4HI R ETH
FeE /) M Aa A EEIIAE (mouse embryonic fibroblast » MEF)ZZ & [&H10 cm#
B F - PRER FHETEETHRBhESIEEE - A EIR—REARMARETX -
PG TR Ry H AR - BETERRIERLS - RS IR 2R a2 s fE b o
1 hiPSCs 1 Geltrex £, 78 19 41 B 5% 2 [ I % & Bl mTeSR1 1% & £ (STEMCELL
Technologies/\ 5])—fEEZE - ARRELE 75 10% CO, 3 7°CES B h15% - hiPSCs
AHAERRAVRT SO EAY AR B M 2 RE i SR GPSCs) P RR LA K lin MEBR BE NG 1 2
BiF5 M » RT-PCREL KPS 5 2 BE o As8 B BRI 5 RE MR RO IRT R -

[0051] 1.5 4HAEEM: ST

[0052] HFERENEZ AEFR4EAGPSCs) EASFLS x 10MEAHRERY R RERAEFI96
FLEE - BEE 24/ NI - A BIBS AJR S HYR [EII & HYcND-mC-C/CON FF B2 K -
10 WANAEE T BN EEAHS AR (CCK-8 » Sigma XTI INE & (FFLT - WfERH2

IINEF - AEPRERR S M iR 490 nmPEHYIERE - LA10p] StemFlex #5885 (Thermo
4 H 507 HEHHEE)
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Fisher Scientific/X B])) (VB CCK-875 R FERVAIREIE RIS E1E - FrA B 5 3EIT
HIT= -

[0053] 1.6 &)

[0054] CS7BL/6IEME/NE(6~10EE)EHBEI R EREFYVIT.(GIL - &
B o EREMEEIVRERIN T - WRBRRRV T Z S GH Eg)Y)
EF[E/ 75 BT AR » P B B e S0 12 29 48 78 & 0 5% B 48 B4 5t (Taipei
Veterans General Hospital » TVGH)BWIR&EZE(E HZ B GHVEE MAtAE - BiBiE
RN ERSPA250 mg/kg =8 /% (Sigma- Aldrich 2 S)RREE/ [N B S B e Sl BA
(SZX16 > OLYMPUS A E] » HA)EOEGEHIOCTE R AT

[0055] L.7. 3ZBARNIEST

[0056] #fE&/NESFERAERS WA REYZRE AR T2 2 W &R
HE - BERIGE A R ECA Cas9-GFP (15 ng/p) DU Rs1-sgRNA (30 ng/n)fEZRAGHTZR
RIBOHLTRGY) - B3Cas9-GFP (15 ng/nDAVFRREEAHL T B HIER R 20 - (2
FUERBUES S50 5 WHVZRORIBE AR T2 8/ B ARG R A 2L 5 2 IRIEHY
BORREHET - ALZAERET > 495 WBGERSIREBFRITLRL - Los2EEmS nizw
KRBT B -

[0057] 1.8.s8OCT=(%

[0058]) ZURIATALI33] - (EREE - &2 - SEETER AR R IRE 285
(BRI BEATRE BT pm © PREZERE Ry T60E/F) - AEXZH FR1000 x 10245 2 )&
/NEFRRRIOCT & - B ABHRKIEIS40008 225 /K Tt -

[0059]) 1.9. R =UE{irPCR (Droplet digital PCR > ddPCR)

515 H > 427 HEYRRAE)
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[0060] :%EiHddPCR (BioRad/\&))E & AR HDNAEEIS] - FrA 5 [T R
YRR DIFILEOligoAnalyzer#ik B2 (IDTA B]). F3ET < AL HP (E FEREHY
ddPCR Supermix (ffEdUTP) -

[0061] 1.10 &izt55H7

[0062] SRECHEZ A KB AT THE BUE ISR T 1 - Fat

RTE FypE/NFR0.05 o i FIExcel#ES I TETE -

[0063]) 2. 455F

[0064] 2.1 &5+ CRISPR-CasOfEE38 LAG [ ARSIZE8E FxmCherryBERLHY S
REE AR FHIDIRE (LU TR

[0065] FAAHEAZEA - T B AR S AR R AR IE ek DLAE

XYL t0 88 B I AR ZUERE (XLRSERIEA 7 757k » RS R a TF &
CRISPR-CasOERAH 4RiH 24V EAS - LUEETIXTL E A8 Bl A SIS AE(XLRS)
MERARYRS AR o RSIZ€8c.625> THEEFEBRLEUp.R209C » FX AL B
HREFUEIE(XLRS) P A EURZEE ~ — - IS fEZE B0 B & (B 1 ARVEHE
P X Re R A I SUEE (XLRS)AY SLAI 5 (141 - (BRI ie B SR 22
FIIRY A AIRE A R 2 e B B (2 D 2240 (8 1B) - DR A B2 [E] B g (optical
coherence tomography - OCT)¥#ZZ Z|HY R SRR A A HY B 73 SR I (E 10) -
By T FELCRISPR-CasO4R 8 H 4L HV4H (7 » 32t T RI{E 48 MEDNARESERS  RSI-
sgRNAREZLEG B & — (W [FJR 1 E 7 /218 (homology directed repair » HDR)IEAR - 3ll;
URTETS RS | EL R S 6V ME T c.625> TZEHsgRNA ([B2A) © Cas9-GFPREEEEE

RS CasOtz i A VI LL K GFPE E AL N (E2A) -

%16 H > 427 HEEWRRAE)
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[0066] FiAFORBEHFEBFREES  HERR3im 5 THEE
XY BB AR EMEIRS | AR B e (B RO THY R - 4% > & (b
KRR OHIL T (cND)Z 7R B BmCherry 88 HAL(EE - ki o] Dl st i lis £
kL (cND-mC)([E2B X [E2C) - mCherry & H 4855 FIHE7T 2 R AR RL AT A
LB EDNARYS - Ik B AL - 4RHECRISPR-CasO4REE 247 HV4H 73 (E2B) - 25
EIEREHE SR A T - PR DNAEZCND-mCRIHI4S & ([E2D) © B ABLEER
c¢ND ~ cND-mC > DLkzeND-mC-C/COZRK L THYE I FEEHALT SNFTIR LS » 3
{FIEEERALIR N ABAFAY I 22 51 1640 om ' BR AV IBRFFTIR I » FommCherryE 5 Y F
E(E2E) © [FHF > fEcND-mC-C/COF KA THIFTIRYERE T B 2L F 5 /RDNAKS 73
fPAERYIEE(E2D) - HEFTIFHY Ty mCherry LL ; CRISPR-CasO4mhf 4 f1:DNA (cND-
mC-C/COYFC Rt T8 M% B 22 H (BSA) R & LA (= AR A #i - I
B AR T EMIR(TEMRZHT5(E - HlmageEERT RN £55.6 +/- 0.99
nm ([&2F) -
[0067] 2.2 {£hiPSCs 7% BcND-mC-C/CO4REERS 1A
[0068] (ERFMINVTR BAE  FAIHIEH AL FcND-mC-C/COZ AL
FAENBFE RN L R4 (hiPSCs) 7 5 [ AX L8 &5 Bt (R 48 I 2R E(XLRS)
THRRARIRS12E%E  JeRTRIBTFERUR » BSATIRE B B e sa i IE SRRt 1
BEREERE AR T TR AR 34, 351 - R » I LAEPBS A REHIcND-mC-C/CORL LA
T EPREATBSA (0% ~ 1% » LUK 3%)EaEE T hiPSCsEFEY) - Ky 1 3F{lhiPSCsEHR
RfeND-mC-C/COZSREIRI ML » AR A 1 B AyEI - (E4TRE
NERZEEIZK 5 mCherry K GFPAYE RS » 2B FoReND-mC-C/CORTHIE# A (L H.

fi ZAYDNA B SE (B 3A) © 1£LL3%BSA cND-mC-C/COpEFEAYAMAEA » mCherry

517 H > 427 HEYRRAE)
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BEFCBEHYST A NIE R /N » FoRBABS ASR-S B[ - R B £E(E3B) © A - 4H
PR EBSALL K B11% BSASRGHTZSREER » B13% BSAJREEHIcND-mC-C/C9
ARG E R A (E3C) - DUREG3% BSARJCND-mC-C/CIFEFRhiPSCs{% iy
K B AR EE 7 BRI GFPAYARRTE - A B RUE BT PCR (ddPCR) 73T AL
R4HDNAFHIRST ¢.625> TERZEE » G RN H BRAL A S EEAYEY
19.3% F # 4REE(E3D) - Ky 1 HIE{cND-mC-C/CORT EAERFEMAEN - LLAE
SEREHY3% BSAJR & HYcND-mC-C/COFS Bk B FRhiPSCs i & » /& #BCCK-877
PTEREEAE TR T - ERER > 1E1.5%24 ng/mlfTEEHE N > cND-mC-C/COR
R ZhiPSCsHYE J1(E3E) - 48 = 2 » 15 4S8R JEABSARJcND-mC-C/C9
FORFR T E i 2 hiPSCs - pRU4REE HERAE - B A se B HARFRETT -

[0069] 2.3 #cND-mC-C/COEEHE/ | 17 4gh&E

[0070] 5 T #A7EcND-mC-C/COTEAS NHIME A » Feffie & cND-mC-C/C9¥5
TER ORI/ N B AERE PRy 7 o 1 BB ER RS N E BT ND-mC-C/COREIL
B13% BSAJR &1 F A/INBBIRMA » AT R B HBH P S B s T 6 A R E
%1% 2 (scanning laser ophthalmoscopy, SLO) o 1L R 48R AAR iS5 22 #5225 GFP
Ay EERR - FoReND-mC-C/CORY b R R (B4 A) - T 4aRF BNy 115 FE AT
PR AR A BN AL R [F A 17 48P g 7 AE mCherry 31U5% R GFPER3R - EHECZH8
(photoreceptor, PR) ~ §MZJ&(ONL) ~ NIZJE(INL) » DLF 4R 4L B 4Rt (RGO)
JE([E4B K [E4C) - [N HAEREEEE fTH&ELY (BB R eND-mC-C/COMnE N 5
B AR (B4D) < 13RI » ¥ cND-mC-C/COBBS AR & W] Rk —1E 22
S R AR R 247

[0071] 2.4 cND-mC-C/CO{E/ |\ B AR AR - S R T PN Gt
18 H > 27 HEIRRHE)
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[0072] FFIEREBTFE 5 #BcND-mC-C/COZ I T /N B A 4 B o 3 17
ENHGRIBHTRCR R LIRE R - 5eat Wi (E 4R EDNATEERAS © dRiBsgRNANL L
HDRE fi A7 FZHIRsI-sgRNA » DL 4Rl Cas9t% B N V)i B GFP i B BL NI HY
Cas9-GFP - {fc.625C> TZEES [ A/NERsIZEA T (EISA) - 115 SR AR Z 2
cND-mCZS K EEHr_F LAZE 4 cND-mC-C/C9 » #A 14 H T A/ NRER T 511 T
ZEHEddPCREHE (R AIA ) H REE R F L BN O o TE - SR KB BT A
Cas9-GFPIEZ RS HcND-mC-C/COFRLHY /N B AL A I o I 21 Y BT SRR = &Y
PU{E (EISB) - i AT OCTHR 2 1= e AR AV rE AR HI4E I 36] - ('8 LUK
75 Cas9-GFPREZAGHcND-mC-C/COlz PR AR (% BE /S TE & AH AR S iR 4
{8 LR A S e pa R Y L A R R A B e S B MRS N A 2 e 3 Z TR Y B T
FHEEES - HIERHEEREE B Byt 2 iR g IS PLEOSEZ e SN NE Bl 77
(OS)HY R IE (B]5C) © FE4ECas9 + sgRNAFZH AR AGRR T > SH S HVFBR PR NAR
HAERETT2 5 SH IR FE B E (K 4&Y30% ([ESD) » [FIfkHT - (HEREAV]F HVH&ES @
BRI EER 73 AS)FNEER 73(OS) EHIEE B NEISER [ESF) L) - HERER D)
b BURHE RRAREY Y MZ & (ONL) R WZ JE (INL)SEHE - 1S (e OCTR2 & Fall-F I EA(E]
SE) » & bRt > FeMIHI3E R B ReND-mC-C/COpa H & H 2 Bt/ (Y MZ & (ONL) »
NG (IS) AR I N H 73 (OS ) HIRHGRAR AT -

[0073] 2.5 cND-mC-C/CO%E1Rs I fmiB /N E AR Agdiil 2 2 2

[0074] % 1 i#E—2bW5EcNDELS TR I E N GRIREDCZRGHYEZE ML/
B (T RIS Yy e A T SR AL G2 AR R » IR REDE ~ i SEATA R R E
H ~ WIEZ - PIKRST - RSIEH L/ R AT GaIARE 2 Ba AHIAE K Bt

FRIA[13] e JRASL > T TR ZE B B IR AR o (LUE HE 77 Cas9-GFPHJCND-mC-
19 H 427 FHEGHSHHE)

E)
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CICORER) » RS 1 15 3 4 Y Z BTN T Y (ST » L fr R T 4
FJE(ONL) ~ SMBIRIB(OPL) » BURARIBANL)(E6A » ) « S— T » LI
R FECRISPR-CasO S8 1IcND-mC-C/COREHI i BB A 1R ABRA S B By LIS B o
HYE R AN A AR D (B6A  F) - SRR B E
AL SRR ARAET T » UAE SRR e R L LT TR ST
HERI3T] - BREE » AEDUSECND-mC-C/CO( [ CasO) BRI AR 4B - ZE S 14
SRS BN SRR E (i - FRRZHE - DARs] B B fEAICND-mC-C/COpE 2
Y AR L 1 SRS B B L 2 2R I (B 6A R B6C) - [l
EEAHER - SR LU SRR R - MR B AR AR
SEAI38-40] « RIFE NS EHIETET » WlE BN R BR I S
(OPL) + SMZE(ONL) ~ WIGHB4(1S) » DR NG OS)h BB S R 1
MEEIOB » 75) - b4 FARAT B SNG4 (OS)=h BT (R0 2 e 7 JE (6B -
1) o L5 LARs T E FEICND-mC-C/C9 (Cas9 + sgRNA)IEBEEEL B #1431
B4 OS) Bl e BB AU B RO E (i FALRAL - IESN + SMERE(OPL)H
Wl Bt R HRIAI (6B - 75) -

[0075) 48 » HFREE R T-H0880 .45 B AR FCRISPR-Cas4
S ) IEIPSCs DR NERABBAE « Bulit BT E A (L2 A
T HH AR A Cherry 28 (5 Ul 45 (B CRISPR-Cas9 2514 L DN A G 4
% EUFHDREA - sgRNA ~ CasOTE [ » DU GFPHUEALIR - 5Lkl T
ATHEPSCs LR/ INRRABI (L » U6 T3 ARSTEE PRI X e B R R B 2R
(XLRS)FF EIEZES « 2/ B T HIBS ARG EE S HIAMAEA AR - FoPs
5 S5 CRISPR-CasOFZ 1 S 7 i TP L/ B 1 4000 B0 2 B AT B 4

520 H > 427 HEEYRRAE)
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By - B R XA O BIHH AIASHEAE (XLRS) AV H AR - (AL - T TRl BBk
NI R AL B kPRI 4 4 TR A7 T X A G AR I S A R S BE (XLRS)HY
AR KBRS MRS AL T B A R AHTE T (E7) -

[0076] HEASRHEFREETLAME - BEEEMET N EGE AR
A 2 sE B BT ER PR R E L PR - il A€ B R S BCA I R BRI R
LI o FRAERIAE T R B BB By N SCr E a H SE Rt |
DIMEB(EE i = &3 -

S5 ek
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[F51%=]

<110>

<120> BRALFAREE AL -89 CRISPR-CASO {Hli £ 4%
<160> 4

<170> PatentIn version 3.5

<210> 1

211> 96

<212> DNA

Q13> AR

<400> 1

GGCACGTCTG CATTGCCATC GTTTTAGAGC TAGAAATAGC AAGTTAAAAT AAGGCTAGTC 60

CGTTATCAAC TTGAAAAAGT GGCACCGAGT CGGTGC
96

<210> 2
<211> 190
<212> DNA
Q13> &R
<400> 2
GTCTTCTATG GCAACTCGGA CCGCACCTCC ACGGTTCAGA ACCTGCTGCG GCCCCCCATC 60
ATCTCCCGCT TCATCCGCCT CATCCCGCTG GGCTGGCATG TCCGGATTGC CATCCGGATG 120
GAGCTGCTGG AGTGCGTCAG CAAGTGTGCC TGATGCCTGC CTCAGCTCGG CGCCTGCCAG 180
GGGGTGACTG

190

<210> 3
211> 96
<212> DNA
Q13> &R
<400> 3
GGCATGTCCG AATTGCCATC GTTTTAGAGC TAGAAATAGC AAGTTAAAAT AAGGCTAGTC 60
CGTTATCAAC TTGAAAAAGT GGCACCGAGT CGGTGC
96

<210> 4

<211> 190
<212> DNA
Q13> &R

<400> 4

FIAFIIR)
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GTCTTCTATG GAAACTCAGA CCGGAGTTCT ACAGTTCAGA ACTTACTCAG GCCCCCCATC 60
ATTTCCCGCT TCATCCGACT GATCCCTCTA GGCTGGCACG TCTGTATTGCC ATCCGGATGG 120
AGCTGCTTGA GTGTGCCAGC AAGTGTGCCT GATGTCTATT TCAGCTCAGT TCTGTCACTT 180
GCAGGGAGA
190
F2HEFYIER)
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[ S0 H R S 5uE ]
(AoR0A1] — PR b 2 PRI 46 88 MO 0B .5 B & Rk Gl T

(nanodiamond » ND)FE#7{E B CRISPR-Cas94H s Hy&E B » 5% CRISPR-Cas94H 47 B 45

—Cas9FEH ~ —5[HEH@ERNA) » —iat AN —E=E 5| A -4 ERERLUEE
—HARIBEAVIEIRDNA » H ez 7ok Ak FRIRA B/ NS nm - HiEBE
FEAFR(LIERATMERLIEE - E A LB S DI — AR RIRZ Cas9E
AR E— &R DNARESREG DL K — I3 Z eRNA/FEAR DNARY 55 43 DN AKE
RSB IB B RRCRIE L5z LB & Bz O E O HARIE Ak T FhE R DUES
FALFORIE KL FHE S CRISPR- Cas9Ffi «
[E5oKIA2) WEEKIHIFTI Y 2% - HdazaokiEa ki BBy B A3
nm-5 nmHYFHE A
SEOKIA3 ) WIFEKIHIATILS 248 - HpZ ook a ki R B R4Y3
nm o
FEOKIRAY WIFESRIHIATI . 24 - Haz st H FsmCherry & -
[E5°KIAS ] WFKIFIATI Y 247 - 2 e E A m s B & E
(bovine serum albumin > BSA)Yf.7 o
[E5°KTH6] WEFKIFNATIL 2 2400 - B az4a 2 AR R BIX AL g R R 48
AR ZUEE(X-linked retinoschisis »* XLRS)HHREAAYRSTELA o
[E5°KIATY WEESRIAOMTIL ~ 24 - HAR AN AIE— X ha Sl (AR
FUBEXLRS) YRS/ N BB A RmiE Al T B -
[E5°KIAS) WEESKIHOMTIL ~ 245 HL P aZ4a e BN B2 8 R i i (45

MDNAREZEAES | ARY > iZ 4R MEDNAR RS L2 &5 A YmCherry 8% - HaZ 55—
B 1E 43 EET SRR
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P DNA R 25 88 45 115 Cas9 1% % N VI g DL K — &k €2 S 28 O (green fluorescent
protein » GFP)FREELR - Hi% 5 43 MEDNARESEASARIS —sgRNA » i1 & —HDR
EMREVIE AR B2 - sZiE AR BTN S ARSI ¢.625C> TZE8: -

[F5KIEO) WEh S KIATPIl . 245 » Hor 32 B B EURIRS T ¢.625C> TZE# 5|
ANFEFENE 2 AR AR (induced pluripotent stem cells » iPSCs) B/ AT HERE A -

[FEKIEI0] —TEMEE KIE 29 —TEFTIL ~ R e —(EREHY— B
AR — IR E T 2 ik - BaEBUEERIE AT Y 24 4 E AR
e Em I N (L E IR (R -

[F55KIE11]) AEERIF10AE 2 F R - Horh a2 paim R X e e e A T e s L
TEAE(XLRS) ©

[F5oKRIE12]) AEs R ATt 2 F iR - Horhaz4s e BN R XL e ie Al
AR ZUESE(XLRS HERBARIRS TR -

[F5°KIEH13] —TERTAERR SN R N PRI 2 77k » B & B B s oK IH
VATl & 2800 — 45 T8 AR By 22 8 (il AN (L EIRE B 1 % RE Al A IPSCs) L
—ERsE S o

[F55KIE14]) WEERIFI3ATIT Y )50k » a2 paim R X et e Ar T e s L
TEAE(XLRS) ©

[F55RIE1S ) AEsoRIH 4Rt 2 )77k » Haz4s e BN R XL e ge Al i
AR ZUESE(XLRS HERBARIRS TR -

[FEKIH16]) M KIH4RTL S J57% » P EYIesE Ry NE 4R -

[555KIE17) AEERIE St 2 5%  HA ez i ERRS 1 ¢.625C> TZE%

5 ANIEFA BN S RERFAAZAPSCs) B/ N B A 4R -
B2E - 33 HEHHYAEE
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[E5°KIA18] WIERKIAL6RTALL /572 » Er ez /N AR T dm B HY 3% R ]
ENEZ AR XA S I AR ZHEIE(XLRS) St R AR A -

(E5°KIE19]) AR KIA18FTHL 2 17k » Hr ez XA tuie = it SR 2R E
(XLRS) S RIE i B 2l B Y A2 AR
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CARBOXYLATED
NANODIAMOND-MEDIATED CRISPR-CAS9
DELIVERY SYSTEM

REFERENCE TO SEQUENCE LISTING
SUBMITTED VIA EFS-WEB

[0001] This application includes an electronically submit-
ted sequence listing in .txt format. The .txt file contains a
sequence listing entitled “2020-12-16_5992-0297PUS2_
ST25” created on December 16, 2020 and is 3,240 bytes in
size. The sequence listing contained in this .txt file is part of
the specification and is hereby incorporated by reference
herein in its entirety.

FIELD OF THE INVENTION

[0002] The present invention pertains to a CRISPR-Cas9
delivery System for delivering some components for treating
a disease or repairing a tissue damage.

BACKGROUND OF THE INVENTION

[0003] X-linked juvenile retinoschisis (XLLRS) is a com-
mon hereditary macular degeneration that affects the vision
of'young boys, with a prevalence of 1 in 5,000 to 1 in 25,000
[1, 2]. The clinical features of XLRS include early vision
loss associated with bilateral foveae and splitting of the
inner retinal layer, retinal detachment, and vitreous hemor-
rhage [3]. RS1, the gene associated with XLLRS, contains six
exons and encodes a protein of 224 amino acids [4]. More
than one hundred RS1 mutations have been confirmed to be
associated with the development of XILRS, and this result
also indicates a high degree of clinical variability (http://
www.dmd.nl/rs).

[0004] The protein structure of RS1 is composed of N-ter-
minal secretory leader sequence and discoidin domain in
C-terminal region, which are highly conserved across spe-
cies [5, 6]. The discoidin domain is found in a number of
secreted or membrane-bound proteins and is known to be
involved in cell adhesion and cell-cell interaction [7]. Most
of the mutations in the RS1 gene are missense mutations,
although nonsense mutations, deletions, insertions, and
splice site mutations are also found [8, 9]. Previous studies
have indicated that the patients with RS1 missense muta-
tions Aspl45His, Argl02Gln, Arg209His and Arg213Gln
exhibit severe retinoschisis characteristics in the clinic [10,
11]. Missense mutations in the RS1 protein cause misfolding
and may cause intracellular and extracellular protein accu-
mulation, ultimately leading to cystic and schisis structures
in the retina [12]. RS1 is expressed and secreted by photo-
receptors of the outer retina and bipolar cells of the inner
retina, as was observed in the retina of mice [13]. Further
studies have shown that RS1 attaches to the surface of retinal
cells after synthesis and secretion by photoreceptors and
mediates adhesion between photoreceptor cells, bipolar cells
and Muller cells, thereby promoting the maintenance of
structural integrity of the retina [14].

[0005] Nanodiamond (ND) is a carbon-based nanomate-
rial that can be used to carry biomolecules and chemicals
[15-17]. In order to achieve the goal of multi-functional
delivery by NDs, several techniques have been developed to
promote conjugation of chemicals to the surface by intro-
ducing carboxyl, hydroxyl and thiol groups. Many studies
have reported that NDs can also be used as a delivery system
for biomolecules, such as DNA [18, 19], proteins [20, 21],

Apr. 15,2021

and small molecule drugs [22, 23]. ND’s biocompatibility
and non-toxicity makes it a relatively safe nanomaterial for
biomedical applications [24]. These advantages of NDs
make it a promising carrier of therapeutic agents to treat
hereditary retinal diseases.

[0006] The application of NDs for the treatment of human
diseases is promising, but the U.S. Food and Drug Admin-
istration (FDA) still requires that the agents injected into the
body do not accumulate for long periods of time [25].
Although fluorescently labeled NDs have an advantage of a
stable fluorescent signal, a larger particle diameter is
required to maintain the fluorescent sensitivity [26]. Animal
experiments uncovered that larger sized particles may accu-
mulate in organs, even without significant toxicity [27, 28].
The turnover of nanoparticles is an important issue in
clinical applications. The production of urine by a kidney is
an important way to eliminate them [29]. The threshold for
the inorganic nanoparticles to filter molecules through the
glomerular capillary wall is about 5.5 nm. Therefore, the
size of the NDs may affect the efficiency of renal clearance
[30].

[0007] It is desirable to develop a delivery system using a
safe, efficient and traceable nanocarriers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The patent or application file contains at least one
color drawing. Copies of this patent or patent application
publication with color drawing will be provided by the
USPTO upon request and payment of the necessary fee. The
foregoing summary, as well as the following detailed
description of the invention, will be better understood when
read in conjunction with the appended drawings. For the
purpose of illustrating the invention, there are shown in the
drawings embodiments which are presently preferred.
[0009] In the drawings:

[0010] FIG. 1A, FIG. 1B and FIG. 1C show the clinical
characteristics of RS1 ¢.625C>T mutation carrier patient
with X-linked juvenile retinoschisis (XLRS). FIG. 1A (SEQ
ID NOS: 5 and 6) shows the sanger sequencing results of the
mutated RS1 locus in normal individual (top) and XLRS
patient (bottom). The ¢.625C>T mutation in exon 6 of RS1
results in arginine to cysteine substitution. FIG. 1B provides
the ophthalmoscopy images of the eyes of XLLRS patient
showing a clear area of the chorioretinal atrophy involving
the fovea. FIG. 1C provides the OCT images revealing the
presence of large cysts indicative the retinal degeneration
[0011] FIG. 2A-FIG. 2E shows the design of CRISPR-
Cas9 constructs to introduce RS1 mutation and functional-
ization of mCherry-labeled NDs for their delivery. FIG. 2A
(SEQ ID NOS: 7, 8, and 9) provides the schematic showing
the design of CRISPR-Cas9 constructs to introduce
¢.625C>T mutation into the human RS1 gene. The fragment
of RS1 exon 6 sequence containing the cleavage site (red
arrowhead) and PAM sequence (red font) shown at the top.
The maps of two DNA constructs, Cas9-GFP and RS1-
sgRNA, shown at the bottom. FIG. 2B provides the scheme
showing the design and production of CRISPR-Cas9-loaded
NDs, wherein the carboxylated NDs (cNDs) were covalently
linked to mCherry via COOH group in a reaction catalyzed
by EDC to produce cND-mC, Cas9-GFP and RS1-sgRNA
linear DNA was linked to ¢cND-mC via His-tag to produce
cND-mC-C/C9. FIG. 2C provides a bright view and fluo-
rescence microscopy image of cNDs coupled to mCherry.
FIG. 2D shows agarose gel showing migration of uncoupled
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and ND-coupled Cas9-GFP and RS1-sgRNA DNA con-
structs. FIG. 2E provides the FTIR spectra of the ND
samples: ¢cND (green line), cND-mC (blue line) and cND-
mC-C/C9 (brown line). FIG. 2F provides TEM image of
BSA-mixed ¢cND-mC-C/C9 nanoparticles.

[0012] FIG. 3A-FIG. 3E provide the editing of RS1 gene
by cND-mC-C/C9 in hiPSCs. FIG. 3A provides fluorescence
microscopy images of hiPSCs treated with cND-mC-C/C9
nanoparticles mixed with the indicated concentrations of
BSA. FIG. 3B shows the measurement of the diameter of
mCherry fluorescent dots inside hiPSCs on fluorescence
microscopy images using Image] software. The means val-
ues are shown with standard deviation error bars. FIG. 3C
shows the quantification of delivery efficiency of cND-mC-
C/C9 nanoparticles mixed with different concentrations of
BSA. Expressed as the mean percentage of cells with
internalized mCherry signal. FIG. 3D provides ddPCR
analysis of RS1 ¢.625C>T copy number in GFP-sorted
population of cND-mC-C/C9-treated hiPSCs. FIG. 3E pro-
vides the results of the CCK-8 cell viability assay showing
the effect of treatment of hiPSCs with the indicated concen-
trations of cND-mC-C/COaffect their wviability (Data
expressed as relative to untreated (0 pg/ml). Statistical data
shown as the means +standard deviation error bars, *p<0.05,
*E*p<0.001, ##p<0.01 Student’s t-test from 3 independent
experiments. * versus 0% BSA, #3% BSA versus with 1%
BSA).

[0013] FIG. 4A-FIG. 4D show the cND-mC-C/C9 deliv-
ery into the mouse retina. FIG. 4A provides the SLO fundus
image in mouse eyes injected with cND-mC-C/C9 nanopar-
ticles carrying Cas9-GFP (Cas9 only) and RS1-sgRNA
(Cas9+sgRNA) DNA constructs. FIG. 4B provides Fluores-
cence microscopy observation of localization of mCherry
and green fluorescent protein (GFP) signals in transverse
section of cND-mC-C/C9-treated mouse retina. GFP and
mCherry signals are indicated by arrows. FIG. 4C provides
Fluorescence microscopy observation of expression of GFP
expression in transverse section of cND-mC-C/C9-treated
mouse retina. GFP signals were observed in RGC layer
(yellow arrows), photoreceptor/Miiller cell layer (red
arrows), and RPE layer (white arrowheads). Recoverin, the
marker of photoreceptors, is immunostained in red. Nuclei
stained with DAPI. FIG. 4D provides H&E staining of the
section of cND-mtwC-C/C9-treated mouse retina. RPE—
retinal pigment epithelium, PR—photoreceptors, ONL—
outer nuclear layer, OPL—outer plexiform layer, INL—
inner nuclear layer, IPL—inner plexiform layer, RGC—
retinal ganglion cells.

[0014] FIG. 5A-FIG. 5D show the editing of Rs1 gene by
cND-mC-C/C9 in the mouse retina. FIG. 5A (SEQ ID NOS:
10, 11, 12 and 13) provides the scheme showing the design
of CRISPR-Cas9 constructs to introduce ¢.625C>T mutation
into the mouse Rsl gene. The fragment of Rsl exon 6
sequence containing the cleavage site (red arrowhead) and
PAM sequence (red font) shown at the top. The maps of two
DNA constructs, Cas9-GFP and Rs1-sgRNA, shown at the
bottom. FIG. 5B shows the results of the ddPCR analysis of
Rs1 ¢.625C>T copy number in retinas treated for two weeks
with control (Cas9 only) and Rsl1-targeting cND-mC-C/C9
nanoparticles (Cas9+sgRNA). Data are expressed as relative
to control. FIG. 5C provides OCT images of mouse retinas
treated for two weeks with control (Cas9 only) and (Cas9+
sgRNA) cND-mC-C/C9 nanoparticles. Retinal layers shown
to the right: GCL—ganglion cell layer, IPL—inner plexi-
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form layer, INL—inner nuclear layer, ONL—outer nuclear
layer, OPL—outer plexiform layer, OLM outer limiting
membrane, [S—inner segments, OS—outer segments,
RPE—retinal pigment epithelium. Bottom image: zoom in
of the area of the top image surrounded by red rectangle,
showing the structure of hyperreflective outer retinal bands
2 and 3. FIG. 5D provides the quantification of thickness of
hyperreflective outer retinal bands 2 and 3 in OCT images in
FIG. 4C. The data expressed as means vale measurements,
“Cas9+sgRNA” quantified relative to “Cas9 only” control.
FIG. 5E provides the H&E staining of cross sections of
mouse retinas treated for two weeks with control (Cas9
only) and (Cas9+sgRNA) c¢ND-mC-C/C9 nanoparticles.
FIG. 5F shows the quantification of thickness of IS/OS layer
in OCT images in FIG. 5E. The data expressed as means
from 3 measurements, “Cas9+sgRNA” quantified relative to
“Cas9 only” control.

[0015] FIG. 6A-FIG. 6C show the effect of cND-mC-C/
C9-mediated Rsl editing on photoreceptor cells in the
mouse retina. Immunofluorescence staining of the cross
sections of the mouse retinas treated with the control cND-
mC-C/C9 particles (Cas9 only) and cND-mC-C/C9 particles
targeting Rs1 gene (Cas9+sgRNA). The layers of the retina
indicated on the right: IPL—inner plexiform layer, INL—
inner nuclear layer, OPL—outer plexiform layer, ONL—
outer nuclear layer, IS—inner segments, OS—outer seg-
ments. Nuclei labeled with DAPI. FIG. 6A shows
Immunostaining with antibodies against cone cell-specific
opsins (Opsin) and RS1. FIG. 6B shows the immunostaining
with antibodies against recoverin and rhodopsin. FIG. 6C
shows the quantification of the length of immunofluorescent
signals of cone cell-specific opsins.

[0016] FIG. 7 shows the summary of the study, wherein
the nanodiamonds were functionalized to covalently attach
mCherry protein and DNA constructs encoding components
of CRISPR-Cas9 genome editing system. Nanoparticles
were mixed with BSA and used to edit the genomes of iPSCs
and mouse retinas, thus making them a useful tool to create
the in vitro and in vivo disease models, respectively.

SUMMARY OF THE INVENTION

[0017] Accordingly, the present invention provides a
highly efficient delivery system for gene editing.

[0018] In one aspect, the present invention provides a
delivery system for gene editing comprising nanodiamond
(ND) particles as the carriers of CRISPR-Cas9 components
including a Cas9 protein, a guide protein (gRNA), a tem-
plate DNA designed to introduce the mutation in a given
gene for repairing a tissue damage, wherein the ND particles
have a diameter less than 5 nm, and functionalized by
carboxylation of the surface and covalently conjugated with
a fluorescent protein; and a first linear DNA construct for
expression of the Case 9 protein, and a second linear DNA
construct for expression of the gRNA/template DNA were
linked with the ND particles covalently conjugated with the
fluorescent protein by phosphoryl imidazole to obtain car-
boxylated nanodiamond-mediated CRISPR-Cas9 ND par-
ticles.

[0019] In one example of the invention, the ND particles
have a diameter in a range of 3 nm-5 nm; preferably the ND
particles have a diameter of about 3 nm.

[0020] In one example, the fluorescent protein as used in
the invention is a mCherry protein.
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[0021] In one particular example, the carboxylated nano-
diamond-mediated CRISPR-Cas9 ND particles according to
the invention may be coated by bovine serum albumin
(BSA) before using. It was unexpectedly found that the
delivery efficiency of NDs is increased and the diameter of
of mCherry fluorescent dots, indicative of less aggregated
state, is decreased.

[0022] In one example, the given gene is RS1 gene asso-
ciated with X-linked retinoschisis (XLRS).

[0023] According to the invention to create a disease
model, the mutation in the given gene is introduced via two
linear DNA constructs, which are attached to the conjugated
mCherry, and the first linear DNA construct encodes for
Cas9 endonuclease and a green fluorescent protein (GFP)
reporter, and the second linear DNA construct encodes for a
sgRNA and contains an insert of HDR template designed to
introduce RS1 ¢.625C>T mutation.

[0024] In the invention, the the delivery leads to introduc-
tion of RS1 ¢.625C>T mutation in human iPSCs or mouse
retinas.

[0025] In another aspect, the invention provides a method
for treating a disease or repairing a tissue damage in a
subject, comprising delivering and internalizing the muta-
tion in a given gene into said subject through the system of
the invention.

[0026] In one example, the disease is X-linked retinoschi-
sis (XLRS), and the given gene is RSI gene associated with
X-linked retinoschisis (XLRS).

[0027] Ina further aspect, the invention provides a method
for creating an in vitro or in vivo disease model, comprising
delivering and internalizing the mutation in a given gene
into induced pluripotent stem cells (iPSCs) or an animal
organ through the system of the invention.

[0028] In one example, the disease is X-linked retinoschi-
sis (XLRS), the given gene is RSI gene associated with
X-linked retinoschisis (XLLRS), and the animal organ is
mouse retinas.

[0029] In one example of the invention, the delivery leads
to an introduction of RS1 ¢.625C>T mutation into human
iPSCs or mouse retinas.

[0030] According to the invention, the Rs1 gene editing in
the mouse retinas results in several pathological features
typical for XLLRS, such as aberrant photoreceptor structure.
[0031] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory only and are not restrictive of
the invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0032] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by a person skilled in the art to which this
invention belongs.

[0033] Nanodiamond (ND) particles can be used as a drug
delivery vehicle characterized by high biocompatibility,
loading capacity and cell penetration. The non-covalent
methods of ND-oligonucleotide conjugation can be used to
prepare the NDs, and the covalent bond of the nucleic acid
through the peptide contributes to the stability, accessibility
and selectivity of the conjugate. In the present invention, the
ND-based CRISPR-Cas9 delivery vector was designed by
functionalizing ND surface with a carboxyl (COOH) group,
conjugating 6His-tagged mCherry reporter protein to the ND
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via the peptide bond, and covalently attaching linear DNA
encoding green fluorescent protein (GFP) reporter and com-
ponents of CRISPR-Cas9 system via the phosphoryl imida-
zole bond between 5'-phosphate of DNA and imidazole
group of histidine of 6His-tag. Since internalization of
nanoparticles usually undergoes via the endosome pathway,
mCherry was chosen to construct the backbone of the
delivery vector to monitor the transfection efficiency,
because it constitutively exhibits red fluorescence even in
the acidic environment (pH 5-6) of the late endosomes,
unlike GFP, whose green fluorescence is quenched at such
pH values. At the same time, GFP was designed to be
expressed from a conjugated DNA, as a reporter of success-
ful delivery and functional effects of cargo DNA.

[0034] As used herein, the term “nanodiamonds (NDs),”
“nanodiamond (ND) particles” or “diamond nanoparticles”
refers to particles having a shape of diamond with a size
below 1 micrometre, which can be produced by impact
events such as an explosion or meteoritic impacts, and are
potential for surface functionalization. As being inexpen-
sive, large-scale synthesis, they are potential for surface
functionalization. the ND particles can be used as a drug/
biomaterial delivery vehicle characterized by high biocom-
patibility, loading capacity and cell penetration. The non-
covalent methods of ND-oligonucleotide conjugation can be
used to prepare the NDs, and the covalent bond of the
nucleic acid through the peptide contributes to the stability,
accessibility and selectivity of the conjugate.

[0035] In one example of the present invention, the ND-
based CRISPR-Cas9 delivery vector was designed by func-
tionalizing ND surface with a carboxyl (COOH) group,
conjugating 6His-tagged mCherry reporter protein to the ND
via the peptide bond, and covalently attaching linear DNA
encoding GFP reporter and components of CRISPR-Cas9
system via the phosphoryl imidazole bond between 5'-phos-
phate of DNA and imidazole group of histidine of 6His-tag.
Since internalization of ND particles usually undergoes via
the endosome pathway, mCherry was chosen to construct the
backbone of the delivery vector to monitor the transfection
efficiency, because it constitutively exhibits red fluorescence
even in the acidic environment (pHS5-6) of the late endo-
somes, unlikeGFP, whose green fluorescence is quenched at
such pH values. At the same time, GFP was designed to be
expressed from a conjugated DNA, as a reporter of success-
ful delivery and functional effects of cargo DNA. We
demonstrated that the mCherry protein carried by cNDs was
stable in the mouse retina for up to two weeks. In addition,
the GFP reporter gene was also continuously expressed in
vivo from plasmid DNA. In order to ensure more efficient
transfection by nanocarriers, they often need to be stabilized
with additional materials.

[0036] It was found in the present invention that bovine
serum albumin (BSA) increased delivery efficiency of cNDs
in a concentration dependent manner, as well as decreased
the diameter of mCherry fluorescent dots, indicative of less
aggregated state (see FIG. 3).

[0037] CRISPR-Cas9-mediated genome editing of the
pluripotent stem cells, including embryonic stem cells
(ESCs) and induced pluripotent stem cells (iPSCs), offers a
great potential for modelling human genetic diseases as they
can be differentiated into any tissue affected by the pathol-
ogy. In the present invention, the cND-based approach can
be utilized to safely and efficiently deliver CRISPR-Cas9
components to human iPSCs. By using our cND-mC-C/C9
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delivery system, we could successtully introduce XLRS-
specific mutation of RS1 gene (c.625C>T) into normal
human iPSCs. In the future, such knock-in iPSCs can be
used to study the molecular and cellular mechanisms of
retinopathy by differentiating them into 3D retinal organoids
and using parental iPSCs as a control with the same genetic
background.

[0038] XLRS is the X-linked retinopathy caused by muta-
tions in RS1 gene and characterized by splitting of the retinal
layers. In previously characterized Rsl-knockout mouse
model, several pathological features were demonstrated,
including outer nuclear layer (ONL) thickness reduction and
inner retinal cavitation. In the present invention, OCT imag-
ing of mouse retinas treated with cND-mC-C/C9 nanopar-
ticles did not reveal the presence of cysts in the retina,
however, we clearly observed the merger of hyperreflective
outer retinal bands 2 and 3, indicative of aberrant photore-
ceptor structure. Consistently, the analysis of retinal tissue
sections revealed reduction of thickness of outer retinal layer
and shortened morphology of photoreceptor cells. A partial
human mutant Rs1 gene in adult male mice were prepared
to show a phenotype of changes in the outer segment of the
photoreceptor cells, which supports the idea that Rs1 gene
inactivation may directly cause photoreceptor damage.
Whereas intravitreal injection leads to exposure of all retinal
cell types to the NDs, only the morphology of the photore-
ceptor layer was affected by it, thus corroborating the
functional specificity of RS1 protein as the crucial factor for
organization of the outer retina. On the other hand, the
specificity of our ND-based vector to target the specific cell
type, like photoreceptors, can potentially be increased by
using the advantages of the design of this vector. As we used
the COOH groups of the carboxylated NDs to covalently
attach the mCherry reporter marker via the peptide bond, the
cell-type specific ligand proteins can be concomitantly con-
jugated to target the NDs to the photoreceptor-specific
surface markers.

[0039] Whereas the disadvantage of the ND-based vectors
in comparison with the virus-based systems is their low
transfection efficiency, their advantage is based on the higher
safety as an inert and low immunogenicity material. By
using scanning laser ophthalmoscopy, we observed that GFP
signal persisted in the mouse retina for up to 12 days after
the intravitreal injection of the NDs (FIG. 3A). Therefore,
given higher safety of the NDs, we can speculate that the
efficiency of in vivo genome editing can be increased by
constantly maintaining high concentration of the NDs by
injecting them once GFP signal is diminished.

[0040] The present invention is further illustrated by the
following examples, which are provided for the purpose of
demonstration rather than limitation.

EXAMPLE
[0041] 1.1. CRISPR-Cas9 Design
[0042] The Cas9-GFP expression vector was described in

a previous study [31]. The human RS1 c¢.625 C>T
(p-R209C) mutation was introduced using the following
sgRNA scaffold sequence:

(SEQ ID NO: 1)
GGCACGTCTGCATTGCCATCGTTTTAGAGCTAGAAATAGCAAGTTAAAAT

AAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGC;
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and the following HDR sequence:

(SEQ ID NO: 2)
GTCTTCTATGGCAACTCGGACCGCACCTCCACGGTTCAGAACCTGCTGCG

GCCCCCCATCATCTCCCGCTTCATCCGCCTCATCCCGCTGGGCTGGCATG
TCCGGATTGCCATCCGGATGGAGCTGCTGGAGTGCGTCAGCAAGTGTGCC

TGATGCCTGCCTCAGCTCGGCGCCTGCCAGGGGGTGACTG.

[0043] The mouse Rsl ¢.625 C>T was introduced using
sgRNA scaffold sequence:

(SEQ ID NO: 3)
GGCATGTCCGAATTGCCATCGTTTTAGAGCTAGAAATAGCAAGTTAAAAT

AAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGC;

and HDR sequence:

(SEQ ID NO: 4)
GTCTTCTATGGAAACTCAGACCGGAGTTCTACAGTTCAGAACTTACTCAG

GCCCCCCATCATTTCCCGCTTCATCCGACTGATCCCTCTAGGCTGGCACG
TCEtGtATTGCCATCCGGATGGAGCTGCTTGAGTGTGCCAGCAAGTGTGCC

TGATGTCTATTTCAGCTCAGTTCTGTCACTTGCAGGGAGA. .

[0044] The sgRNA scaffold and HDR sequences were
cloned into pUC57 vector (Addgene).

[0045] 1.2. Preparation of Carboxylated Nanodiamond
(cND) and Linkage with mCherry and Linear DNA

[0046] The detonation nanodiamonds (NDs) were pur-
chased from NanoCarbon Institute Co., Ltd in the form of
2.5% (w/v) water colloidal solution. According to the speci-
fications of the supplied colloidal solution, it contains par-
ticles of the size distribution around 3.2 0.6 nm. Formation
of graphene on ND surface and the minute contamination
from zirconia beads and metal ions from the detonation
chamber are present, but of little or no harm to this research.
In order to functionalize the surface of NDs with carboxyl
(COOH) group, they were treated with 3:1 mixture of
H2S04 and HNO3 with stirring at 100° C. for 72 h. The
resultant carboxylated NDs (cNDs) were washed several
timed in double-distilled water and suspended in PBS at a
concentration of 250 pg/ml. mCherry protein was linked to
cNDs by peptide with 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide (EDC) used as a catalytic agent. cNDs (250
png/ml suspension in PBS), mCherry protein (250 pg/m1),
and 0.1 M ECD were mixed at a volume ratio of 1:2:3 and
incubated on a rolling shaker at 4° C. for 18 h. The reaction
products (cND-mCherry) were purified by dialysis against
PBS for another 18 h. mCherry and linear DNA were linked
by phosphoryl imidazole bond between imidazole group
from mCherry 6His-tag tail and DNA phosphate group.
cND-mCherry PBS solution (about 40 pg/ml), linearized
DNA constructs (200 pg/m1) and 0.1 M ECD were mixed at
a volume ratio of 5:2:1 and incubated on a rolling shaker at
4° C. for 18 h. The reaction products were purified by
dialysis against PBS for another 18 h. Prior to applying the
loaded NDs to the cells, bovine serum albumine (BSA) was
added to a final concentration of 1 or 3% (w/v), and
nanoparticles were sonicated for 2 h to prevent their aggre-
gation and ensure even dispensing.
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[0047] 1.3.Transmission Electron Microscopy (TEM) and
Fourier Transform Infrared Spectroscopy (FTIR)

[0048] TEM images of the NDs were obtained on a
JEM-2000EX II (JEOL) run at 100 kV. NDs (40 pg/mL)
were suspended in PBS and then pipetted onto a copper
TEM grid (Ted Pella Inc.) and the solvent was removed after
overnight deposition. Surface modification of ND was
detected by FTIR using FT/IR-4200 spectrometer (JASCO)
with a scan size (resolution) of 4 cm-1 and 256 scans per
sample.

[0049] 1.4. Human iPSCs

[0050] Human iPSCs were generated by reprogramming
from peripheral blood mononuclear cells (PBMCs) of a
healthy male Han Chinese donor as previously described
[32]. Briefly, PBMCs were seeded into 24-well plates
(5%x10° cells/well) in complete PBMC medium. PBMCs
were transduced with a mix of SeV vectors encoding OCT3/
4, SOX2, KLF4 and cMYC at a multiplicity of infection
(MOI) of 3. The medium was changed every second day, and
on day 7 post transduction, 1.25x10° cells were plated onto
a 10-cm dish precoated with a mouse embryonic fibroblast
(MEF) feeder layer. On the next day, the medium was
changed to hES medium and the cells were fed every other
day for 7 days before switching to the daily feeding. Once
the colonies emerged, they were mechanically dislodged and
transferred to a fresh feeder. hiPSCs were cultured on
Geltrex-coated cell culture dishes and incubated with
mTeSR1 medium (STEMCELL Technologies). The cells
were cultured in a 37° C. incubator containing 10% CO.,.
The cells were cultured in a 37° C. incubator containing 10%
CO 2. The hiPSCs cell line was characterized by typical
iPSC morphology and positive alkaline phosphatase activity,
expression of typical pluripotency markers as confirmed by
RT-PCR and western blotting.

[0051] 1.5. Cell viability assay

[0052] The iPSCs were seeded in 96-well plates at 5x10*
cells per well. After 24 h incubation, different doses of
cND-mC-C/C9 mixed with BSA were added and incubated
for 2 days. 10 pl of Cell Counting Assay Kit-8 solution
(CCK-8, Sigma) was added to each well and incubated for
2 h. The absorbance at 490 nm was measured on a micro-
plate reader. Cells treated with 10 ul of StemFlex medium
(Thermo Fisher Scientific) instead of CCK-8 solution were
used as a negative control. All experiments were performed
independently three times.

[0053] 1.6. Animals

[0054] C57BL/6 male mice (6~10 weeks old) were pur-
chased from National Laboratory Animal Center (Taipei,
Taiwan). The mice were housed in a pathogen-free space and
operated according to the National Research Council’s
Guide for the Care and Use of Laboratory Animals. All
anesthesia and sacrifice procedures were reviewed and
approved by the Animal Care and Use Committee of the
Taipei Veterans General Hospital (TVGH). The mice were
anesthetized with 250 mg/kg tribromoethanol (Sigma-Al-
drich) by intraperitoneal injection, and placed under a dis-
secting microscope (SZX16, OLYMPUS, Japan) or spectral-
domain OCT imaging system.

[0055] 1.7. Intravitreal Injection

[0056] Each mouse was intravitreally injected with 5 pl of
different ND formulations into both eyes. The mix of NDs
loaded with Cas9-GFP (15 ng/ul ) and Rsl-sgRNA (30
ng/ul) constructs was administered unilaterally, and NDs
loaded with Cas9-GFP (15 ng/ul) were administered to the
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contralateral eye as a control. A Hamilton syringe was used
to inject 5 pl of the NDs into the vitreous cavity of an eye
through the sclera behind the limbus of mice. During the
procedure, about 5 pl of vitreous liquid was allowed to efflux
through the puncture hole to allow the complete delivery of
5 ul of ND formulation.

[0057] 1.8. Spectral Domain OCT Imaging

[0058] The OCT images of the mouse retinas were
obtained using a continuous, high-speed and high-resolution
retinal image acquisition system (axial resolution, 7 pm;
acquisition speed, 76 frames/s, 1000x1024 pixels in the X-Z
plane) as previously described [33]. A horizontal scan of 400
images was obtained through the fundus.

[0059] 1.9. Droplet Digital PCR (ddPCR)

[0060] The genomic DNA copy number was quantified by
ddPCR (BioRad). All primers and probe sequences (Suppl.
Table 1) were designed on the OligoAnalyzer software
(IDT). The ddPCR Supermix (no dUTP) for the probe was
used in the droplets.

[0061] 1.10. Statistical Analysis

[0062] Unpaired Student’s t-test was applied to assess
numerical data statistical significance. Statistical signifi-
cance was set at p-value less than 0.05. The calculations
were performed using Excel software.

[0063] 2. Results

[0064] 2.1 The Design of CRISPR-Cas9 Constructs to
Introduce RS1 Mutation and Functionalization of mCherry-
Labeled NDs for their Delivery

[0065] In this study, we aimed to develop the approach of
using NDs to create the disease model of XILRS by adapting
them as a vehicle for the delivery of CRISPR-Cas9 genome
editing system in order to modify XILRS-associated RS1
gene. The RS1 mutation ¢.625>T, leading to amino acid
substitution p.R209C, is one of the known causative muta-
tions in XL.RS. The patient carrying this mutation (FIG. 1A)
was characterized by typical features of XLRS, such as
clearly developed bilateral macular atrophy in the retina
observed by ophthalmoscopy (FIG. 1B), and typical schisis
phenotype observed by optical coherence tomography
(OCT) in both eyes (FIG. 1C). To express the components
of CRISPR-Cas9 editing system, two linear DNA constructs
were designed. RS1-sgRNA construct contained a homology
directed repair (HDR) template and encoded sgRNA direct-
ing the ¢.625>T mutation in exon 6 of RS1 gene (FIG. 2A).
Cas9-GFP construct encoded Cas9 endonuclease and GFP
reporter (FIG. 2A).

[0066] The original NDs were obtained by detonation
method and their diameter was 3 nm. In order to attach the
cargo, the surface of the NDs was functionalized by intro-
ducing the carboxyl groups using a strong oxidizing acid.
The carboxylated NDs (¢cND) were then covalently linked
with mCherry protein via the carboxyl groups, thus allowing
fluorescent detection of these particles (cND-mC) (FIG. 2B
and FIG. 2C). mCherry protein was designed to carry a
polyhistidine tail to be used for covalent attachment of the
5'-phosphate group of linear DNA, encoding components of
CRISPR-Cas9 editing system (FIG. 2B). By agarose gel
electrophoresis analysis, we showed that DNA was bound to
the cND-mC particles (FIG. 2D). By comparing the Fourier-
transform infrared (FTIR) spectra of ¢cND, cND-mC, and
cND-mC-C/C9 nanoparticles, we found that the distinctive
FTIR peak at 1640 cm™' was observed in the latter two
types, indicating the presence of mCherry protein (FIG. 2E).
At the same time, the peaks indicating the presence of DNA
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moiety were observed in the FTIR spectrum of ¢cND-mC-
C/C9 nanoparticles (FIG. 2D). The resultant NDs carrying
mCherry and CRISPR-Cas9-encoding linear DNA (cND-
mC-C/C9) were mixed with bovine serum albumin (BSA) to
facilitate their delivery to cells and were observed by
transmission electron microscopy (TEM), their average size,
as determined by Imagel, was 5.6+/-0.99 nm (FIG. 2F).

[0067] 2.2 Editing of RS1 Gene by ¢cND-mC-C/C9 in
hiPSCs
[0068] As our initial objective, we aimed to use cND-mC-

C/C9 nanoparticles to introduce the XI.RS-associated RS1
mutation in human induced pluripotent stem cells (hiPSCs).
Previous studies have shown that BSA stabilizes fluores-
cence brightness and prevents NDs from aggregation in
phosphate buffer [34, 35]. Therefore, we treated hiPSC
culture with cND-mC-C/C9 particles diluted in PBS with
different concentrations of BSA (0%, 1% and 3%). To
evaluate whether ctND-mC-C/C9 nanoparticles were inter-
nalized by hiPSCs, the expression of fluorescent markers
was observed under a fluorescent microscope. The fluores-
cence signals from both mCherry and GFP were observed
inside the cells signifying that cND-mC-C/C9 particles were
both internalized and the attached DNA was transcribed
(FIG. 3A). The average size of mCherry fluorescent dots was
significantly smaller inside the cells treated with 3% BSA
cND-mC-C/C9, indicating that mixing with BSA prevented
particle aggregation (FIG. 3B). Moreover, cND-mC-C/C9
mixed with 3% BSA were more efficiently delivered to the
cells as compared to nanoparticles without BSA and mixed
with 1% BSA (FIG. 3C). Two days after the treatment of
hiPSCs with ¢ND-mC-C/C9 mixed with 3% BSA, GFP-
expressing cells were sorted by flow cytometry. The RS1
¢.625>T gene mutation in genomic DNA was analyzed by
droplet digital PCR (ddPCR), and it was shown that this
nucleotide was edited in ~19.3% of all alleles (FIG. 3D). To
test whether ctND-mC-C/C9 have any toxic effects, hiPSCs
were treated with different concentrations of 3% BSA-mixed
cND-mC-C/C9 nanoparticles for two days, and their viabil-
ity was assessed by CCK-8 assay. It was shown that in a
range of concentrations between 1.5 and 24 pg/ml, cND-
mC-C/C9 did not affect the viability of hiPSCs (FIG. 3E). To
summarize, these results indicate that the BSA-mixed ¢cND-
mC-C/C9 nanoparticles can be delivered to the hiPSCs,
successfully edit their genome, and don’t affect their viabil-
ity.

[0069] 2.3 cND-mC-C/C9 Delivery into the Mouse Retina
[0070] To study the effects of cND-mC-C/C9 in vivo, we
examined the distribution of nanoparticles in the mouse
retina after ctND-mC-C/C9 infusion. ¢cND-mC-C/C9 par-
ticles mixed with 3% BSA were injected into the mouse eye
by intravitreal injection and examined by scanning laser
ophthalmoscopy (SLO) in live animals in a time course of
two weeks. The fluorescence signals of GFP was clearly
observed in the fundus of the retina, indicating to cND-mC-
C/C9 internalization and expression (FIG. 4A). Confocal
microscopy of transverse retinal sections showed the pres-
ence of mCherry signals and GFP expression in different
retinal layers, including photoreceptor (PR), outer nuclear
layer (ONL), inner nuclear layer (INL), and retinal ganglion
cell (RGC) layer (FIG. 4B and FIG. 4C). In addition, H&E
staining of transverse retinal sections showed that cND-mC-
C/C9 infusion did not affect retinal structure (FIG. 4D).
These findings suggest that cND-mC-C/C9 mixed with BSA
represent a safe and effective retinal delivery system.
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[0071] 2.4 Editing of Rs1 Gene by cND-mC-C/C9 in the
Mouse Retina
[0072] We sought to investigate the efficiency and func-

tional effects of genome editing by cND-mC-C/C9 nanopar-
ticles in the mouse retina. Two linear DNA constructs,
Rs1-sgRNA, encoding sgRNA and containing HDR tem-
plate insert, as well as Cas9-GFP, encoding Cas9 endonu-
clease and GFP reporter, were designed to introduce
¢.625C>T mutation into the murine Rsl gene (FIG. 5A).
These constructs were attached to cND-mC nanoparticles to
produce cND-mC-C/C9, which in turn were injected into the
mouse eyes. Two weeks after the injection, the percentage of
edited alleles in retinal lysates was assessed by ddPCR, and
was found to be about four times higher than the background
signal detected in the retina of mice injected with cND-mC-
C/C9 particles carrying Cas9-GFP construct only (FIG. 5B).
The fine anatomical structure of these retinas was observed
by high-resolution OCT [36]. Whereas the retinas treated
with cND-mC-C/C9 carrying Cas9-GFP construct only dis-
played the normally organized lamellar structure, the retinas
treated with both constructs were characterized by highly
undefined border between hyperreflective outer retinal
bands 2 and 3, corresponding to ellipsoid region of photo-
receptor inner segment (IS) and phagosome region of pho-
toreceptor outer segment (OS), respectively (FIG. 5C). The
thickness of the combined hyperreflective outer retinal
bands 2 and 3 was significantly reduced in Cas9+sgRNA
treated retinas by approximately 30% (FIG. 5D). Similarly,
the H&E staining of the histology sections also revealed
thickness reduction of IS/OS layer (FIG. 5E and FIG. 5F).
In addition, the histology section showed loose outer nuclear
layer (ONL) and inner nuclear layer (INL) structure, which
was not evident from OCT images (FIG. 5E). Taken
together, our findings indicate that cND-mC-C/C9 treatment
causes disruption in organization of photoreceptor layers
(ONL, IS, and OS).

[0073] 2.5 Effect of cND-mC-C/C9-Mediated Rs1 Editing
on Photoreceptor Cells in the Mouse Retina

[0074] To further study the effect of cND-mediated Rsl
gene editing on photoreceptors, we immunostained photo-
receptor markers such as rhodopsin, cone cell-specific
opsins, recoverin, and RS1 in the cross section of the mouse
retinas. RS1 protein is normally expressed in photoreceptors
and bipolar cells of the mouse retina [13]. Here, we observed
that in the control retinas (treated with cND-mC-C/C9
carrying Cas9-GFP only), RS1 protein was enriched in the
inner segment (IS) layer of the photoreceptors, but its
localization was also extended to the outer nuclear layer
(ONL), outer plexiform layer (OPL), and inner nuclear layer
(INL) (FIG. 6A, middle). On the other hand, the retinas
treated with cND-mC-C/C9 particles carrying both
CRISPR-Cas9 constructs were characterized by more con-
centrated localization in the IS layer and less spread to the
other layers (FIG. 6A, middle). Cone cell-specific opsins are
normally localized in the outer segments of the cone cells
and appear as linear and parallel signals in immunofluores-
cence staining imaging [37]. Indeed, such pattern of local-
ization of cone cell-specific opsins was observed in the
retinas treated with the control ctND-mC-C/C9 (Cas9 only).
On the contrary, retinas treated with Rs1-targeting cND-mC-
C/C9 were characterized by significantly shorter and point-
like appearance of opsin signal (FIG. 6A and FIG. 6C).
Recoverin protein is known to be expressed in rod, cone, and
bipolar cells, while rhodopsin is considered to be a marker
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of rod cells [38-40]. The results of immunofluorescence
staining showed that recoverin had significant immunoreac-
tivity in the OPL, ONL, IS and OS of the control mouse
retina (FIG. 6B, left). In addition, rhodopsin had strong
immunoreactivity in OS (FIG. 6B, middle). The injection of
Rs1-targeting cND-mC-C/C9 (Cas9+sgRNA) clearly caused
more disordered localization of recoverin and rhodopsin in
the IS/OS region, and in addition, the presence of the
recoverin protein in the OPL was also irregular (FIG. 6B,
left).

[0075] In conclusion, the ND-based delivery system was
designed to deliver the CRISPR-Cas9 components into
human iPSCs and mouse retina. For this purpose, NDs were
functionalized by adding carboxyl groups, which were used
to attach mCherry protein and covalently link linear DNA
encoding components of CRISPR-Cas9 system, including
HDR template, sgRNA, Cas9 protein and GFP reporter.
These NDs could be internalized by iPSCs and mouse
retinas, and could introduce XL.RS-specific mutation of RS1
gene. Mixing of NDs with BSA significantly increased the
uptake by the cells. We demonstrated that the treatment of
mouse retinas with CRISPR-Cas9-loaded NDs caused
defects in organization of photoreceptor cells, which is a
typical feature of XLRS. Therefore, we believe our ND-
based strategy of genome editing has a great potential for
establishing in vitro and in vivo disease models of XLRS
(FIG. 7).

[0076] While this specification contains many specifics,
these should not be construed as limitations on the scope of
the invention or of what may be claimed, but rather as
descriptions of features specific to particular embodiments
or examples of the invention. Certain features that are
described in this specification in the context of separate
embodiments or examples can also be implemented in
combination in a single embodiment.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 13

<210> SEQ ID NO 1

<211> LENGTH: 96

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
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<400> SEQUENCE: 1
ggcacgtctyg cattgccatce gttttagage tagaaatage aagttaaaat aaggctagtce

cgttatcaac ttgaaaaagt ggcaccgagt cggtge

<210> SEQ ID NO 2

<211> LENGTH: 190

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 2

gtcttetatyg gcaactegga cegcacctee acggttcaga acctgetgeg gecccccatc
atctcceget tcatcegect catccegetyg ggetggeatg tecggattge catceggatg
gagctgetgg agtgegtcag caagtgtgece tgatgectge cteagetegyg cgectgecag

ggggtgactg

<210> SEQ ID NO 3

<211> LENGTH: 96

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 3
ggcatgtceg aattgccatce gttttagage tagaaatage aagttaaaat aaggctagtce

cgttatcaac ttgaaaaagt ggcaccgagt cggtge

<210> SEQ ID NO 4

<211> LENGTH: 190

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 4

gtcttetatyg gaaactcaga ccggagttet acagttcaga acttactcag gecccccatce
atttcceget tcatccgact gatcccteta ggetggeacg tetgtattge catceggatg
gagctgettyg agtgtgccag caagtgtgece tgatgtctat ttcagetcag ttetgtcact

tgcagggaga

<210> SEQ ID NO 5

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 5

cgtecgeatt ge

<210> SEQ ID NO 6

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

60

96

60

120

180

190

60

96

60

120

180

190

12
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-continued

<400>

SEQUENCE: 6

cgtetgeatt ge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 7

LENGTH: 32

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 7

cgectgggety gecacgtecge attgecatce gg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 8

LENGTH: 32

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 8

ccggatggea atacggacat gecageccag cg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 9

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 9

ggcacgtctyg cattgecate

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 10

LENGTH: 32

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 10

ctctaggetyg gcatgtecga attgecatce gg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 11

LENGTH: 32

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 11

ccggatggea attcggacat gecagectag ag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 12

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 12

ggcatgtceg aattgecate

12

32

32

20

32

32

20
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-continued

<210> SEQ ID NO 13

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 13

ccgtacagge ttaacggtag

20

What is claimed is:

1. A delivery system for gene editing comprising nano-
diamond (ND) particles as the carriers of CRISPR-Cas9
components including a Cas9 protein, a guide protein
(gRNA), a template DNA designed to introduce the muta-
tion in a given gene for repairing a tissue damage, wherein
the ND particles have a diameter less than 5 nm, and
functionalized by carboxylation of the surface and cova-
lently conjugated with a fluorescent protein: and a first linear
DNA construct for expression of the Case 9 protein, and a
second, linear DNA construct for expression of the gRNA/
template DNA were linked with the ND particles covalently
conjugated with the fluorescent protein by phosphoryl imi-
dazole to obtain carboxylated nanodiamond-mediated
CRISPR-Cas9 particles.

2. The system of claim 1, wherein the ND particles have
a diameter in a range of 3 nm-5 nm.

3. The system of claim 1, wherein the ND particles have
a diameter of about 3 nm.

4. The system of claim 1, wherein the fluorescent protein
is a mCherry protein.

5. The system of claim 1, which the particles are coated
by bovine serum albumin (BSA) before using.

6. The system of claim 1, wherein the given gene is RS1
gene associated with X-linked retinoschisis (XLRS).

7. The system of claim 6, which is used as a tool for
creating an in vitro and in vivo disease model of XLRS.

8. The system of claim 6, wherein the mutation in the
given gene is introduced via two linear DNA constructs,
which are attached to the conjugated mCherry, and the first
linear DNA construct encodes for Cas9 endonuclease and a
green fluorescent protein (GFP) reporter, and the second

linear DNA construct encodes for a sgRNA and contains an
insert of HDR template designed to introduce RSI1
¢.625C>T mutation.

9. The system of claim 7, wherein the delivery leads to
introduction of RS1 ¢.625C>T mutation in human iPSCs or
mouse retinas.

10, A method for treating a disease or repairing a tissue
damage in a subject, comprising delivering and internalizing
the mutation in a given gene into said subject through the
system of claim 1.

11. The use of claim 10, wherein the disease is X-linked
retinoschisis (XLRS).

12. The use of claim 11, wherein the given gene is RS1
gene associated with X-linked retinoschisis (XLRS).

13. A method for creating an in vitro or in vivo disease
model, comprising delivering and internalizing the mutation
in a given gene into induced pluripotent stem cells (iPSCs)
or an animal organ through the system of claim 1,

14. The method of claim 13, wherein the disease is
X-linked retinosehisis (XLRS).

15. The method of claim 14, wherein the given gene is
RS1 gene associated with X-linked retinoschisis (XLRS).

16. The method of claim 14, wherein the animal organ is
mouse retinas.

17. The method of claim 15, wherein the delivery leads to
an introduction of RS1 ¢.625C>T mutation into human
iPSCs or mouse retinas.

18. The method of claim 16, wherein the Rs1 gene editing
in the mouse retinas results in several pathological features
typical for XLRS.

19. The method of claim 18, wherein the pathological
feature typical for XLLRS is aberrant photoreceptor structure.

#* #* #* #* #*
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