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Abstract: Aging is a complicated process, with aging individuals exhibiting a decline in organ functions and the
development of multiple diseases, making it one of major threats to human health. Senescence is often caused by
cellular degeneration, which is characterized by morphological and metabolic changes, chromatin remodeling,
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(SASP). Moreover, gene mutations and their accumulation are one of the factors triggering aging, and gene editing
technology can thus be used to correct or remove erroneous gene mutations, thereby retarding cellular senescence
and individual aging as well as treating individual aging-related diseases. Discovered based on the acquired
immune system of bacteria and archaea, CRISPR/Cas was initially used to knock out genes, and then its
application has been extended to modify the genomes of various organisms. Amino acid mutation and protein
structure optimization of Cas protein can not only expand the range of CRISPR/Cas targeted sequence, but also
improve its editing efficiency and fidelity to reduce off-target effect. Many Cas protein-based editors, such as base
editors, prime editors, transposases/recombinases, have also been invented, which can achieve single-nucleotide
editing and integration of large fragments. CRISPR/Cas and its derived editors enable precise gene modifications
to meet requirement for editing different genes. In this article, we summarize the CRISPR/Cas system and its
types, Cas9 protein and its variants, gene editors derived from Cas9 protein, and discuss their potential
applications in treating aging and aging related diseases including progeria syndrome, cardiovascular disease, age-
related macular degeneration and neurodegenerative diseases. In the future, the development of gene editing tools
with highly targeted editing and low-level off-target and the optimization of delivery methods will accelerate the
transfer of the gene editing technology to research and clinical application. Not only can gene editing be used to
treat diseases caused by gene mutations, but also become a favorable tool for the treatment of aging and aging

related diseases.
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PRAN Cas B AT E G AY,  JFIT 0 IX LI (K] 4 45 T
FAETE L I A Z M RPRIE TC o 1) 1 JE e

1 CRISPR/Cas &%t

1EESRIL, CRISPR/Cas 2402 —Fh g i A 4
BRI PRI B 1 S ML, BEAE R H RNA 4R S Cas i
FIZ IR 45 & FE UV BN INEALIR 70 I I 1 S s
HREAFEIAN BN &N RIEAFMTH. EiE
NI BE, Cas Hx ARG H — AN HURE 4 BT R0 BR 5
HISRUT AT (protospacer adjacent motif, PAM), Jf-&
G R H, VIR S —& 45, JEAE CRISPR
(clustered regularly interspaced short palindromic
repeats) FEF1) SR G EAT S, BEMEE T
J Beddi N CRISPR [H] B& & J7 51, fd 3 B HT 1)
5] B [X. 7 1) 17, {H — 8 CRISPR/Cas % 4t th % fil
Gy P& LA, 38 Ik e R R G B ) 3 S T
BT, MRNA R AREIX . ERIEM B,
CRISPR [ 51| 3 & 5o 4 #% 5% A CRISPR RNA Fif /4 ,
SR J5 BRI T8 A #4 F) CRISPR RNA - (crRNA)D ,
H A crRNA #BAL 55 8] B 77 51 A0 ) 32 5 5 7
HI U, SR, AS[E A CRISPR 5246, crRNA R4
P THREARY, 2 ZHZEA CasEEY
(AR BT L AR 22 25 K 48 Cas 28 B3R TS £
RNA B/ 5. fETHH B, crRNAH Cas 45
AR IEEY, 7B crRNA PR 97 5 5\
R BRI BR T 51, SR 5 HA 1% B8 B 1 (1) Cas
B AT DAY) R E B A R AR X A
Wl U1 EIHL &), A 5T N G g R T gRNA
(guide RNA) Hr[AIRG P41, A2 H#E ) DNA B¢
RNA J7 51 71,

RARAFALE [F) CRISPR/Cas 0% R 4843 N k2K
e 51 RANR HA ARG I 135 1t 2 WL RN B
G 2R BRI N DS M AR R
FU BT ERAARERAMRS, F2RMRGRE
VORI TR AN FH B3]V ) CRISPR/Cas R 48 552
KR LI A=A T, VEV, &—RTA
A —FAF R Cas B "™ . fEH 2K RS
) Cas SR, W H M2 1T &Y Cas9 AR ATV Y
Casl12 48k, H 7 RNA 5] 5 ¥ DNA 4 1) g5 %
1M VIZ Cas13 28 f ELA §E A A1) B RNA TSP 2

2 CasOEH P HA K

Il # CRISPR £ %t Cas9 & 1238 i3 RNA 5| 5
HIRZIR N IRE, 7T LLZE DNA I [ 5 51 v = A XU e
0o EERZMET, Cas9 7 Z crRNA Fl s 200G
] crRNA (trans-activating crRNA, tracrRNA) 1%
51, A feIR M AME DNA 47 )% 1, AR,
K Z H Cas9 /v 5 1 5= DK 40 4t 48 2 A FH 51— 1) 3
RNA (single guide RNA, sgRNA), B[ crRNA Al
tractRNA fili & Bl B2 A4S RNA 20 1 2, BA7 AR 5T
45T sgRNA Ml Cas9 SR HE M E &Y, 75 PAM A
WA 454, BE )G AE DNA 5%, JF7E gRNA
#IDNA 7 51 22 8] JE B RNA-DNA 55 W85 1. 24
JEHE [ DNA 8587 gRNA BURES, JERC T #.5% DNA
“RIN”, i 3 B I g oAb 7y 7456308 B fER I
TG, Cas9 i R AR,  Ho A% R I 45 A6 3 4
WAL P B e, DNA BRI B 424 Cas9 1)
P A% R il 5 M Sk K . HINTHE % i i 45 35 £ 5
PI#] sgRNA 45 4 (5 DNA 5% ; RuvC FEA%Z R i 45
I A T U)E S PAM (RS 7 DNABE (B 1D

A T 20 e A e TR v 8 AR A DA 32 I ) R
A, 7E— R LK T sgRNA/Cas # BE 1% 5
N2 DR 2EL 9 L o X B 1) 3 41 5 AR UL R B )
FIHIRE 1 PP AT $E i Cas9 B [ A HE ) 45 S 1
RN R R AL T — 28 Cas9 254k, AT AR M
R ) g TR (R 1) . 0 2B 15 B ) K848A.
K1003A F1R1060A ZAF4H £ eSpCas9 (1.1) 7E A4
R R 7 H R ORE f 1) JE TR 4 G . SpCas9-HF
T BT PRI Cas9-sgRNA & A4 A1 H b5 DNA 2 [a] ]
S MIy, KDL BEE M E ", HypaCas9
(N692A. M694A. Q695AFITH698A) & —FhAH
AV G 1) SpCas9 A8 1k, JRILH &=
(B [ S 5 A B B L A 7 #F 50 N SR R
P REE 47 ) 57 75 3] evoCas9 M, R HLH m R Bk
I ALK wE, B 78N R TE K B AT 1 O 3k 15 3
Sniper-Cas9, ¥ F 4 %7 '] sgRNAs 5 IF % sgRNAs
o)y J A5 BT A AR AL K S AR B ) S R v T ot
4b, CRISPR/Cas &%t LA RNP & &) 1K K #E 7]
SER A, EE SRR KT ", B, SpCas9
[ — Fh B £ 98 45 4K HiFiCas9 (R691A), il RNP
St T B M | S GBI R iR = T ]
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Cas9
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VAN
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HDR NHEJ
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Precise insertion Deletions

Modification E s i Insertions
B1 CRISPR/Cas9 k]
Fig. 1 Schematic diagram for CRISPR/Cas9

R1  Cas9 LR KT 1) PAM JT 51
Tab. 1 Cas9 variants and identified PAM sequences

Name Description of protein variant or mutations PAM (5'to 3")
SpCas9 Native Streptococcus pyogenes Cas9 NGG™
VRER SpCas9 D1135V, G1218R, R1335E, T1337R NGCG™!
VQR SpCas9 D1135V, R1335Q, T1337R NGAN or NGNG?”
EQR SpCas9 D1135E, R1335Q, T1337R NGAG™"
xCas9-3.7 A262T, R324L, S4091, E480K, E543D, M6941, E1219V NG, GAA, GAT
eSpCas9 (1.0) K810A, K1003A, R1060A NGG
eSpCas9 (1.1) K848A, K1003A, R1060A NGG
Cas9-HF1 N497A, R661A, Q695A, Q926A NGG
HypaCas9 N692A, M694A, Q695A, H698A NGG
evoCas9 M495V, Y515N, K526E, R661Q NGG
HiFi Cas9 R691A NGG
ScCas9 Native Streptococcus canis Cas9 NNGEY
StCas9 Native Streptococcus thermophilus Cas9 NNAGAAWE
NmCas9 Native Neisseria meningitidis Cas9 NNNNGATT?*¢
SaCas9 Native Staphylococcus aureus Cas9 NNGRRT"”
CjCas9 Native Campylobacter jejuni Cas9 NNNVRYMP
CasX Phyla Deltaproteobacteria and Planctomycetes TTCNP!
SpG variants of Streptococcus pyogenes Cas9 NGN™!
SpRY SpCas9 variant NHN™!
SpCas9 R1333K, R1335 and T1337N NRRH, NRCH and NRTH""

SpCas9 computational models NNNN
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sgRNAs 7] DLKs JE 52 [ 2 48 R0% [0 2 3k 3 A
e, [T OR R R KT R [ i

#" K CRISPR/Cas 1] 3 [A] 2H #2195 Fl — B2 457
REERIFER . CasEEEAL AT, T ZEPAMT
FIAEAE T 0 AN ORI T ¥F £ Cas9 H
RIFVEYD, RS URRF I PAM 51 5, ] s
KR FE R AP FI e ) g . RIS E AL
M vTE AE A Ak, B ST N 513K 43 SpCas9-EQR.
SpCas9-VQR Al SpCas9-VRER %5 SpCas9 A5 {4, #f
73 3R 5 NGAG. NGA fl NGCG PAM F %1 7,
I W R E S L (PACE) RN (e %, K
W 18 1R 52 ) 5 PAM AR PRI R R, BEFE N UK
W T xCas9-3.7 544K, £E4F NGG PAM 7741 (K
A /& NGT #l NGA PAM) b & /x H tb B A &Y
SpCas9 B i (V& 1, HLFRAK 7 FAE W FL3h 4 40 i
R B S A5OR B Tl 5K T R v, RBREEX
fITRIL T SpCas9-NG, 1] LA 7] BT 5 NG PAM J¥
F, R AR ) g 48 AR, (HAE Z B LT EE
xCas9-3.7 H A HE =% ZE ), H&ik, David Liu S
6% 2 1) FH Wk T A4S (1) 2 SR AN e SR Ak = AR T 3 Bl
ff) SpCas9 A8 44, SpCas9-NRRH. SpCas9-NRCH Fil
SpCas9-NRTH, HiE k& T xCas9-3.7, w] L [A] R
SR 1) JLPAT AR R AR P 51 . W TN SR A 45 4
51 W IEFF R T SpG Al SpRY 4B 44, 43 i) R 3l

CBE

APOBECI

-

CRISPR-associated transposases/recombinases

Tns proteins

Guide RNA

NGN F1 NRN/NYN (Y /& C 8{ T) PAMs, 3
NRN EENYN IR AR B i o sk, —Fiii &
Cas9 & 1 1] Spy-mac Cas9 fE % iR 7] NAA PAM J¥
1) B R 5 95 M ScCas9 28 44 AT i 5 NNG PAM J7
Fi B G PAM AH LR FH &5 R 8 1 93 78 R A B
P, RN RIF K T SaCas9-KKH 25 44 ¢, wf
DL %) NNNRRT PAM J7 %1, 5 % 42 B SaCas9
to, HEEmyuBEy K746, BAEEERER
FnCas9, @i & H# 1 J7 k&b, w1 LR YG
PAMSs, i A& HJE K I NGG PAM ¥, iX 2 Cas9
AR, BRY T CRISPR/Cas 2 4t 1 5 [Fl
HERRE ), Hom T HB BT

3 FTF CasOmfir g 2%

W R FET Cas R AWER T 2 Floks i ) 3 A
Gl ER, WA 5l SmiEas . R/ E AN
4 5591 (& 2), CRISPR/Cas M HiAi7 4= i 4 5 2%
AT LASE I 2 o 2XORE B 100 58 IR g, 3l 2 A ATT5
AN T 110 2 FR] 43 1) 75 3K

3.1 EERIESR

HT AR i — A A TR iy 20 ) 3 5% A8 K 0 7 A Y

ABE

sgRNA

prime editors

Reverse
nscriptase

B2 CRISPR/Cas fi74E 4% 25 1 1E H
Fig.2 Schematic diagram for CRISPR/Cas-derived editors
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nCas9 V) LI, F1PH AN A% IR Bl 485 A6 35835 2R 3k 7= A 1)
dCas9, 57 LA sgRNA — 2 4% & F 45 5 [ DNA
FP g i FE N BRI I nCas9 5 B 2 i 2 i R
G KT UG AT o 10 g B 2% TT DO
SEPEE R 4H H bR B I B 4, T AN 7 2 DSB Bt
1A DNA MR, A HDR.

HOAT, 52 7 200 I g 4 A i e e el
Y48 4% (CBEs) ', f#1b C>T/G—A B 5 X (1) %
W, PREMS GRS (ABEs) Y, fi#{k A—>G/T—
C # 4 . CBEs f1 ABEs fJ A 52 Bl 4 Fh fif, 5t 5% A%
(CoT/G—A. A—G/T—C), 44 H i A2 805
245 1) 30% ", 7€ CBEs il ABEs 1, sgRNA 155
nCas9 1] Kt ssDNA fiit 20 g i€ 7 T B2 K47 41 . A2
Cas 5 A 45 A I, gRNA 58LF 5 4438 5] KA F ,
JE i ssDNA R ¥F "9, PAM-3zt 5 #% 7 2 LA ssDNA
R EE, TS AL s s i it 2
ALK RIA PN (1) B g F4 40 0y PRIERE , RIS BE 4 DNA
RABE RN i R e, 4R 5 7E DNA 11 &2 id 12
Ho C-GHANT A, 250, ABE ZEiLEA
HEAGAS 21 TadA BRI 2 BE K R 268 4 18 IR 1 % 1L
NI, S5 #H# DNA RA BR8N SIENS, AT
oG- C™ RINN H bR % R 1 Bk 2 4 45 1 6t
TR A% R 2 (B A R EAER, HR
TR P v 200 5 o A ) A% T TR A A X Rk i g
“VETEE 7. SpCas9 fiT 4= ¥ CBEs 11 ABEs {3 T
DA R AR 7 i) 4~8 AL E, A2
g . AN A B B B IS Y (e o, BIF AN
I8 o A 3R I TR A R e e W R A I 4 o )
(UGIs) fi#i F nCas9 % #: dCas9. fiibfl & E 2
[ ERT A R TR EN T A, 38T
CBEmax fl ABEmax 24514, W34 5 1 ikt 4
ASAENH LB A0 B AR N R R . BEJE, R
TIFN G20 38 5 %o il i o 6 988 2R AT 1E — 2P AL S5 U,
Pem T EAERRA R VEE . K gm iR
i 1 LA Ryl Jd B0 AN g e P B Y

U, W AN G e e i 2 ) 9
ik, W& H CGBE, #f LLE{L C—G/G—C 1)
B3 e 4 U7 PR TN R 3 B i s e b AR
JiEF Tt 2 I ) N 5 e AL BB ) nCas9 A, £330 T
AR s S E C—>T/G—A Fll A—>G/T—C B #1448
niEas 7,

3.2 5|SEwiES

Wi L 2 7 ik D] 4 v 5 0 AH DR I RABAFAE 2
i, FEMLERNgE T RSETHIE, EF
BRSSO RS, Bl e, SR
() e N AR K o dd A IR G R A DNA RS W 24
J&, AT NHE) 5] AN 46 A RSk, BCHE 8 T
HDR K& 048, R A A3 2 fF: [ 25 o 3 11 40 2
ol J5E 4 4 2% 7T ASE I C—>T/G—A. A—G/T—C [
Gni, H 2 H AR B B ek o S Y
BEAN, 2470 g B TR T DA77 2 A Y TS PR A A5
W, WA BN, H4 %5 PAM Y
PR 515 G 2% T DA S B 12 Fofr s 5748 1) % 46 F
INFBAEANSEK . 5] 3 YmHHE 2% /2 nCas9 FI 45 1)
AR A A R RED, @i
pegRNA (prime editing guide RNA) 1] DLE [7) 2 45
HArP. M4s& 28T 5 ), Cas9 RuvC %R
Wig 2= 76 & PAM 1) DNA B85 ¥ Bk 17 . 300 % St g DA
pegRNA 1E AR & B Fr 75 9 55 11 )7 51, DNA 1
1B 5 (a2 ok g 8 7 A B AR AE BRI A, S
AL SR Y. 5l S C AW HEZ M
KM R AN R B Z I " NiFES LR TN
AT A A T ANERE R U RNBE L £l iR iR
. Hultgl FwmEHRNRENRLEAS, Harm
AR R KT AR ) g (0 R A, HIE I pegRNA
i3 e IR UIR 2 g A A N I i S = sl = W
i)

3.3 dCas9mt&RYEEEERE/EHES

SRR SRy B ) B S, —H
K] 25 2 4 ALK R0 o S Cas 2R 15 55 A BRI 1
MaLA RO, 1] LR R A B R E H
WF 9t N G2 i dCas9 A1 Himarl % 6 B ) i &, i
FHBE 1) 1) sgRNA, AT LLSZILTE K 9 AT B8 P PN 9 R
A S DNA P ARG T A, BERN RIE
18 | CRISPR #H < #% i 1l (CRISPR-associated
transposase, CAST), W UATE E. coli S I %% Jo ¥~ ik
TEPE . Casfb & HEAR T LGN BB, B 5
B4 HAr DNA. Ginp 541 1 dCas9 [ fL &, @
PN FHAR ) gRNA, TR 75 1) 584K, AT kAT
B ) B A . KPP g AR 4 R DA W FL B P 4 i R
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B RLEY), A ST IR BRI K BL R 4
MR, (EXF B b o0 RE R Y Bk, 3k
— SR R YR N I DR A Y [ % JBE 7, 208 CRISPR
A N, AT S IR DR A P ORS R R R B
DNA J7 5] B 984

4 CRISPR/Cas # 4t L HAEZHZE W58
SRS VA

38 W S B A I R RS, dERRNLAR T
BRI RE 71 N B, BGI0VE 218 M AR AT MR
(R R, S FEUMASET: ™ T Z R
DRI AN ML AE R R (P s, 380 7B i a2 R A %
FHORIBIFT I MEE s SRy T At 5 T 4 i 308 2 1D 4% A
KM BAL = &, B 5N R AE Werner 25 & 1iE
(Werner syndrome, WS) Jp5 A KI5 1 N (8] 78 Jig 1 44
9 (human mesenchymal progenitor cells, hMPCs)
W, HEAT T A DR ZH A ) R R RS O R . I8 I
9, WFIEN BRI — e R PR I Sl O T AR 4T B 5
&, WKATT {553 v] £E 9 Fft i 3E hMPC A58 2 v
BEZRM . A, Wk K E S %9 Cas9/
sgRNA-Kat7 1855 8 80&, 7 DLREK A BEZE2E /)
AR /N . BT Cas9 i 2 —Fh R4
PERIE 2 A REER W 7%, X2 AR
A RE MR R RN PL R 2 MR T R AR . A,
CRISPR/Cas 5 4t ¢ HAT A 9 48 4 7T AAE 2 T 4
LA R AR T R R D RE, 4 R 2k R A
ni R . R A 2 ER, B
R K088 S A e i s 2 B R i i vr,
T 9T 5 06 R EE R R B 2 IR T SR o

4.1 BRFEE

H 3 28 & {iF  (Hutchinson-Gilford progeria
syndrome, HGPS) s& HH T LMNA B K (% i 1% 45
) # E lamin A) 7E 11 SAME 7774 7 [ LR
(c.1824C>T; p.Gly608Gly), 53 RNA fi% 4%,
M= E A (progerin) ™, FIEE A& —
i S RE ) LEREE R, PR aEE
KA 14 S HATEAR, K, i CRISPR/Cas
RGKEK progerin TR AR IA&E, AlReR— A

e IT F B BEFE N 5 129% 7 CRISPR/Cas &
gt, T LARRAR/N ORI L2 R AT 4E 41 A o progerin
MEODEFARE T R ERZE. EHHAE3IR
HGPS /™ 5 AR Y 1 I8 fE 3 4 T AAV-CRISPR Ji%
B, AEH RGN BRAR N progerin R A&, 2%
B N R R L ™ TR S — T e, WA
N AT AAV9-gRN A 3l I3 [ 350 # ik 45 24 18 7 =3
S N HGPS-Cas9 /s BRAEAIAAR Py, 3/ B0 B2 e
O ML R G AL AN 7 55 F8 br 35 R 0, B
FERASE R, HFEEEK T /R,
i, BEFT N B8 ABE B34 1F Sk [ B30T L
F ) RET 4 41 B AT HGPS /s RS R () 205 14 HGPS
RAZ . 1595 T4 ABE 1% 346 45 HGPS &3 (1) 1 4F 4
YHHE, AT LLSZIL 87%~91% I EUm PS4 FE K i 4
1E. RNA B RBIHZ 22 /R progerin £ 17K P (1) %
YRR 8 2 . 7EANIELMNA ¢ 1824 464
() DR /N B e, ol o R R BR S 4 S ABE AL
) %f C>T 25 A7 5 DA I IR AH G 88 (AAVY), AT ik
. FEAMAEBURMRAE GEF6MNHESEE
2120%~60% 2 IERCR), PKE IEH RNABI#;, If
FAIC progerin 88 7KV fEHAEESH 14 K, BIRVE
U215 ABE 11 AAV9 1T LU mi /N RS 77, FF K
KIEK DN R R AL A (215 REEKF] 510 KD,
XUEHF AR, RN RES AT HEYIES
FUHGPS A A IB AL B (1) s R4S, A] e A — Fl
16T HGPS FIH A A% 0 13697 7% B

4.2 CIMERRE

FEO IR IR T, B A B 1) g 40 JUL A
MRETAR R EE, OO BEA B SR T 40
#f . CRISPR/Cas % 4t 1] LA7E F 75 24 1) 20 i 9 32 AT
B AR . BEFRN RIFR T —ANE O UL ZH i
R S 1 Rk Cas9 /N BB AL, J8 3 ) /) By S 465
7 B ) 4 S 2L IR ) sgRNAs [ AAV i &5, 1 LLSZE
B A Cr JULEH B PN AT AT R R 2, mT T A R L
Y1 ff A A7 L 1R B0 PR AR

4.3 FiRBEXMEENEN

TE WS AH ¢ M B BE AR % (age-related macular
degeneration AMD) 234 N RUI EEJF A, H
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H 12 A AMD 36 97 4 st T 40026 ) BR824 4
WA, AR, WEERUAFMHKE,
CRISPR/Cas 7] LA7K A 2032 5 B M AMD 11 2 R R
A, BN FAIT IR E AMD RITEfESTVE. HATHL
M W A KIE T (anti-VEGF) 25%52& ¥R 97 itk
AMD ) E ZIE £ . B FE N SR BE 1) vegf HE ] (1)
Cas9 I Hit% 5 11 (RNA-binding protein, RNPs) 3
SR RAF /N BRI, SCHL T ERR R € 23R b R 4
(SRR R AT dm R, BHAE T BT 2B L TR B Cas9
RNPs A 30 /0 AMD /)N BRI 0 175 5 1R ik 485 i
HrE % (choroid neovascularization, CNV) [ [H
L SRR N R IR ST B

4.4 WERITIERR

UTEEK, CRISPR/Cas %t T HALHF L= 4
FHEM Z A LAE  (amyotrophic lateral sclerosis, ALS) .
Rl SR PR HF BRI (Alzheimer's disease, AD). TH4FRR
(Parkinson'’s disease, PD) Z54F#&AH A IR AT 1 5
TR F AR AL 7 A T TR .

ZE g PEAT BEM = BEALSE (ALS) J2 —Fh 8k
PR, HEEAYEALEE 1 (SOD1) A 54
S, ALS HHTZAANA @R, {2 CRISPR Bl 4
WA EATET RN, A RECNIRTT
AR T . T CFAL W] LUE SOD1 £ [K 321k
AR BIEFE N 51K 2 b5 CBE Bl £ 9 45 25 (1)
DNA 54 3 25 2| A~ AAV #4k B, S8 )5 5K 9 Fh
AAV I B 1E ST B8 AE 1 ALS /N R R A Y, UTER
TEURER M RL, SGE 7R BEER, JF
PRI A

FR K EEERR (AD) & —Fp = ZE [ &R 4T
PEF ,  HRRAE 2 i b v R A R A 2 4
Yegizs I . X R HEONRES FBOET
ER 2RI NS = 9 A -t RN SI RSV DL TE/ S 4
A BEHELRIET . W7 N R F H CRISPR/
Cas9, 7EANZKIPSC 4l & w80 5r 1 vE Ky A i
f£ % 1 (amyloid precursor protein, APP **) Fl5.
Z 1 (presenilin proteins, PSEN1 ™) JE[A 1]
aiG T RRETRY, IFHESTERMmET, H
X L2 i S I o DR R AR R B AH SR Y . AE
— It TE R, BTN R R E B 2 (PSEN2)

SRAR I BB R IR N ZRO% 5 2 68 T 40 M 5 4k R 3t
JE T 106 IR0 RE A 22 76, R G R G R AT B 1) 4
A IERA, WA AB A, IR IR
(B 2R B T g Y, L AAV BRGNK E A
CRISPR %% % 4t 8 1% B35 7 /N AR N, 4] 1E 7 1
Zuh R, H4h, FIH CRISPR [ 4APP
BE DR R B X 3, AT AE N 2K iPSC Sk I I # 48 7t B
T RS 7N BROK 14 R 2 AB =2

W4 AR (PD) & — i O i) #f 42 1B AT 1 9
Wi, ART B R g B . TR AR,
2141000 /5 N B PD Wi, HEIZH B35 1 FIF
W60 %, BRI 4 AR R — Bl 5 AR R A G
fI959% . CRISPR/Cas9 th il I T FF & H7 i PD 4 7Y ,
IR A 2 AN PD A S IE IR AR /N LR,
Parkin. DJ-1 1 PINK1 " . & =% & W & & % iy
2 (LRRK2) G2019S & —FlAH X} AR, 5
R 1%~3% 4/ (PD) FFIAHE. B
N B3 Th H A ] CRISPR/Cas9 A 5 1) [ 5 & 41,
# LRRK2 G2019S 745 F1 LRRK 2 J8 fiff &5 k) 355 fr %
Wi 245 5] NEIE IR A S 2 R T4l h, 2
SE—FHT I PD M@ SRR D

5 &k

CRISPR/Cas 7 4t J¢ F AT 4= 4 45 (10 & 9 5 00
e, B T A R A S T B A T 5 AR A
e BE A 7T B BUAS T 2 REE R R, TR
B AN B IT R IR R B4 5E T R A I kil
i B2 Dhge i 2 D 41 4 4 T 1R, AE3RAT
RE % X0 A {7 3% 400 1 1) 68 DX AHL 0 4T P 9 e 3, HL ok
D BHE AN G AR R PR . i DR 2H O A R R R
R R EATHN T —AFAC, FATABAT A
G B BN RERH P BOR R, W] Ll
BRI L S N SIS i f B ) LAt A P A 1 2 AT 4
X 2 A T L AN AT DA B A a2 PR A B A
AR DIRE, AT DU T 2 S A Rk B
B, E O B R T A R TR . HAE,
CRISPR/Cas 5 5t b F AT A 9 48 &3 A7) SR A7 A2 48 [ G
PR BAR R I AL, ELAT R KRS, R I 2
BN A s TR

BEE BN L 2Z 0Ok ™ 8, 52 K
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