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AR EEZ R AR P A R, 2201 730000; 322 0N AT A SRR BE, 2240 730000)

FE AR N R4S L E S I]/48 K& G 4% B B8 (regular clustering of short palin-
drome repeats/Cas9, CRISPR/Cas9)4& R I 4L 5% % f&-T 482 (induced pluripotent stem cell,
iPSC) ™ VA ARSI 32 52 AAP IR AL R AR Y | B 70 Ik KK 64 50 T AU R AT 58 2 2h 40 Th ik, 38 7T VA
HEBRRE, Hmief ik BBRRT & MEEEEZFEIRAY E T ORI, 12
ZH OSBRSS AL A5 Rk R X BT SFPSCAwCRISPR/Cas9H AR 69 £ A & =
FESEANRBAERER, mieFe K B ARG T AR A WAL RS R b o AT R AT R, I
AT e B R PRIER Ao fif 77 ik .
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Abstract The CRISPR/Cas9 (regular clustering of short palindrome repeats/Cas9) technology combined
with iPSC (induced pluripotent stem cell) can establish various genetic disease models to study the molecular
mechanism of disease occurrence or perform high-throughput drug screening. It can also correct disease-causing
mutations, laying a research foundation for the development of cell and gene therapy, personalized regenerative
medicine and living biomedicine. However, there are still many problems to be solved in the combination of the

two. In this paper, the latest progress of iPSC and CRISPR/Cas9 technology are summarized, as well as the com-
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bination of the two in human genetic disease modeling, cell and gene replacement therapy, and the applications of

biosensor. At the same time, the great challenges and solutions are also discussed.
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AT P SURRAE AT, I DR A % A e [R] G 4
ARG, — B LR, ¥ 2 18 4% 5 #RAE AR R A AT
T, BUONAMAERE R H K EAFAE & AR 57, 1 Bk
FBUE AR N B D RE 0 HAT 2 AR, B 08 (1) /2
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vb, 1R 2 SEER S MR R A )z B, ER AR AN
RE 56 3¢ 1 B8 A% 0 1 i A 38 A% AR Y AR AE . EL 3
2006SE TAK AHASHISE!IE 1 30 %% 55 9 B H Ak, K
FIE VUM 2 fe 1 e SR PR 1 POUZE R 352 i s Rl ¢
1(POU class 5 homeobox 1, Pou5fl, X #kOct3/4).
AR E XY (sex determining region Y, SRY)#% 5% [A]
¥ 2(SRYbox transcription factor 2, Sox2). Kriippel
BEIRF-4(Kriippel-like factor 4, K1f4)F1-H &40 i 8197
HUE A F (cellular-myelocytomatosis viral oncogene,
c-Myc)(ZL R HOSKM) 4 PR 51N /) BRXRC£T 48 241 L,
fi B AT e AR MU e A N B 22 [ AL IE RERI B 3 2 1
F4ifd(induced pluripotent stem cell, iPSC). iPSCH
A FCPR G T H FEEHHIRE ST, (R4 E SR A T B IR
RERE TE 7] 7310 D9 K& m BEAS A ) AR g i 2 L, WA
T ARG BCE H A AR TT , B AT FH T A
ARS8 A% I it R R AIE AIRIE FE BOm LA, 5] IS 49 92
AR 745 F IR G T4 B (embryonic stem cells, ESCs) 2
FAT A= WL AT Wi % L P T s 14 8 BN B AR A2
7]

T I R4S P 4 B R AT A DR 2H 4 A, FRATT AT LAY
1E K 2 Bt A5 5 582 1 B0 2 R R AR, S it fk
A VBT J7IEP . PR 2H g B e COAE H B EE DR A,
I E RRAR . R B N SRS HE SR, B
YN SE R A AR AE . 20134F, 55 =ARIEH gn iR R
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28 F A P 1D 1) R L [ S = R A/RE SR R A AR
I (regular clustering of short palindrome repeats/Cas9,
CRISPR/Cas9)He A i i B FH -F- W 7L zh 0 41 ™, B
Ja TR T ke DR i B 5 AR st 30 R IR AR A
IPSCHEAT AH X i 2% 22 4 1) i [R 41 4 4, X 78 Al
WFFEANIE AR ] _EARBL 52 R B3 . AT/ e 1
iPSCHICRISPR/Cas91E — ££ 77 i £ A 28, X —
B AE NI AL T A 4 RN R B AR 9T A
Jo A A% TR s IS P 77 THD FR) s 8 e EAT T 43k, I
PR 7 T ) E PR e ok T i

1 iPSCTEIZfERm PRI RER FIlmAR R
1.1 iPSCHARKLR

Fifi 5 A 21 B 1% #% A (somatic cell nuclear transfer,
SCNT)MESCsfl & (1) &I, ANTUESE | #74E 7] LTH
BB AL R E AR 5. Fe R IF, HE
95 TE BT, NRCELIE B AL R ) 7 ARk
PRI, A AR T DL 1 5 1) R IAOSKM &S
R 8 e S R T T A L AR J9iPSCe R 2 AN AR i)
P20 VAT DA i T g S AR AR AL IR AR
iPSC, i A [] R 5 1) s 20 B A5 3R X 7 =R 28 20 7 %
RIEFEREZEERERD. B0, KRR
J 2 H AT AE SPSCI da AR o 54 i )
TSR 5 S0 gn AR A2 1715 5 01k, AN R SR IR
[PiPSCAE % [7] 73 A0 T e A 35k DRl s 1% P B A7
FE 72 53, 1K AT RE AL DR Dy 2 o A o it 2 O B R U5 4 i
eh 20 2Ry S RE DR A R M R OGO B A R AL
bric, RGPS CEE 2 5 73 A i H AR 1 ZH 2 4 i«

AT, AR A2 B R ST B 2 A B R RRIA K

F1 iPSCE R R MAERIFERLLER

Table 1 Comparison of commonly used primary cells source of iPSC

JE AR R oA

Primary cells source Advantages

Bend

Shortcoming

Urine derived cells Easy access
PBMC Easy access
Fibroblasts High efficiency, high purity

Amniotic fluid derived cells

High efficiency, short culture cycle, high purity

Long culture cycle, low purification
Low efficiency
Sampling trauma

Sampling difficulty
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-, ] DA R I BEA B iPSCHT 7 B (1 B g AR R - 1
— R Sox2. Klif4. Oct3/4H1 c-MycZH & ME#
Oct4. Sox2FIKIfAZH 4. AR 5 HF OSKMA]
O] A 4 PR 1 PR 20, TR IS 0TS 22 e Ak A DG ik R
(pluripotency-associated genes, PAG)3 5% 1 F1j5
B I b H L SN eIk, TE A S g e
Horhe-Mycft y J5Ui 2E R R IE 72 W), A — € K BUH
P, FEIETE ER 2 B INiPS CIR U 1 it 83 & RS AUz, A1 it
A] LA TE AT PE ) L-MycRs FL B AR 1, B 4
B 095 AF F B microRNA (1] WimiR-302 7] 4k 5 A
KTMME 2 ae b)), RS LB 51
FHOR R 745 D g BB Re-Myc!"™ . H AT, FEANR
Wi Y6 T JoT A 22 e VE R BT 5 T, 20 B A% 22 4 £ S
B35 45 FH 95 B BAR R 15 B 0 8 S Y el R S Y
% ARG, AR (adeno-associated virus, AAV)H]
G SR PEARAG, FOR B B T 454 LT 0 AR
Fow ik, K HAAVARE & B E g AR Eik RS
AN oIk S SR, ORMR AR & T Atk
VAR, [ A 40 A% B g AR BOR B H kg BE, A7
&5 A BB AZ R (chemically modified messenger
RNA, cmRNA, ¥ FrmodRNA)E A&k 44, 7 LAY
BRIm AR RS oW B . S m I RCE,
&I A ARG T AR AR B e TR, ok
T 22 LA N FH TR A 2 PR AT cmRNA AL 57
16 BRIV AE A S8 FH 4K 27 A2 1 PR B 25 55 BmRNA, AT
DS A g 1, PRI S e Sk
1.2 iPSCTEIRE TR F I SR i3t R Al K Bz F
RO IVEBRFRE 5N, AHANB LT
Jifd (human induced pluripotent stem cell, hiPSC)KJ&
ff1 L ULAH L (IPSC-CMs) I LA ST AL | SR PP A
2y N, Britb 2 Ab, FETIPSCH B 5 AL
AT T P B 0 9 0 (0 4 R P i 0 K v )
TS LA A 295 (BLHE Williams-BeurenZi & iE Fl1 5
NEEGAE), B U5 KA 1) 431 BILRT 240 i 8 AT
VR 0, I LA BhREAT B E 2P I LR KA
B2 AN 2R R A i = 4E(3D) S, fFES
& B AL S5 R AT OA B, {3 FHhiPSCRTZE 3D
AEPRIIWNES /S IR T8: N =T YN EE ) S
Vi 2, W] DAEEAR SR BLZG 1) [ S 1 Ot BF 9T
FHOARE T NIPSCHR B 4 s = 4EA I A D R
PEFFIE &8 B B0 R Re I, B 1 A B P ) 4
IG5, I T 4B WERTE O AR B R B,

fiE FHIPSCHA B I7 AT Al SRR AR, (2 EA 1k Ak 2
BR2A R e, X T AR IR IT . 29Ik, AT
Mo A AN LR BT 7E AR 2 A R, 20194F, H A
FC T RAKE K B SRR 4 Bk 40 i B 4 F2 D9iPSC, 28
JaHE IR IR LA TE R T e ERE B TR,

2 CRISPR/Cas97EiE &R PRI Rt R
A& R R A
2.1 CRISPR/Cas9EE BRI AN

20124F, ATE KR I CasOZ IR 22 LA
RNA 5| 5 1 #8551 15U F 2 (A 5 FDNAY) #
TER . B J5— RN FE 2R SE T HAE FLAZ 20
Hrp ] LA AT s ) SE R A gm . H AT R B, HARE
A CRISPR/Cas RAA MK BE—K, [ ZEH
BEMBAT R UIR; 9 22K, AR EABNIX
BT E] . Cas9Jd T 45 2%, Bu %0 T ZFNs
FITALENS, A& H #i N )iz 13 R H gnis TR .
CRISPR/Cas9 R 4t 73 APl /3. WsgRNA, HICRISPR
RNA (crRNA) ATz 0T crRNA (tracrRNA) B 41
%, HoHerRNAS H 5 7 #1062 B BC 67 S PR 1R

b J7 4 145 57 FIPAM(protospacer adjacent motif)f5 /7
5|5 tractRNAT] 5 CasOTE U 540 ; @ CasOlfy, 47
DNAVI#|. N T R g%, AMIK IR
Cas9. Casl2. CascadeflICas13/IA8 {4, Lt inmg # ki
BR B Cas9(St1Cas9). 45 ¥ 1 7] %] 2K 7 Cas9(SaCas9)
FIAL iV 5% BR T8 Cas9(SpCas9) (F = Fh A4k, B4 1RE S
WA [F] I PAMATL 77 412531, 4 FE Cas9/ 1 3 1 25 R 21
O L S Hh I AE ) 7 81 . BRItk 2 A, CRISPR/Cas
Rk ke 7 AR 2 HoAd S, 51 G gk AT e sy 14 R
B R AL B, RNA Y $5 PR A% R A
BT, X e 3 AR R eI T B A N AR AR
PR FERE, AR 1 AT R D6 g 4 (0 BR A, TSN
T 3T CRISPR/Cas & 4t ¥ T 2. A£ 3k [K 5 41 6 /7
HEImIRR A o AER — AR B R AL BRI (zinc fin-
ger nuclease, ZFN). 5 AL S0 K1 F1 RV )
¥ BRI (transcription activator-like effector nucleases,
TALENSs)#| %5 =4X CRISPR/Cas9 % 4t , 3k K 4 2%
FAWRE . ARG N HTEE H &5 K.
X e H R 2 I8 I 75 T DNAXUEE K724 (double-strand
break, DSB)F 7545 1 (1) 2k PR 2567 L 380007% 40 A A 1)
PR K Uity 3% $% (non-homologous end joining, NHEJ) 1]
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PR E 2H{E2 K (homology directed repair, HDR) P F 1%
ALH, I SEBLBEAEE . ERNHEIZR 5 5]
BEALAE A« RO T EEE R A 7, IR EAN & ITHDR
5 T [A) JEAR PO S A RE IR 4T, RCR B .
F-CRISPR/Cas9 % Fi K iji, CRISPR-CASHf. #H
sgRNAMNITATDNAE 5 5 4R #0213 N SE 40 il K
FEAER . BRI S ST RN E i
ZFFLKRNPs SN ZH A, 1H 2 4nfa] & 2 S N AT 3[R
HYg4R 1) — REI. HAECEHMBIRZ T E
# 5 NCRISPR/Cas9 RNP &4 (137 77 92, 51 i 7|
FH 53 F TS G R e 0 R DR 2 (1 R e M7 $2 i 4
MZEFE R B, P AGT 2K, LN 22 SRR IR
(serine carboxypeptidases, SCP) }2 25 & (12K A FCas9
| MIsgRNAIFE B SE . BT XM AR TAEMA K
B AR A R e R A i B R S g RO . R Rk
A% JEMEARAL T SR8 7 2. 5 A A R S
Fi AR A L, CRISPR/Cas9 & 4t B A LA Fi PR 1] #E )
KR s AT SN I IR 2 AN A R R 3K
KA T 5N 57, R ATS A B A5 ) 3

20164, FABRIE S 4 (base editing, BE)F A Kl
S, LI T BEA 5| L DNA XU %2 X6 55 5] 5
BRI B 0, BA SR 4. fem kg, B
72 /0 0 R AR SR 55, A AR T AT = AR
K] & B8 5 AR B AR 2B, BETE B3 i i 2 . Cas9
FARAR (A4 DNAXUEE VI E T g )R sgRNATE &
WIREAT BB 4R 4R DsgRNA, 51 S 2 &4
a5 AR 751, @B, TR A . BRTOIFRN
BRI S A LA BB R 0 A TR i e i e
Y (CBE)BIA B, A4 Ik A% ey G FIngs vy i I
S (ABE)YBIAR U LUK B it R 1K C-GRs R At
(1) CGBEsF{ A 1421, 20194F , ANZALONE%: (B i
T %5548 (prime editor, PE), ‘& & H1 51 )% 4 7] S
RNA (prime edit guide RNA, pegRNA)ZRIA {10 #% % i
FCas-nickaset% FRBELE G 1M B, REBSTEAT AL B 5L
PL12FAS [ e 5 407 2K, 38 mT ASEBLRAN B A
BRI N BB Sk . R BEAIPE ] LME & [A] 5 5878
FRVBRH 47 N BR3P 33 A% 978, I FH 3 LB o
W, 5 R ¥ P AN A= P B FH 22 A AT A AL
2.2 CRISPR/Cas97EiE &%+ B 3R it R A& PR
v A

B % CRISPR/CasO+ A K J&, A= W& =Wt 7t
RAET AR AR, K2 HA M T U AT A

X PRI S M B PR 442 1 . CRISPR/Cas9fE A —
Foft 25 DR 4 g T L, OO P 1 I\ B R R e 3 2
RN TR, NIRRT S R A 55k, BT
TR THRE M A1, BT T IR RGRTT . i W
B[ 25T RS AR B A 5

TR A 3% ) B DR g T L, B3R T g
99, CRISPR/Cas9FF 45 M\ —ANFEAiliiff 7t T 2 il 2hil
NIGIRR o KoL R $ TSN EH LB R
FEPR SR B DA ST 25 BB (1) 7 VPR 5 1A
J7 k. 14 FCRISPR/Cas9 % 4t i 1T % = #1 ) 5 [K] 2
TR — R AR 25 2 (773, RN B A AN R
LT R BT B AR AR AT A, it sgRNA
SRR G E AW, 20164 E - H T B A~ CRIS-
PR/Cas9 MG RIS, 1051t 55 i RliEsz 8 &5
oL A NVE ST, Herh PDIJE R i CRISPR/Cas9iE AT 4
#1201 74 5L K& A 2 7 CRISPR/Cas9i& 7 12
ZEPE H IR RN B R e R I ARG, X2
CRISPR/Cas9 1 /X S FH T 11 fias AR i A 4140, 2019
SEBCHTRE T B F CRISPR/Cas9#% A il Il A & 1451
P KM BB 1028 1) o e (MR B M IR I A% 9, X T0LYA
J7 A& AR ANTE B 38 1R N HE4T CRISPRAE [K] 4 4 56
R 2, e — TR B R S AR IR 8 ) — 6
5%, R T FERT R R T AR B AT AT . 7R
TIERAEREAE . 4 AR A BT IR ki BRI AR AR
G AT, R IS5 A7 3 DK 4 5% 4 [XI CRISPR/Cas
RG] LUK E R S S I, it L DS DR R 2 X 3
4 55 48 FICRISPR/Cas 2 45 7] LA 31 15 X B h 2238
AT PR R O3 R I T8 /K P ), CRISPR/Cas# [A]
G R0 B A I B R 9 ), ARk, AL
FECRISPR/Cas 5 4t b [1) 5 i 5t 2 5 157 A AN Wi e I
R, AEIRYTT HIE RIS A8 99 7 T A G AT 5t 2020
A, 244 P BT IMUE AR 2 R 4 etk A e B 3, 7
T AN I R gt R R 8 5, T i 75
SRKMEIRER, RN 22fA 7 BE G 4, WEWCRISPR/Cas9
RGA W67 PHE A i % (i A EE bR 4 5 1
ThHARE, X I ARG 1) 2, A& CRISPR S [K] 4 4 (1)
—ANE KR, b5 2 (5 F CRISPRYA YT B A i &
—ANES ERARE, T LR — AN E R TT T
20214F, 7% [EA0 ZOR 0 78N 01 5 K CRISPRZ4))
TS B — P WA 0 —— % HOR I 3 I VER
A P S TR LR R, A R AR R R 2R, R IR
SANIIRFRE U5 1k 7= A2 3 1) R R, S AT ik
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Gk -

R W 3 T CRISPR/Cas9 ) 3 [K] g 5 96 97 77133 5
By p, FREREN g B B S B R BRI TR, X
FRITIELE KT« B B0 e By R AT ] S0 P 3505 2k
7T, 4T3 T ORI —0 . B, XLt
T TR R 7 A 45 N 288 Bl AR AT AT IR e 1 SR 0 1
FF R AR VA BRI (1 77

3 iPSCHEt& CRISPR/Cas9ii R TE iR 15 T%
RIS A
3.1 EREE

fif FICRISPR/Cas9%i %&iPSC, 1] LA™ 4= H A
A A% 15 S I A A R, TP A R 2 2 SR R R Ui
RUNE, FE AT DA oA s R 32 08 N a5 S T 4% 1RV
Fl. 20144F, A MADISCI# 1 58 7% ) K #4 43
ZUNE BB 3R AFiPSC, I ik CRISPR/Cas9$i A 44
1E 205 5828 77 42 1R 1iPSC, 4 W4T % S 01k
T2 TEAH L, ) B R ILDISCI 575 S BUPSC K I 1)
AT A0 A8 28 70 2 fir /N VLR ORI, #7017 A 7 AT
IR G BN 0 5 ik S B RO S5 T, A
FBEIG (1) 1 N S DR 2 343 17 0 1 LA a
A HIE 5T A1 A MBI 388 4% 993 A O 366 [H SR AR 1 i 2 & |
SRAFIPSC, F4) G A4 A FR IR 2K 25 B /AR B,
CRISPR/Cas92 1F B0 F 7% i i IR 4 5 /> Ak 1Y) 285
PRI Th e 948 BT i 36052, Bl R IR I B 2 4E N
P AR foc LR AR, B AT G KR YT i, 2
BT I — TUF 78 B FiPSCHICRISPR/Cas94%; A # 37
APOE3ChEF A R4 TEAR BY YR I T /R 2K 1 BRI
Fioi 2H 2R R A i et s DU 2 A AT B RN A /57,
E 5L T APOE3Ch#t 45 9875 X 1 B /R J% 5 2R3 1) K
AR e B PUPE, AT ORI 2 IR AT M
AR LRI, R ELFE B IR R BRI TE N I —
RYNHE AR A 578 58U 2 050 T R 8
WBIT TR B E T A, BRtk 2 Ak, FIFHIPSCHE [
53 0 AU H 22 I /LA B, e sk 7 s T A i 4
3 3 AT I 2% 3 i ik R R SR AR 2 S, W A BE Y
514 98 (myeloproliferative neoplasm, MPN)fi5t /%
2RFHUE, FEETIMPN LA PIE 7 RO
B AE, FF CRISPR/Cas94% & iPSCK & Hil A [ 5
I3 (4 A ASE B DUBIE T 385 05 SO ML, FFh )G ik
SRR B T 2 A TS, B s KRNI /o
LR A E(DOKT7HE R AR, etk 2 YE A (CFTRIEE A
AR GLUT1Hk Z 45 A& fE(SLC2A4 15 [H 58 7487

2 TR UL IR R R Bl Lk T s, H R
TE AL FEBAE 5 7E PN 11 35l 3 i e 2 0 Ak o 1) 45
BN M, WERZ T IE AR AR Rk .

T EERON BB T 2 M T R RH 0 (1) AR EE
SRR, A RO IR R W IR IT 5 E, HE R Y
() A A% R 2% A T A . & AT DA SRk E
ORI AT N A AR i FE R R T AR
VIR BE IS Y, IR 5 5 i v s A, AT vEAl
B 8 7y X0 3 BE 2% R (1) 52 . STELLONZEPSA
FCRISPR/Cas 5 %t 4 5 K 9 i 11 5 't A= W A% Sk 2
(genetically encoded fluorescent biosensors, GEFBs)fi
AiPSC AAVSIAHZ £, A [(iPSCHT LA LR A
A 22 (4, HLA4ifi b iE R 7 GEFBIERIL, M
T S BLE A () P 9 975 A5 250w 0 00 200 i 3 2% vt 3, e
3V A M N P 2 o AR AR AR T RA A B AL . USTY-
ANTSEVAZE 5953 Bl 7 57 T #5747 SOD 1 3:: K] 5375 1 1F
WA IR 1) P FPPSCHF G oA N AR W A% Ik 2, Al
FPPAik 5 U122 247 0] 2= A A0 AR OC X s B R, AT
W IRIs s M TS AR, FEIPSCEE
A G 2R R R G R 1 AR ) A SRR T DA AT
AT BRI A M 5 S AR B S B, NIRRT IKE)
P95 % T 20 PR PN 15 5 B 1R DA, RTE AR AR
PR & .
3.2 YHREFNEREBRITE

T-20 e TT BA BRI N 70, BN T40
A TCRRIGTE, H R b ik N K 2 B4 i o Y, X
S A e S 15 4 i AN B RYR T RO T RE . IR A
iPSC> A4 15 1 41 23 200 o 7% A 31 55 5 M 9 vl e 4
i % FF S & B, THONGSINZE R 58 iR, 8
CRISPR/Cas9 £ 4t 8 3. B2MFE K 44 & m B iPSC, 71
FRHLA-IZR 7T H#RIL, 7] AR KPEAIKIPSCHY fo9% 5
P, ARG YT B HE IR (R S A4 4 ff = it S R

20165, CRISPR/Cas94H IE | 1fIMYO745 & %%
G H BB FHIPSCH RN fic4118C>T, fKZIEJE )
iPSCRTFE T 40 2 BEME AN IE W AZ 2, S G
1) 5 20 PRURE 241t R 30 HE ST AR A B A SRS, AR
L )Re 5 1E W B4 AL, X B 2h B BT BLPSC
FICRISPR/Cas9 g fith (1) 18 4% 753 525 R VE 7 1 St
20204F , ITOHZ: “2ifi i CRISPR/Cas9F; AAZ IE 1 Fa
PETE FRAN R RIR 1 22 B AA R R 57 IIiPSCEUW R
A%, I8 FpiggyBacks i 1 £ 4t {1 1% 1F J5 [iPSCHE
DRI £ Hh 38 A 5 B R R IR B, IE B R 5 R T DL g
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7. 7 JER T8 9 1R LRI A M T v, DA R PR A
F. % 2 # 9% (mucopolysaccharidosis, MPS)/& — 2
5L BT R, FURFIE A R S e PR 1 B e 22 W AE 2
IR ATTRSES C LR 3 A SR T W Eil N St s At
gRNA, & M HIPSCHEF AR, HIZR
i 2 TE10/SMPSs Y 21 B0 R A, W) fE 2 AMPSs
SR A I R VE 1R BB YT, (H AT I R BR
PIIHBEAT 7 MPSHIIT R, A K8 TAF H i 455
B v FE B v i IR A 9 A R R AR L, DL R v
B DR L AR AE AR N 0] TP 22 R G 3 1A 250
o

X LR 2 40k B FR/ES D RE e 5] )
LR AL R, 2 H R Bh AR 40 1Y)
S 2 0F R 58 AL R AT ZE D A g 48, IR BB T E
PR i 2 S AR A0 B, S8 i [R5 € 17112 2 24 IEHBb
PP SR AR B FEFT IO y-BR R 1 RAE, SR AR i
Ji (P2 e ] o 3 v 100, R R b, i oA
T BHAS R A 5 A b R IS A A A i
(peripheral blood mononuclear cell, PBMC)&{ # B 15 &
B PR ) b R A B 2w A AEIPSC, SRR L E 7]
PPN IE LT 401, 15423 CRISPR/Cas9 X 25
A ERA X MR R R BAETR . MPEVEDIR &R
M) DA Jk MIAH 28 2R 8 T RE AT ISV PR, AtV 2k
10/2 N2 2520, Fe4E 7 MNSERIEM 2 K B RS (H
N AR B 5 4F A 5% 4 28 3R AL 5 AR (451 2 o]
IRHEERIR) o IX LB K 2 B A IR 7%, Xt
KEVRIT e MR F 2 TBL. {2 H ATiPSCHIE: K g
RORBEN KR, ATA40 M B ATy mT ARG
ZNEZIR B AR, (AR AN K e, TR A
g JE 1) B 0 el 5 PR 9 SRR I FRJIPS C /At R P 4
YHMIRAN AT A SZ A0 B 2HZA, B anIAE B34 TR 7L
AUk WE<E AR I 22 R RE AR 22 T B ARG T FHIBAT R IR
TEERIE (1) 28 70 0 B B Al S 07681,

4 MEieBkESERGE
CRISPR/Cas9%E AiPSCA ¥ I M VA 1 15t % 9 2
BT TR BIHE AR T &, EWAFEE R 2 R ) F AL
(PIMER . — 77T, iPSCHA JCBRIGHE 7% /1, SR
TR AHGAIPSCAl AR B« L gw A N 1 3Rk iE
BRERFIPSCHR AN 77 K AR SR RSN R, A K 4E
R i YR PO MR 236, 17T 3% P 7 1 B80T 1 DX AN (S B
TR NIPSCHIS R, B TR IR 40 f = 11

REAEST, FLAE20204F 5t A H 1 4] A & ImiR-302 1]
PATE G, -SH e 37 38 1 400 1) 20 Ffa J&) 191 5 9 E-CDK2 AN
D-CDK4/6/1 4 i J JH 388 26 1M 40 1 iPSC ) BUg 1, [7]
I miR-30234 REIT BN i hE 40 M bR i K K BMI-1 LA {2
B8 01 2 K] p 1 6INK 4a R p14/p 1 9ArfIf) 263k 70,
20224F, HAHIHEFL 1A BUR IR-1TFHLAA T 0 R 73
HAPSC_E 1R R S MR 1 i 0, JFEXHPSCR I H 1%
PEVEAH M, DR n] DA R-1 7R P44 25 Bk B R
S IPSCI FILEE 508 ARG T, bt — TT 97 45 SR
T, IR T B i s 1 v 22 P — R S W T PR A W e
T4 (yeast cytosine deaminase-uracil phosphoribosyl
transferase, yCD-UPRT) ] iPSCE []5 5 73 fL A #H 4
TAL4N A, 22 CRISPR/Cas9A\ 5 3k 47 3k K] 41 4 i s
fliyCD-UPRTHE m R IL, TE45 T 5- g Ji5 mf
DAIZE 3 4 R 7 5 2 204 F A 0 4 22 /AEL 40 P, DB
TREA AL AN IO LM, 22 AN T B AR R 2, TG
5 FHCo JiRg i A=

Jy—J5 i, iPSCHE k40 N DN A F 24k |
mRNAFEE R F B 2 e PE. 240 F1 40 f
B, WA M, HAS T RN . BHRrar
DA 8K F B A L A BT B R, LANGSE I &1
FACS I 4lifk 772555 4 S B3k AT 44k, , {3 A2 A
P20 i i R 0 A 45 G 1 DT VR0 GBAZE RIN370S 7R
B R IRIPSCHTAE 1) 2 B & Ju kAT A 7T, A
ASCRT Y I 4 B J P (1) 520, 3 4 7w 92 i AL i A

Wio AR IR T B R AT R IL 2l B S R
() Tr 8, — P [ o e A 2 A PR e SO 5 2450 A 47
95 A ) )k v i, AEEI AR BE R, ek b HE R R RE Y
J7i5A OHLARL Y ; @iBRiIPSCH 1IB2MEL A, i
MHC-12877F K ; @ff FH B iPSC R HATAE R
WIEE . — Tk N A0 R A AL (1) Bl B ai 9 3R BH #4287t
SN R A (P AR 2 R SR A 1 e 4 i) 2 R
PR PEZH BB AE EAEH, v RE 2 PR CRISPRATAAV
RGN I, 37 RIS & B (0 S
CRISPR/Cas9if /7 7E — N2 WLk fa , BV it 42 2%
N, EAIPN CRISPR/Cas9 5 4t A6 71 3k PR 2H 1 2 M7 s
b, TR St HE H AR DNA K BOEATHAA DI E, KA w
B EH AR B RS i B 5 AR ] A PR S R 2H R e
T C5C78 R BELAS TR D R, BRI i 2k R 175 5 4t 4
T2, MM 52 CRISPR/Cas9-iPSC R St R F . i #E 1T
2/ —EFEE EHRT Cas9/sgRNA TR AL e 2 LA



1214

Gk -

JtsgRNA 5 CasOff LA, AT LLF| FHsgRNATE 28 ¥ 1
TR FAEYE BT B, FsgRNAJT 5 2% K H
1 7 B EAT [RIE 1 bl T e A p, AR fE X gk
AT A B DR ZE0 e ARSI 2 75 2 R AR I A A . 2020
0, R} 50K 2H 25 3R 15 (1) Lenti-gRNA-Puro)ifi £
FlCas9 sgRNAZ: BsmBIfgY] j5, HT4 DNAZEFERE &
Fiz, 13 B e 28 (0 RSP, R o RE SC I 2 B A BT
ANCRISPR/Cas9 & 4; HisgRNAs I 2%, Il 25 T 46
U5 BREL AR5 B T (AL S 2 ST BRI, T R — AN )
SgRNAW T T B, 7ESU0 Wik il i = A S
BT 35 P ek, 1% T Hn] Do i 3k http://erispr.
wustl.edufa 2 1j inl ), 3% U 70 AE T30 A S8 2508 F7
T HAF 7325, (H T H AT 7038 % CRISPR/Cas9
RGP BSOS AL AS L T AR, BT DA i i ek
I A4 S A5 45 ks BR] i 1 A 11 47 T B2 e 473 1H 2 — A X
W, 5 HABCRISPR/Cas9idi% 724 L, Cas9 RNPIBE
i R 2 LI 3% 0 2 R 21 T RE A i R T B
FNFH, AR KRR bnT LS IR 1) 67 10 210 1) TR 7
B, I HBEABIRIHENGRK T, CHOIEE VT A
F CombiSEALF AN & 1605 948+ 532 4H 5 1) Sp-
Cas9 3 FE, FERLDhifiik 17—~ SpCas973& 44, R Opti-
SpCas9, ] PATE A K CasOREE 1 A 40 p5 ik 63T
PIHTER T BRI AR A48, K S v 7 AR Bk, (1
FEREAT S P E) R A R R, R 5
¥ 55 0] 1, Cas9 [ 1 AEME 1b 45 F IREC3 42 7T 1 531
PAMGZE i3 ntBli 68 P DA 1 5t S 250 (14) X e [X k™™
P H BT CA BB AEREC3 S5 Rk 5\ s 248 Sk [
{ICas9 8 [ i it L3R, 20224F, I 57 3 38 ik 45 )
FENTHE 7N T CasOFE 7= A5 B BB AL 1R P ot 23 F- AL
(OPAMIZE bty 55 12~14407 15 (1B 52 £85I TC v FELAS REC3
SERIRIE AR s it XA SR 15 Cas9iE At FEURE
it B2 N, @PAMIZE 3ty 55 18~20/57 s I Bl i 48 i 2 T2
FRAAFR 5, S RuvCEE: M3 s 52 A i AR e 4 6
Mk CasOTE A0 AT = A5 ISR SORE, 7E3X 7 SRUATLA (1 A
FUIEA b SO T e AR I A 285 A v D7) 1 26
KA FH 1) Cas9FE AL A4, Bl SuperFi-Cas9, iX #lt K HfE
3t 7 CRISPR/Cas92 K 4 B H7 A HIR FE LAk, S H¢
T HARNGIRIA ST H )z RS,

5 FiEERE
iPSCH; A 5 CRISPR/Cas9 £ 4 [ BE-& N F, &
SRR R BRI MhaeE & R LA, EAER

T35 A 9 AT AP T FE A (1 S AR S ) 40 L R S [
BRIEIT. BB/ EBHEEKS S E. Har, w7
FIFHIPSCIE 7] 734k R B A F8 R e B DR 1 S 4 i,
WA RNEIRERE . B gl a7 i A
AR TR, N JE BT TT I8 AR 9 1 R AR WL R s
JE SR B E T, RS B R IEiPSCH
F) B3 848 HE 47 CRISPR/Cas93:L (K] 4 48 9 5 45 41
AL R B AT VR HR A4 SRR, D WAL (76
I7 PR AT R, IX et H TR AR R TR T AU R A
FUIEAHE S5 . H AT, iPSCHEA CRISPR/Cas9F: R 1
— G g A () DA S FH (B 2 AR 1 g A
by I YR 506 (FiPSCH Z3 4k 3 I T4l . 3597 T
TR I T BE 3 08 1 I 28 B B VR T B Th e 3 vl 11
B B A ) S T AR iR . T PA microRNA
I, cmRNA# A, BE. PE. RNPsE &Y.
dCas9. 3D T Wk A 1 F1 AL W) 4% IR 38 55
A2 397 5 A F L BRI AN by 2, 33k — 2B [
AR T iPSCIIG RN« FETEA AR,
iPSC%5 & CRISPR/CasO4i AW S EMER I T WL
[ETT _EFRSAE 3T I A AT

S 3k (References)

[11  TAKAHASHI K, YAMANAKA S. Induction of pluripotent stem
cells from mouse embryonic and adult fibroblast cultures by de-
fined factors [J]. Cell, 2006, 126(4): 663-76.

[2] DOUDNAJ A. The promise and challenge of therapeutic genome
editing [J]. Nature, 2020, 578(7794): 229-36.

[3] MALIP, YANG L, ESVELT K M, et al. RNA-guided human ge-
nome engineering via Cas9 [J]. Science, 2013, 339(6121): 823-6.

[4] KARAGIANNIS P, TAKAHASHI K, SAITO M, et al. Induced
pluripotent stem cells and their use in human models of disease
and development [J]. Physiol Rev, 2019, 99(1): 79-114.

[5S] XUEY, CAI X, WANG L, et al. Generating a non-integrating hu-
man induced pluripotent stem cell bank from urine-derived cells
[J]. PLoS One, 2013, 8(8): €70573.

[6] SUN H, WANG Z, ZHANG Q, et al. Generation of induced plu-
ripotent stem cell line (ZZUi027-A) derived from skin fibroblasts
from a Parkinson’s disease patient with RAB39B gene mutation
[J]. Stem Cell Res, 2021, 55: 102454.

[77 WU H, WANG G, GAO E, et al. Generation of the induced
pluripotent stem cell line (NCKDi004-A) from a 17-year-old
patient with Alport syndrome carrying a homozygous mutation in
COLA4A3 gene [J]. Stem Cell Res, 2021, 56: 102557.

[8] SONG B, CHENG Y, CAO D, et al. Generation of induced
pluripotent stem cell line GZHMCi006-A from amniotic fluid-
derived cells with deletion 14q syndrome [J]. Stem Cell Res,
2021, 53: 102315.

[9] NOVAK A, LORBER A, ITSKOVITZ-ELDOR J, et al. Model-

ing catecholaminergic polymorphic ventricular tachycardia using



O PR 755 2 Re T 206 & CRISPR/Cas97E A% 5 Hh IR 5 i3k Fee sz

1215

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

induced pluripotent stem cell-derived cardiomyocytes [J]. Ram-
bam Maimonides Med J, 2012, 3(3): e0015.

RIM'Y A, NAM Y, PARK N, et al. Different chondrogenic po-
tential among human induced pluripotent stem cells from diverse
origin primary cells [J]. Stem Cells Int, 2018, 2018: 9432616.
Wb, LR, 3kiEE, & Sox2. Kif4. Octd. c-MycH: [N 2
FEN R R T S A A 1 SE SR ATF 75 [J]. 1L A< 2 (SHA H, AL M,
ZHANG Q H, et al. Research on umbilical cord matrix cells re-
programmed by Sox2, KIf4, Oct4 and c-Myc genes [J]. Shandong
Medicine Journal), 2011, 51(49): 9-11.

TAKAHASHI K, YAMANAKA S. A developmental framework
for induced pluripotency [J]. Development, 2015, 142(19): 3274-
85.

NAKAGAWA M, TAKIZAWA N, NARITA M, et al. Promotion
of direct reprogramming by transformation-deficient Myc [J].
Proc Natl Acad Sci USA, 2010, 107(32): 14152-7.

SUGAWARA T, KAWAMOTO Y, KAWASAKI T, et al. A single
allele of the hsa-miR-302/367 cluster maintains human pluripo-
tent stem cells [J]. Regen Ther, 2022, 21: 37-45.

LIN S L, YING S Y. Mechanism and method for generating
tumor-free iPS cells using intronic microRNA miR-302 induction
[J1. Methods Mol Biol, 2013, 936: 295-312.

XIAO X, LI N, ZHANG D, et al. Generation of induced pluripo-
tent stem cells with substitutes for yamanaka’s four transcription
factors [J]. Cell Reprogram, 2016, 18(5): 281-97.

ez, B/MEL, JEE, 45 B mRNATE A S nfE . 20
UL TR AR 2R A YT oh MBI JEE S (0], R 2924 (XIE LY,
SHENG X W, ZHOU X, et al. Research progress of chemically
modified mRNA in cell reprogramming, tissue engineering and
tumor gene therapy [J]. Anti-Tumor Pharmacy), 2020, 10(2):
132-8.

BADIEYAN Z S, EVANS T. Concise review: application of
chemically modified mRNA in cell fate conversion and tissue
engineering [J]. Stem Cells Transl Med, 2019, 8(8): 833-43.
THOMAS D, CUNNINGHAM N J, SHENOY S, et al. Human-
induced pluripotent stem cells in cardiovascular research: current
approaches in cardiac differentiation, maturation strategies, and
scalable production [J]. Cardiovasc Res, 2022, 118(1): 20-36.

YE L, NI X, ZHAO Z A, et al. The application of induced plu-
ripotent stem cells in cardiac disease modeling and drug testing
[J]. J Cardiovasc Transl Res, 2018, 11(5): 366-74.

ZHANG L, PU K, LIU X, et al. The application of induced plu-
ripotent stem cells against liver diseases: an update and a review
[J]. Front Med, 2021, 8: 644594.

B A BRI PSR A RS R TR [J]. BL# S (CAT L.
The world’s first iPS cell corneal transplant [J]. Science World),
2019, 10: 6.

JINEK M, CHYLINSKI K, FONFARA I, et al. A programmable
dual-RNA-guided DNA endonuclease in adaptive bacterial im-
munity [J]. Science, 2012, 337(6096): 816-21.

GASIUNAS G, BARRANGOU R, HORVATH P, et al. Cas9-
crRNA ribonucleoprotein complex mediates specific DNA cleav-
age for adaptive immunity in bacteria [J]. Proc Natl Acad Sci
USA, 2012, 109(39): E2579-86.

CONG L, RAN F A, COX D, et al. Multiplex genome engineer-
ing using CRISPR/Cas systems [J]. Science, 2013, 339(6121):
819-23.

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

HWANG WY, FU Y, REYON D, et al. Efficient genome editing
in zebrafish using a CRISPR-Cas system [J]. Nat Biotechnol,
2013, 31(3): 227-9.

CHO S W, KIM S, KIM J M, et al. Targeted genome engineering
in human cells with the Cas9 RNA-guided endonuclease [J]. Nat
Biotechnol, 2013, 31(3): 230-2.

KLEINSTIVER B P, PREW M S, TSAI S Q, et al. Engineered
CRISPR-Cas9 nucleases with altered PAM specificities [J]. Na-
ture, 2015, 523(7561): 481-5.

CEBRIAN-SERRANO A, DAVIES B. CRISPR-Cas orthologues
and variants: optimizing the repertoire, specificity and delivery
of genome engineering tools [J]. Mamm Genome, 2017, 28(7/8):
247-61.

HIRANO S, NISHIMASU H, ISHITANI R, et al. Structural basis
for the altered PAM specificities of engineered CRISPR-Cas9 [J].
Mol Cell, 2016, 61(6): 886-94.

KOMOR A C, KIM Y B, PACKER M S, et al. Programmable
editing of a target base in genomic DNA without double-stranded
DNA cleavage [J]. Nature, 2016, 533(7603): 420-4.

SHALEM O, SANJANA N E, ZHANG F. High-throughput func-
tional genomics using CRISPR-Cas9 [J]. Nat Rev Genet, 2015,
16(5): 299-311.

DOMINGUEZ A A, LIM W A, QI L S. Beyond editing: repur-
posing CRISPR-Cas9 for precision genome regulation and inter-
rogation [J]. Nat Rev Mol Cell Biol, 2016, 17(1): 5-15.
THAKORE P I, BLACK J B, HILTON I B, et al. Editing the
epigenome: technologies for programmable transcription and
epigenetic modulation [J]. Nat Methods, 2016, 13(2): 127-37.
ADLI M. The CRISPR tool kit for genome editing and beyond [J].
Nat Commun, 2018, 9(1): 1911.

PICKAR-OLIVER A, GERSBACH C A. The next generation
of CRISPR-Cas technologies and applications [J]. Nat Rev Mol
Cell Biol, 2019, 20(8): 490-507.

ROUET R, THUMA B A, ROY M D, et al. Receptor-mediated
delivery of CRISPR-Cas9 endonuclease for cell-type-specific
gene editing [J]. J Am Chem Soc, 2018, 140(21): 6596-603.

YIN J, WANG Q, HOU 8, et al. Potent protein delivery into
mammalian cells via a supercharged polypeptide [J]. J Am Chem
Soc, 2018, 140(49): 17234-40.

VAN HAASTEREN J, L1J, SCHEIDELER O J, et al. The deliv-
ery challenge: fulfilling the promise of therapeutic genome edit-
ing [J]. Nat Biotechnol, 2020, 38(7): 845-55.

GAUDELLI N M, KOMOR A C, REES H A, et al. Program-
mable base editing of AT to G+C in genomic DNA without DNA
cleavage [J]. Nature, 2017, 551(7681): 464-71.

KURTIC, ZHOU R, IYER S, et al. CRISPR C-to-G base editors
for inducing targeted DNA transversions in human cells [J]. Nat
Biotechnol, 2021, 39(1): 41-6.

ZHAO D, L1J, LIS, et al. Glycosylase base editors enable C-to-A
and C-to-G base changes [J]. Nat Biotechnol, 2021, 39(1): 35-40.
ANZALONE A V, RANDOLPH P B, DAVIS J R, et al. Search-
and-replace genome editing without double-strand breaks or do-
nor DNA [J]. Nature, 2019, 576(7785): 149-57.

DOUDNA J A, CHARPENTIER E. Genome editing. The new
frontier of genome engineering with CRISPR-Cas9 [J]. Science,
2014, 346(6213): 1258096.

CYRANOSKI D. CRISPR gene-editing tested in a person for the



1216

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

first time [J]. Nature, 2016, 539(7630): 479.

NORMILE D. China sprints ahead in CRISPR therapy race [J].
Science, 2017, 358(6359): 20-1.

MAEDER M L, STEFANIDAKIS M, WILSON C J, et al. Devel-
opment of a gene-editing approach to restore vision loss in Leber
congenital amaurosis type 10 [J]. Nat Med, 2019, 25(2): 229-33.
SHIN J W, LEE J M. The prospects of CRISPR-based genome
engineering in the treatment of neurodegenerative disorders [J].
Ther Adv Neurol Disord, 2018, doi: 10.1177/1756285617741837.
FRANGOUL H, HO T W, CORBACIOGLU S. CRISPR-Cas9
gene editing for sickle cell disease and p-Thalassemia. Reply [J].
N Engl J Med, 2021, 384(23): e91.

GILLMORE J D, GANE E, TAUBEL J, et al. CRISPR-Cas9 in
vivo gene editing for transthyretin amyloidosis [J]. N Engl J Med,
2021, 385(6): 493-502.

WEN Z, NGUYEN H N, GUO Z, et al. Synaptic dysregulation
in a human iPS cell model of mental disorders [J]. Nature, 2014,
515(7527): 414-8.

LI'Y P, DENG W L, JIN Z B. Modeling retinitis pigmentosa
through patient-derived retinal organoids [J]. STAR Protoc, 2021,
2(2): 100438.

MAZZARINO R C, PEREZ-CORREDOR P, VANDERLEEST
T E, et al. APOE3 Christchurch modulates tau phosphorylation
and B-catenin/Wnt/Cadherin signaling in induced pluripotent
stem cell-derived cerebral organoids from Alzheimer’s cases [J].
bioRxiv, 2023, doi: 10.1101/2023.01.11.523290.

LIU C, IMAI M, EDAHIRO Y, et al. Establishment of isogenic
induced pluripotent stem cells with or without pathogenic muta-
tion for understanding the pathogenesis of myeloproliferative
neoplasms [J]. Exp Hematol, 2023, 118: 12-20.

ZHANG S, OHKAWARA B, ITO M, et al. A mutation in DOK7
in congenital myasthenic syndrome forms aggresome in cultured
cells, and reduces DOK?7 expression and MuSK phosphorylation
in patient-derived iPS cells [J]. Hum Mol Genet, 2023, 32(9):
1511-23.

SUZUKI S, CHOSA K, BARILLA C, et al. Seamless gene cor-
rection in the human cystic fibrosis transmembrane conductance
regulator locus by vector replacement and vector insertion events
[J]. Front Genome Ed, 2022, 4: 843885.

PERVAIZ I, ZAHRA F T, MIKELIS C M, et al. An in vitro
model of glucose transporter 1 deficiency syndrome at the blood-
brain barrier using induced pluripotent stem cells [J]. J Neuro-
chem, 2022, 162(6): 483-500.

STELLON D, TRAN M T N, TALBOT J, et al. CRISPR/Cas-
mediated knock-in of genetically encoded fluorescent biosensors
into the AAVSI1 locus of human-induced pluripotent stem cells [J].
Methods Mol Biol, 2022, 2549: 379-98.

USTYANTSEVA E I, MEDVEDEV S P, VETCHINOVA A S, et
al. A platform for studying neurodegeneration mechanisms using
genetically encoded biosensors [J]. Biochemistry, 2019, 84(3):
299-309.

THONGSIN N, WATTANAPANITCH M. Generation of B2M
bi-allelic knockout human induced pluripotent stem cells (MU-
S1i001-A-1) using a CRISPR/Cas9 system [J]. Stem Cell Res,
2021, 56: 102551.

TANG Z H, CHEN J R, ZHENG J, et al. Genetic correction of
induced pluripotent stem cells from a deaf patient with MYO7A

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

mutation results in morphologic and functional recovery of the
derived hair cell-like cells [J]. Stem Cells Transl Med, 2016,
5(5): 561-71.

ITOH M, KAWAGOE S, TAMALI K, et al. Footprint-free gene
mutation correction in induced pluripotent stem cell (iPSC) de-
rived from recessive dystrophic epidermolysis bullosa (RDEB)
using the CRISPR/Cas9 and piggyBac transposon system [J]. J
Dermatol Sci, 2020, 98(3): 163-72.

CHRISTENSEN C L, ASHMEAD R E, CHOY F Y M. Cell
and gene therapies for mucopolysaccharidoses: base editing and
therapeutic delivery to the CNS [J]. Diseases, 2019, 7(3): 47.
DEWITT M A, MAGIS W, BRAY N L, et al. Selection-free
genome editing of the sickle mutation in human adult hemato-
poietic stem/progenitor cells [J]. Sci Transl Med, 2016, 8(360):
360ral34.

CHANG K H, SMITH S E, SULLIVAN T, et al. Long-term en-
graftment and fetal globin induction upon BCL11A gene editing
in bone-marrow-derived CD34" hematopoietic stem and progeni-
tor cells [J]. Mol Ther Methods Clin Dev, 2017, 4: 137-48.
WU'Y, ZENG J, ROSCOE B P, et al. Highly efficient therapeutic
gene editing of human hematopoietic stem cells [J]. Nat Med,
2019, 25(5): 776-83.

FREDERIKSEN H R, DOEHN U, TVEDEN-NYBORG P, et al.
Non-immunogenic induced pluripotent stem cells, a promising
way forward for allogenic transplantations for neurological disor-
ders [J]. Front Genome Ed, 2020, 2: 623717.

MARTON R M, IOANNIDIS J P A. A Comprehensive analysis
of protocols for deriving dopaminergic neurons from human plu-
ripotent stem cells [J]. Stem Cells Transl Med, 2019, 8(4): 366-
74.

YASUDA S, KUSAKAWA S, KURODA T, et al. Tumorigenic-
ity-associated characteristics of human iPS cell lines [J]. PLoS
One, 2018, 13(10): €0205022.

LIN S L, CHENJ S, YING S Y. MiR-302-mediated somatic cell
reprogramming and method for generating tumor-free iPS cells
using miR-302 [J]. Methods Mol Biol, 2020, 2115: 199-219.
MIYAZAKI T, HANAMATSU H, ONODERA T, et al. Estab-
lishment of the removal method of undifferentiated induced
pluripotent stem cells coexisting with chondrocytes using R-17F
antibody [J]. Regen Med, 2022, 17(11): 793-803.

IMAI R, TAMURA R, YO M, et al. Neuroprotective effects of
genome-edited human iPS cell-derived neural stem/progenitor
cells on traumatic brain injury [J]. Stem Cells, 2023, 41(6): 603-
16.

LANG C, CAMPBELL K R, RYAN B J, et al. Single-cell se-
quencing of iPSC-dopamine neurons reconstructs disease pro-
gression and identifies HDAC4 as a regulator of parkinson cell
phenotypes [J]. Cell Stem Cell, 2019, 24(1): 93-106,¢6.
MARTON R M, PASCA S P. Organoid and assembloid technolo-
gies for investigating cellular crosstalk in human brain develop-
ment and disease [J]. Trends Cell Biol, 2020, 30(2): 133-43.
HIRANNIRAMOL K, CHEN Y, LIU W, et al. Generalizable
sgRNA design for improved CRISPR/Cas9 editing efficiency [J].
Bioinformatics, 2020, 36(9): 2684-9.

SCHUMANN K, LIN S, BOYER E, et al. Generation of knock-
in primary human T cells using Cas9 ribonucleoproteins [J]. Proc
Natl Acad Sci USA, 2015, 112(33): 10437-42.



O PR 755 2 Re T 206 & CRISPR/Cas97E A% 5 Hh IR 5 i3k Fee sz

1217

[77]

[78]

[79]

CHOI G C G, ZHOU P, YUEN C T L, et al. Combinatorial mu-
tagenesis en masse optimizes the genome editing activities of
SpCas9 [J]. Nat Methods, 2019, 16(8): 722-30.

CHEN J S, DAGDAS Y S, KLEINSTIVER B P, et al. Enhanced
proofreading governs CRISPR-Cas9 targeting accuracy [J]. Na-
ture, 2017, 550(7676): 407-10.

LIU M S, GONG S, YU H H, et al. Engineered CRISPR/Cas9
enzymes improve discrimination by slowing DNA cleavage to

[80]

(81]

allow release of off-target DNA [J]. Nat Commun, 2020, 11(1):
3576.

KLEINSTIVER B P, PATTANAYAK V, PREW M S, et al. High-
fidelity CRISPR-Cas9 nucleases with no detectable genome-wide
off-target effects [J]. Nature, 2016, 529(7587): 490-5.

BRAVO J PK, LIU M S, HIBSHMAN G N, et al. Structural ba-
sis for mismatch surveillance by CRISPR-Cas9 [J]. Nature, 2022,
603(7900): 343-7.



