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Genome editing has paved the way for highly efficient gene correction toward the next
generation gene therapy. CRISPR-Cas9 has been developed for genetic modification of a
variety of organisms. In human gene therapy applications, the low efficiency of homologous
recombination in genome editing and off-target effects are critical issues that must be resolved
for safer use. In homologous recombination, the target sites are modified precisely as per the
donor sequences. Homologous recombination is known to be predominant in the S/G2 phases
of cell cycle. There are several applications that utilize small molecules to control genome
editing activity in cells to repress off-target effects or increase homologous recombination.
However, it is difficult to apply these methods to in vivo therapy. We have developed “cell
cycle-dependent genome editing” to control genome editing without the help of small
molecules and found that it can solve the above critical issues.
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CRISPR-Cas9 #FIf L7277 AREEEIN T AT Z b3 85 A % mah=IC
ITZHEEMELTREBLTETCWAFFRIZE Faxt8é LB FEEIZBVL TS ex
vivo TOHRIRIRIMERIE DIEHIEIL FDA AR A2 S TEY . v MEA (in vivo) TDF
J ARREIE GBS EA TV D, EIE G BT 2 8RB B U7 A
MREE Y — /L DMERET 2 23, B OB ERITIRNIR TI2ET T 5, BEERIZIX
FEFA R K At 7 (Non-homologous End Joining; NHEJ) & fH[EH 742 2 (Homology-
directed Repair ; HDR) 23MF(ET 5, NHEJ IZZhE A @O, FERELSINIZ 331 2 B 3
DOFFARLKI: (Indel) 234 1T Z 5, T3 LT HDR CTIIAERJE L OELS & Hr
TACEAT AR EAT 5 NP —8BIa %7/ LAREDOBIZFERFICHIICE AT S
LT, IR TIE D D EME T IEMEICH LWES 26 T 2 IER S o5,
HDR (% S/G2 WHZBALIZ 72 57280, FEAITHIALE ] 245 1k & 2 FiER EnlE S
TW5 Y, ZThbOFETEEME TIEE 7R FE L 72203, invivo TOFIH XA
RIEDNEGICTHTE D, £2, BANC L 2HIE~OEELBETHILEND D,

CRISPR-Cas ¥ A7 AFMIECHMELA L CWDLEEIC AT A THY, 77—
DIRANRFZRE T 5, TNUCKIT D w2 X —4r1 & L TH 4 72 anti-CRISPR 23 7' 1
Ty —=UMBRERENTWD, CRISPR-Cas ¥ AT LDt Ml EBIT 57 ) LRk
~OISITA LR ESHER R (Streptococcus pyogenes) @ Cas9 (SpCas9) M3 AN
SH, OHILH ST, SpCas9 58 J1IZHE T 5 anti-CRISPR & LT AcrllA4 73
HMHNTWD, Fexld, FHEL] & Tanti-CRISPR (AcrllA4) ] (2% H L. HDR X
ISR DG AR T, S/IG2 BT T SpCas9 ZiEMALT 5 7=z, Gl B Hla
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KENICHER L. S/G2 IIC it S5 Cdtl & AcrllA4 DfE % 727 8 (AcrlIA4+Cdt1)
%7 DRERHCRIAT 5 Z & T Gl H1ClE SpCas9 M FHLE S, S/G2 HITIXY / 4
RETEMENEIE T2 & &2 BT, ST ORE R, HDR R0 m L+ 5 2 12z <,
F7 =4y MEFOWH S R oD Z ERHEHLMNER-T2 2, ZOFIETITEAR
SR 72 E R WD Z L MRREBITIKEL TF /) AREEEZHIET 2 2 &2
ARETdH 5720 invivo TOIEMER YT ) MRE~DISH G ARETH 5 & & 2 Thi%e %
DT 5, £7-. CRISPR-Cas ¥ AT AL SpCas9 LISMC b EHER SN TEY, &
MR D 7 ) DERES~DIGHBED LTV D, T 5HIZ%9 % anti-CRISPR 1 [AlEE
WCHFET D720, IEFITEWIRIEE B IIFRE S D, E72, Cas9 HIORERE & MG HE
HZLTEOIEMRY ) AREDFRRICARD ZEBHALNE RS TE TS 3,

ARFIEIZFNT AcrllA4+Cdtl 23HIAE WK ERNTEEN ~DER & 240 Ik L
TS Z LIRS N TV, EBRIZY ) AREFEE DRI L T D 2 & 2D
HZ EIIREETH 70, £ Z CTEHREEMSRIEZ RO L Lo s AREICHIA S
B N THREIEMEAIK+ D dCas9-VPR % Cas9 (VR L CTHW, #OEZ v B D3HL
HAENZ & - CTHIIRE WK EZ MG L7z Y, dCas9 1[I X 7 L7 — B OIEME LM 4 1
VE N (DI0A/H840A) iU TCE Y, DNA FEGHEAET I 2 FF L T\ 5, VPR 158 7)
IRERFIEMAL K A A (VP64-p65-Rta) Td V|, dCas9-VPR 737 11— & — IR A
AT DL DT A FRNA e L7To, 0L BlEIC LV AcrllA4+Cdtl & S BEME D TR
ERDEN VIR —F —DOFRBLE RN LT R, 26 ORBUTADOHEEZ R L TE Y,
ActlIA4+Cdtl D3RG E VR —F — PN KB %2 R T F TORFMZEDK 5 K2
FEThO, XXV EO I 0T T 3 THRICET LR 2 BET 5 &
AcrlIA4+Cdtl |2 X % dCas9-VPR OIEVERIEISHIFRE WIS C TR Z 5 Z L PR X
ni-t&Ez6n5,

AFHEHE TIX N OFRERITINZ, M2 FH T2 A~— I XA MY —O AR
P ) AREHANOBR B 72 & LRI T 5,
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