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ZF
ZFN
ZFP

Transcription Activator-Like Effector
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Toll-like receptor
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University of California, California
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FHNAMFEDY X7 ZARNVBEITHINEE 5 19, OTE DU 27 OBLEND ., FEEEOELT
TR L ORFRBIFE CED X 2E X Y 7 4 BRI TN DT DN T, A
OFREDORGE L, % 4 5442 HIZ TR 2.

/)
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Plasmid DNA sgRNA & mRNA RNP

Cas9% 21— K sgRNA& Cas9x /¥ &
ngi | 2:(35590) M%E \fai\/\/\{\ g % v
%H@«ﬁl(:py O kAL —2 3> LNPAY

mRNAZE(Z L 7= \

ZRTBER
ANNANNNN

Lo.—- S Cas9 mRNA
HRIBL / > AWV

Plasmi DRy — L

Mo

Cas9 RNP

/

BT

iRl

1-5 BASFHRERER OMRUICEAT HBRICHWONLEX Y T o
CUHR 20 2B E1EEER)

G TRERR T, (DBETREMEOBEET 23— L7277 23 FDNA, Q{5 TiHER
FOT I W% 32— F L7z mRNA, % L < 13(3) % v 2 E(CRISPR-Cas9 D513 RNP)D 3
DDONWTNDPDEXY T 4 CHIILICEAT 22 TE 3, (1) 7723 FDNA CEAT 354
iZ. Drug Delivery System (DDS) B:fli CHIIEE ICEA L7277 X I F DNA 2NICEfTL. 20
7"7 Z 3 F DNA %*5 mRNA 25855 & 41, MlgEHIcHFES 2 U A Y — 4 TZ O mRNA 75 E(5
THREREITRS N CRIT 2, 20k, FEL 728G TREREIENICETL T, ik
DNA @ % —7%" v a2 V) L CGERIZTRELIT . (2mRNA CEAS 3543, DDS £ific
HAE 10X X 1172 mRNA % FIGEE FHRERRSHIE R D Y Y — L CchlInd, FHL
7B TAREREINICET L . Rk DNA © % —% v MBI 2 V1N L OB FREZ T
9. Q)EfnrimERER % EEMILICE AT 2 5413, M IC%E S Nl s TR SRR 2 N
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ICBATL T, Betfk DNA O % —%7"» M2 Yl L CiR%ET 2, Z DX Tld, CRISPR-Cas9 D

A%MR L7z, ZFN, TALEN b [AfED R F — A7 25 D513 sgRNA ZARE E 72 5,

# 1-2 BIETREBROMIICEANCANONIES U T 1+ GEEIER)

S : BT REERO
Mla~0BETRERESE |BETREBRFROEETA2-F | BETRERZOT I/ BRE | BETHRERF (ZFN,

DEAICAWSNEER
Y 7 4 Bl

L7=7Z %I FDNA

5|7 3— F L7=mRNA

TALEN. CRISPR-Cas97: &)

BBAZINZEZYT 4D

DDSHEMTMREICEALLTZ

DDSEff THiflaE IcEEE h

DDSHl T, MfE ICEX

Bt coRLIEN A I FDNADBNICETT 5, & | mRNAZEICEEFIREE | W BEFREERIEAI
D77 A FDNAD SmRNAD'EE | &AMIRER DU RV — LT | BT, REGDNADZ—7
Baxn, BErREERNSVF | AMSND, B FREBER | FEMIZUE - BET 2,
V-LTERENG, TO%K, B | FARAICBITLT, R&F
EFREEZNMENICBITL T, |DNAD KR =4y FEffiI% Y]
REHRDNAD 2 —47 v PEMZEY) | BT - IRET 2,
B - WES 5,
N TORETIRER REEICHES —iB —iBf%
FOEMARE BARICTEBT 577 A3 FiHIE | mRNADEGHICRE EEHD | BEFREBEROFSICIKE

BHICKR(EDA—F—)

S#A)

(#sRh S# )

71| I "] #E 7% DD SHLAfT

Tl FOfL—3 3 (ex

L7 bOFL—3 3 (ex

Il 7 bOFEL— 3 (ex

vivoDIEE) vivoDiEE) vivoDIEE)
T AINANGT A — - LNP A&
CLNP A ¥
OTEm U =% FEHEIREVWS FEFEEW S FREFMAFELLD
R 7HEN 1) 2 7 HHEL ) Z 7 HMEWL
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BETIRERER DAL DR L DDS

5 T HREIRRRLL OB GRS IT, ex vivo & invivo D 2 DIZKBI SN (K 1-6, # 1
—3), Exvivo IZ K DBIE IR ClL, BEARAZRNWL R —7 HHH L 72 figsiia
FELARGE ML= T M) & RS CIRAR IR AAT - 7o I BF ICAET 5, In vivo
BalE. BIEFREBRO L R—3 0 MEBEITEE LT, BEOERNTY—F v b
MR DI FHREZAT 9o Invivo DIEGRRIRIL, TG & Hilkik 512 & 2 25 #51C
DTN,

Ex vivo D&%, BInFiERR OMIEAR DT L U T 1 23 8RE N T Sfiiuiz
B SED 2 LN TE D, DDS LB, Bin FiERTE DEAE XY T 1 Offf
B AICH D, T7bb, @BKERY ~—Th2s mRNA 23 - DNA /3 7. & 513k
VSIS o 30 B Cdo D IBARFIREERE R ) 1% . BUKME N 7 — 25 D B 2 PERR 3 2 et
Z P ORI 2 2 S TRl 32 2 £ 128 5, Ex vivo ® DDS #fir& LT
X, W=7 brAL—va v A VT, SR oMiaiE A2 ERRICZEIL L T, BIS
FHRERERE D & 37 E(Cas9 DAL RNP), & LL ZZF & =2— 4% mRNAH 5
WEZ'7 A X R DNA ZAlla~DEAT 551k, @QUA VAR Z—DOfilfR A ZF
L C DNA % Hifu#E A % J515, (3LNP 72 EWHENED T bt ) v oA ARy
2 —IZmRNA H5I1L7 7 A RDNAZRNE LT R Y — A% L Z @ik S
HHHEREN, BKCHRGICHRG S Tns,

In vivo DFEITIE, BB TRERRIE DN BT G20 L g5 TR S,
DDS #ffficid, MlaZim OBz T, TEEALD O BAS FIRERLEE DR L 72 2
las, #E%k. MILE COBGTREREDES VT  OEEL T OEMNREEET DL
BB, =7 v Mg~k & ERITIEBIRR O & BIVER O EyERIC
DIRND, TD7H, Invivo F5CEERATREZ: DDS Id ex vivo £V HERHLD, BLIRT
X, R RERFEZ 2 — R 2577 A3 K DNA 2458k L72 AAV R 2 — [Allgd
Z=2— 9% mRNA N0 L7c LNP 8 FI08 81K & 72 5, AAV AR X —TFFAI R
DNA %X L7235681%, Al Ciam L7 s i ie R O R 22 L 5 OTE Dff
B %, NEET /R T2 LNP 0%, Pl & FFRE M L2 ik ho ) R
IR AR 2 LT BRI 5 S RCERITFIRICE D A E N D 19, 0
7=, LNP 3B CIITFIBRLSN Oz & % — 7> MZT 5 2 LT T& ey, 20 k)
72 DDS Bifi & ZAUZfES OTE U 27 OflFIn 6 FEBEOER TimaIR RS O ERR

N,
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IR T L D X 95 72 DDS BN IR STV AT DWW TR, AL OFTHEDORGR & L,
04442 H CTikiad D,

In vivo FOBE FHRERFRILIZIX, FERIRRBROT A 2B W THAKIN S 5,
B TR R OB OFMIIE, Bis F-iRERESE O DDS S OMERER I I
NI ERE MR, IRk O e EOMERECI AT 5 2 & S OITHlIB i
BEROA L Z =7y MAT 2 =5y FOFRERIZIE, HZHlanN ToY ik DNA Ot
AN avwF NG ENET AL, Z—5 y MEgROMEk, HilEE e 5EER
EATHZENHEELY, AL, b & EREY CIIY AR DNA BAIA R 57280,
invivo B E T AN BAELILD B N B FIRERREEL OZ MBI T 5 15 TR E
CH Y . FrZ OTE (BT 215HITE b ey, Ex vivo BTl FEERARRBRIC I
Tk MERRBROBE FiRE ORI S5l b N Mife<> HSPC) A VT, EEROER
F & A U CREARRBRICA D & N OB G FRESIN 23 c& 5, Lol
vivo B SO IEREARER CIXZ NN FEETE 2\, 2O X5 Z2HKIO T T, EEEOIEEIR
PRIEIZIUN T, exvivo & in vivo DA TR £ D X 5 72 OTE OFHlinM T
NTZNTHOWTIL, 3 3 EICHRER R A LT 2.

15



In vivo D B{ZTIRE AE Exvivo DBEFIREAE

Plasmid DNA sgRNA -+ mRNA sgRNA & Cas9 X » /X7 &

SgRNA & Casa (Caso% 31— F) PWEF
B or or
W N

J

1
fafa~EA(ZL70OLHRL— 3>, INP, 7AILZR
G =R

or f’

AED SIRER L 7= #A8 B FiREWE

HSPCOTHEA A &)

BEARE
SERRE)

LNP for nRNA LNP for sgRNA

Lipid Nano Particle(LNP)

B&

AR ZLE N

& 1-6 Bz THRERREMR OB L L — b CUR 21 BB 1TEFHMER)

BT ERREE O B GFRIK T, exvivo & invivo D 2 DICKAIZ D, exvivo IC X 2B FHREREETIE, EIR FHRELIEZ 1T > 72 MR
GE& MRS T HIME) % BFICBAET 2, DDS E LTk, TLZbaFRL—vay, YAALARI X — ) VI LARY Z—2FHXNS, invivo
I X BRI, BETREBENG SRS 20 Lg% 5 Tk 53 b, DDS & LTk, VAL ANZ X2 =2 LNPED ) VI 4 L ANT X =7
fHEN 3, ZDKTIE, CRISPR-Cas9 D& %M/RL 7=, ZFN, TALEN % [FIEED 2 F — L7255, 26 DAL sgRNA (IR L 42 3,
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# 1-3 B FRERREAOBRENL— N LY XY GEEER)

ex vivo

) =R

TANARNRT X —
Lipid Nano Particle (LNP) 7z &

in vivo
EACEBEFREXTo/-MEGE | BEOFATENHES+F O BrMiE
mEFREE) % BE ICBIE DDNA% fRE
BIZFREFNEZOME~OFY [ZL 7 baRL—2 a3 ARG R —

Lipid Nano Particle (LNP) 7g &

WHREE - BRUNOBETFRED
UR&

27 dmun

2=y MRS A~ OBETFIRS
BNZERDZEDY R 7D H D

BUERA L ER DO HIF

ErDR—=7y MREOZOHOT
BIERRR B A AT HE

RSB TE b2 -4y Miak
ZOHLDERWBEZENTERL,
& —4y FHRREIZIE LN vitroE T
NaFIBET2Z 8IS
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1.1.4 Bl FRERRICR D2 Z2MEDORR
BIETREDA T Z—5y MEF(OTE) & ZHUTfE D BB AMD Y X 7

OTE 1%, MAMEREIE T OEESS, BABRTOT 7 Ly S —FEl O K 223 VB
HIER T OIEH LA S| SR 2T raeEN S 5, Eo, [F—HfaN THEfk DNA Fo#%k
DORLETHA T Z—47 y NIWRFRHIE Z 5 Z L1 ko T, YKol % & T K
Yt RDFREENAE U D Z LA ST 5 2, OTE X, 20 X 5 2k DNA (2
KL TERILRWMEARRERZ 52 2720, BB AMZEOEEREWERIC SRR 5 Y
A7 PR SN TEY 2, ZUBERIEHA LS E > Tnd,

OTE DR
OTE OFENANED U A 7 FHIETIL, BT & OB 7l 7% OTE % Yetafk DNA &
EDENLZ ED X 5 e fE THEC 5 O % RGBT CREAIAET L C. BRI AR T
Rsid OTE LEERON ABBERIL 1O H & OBIENGH U 5N XETH D, Z0Di-
WIZ, OTE o7 a7 7 ANVEGLRT DO OMMIENRVE L INTET, &7 Ly —
7 AL ST OTE IZX > TA U indel % RAOITHFTORE G /A 7 AR D720k
FARA7ZAY, ER7e e FYEIK DNA 2RO L ZIZAE L 50300 b IRVMEDZRBEEE D
OTE #27 / Ly—r U AL > THRET 20IFa A e U Y —2DHEMHBFERTIE
RN Z D, Ytk DNA 20795 OTE OffiEiAz(Potential Off-target Loci:
POL) % BRI HIEDN R SN T & o, REGIZE 14 17T,

% 1-4 OTE DAL (POLRIH D7z DRKRA R ERFIE (EEER)

RS s e .
i s - ZFNIZT 7 4 =7 4 OEVCDNAE £ 5 > £ 45 4 75 ) —# HEEBEPET] - PCREIES €T, ZFNIES L P71
19904 SELEXz HBEDODNA iR & 53, PCRMIEEY ONGS CRIBIFE T OTEDEHE T 5,
N . n S I % 147 15 L dCasO/gRNME & 451 # &1 3 DNAUR B % dCasOHLATH1 ) L 1 T PCRHIE ICNGSTRIET 5,
2014% ChiP-Saq EERMAFOONA g 4 s 7 Casd/gRNAAES L 07 W 2SI 2 OTEDRI L T8,
% U VR L A-dsDNAZHBRC F 5> R 7 2 55 2>, BEFEEMEOT L - $74— 4y b ODNASIEFORI
_Saqi0 i % o
2015% GUIDE-Seq EFLAMAFOONA e 2 5 N5 dSONAZ 7 —H— & LT PCRASE & NGSHZIT 2173 = & CHINI & BT % o1 5,
5 R, 7o FABRR L. BRI EERONAE BE TREBECA v 25 v b, 74— v I ORED
20154 Digenome-seq®’ HB@EFODNA . ZOY - TILONGSICL ZMFEITV, ZORIIEEEHERETTSA A b, A 2—Fy b, 784y
F T RIS A, RSSO LA L TR L TR A B,
o 2 ) LI AR, N EBETFEENE, Y - BRI L 78RR 0 2% PCRAIE L NGSEN £ 173, RiE& N7
_ean8 SRR
201 CIRCLE-seq HREFROONA - lorien 2 OTEO RIS 1 b & 75,
- . [ CAF L7 —7—DNAE DNABRREI- 54 7~ = v &€, EXF oL 75 2> CONAUIREm & BRI L. %
20174 SITE-Seq™ HREHODNA PCRIGIEEY OEFIENGSTRIFT 3
N o =T REAEF Y . 7L EER, DFHLE ST EEEDNAEREE. WAL, TR ERT SMRELLZ (7
2020 DISCOVER-Seq ESLMEPONA g ke ) BB - & CUIRERIE S OIRA 488, PCRYIES B 705 cNGSTRIFT 3,

POL. PCR (Z k2% 7 noiEhg & kit ) ho—r 0 ANGIIZ LBV 7
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DNA BeHIEHT Z AL A DR T HIEDR FER & 725 T D, JIEFIEZTIRD 3 DD 7 —7F
ZT D 2 ENTE D (DI ORERR T, BIS FRERER L #5E L7V DNA ELS
EVRIGT DL, (2) MBS ORECE T, BI5 T HRERSREIZ L D DNA QU OB 4 f
32759k, (3) Ml CTOE(R T-HERESE O DNA YKo < b &R 2 0515,

“WOHFEELTE, Zo% L5 DNAWHDOZA 77V =086 imERSR & DS
15358y DNA Wrh %, Bis iR L Ofa/1ick b7 v a L PCR #IEDOY A 7
N0 Z & TN S SELEX 5 290, Hi Cas9 Hilka W ffZikiflc L - T
dCas9(UIEraE 2 JIE{b L 7= Cas9) LG9 5 DNAW T 274 77 U —i bR LT PCR
WG A1T 9 ChIP L 29035 5, Wi b5 L7- DNA Wi % NGS T2, “QoJ;
L LTE, BERERESEIC K > T DSB 2 Z L7- DNA @ NGS O —747 > A
ZUWRECT 74 A2 b L CUIWERT 245 EJ % Digenome-seq?(Z »J5ikiL PCR % H
WY, BERIE DNA DT A 75 U —% 1 {s T HndEBEsR CAOEL L CESHL L 7= DNA Wi
D% PCR ¥EH#IZ NGS TiiA s CIRCLE-seq®, b4 5 fb~—7—DNA %
DNA Wi &Pz 7 A 77— a > SHC Biotin £ L7 ¥ 3 > C DNA Ui T 2 J8fE, <
512 PCR ¥iiiEt% 2% OFECFI % NGS THEHT S 5 SITE-seq®@ 31T HAv D, “B) DA X - #f
N ZEA SN Bn - mERER N Z L7z DSB #3251 L LT, Bl iR
7 & [FRFI~ — 27 —dsDNA Z #ilaiZ3EA L T DNA SIEiERT & Ak A ST, 20 dsDNA
Z A K& L7z PCRIZ X A HEIEEM ORLYZ NGS TEHT3 % GUIDE-seq®®, DNA H]l#r
LIRS - f5ET D MERLL % 2”7 BAHUATE Y 1iF 5 2 & T DNA DI i 4
RAGZY > 7 LT PCRIENE, & D% NGS T DNA ESIf#dT 217 5 DISCOVER-seq?)72
ERdH 5,

ZIHDONT, Digenome-seq %RV 9XTDHEIE, PCR (2L - THElE L7z DNA
Wr & NGS fifghr L7-BlF G HIZEESVWC POL Of & EEETT O, £7-. EBRIZ DSB
D% NHEJ 785 | Z# Z L7 OTE Of#tTiciZ. POL % PCR #iME L 7-%12 NGS f##r <
Indel DA% FiA 05 Amplicon-seq 73V S35,

PCR DOFEIZIX, DNA KRYU A7 —BI2L %5 DNA OFEREFO T T — Lm0tz L 5
DNA DRI K- T, HIERS R OB, DNA R Off A B IHIBR(ndeD)
WEL D, D7z, PCRIEZFIHT 59 XTh DNA EFIfighT7T — 2121, PCR #4E
12 &5 DNAFS O = 7 —(—H I EH Inde) 28— E DOSHE TR AT 532, Zhss, DNA

DR Z T DEROBGIEIZ 72 57280, PCR & NGS ZifllAG w5715 ToD OTE fi
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MRV TR, ZBEE*0.1%FEE O DNA ZEROBENKRERRIZ L EZ HLTND 24,

12 1,000 #fE DRtk b £ N ZIVRFE D[Rl —X[E D DNA Wik % 1,000 D ffith L 72854
I, D5 BERN TR % b2 DNA Wi 28 999 b 0, ZHE23H % E5|0 DNA B
Fas 1 HThoféic, ZRELY 0.1%LERT 5, INERIHTE 2 HHKRE % MHURE
0.1%& ¥ 3,

bl U7 iR DN T, Digenome-seq D475 PCR L% W2\ 2 Z DR Z —
DR Z =T 72y, LA L. Digenome-seq (2% NGS Ottt/ A AOHIKINH D728
POL Ok B 1T ~0.05%F2E Tdh 5 20, %72 Digenome-seq I%. Hljast Tkl L7~ DNA
TR e B PR SERE SR CRLBE L 755 B s ATRE 7223 SEERICAE & TRl AT » 7B s 7
HREE DFFHTICIIFHI T E RN E WS BRI B 5 27,

A & TN OG- iREE % DYk DNA @ POL & (O OTE OIS AT fEAe 71X
WL PCR O & NGS I & 41D, 2072, 0.1%LL T ORWAER KD POL X
OTE 7' a7 7 A NEMD =D ERI L TEIT N L&D 2,

FRARISHIZ B W T, KRB OIS RS FIRELELZ 5 1 5 Z L1272 %, Ex vivo
DOIFFETIE, KE 1kg H72 VD ~1 x 107H OB{SFHRE S Lol B kG- S 2 1738
~39), In vivo DR TIE, Bl IEFIRA BB IR0 X — 7> R T 5 &, IRICAFES
%~1012 Ol 398 s T S D, OTE ORMHIRR~0.1%1%, 1 BIOEEHT-Y ex
vivo T 10,000 fil, AFIE TIE~10EOAMIENAELE T2, T7205, FHEOBEFHmE
DIBIFRZ I > T80 E, I L iggsd 72 v 1 E~108fE/fa O T4 U5 OTE I\ T
X, BATOHEMTIZEDOT 7 7 7 A )VERNT 2N &1 %, DB DM o Yo ik
DNA (24 U7 B ROMERICE R 2258 % AT T RIREMED & 2 58D AME DS ER T imEE BT
DY AT THDHZLawEET DL, ZORBBEIT A TIRNZ LEHLNTH S,
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B TIREISRE I &< Z2M0IE

17 (SR T AR 2 BV % < LRtk OFEE BEL U, s B Ieiic Il is
TR DBLEADT=DDEX VT 4 OFER E DDS FEIrOBRIC K> TS E X E 4
BRMED ) 27 PIET D, K 1-7 D DFFOFHATIT, BI5FEANCET LU X7 23
LT, BinfER#EZ DNA OFX VT 4 L LTUANANT Z—TRET L6,
T A NVANRY B LD IEIE T DIEMAERS, A NVANRT B —DFYSREDO BRI L
LHFHUEGE DML, T A NVARYT Z—THRT D ERIED Y A7 I EN 530, ZibId,
WERDBIRFIRROEE T H 572, BB TIBROBIR B TOMINRED Hit T 5,

Eo. BFPOLEIZHEOIHA TR L. mRNA TOXEZEICRET 5 Y A7 & LTI, Fhkik
mRNA OHIFBEAN T D HHEFIGTLR 12 & 5 RIERIE), LNP ISR+ 5A > 72—
a7y a ViR ENEET D B, T b OMEEIE, BI5 AR OMES mRNA-LNP
EIAMOFE L LT, Bl ik & 13BN 7= SEIk TR~ DI A DED BTN 5,

— 5T, P ROPEDIHA TR LTCBIs FiRERHHEIZ L D OTE 73 ABisF O/
AAIHREIR - DOARTE, BEUR DS L FIRFEIRNC X 5 Y B RERE L, ik OMF5E0s 7
N=L7RW, B REREICEATHLWETH S, £/2, OTE 1LV 7 AR
ZHTE6T VR THLN, TR REE TCH D, Lien->T, OTE 12X
DI INEDP BB FIREIRR DL EVEOFIRO TR b T\ D, KX TliE, &is
TR OZEMEOMEOMZE L LT, OTE ZiEmOHIcE 2 & & Lz,
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BETFARLR

// BEFRELENS
£ TANATERNDEBEGEFE5 / LICHAMAAL
DNA JJM (LFEYANLARRY & —5%)

Lipid NanoParticle \ BEI—% ——— : 5 = :
(LNP) TmRNA% §B2:8E A FIELT- c BABETFOFEL/ D ANFHIELRTOAEL
BT RS . W%beﬂﬁﬁ—l:“kéﬁﬁﬁz%a)ﬁﬁﬁ
- SAREEMRNAC & 3 AFE RIS - BELUIND2RBER
- LNPISH T 2 R RIS RS TD —
(A>72—Ya>U775av) ETROEE ;'jlbf‘qﬁ{n?’&mﬂﬂa‘w ; )
mRNAEESOEEL LT EAELaE MR i
mYEERTLS tHRECS 2 FIA L 7 CHANARY R —~DRERIE (BMFFREE)
N | ERBEFOmA CEENICRET ZEAL Y S BEADRERIS
+7 & —Hy F CODNALIE = £ % | 752 FCAMBEFEMRICEA |

B AEIET DAL/ DA DBBET OTEL )| o S ——

\ -@ﬁﬁ@f/AHﬁﬂ%t&%%é%ﬁ%// R L oo
T AR TH L LR \ BRI BENT S /
Z U X2 H ORI AR AR

B 1-7 BIEFHRETR E T Y & < Bt OBE GEE R
EIRRERRICE. £ OBETRERROMIBEAD D DEXY 7 4 DR L DDS £iliD

BERIC K o CXE I ALV R BFET 5, IR THREREEZ DNADEX ) T4 L LT
TANARY Z—TEET 2551, VANART Z—I1C X 3 BB TOEELe, VA4 L AX
7 R — DREGRED FETHIC X B Rt DL, VA NARY Z— 1T T 2 RIERIED ) A7 75 L
3% % (4 #kDFH &), mRNA TOKEICT 2 Y 227 & LTk, JkM: mRNA OMIEEA <3
2SS (TLR IC X 2 BAEKIG), LNP IS T 24 v 72— av )77y a vk ERFEET 5
(e kDA, BETHRERRIC X 2 OTE 28 A T Db/ 23 AHLEE G T O Rilfb, #E5L
HOT 7 LRIFYIRTIC X 2 JeORIREE L, GBS TR ERICEA T L Wil T H 2 (hi Bk o
),
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1.2 AAFZED B HY

R T HRERATIE, A= & 74 o DNA 280l L T 5 &9 A4 F TOEE
I FE ST B DR A AT 5720, BRBFICHIT 204 KT A v ORHFE
PRER, BRIARRABR COL RN O\ T ORMENIAET 5, BB s ARG,
(A TH LOBRE TH 5 OTE IXEEZREWEM O U A 71203 S IRetnsdH 575, +
DIRBEEFEB RN E WO EN & D, BIGFREDOTINE, B[, N, BYJERE
£k 4 ORI T ZAIVE TIREED 72D o ToRIBITHT LUIRIEIE A MENL T E D RE Ievligtk &
2 A LTV D728, $iZ < ORZECHITEERE N 2 ORRIGH 2 B R LI2iE 2t T
W5, LorL, OTE @YU R 7 FHliD 72 8 O IERFIRFRER-CHE AR GER T D2 MRl OFEE
LS HEAER R STV RNz BRIRERBR~D T AL —2 g 71 ) $—FITK
ERTF XL UND D, R, BARTITRIE FHREIRROREIKBAFE D A 2 — F AR
RTIFFITRNTND, RHRSCTIE HKBRIZ I 2815 FHREISIRICIR D Bk OBk 2 38
A - T L. Bs R TR R R O IR IR I L ORI ERIC 1T 2 2o &H
TiaeEL LT, BARICET 5B FiEin R mBER oMbz Bf LIRS L4 AL L
7=
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5 2 B B TREIRRITIR D BRBRD A A T4 Dot & Hrigk
2.1 HEY

1 BT, BE CREBERACIE, OTE IC X 2RBNAMSEOFEEZOY 27 ’d
DM, EDFRI LTI R BBIA N o D Z L bR, TU Ay NAT 4 b=
—AD@WEEFORE HiE LT, B HREBRRG OB ICEY M BT U7 2
TE, FEREARGBR CIIIMAT 5 2 L B FERIC CERWEDB AMED Y 27 ZNIE LT R
TR DR 2 TR 95 Z L1205, MR —REST AT I T ORMOHE &
FETINERMGT 2 Z L3 TE T, FERARRER L ORI C o FEhEH B 12DV T O
Y172 9i4 R A LV ERVEL T 5, AETIE, HXREROHGIY/AEE - HNToZn k)
220 AT D& DAL IR OB & 3BT 272012, EDXIRTA RIA %
FlEL TWDDNERGMNCTHZ E2HE L,

RETIE, EHHYRBIIT LI A RTA L OHHr a7 D L FRFC, Hfl4 /o
A RTA ORI AEITH 2 LT, 410 3 HLBETH LN LT < KETOIERRR
B & BRRARBR ORI A BT 2 B L 32, KEOTA R T A > OFLHANEOHEI 217
TNEDBMN R ETT o 72, BERIZRFENT CIIBIRFT O S0 Y CTHIZ L - CIBEME
WECTLE D, FBIMEZATET 272012, FEdEHO BT 2 Mi7enic 42 2
& xR ATc, BFHEBICET DR EOINE, BHA R A B3RS D IFROMESA
MPEITEBIEBR LRV 3, 97<72< & bR 2 IEMEICIIRRT 5,  ZICk=E
TR, TA RTA ORI OGN AKX DOA Y DFNVRFETH D,
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2.2 ik
2.2.1 BHRBRDOATA BT A > DFEBBOLE: — R DFHEOUBSE—
AAGE L FEED TN ENDZETENNTHTA R T A OREHED T & g ik x
(ZF D72, BREMTA NI A OFUREICET 5 AR & SRS OBELLE Z KT,

PRAREORHIZIE, F—WNAEPEFEE AARFEO TN TN TEINTSCEEZMELE L
THWDREDRH Y | $EEE LT, International Council for Harmonization of Technical
Requirements for Pharmaceuticals for Human Use ACH)ARAT L7241 KT A > &
7o ICH 1ZEHMBAFED A F— LADEEFMZ AR L T 25720, ICH OTA RTA I
(. HERAR & BINELSES T2 B ERER O™ T ONASCEPFHETS D, AHITIE, &
AALNET LI ICH 7 A RZ7 A DN, HAED Pharmaceuticals and Medical Devices
Agency (PMDA)D 7 = 7 %A |k 392 HAGERRAVAB vz 76 Rk LTz,

R EOEHICHIEY, RiLELE L TONbEEEZTIHIE5ETHLIEEIEDOHE
ELTHERE AN LT, abEEZ LRWSETH D AKREITICFHE vk
L7z, BESChROBEER L BAGER O SCFHRO A 7 v MIAR L DHER G L LTz, BIR,
R, REKBEOZO[B, HFEOERIID Y > MTEDRipolo, BB OSCTHO N
7 MZIE, Microsoft word2010 % FHv /-,

BT, A CEORFER DO BEFEE L HAGEIRO SCFH O - #EARE(= B AGER D 3L
THE PR O BRER) R 72, & 512 Microsoft Excel2010 Z VT, SC#EMH DL &
R RO, FHRIE, 230F, WEICET S ICH-Q U —X, R ARRBRICE
% ICH-S >V —X,| BLUMRKABRIZE TS ICHE ¥ U —XDOTNLNOERFIZ O
o7

222 BECKRDTA B A > DFEEHRNB DL

HASE NN EOKE & 6, 2022 48 12 H I CEIn Fim i inic 7+ — I A Lz
REVECET DA RIA L EHIEL TR, 20k, KWRROBMETHL “E&
BIBRELEL OFA RTA &2 oHxtg e Uiz, & 2-112, 2018 4FLARRIC A AN NT
BRI & K E THITE W LBE DF T T 8 s IR O E & 22T 2 014 K
AL,
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# 2-1 2018 FELURRICHIBUE Sh - BEFRRARG O WE L Z2MICBT 2 BXBROT A FF A v GEEVER)

E /3t B& KE EU
(DcChemistry, Manufacturing, and Control (CMC)
Information for Human Gene Therapy
Investigational New Drug Applications (INDs) Guideline on the auality. non-clinical and
.= BEFARALSEORERURMED i et
HAFFA 5 %gigﬁﬁ%&f; RARUZRS R Guidance for Industry (2020) clinical aspects of gene therapy medicinal
- =}l
(@)Long Term Follow-Up After Administration of products (2018)
Human Gene Therapy Products Guidance for
Industry  (2020)
2. BN Human gene therapy product: FDA generally Historically many gene therapy approaches
3. % (1) EBEThaERISE & considers human gene therapy products to include { | have been based on expression of a
I, BEXEESES0 ) bBETEERES | F28) engineered site-specific nucleases used for transgene encoding a functional protein
E&U‘Jﬁf%? EAMMREL, LGS E FERRMTIE human genome editing, 10 and ex vivo genetically | (i.e. the transgene product). (‘:F‘Wﬁ} and
AR ). modified human cells. gene editing approaches such as CRISPR-
Cas, Zinc finger nucleases (ZFNs) or
FOE 353001 EiiE XREZ E—%R0o_FR) TALENS.
BT AERAES
— 7RIS Z-HG
ZUANARY Z—BlG
= BEFREAEESR (FI”5ICEIF5Y
=B <.
W EEE mB /AR ER BRI ORE QFERRHER/RARER mB/miRRHER/RASR
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K 2VITRLICA DDA RTA L EORMERE LTc, £T RHREOTA RTA4 D
KA NT 7T 7 BB LTz, ED%, &/3T7 77 7 OtHENEZMRE LT,
“BhE: Quality” . “FENE K BH %8 Nonclinical development”. — “[if & B #&: Clinical
Development” & “Zofih: Other; Background, Scope, Formality, and other” @ 4 ->® 7
TAV =TT, ZENENDOAT TV =L NT 7T 7Otk %L Microsoft
Word 2010 Z VT A V> b LTHR L7z, HAROHA BT A OICTHIL, HeibO Bk
PR A 2.7CR5 5 2.3.1 BB & VTl L7z, B L7ziiik & & X 2-3 1R L
o KEOHA KT A 220 T, US-CMC-Guideline(2020) & US-LTFU-
Guideline(2020)D 2 DA K Z A > OFEREfE TR LTz,

52 “SWE: Quality”. “JEEFPEBAF: Nonclinical development”,  “ffABH%E: Clinical
Development” @ 3 DI INT/RT 7T 7% FTAHBICESE LTz, “SWE: Quality
“GUzonTiE, BEROT A BT 2RO ICES T 5 “Product design”, HiE~
2 ADFR E 2 hr—/UZf9 % “Manufacturing process control”, #lifd, ™A /LA,
7T A RRZOMEREHIEET % “Raw material control” , S5 O RFEART & BT & Y
aBRiE, ZEMERERICES 35 Quality evaluation”, % LT “General principal and other”
2B LT=(K 2-4), “FERGARBA%E: Nonclinical development” (2 2\ Tlid,  “General

principal”, “Pharmacological”’, “ADME”, “Safety” (Z/0%H L7=(KX 2-5), “FFKBI%:
Clinical Development” (22U Tid, “Informed consent”, “Pharmacological”. “ADME”.
“safety”. “General principal” & “Others” (25348 L 7=(X 2-6),
ENENDTA RT A R SN ERFHIZOW T, “SVE: Quality”|ZB7 5 FIH
133 2-3 12, “FEREPRBH%E: Nonclinical development”|ZB89~ 2 HIHITE 2-4 12, “FRRBA%E:
Clinical development” (284 % FIHITE 2-5 [IZZNEIUTE L T,
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2.3 FEFR
2.3.1 HERKD T A BT A v DFE#ED HE T H ORESL

EkD4 76 DT A FT A ATDOWT, FEFEIRO BRI E B AGER O T8 a7 7
N LT, ZDH(BAGERRO SCFHL -+ SGBR O HREH) & [ 2-1 1R Lz, i T, 2e3BhK
DOHZER L AAGE O CF A X 2-2 17y fULT-, 7y MIig/h R iEE2AW-AE
FROEELCERIT 2 2 EnT& e, AT, y=2.70x+103 & 72 o7, PREREKIT
R?=0.993 TH V. EMMIIRIF CThoTe, TORRLE LA BT A Ot &I,
BN THDHICHQLIC D192 V— RKovh, gk TéH 5 ICH Q3D D 20,448 7— KE THOK
ERAENRH ST, HEERIC L O TICEMRIEA TR Th - 72(X 2-2), L7ci-> T,
HARGESCF M (y) o< 2.7 X SGEHEES(X) L A5 Z &N TE D, ZORREBEE A, HGE
RO HGEEL & AAGERRO SCFADOWERE % 2.7 & LTz,

P SCHGES & BARRESUFHO LI DWW T, TG & LT 2 SCE O LI R 2 %
K 2-2\TR LT, 4276 CEOFIT 2.7, HHERAL 02 Thole, S HIT, TR
EBEE2WHOY T I N—T 3T T &2 T o1c, Y770 —71%, WEICBITL A K
74 (ICH-Q >V —X), FERRABIEAT 204 R7 4 L ICH-S vV —X), HikaER
2R3 5474 RZ7 4 (ACH-E U —X) & LT, BREREOVH) H1EHER 2T, ICH - Q
Y =R 27402, ICH-S v U —2M 26+0.1, ICH-E U —2ZR 2.7+02 Th-
oo BUEARENC, B FERRRRER. BB T I — TN ERIT AR 1RER
DETH -7z,
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58
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tﬂi 2.0

R

oS

X 1.0
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=4

=Ty

oo 05

o

K oo . . . 5
I BRBEREEE R R 802582883 ERERPERERERES

ICHH A F 274 >4
& 2-1ICH DH A K7 A >0 BAFRDICFH L FFER D HFER O LR GEEER)
SIMEB TR ENTH B ICH DH A F T4 /120 THRSCR R O H AR (H A E B 23
FEAT) DASCHR, WFESR, A, [0, K, 3 X CRROHI % % ) DR HFEHI P H AL DX
FRE~A 7my 7 F Word2010 TH Y v+, HAGEMRO XXFH + F X O HGERDEE A ¥ 74

VI Ty b LTz,

29



Number of charactors in Japanese

version

70,000

60,000

50,000

40,000

30,000

20,000

10,000

5,000

y = 2.70x + 103
RZ = 0.993

10,000 15,000 20,000 25,000

Number of words in English version

4 2-2ICH DA R A > DIFERRDOBFES L BAFEROXFHE DT v v b CEEVER
SHNETHMA R E N TV ICH DA A FF 4 iCD 0 THSUR R O H A SR (H AR EBUR 255

11 OASL(HXRK, BB, R, K, &, 3 X CKIRDOFHIHZ D Z ) DL D HFER T H AL D X

Bre~=A4 270y 7k Word2010 TH vV v b, SXHEERE HAX O FHE%Z 7ay + Lz, EfE

IR, WCHIER L HAXOXFEOUFEKIL 2.7 TETH o7,

# 2-2ICH DHA R A v DEFERRDBFEE & BATEBROTFH O KR

A RS A mEICET3 FREARICATS ERERERRICET 5
ICHITA k54~ avy—% s y—X Qvy—%
Number of Number of Number of Number of
guidelines ve STD guidelines Ave STD guidelines Ave STD guidelines Ave STD
76 2.7 0.2 39 2.7 0.2 14 2.6 0.1 23 2.7 0.2

30




2.3.2 BECRDO A A B F A v OFi#E & WD
SRR L LT ARRDT A BT A BT 2B FREIRRDER

KEE, Chemistry, Manufacturing, and Control (CMC) Information for Human Gene
Therapy Investigational New Drug Applications (INDs) Guidance for Industry

JANUARY 2020490(LAf% Z #1% US-CMC-Guideline(2020) & #£5%) & Long Term Follow-
up After Administration of Human Gene Therapy Products Guidance for Industry
JANUARY 2020% (LA Z41% US-LTFU-Guideline(2020) £ FES) D 2 DDA A KT A
ERIT LTz, W HIEG 167 (Gene Therapy) 2R & L= A RT7A4 THHN, &
(B iRSETR R & BRI O 7T ) =&, A RIA4 Ot L 32 LY
LT 5, US-CMC-Guideline(2020)i3., #x-F-1f R O R in it H(CMONZ 7 4 — 77
ALT=HA RF4 2 Thb, US-LIFU - Guideline(2020)1%, ERRRBRIZ IV THRED
S AD D RHIF ORI L72d LA T 2 AIREMED & 2 BIEME DA EFFRITONTO
U A7 FHMOTEERHEST DA FTA 0 Tohd, BETHBIENOAEFZEDOY X712
(T, BIEFRERERICE S OTE 2RI LT 2N AME E T, FOINESRSREMAIC X

g

k=4

% Guideline on the quality, non-clinical and clinical aspects of gene therapy medicinal
products®? (LI Z % EU-guideline(2018) & FE5) 6, EFIZ T, BB FHRERINIC L 5
1B BALTFIRRDOPHR D — DGO A T4 L OxIHE LT,

AAICIE, TG TR AR S OB R VRO ROV T (REf Tl - FEEHA
SOCGEAREFRSE 0709 55 2 5 2019 42 7 A 9 H) 9 (LI 2 % JP-Guideline(2019) & FE5) &
W) BIR IR AR L LT RO SE L LM 2014 R4 035, koK
[ER L OBMOBIETIRIRO A KT A 2 LITRAR D) | ZTOEERKLOALIC B TwE”
RNL T AR ICRET SRR STV, Ll B TRRETREICI
TH BB REREN OBIR FREHENEIZFDNA X4 VT 1) LTEAINDS
HlE. ZOHA RIAURBREND 2L, HRIZBW CLEE FREIRFM A5t 5 &
LIRS Do A KT A4 U2 &b, JP-Guideline(2019) 2 AFE D341
*gl LT,
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2.3.3 HERKDH A K7 A v OFTERE DR
BHA T4 0 EECMC) 1. [FERERBET]. TERBER] (BT 58
IHRIBDITA R A4 D0 T, “G'E: Quality”, “FEEE KB %% Nonclinical
development”, “EEA&BA%E: Clinical development”. “Others” ZDfth, 2OV TORIRE
X 2-3 1R LTz, JP-Guideline(2019/ZB8 L T, #RfREKk 2.7 & AV THALO LT
B SRR A LT, SKENC DWW TR, SWEICRH b L7z A FZ A~ US-CMC -
Guideline(2020) & K K OFERRIKICRET 5 1A FZ A & US - LTFU - Guideline(2020)7
Wi CaE & R E D N—T D12, Wi &R Lz, KEDOHA RT4 2204
FHC26873 V— REotz, 25 b, SWEICEAT 2RHNT 15,433 U— K, EEAGERIZREY
T HEHNL 6,677 U — FZodz, FEREAGAERICEI 250l L 941 V— R &b ipino Tz, BR
MDHA KT A (EU-Guideline(2018)1%, 1 DDHA KT A > ThE. FERHERAR,
IKFRBRD 8 DDA 71 /13— LT\ e, ZDO4EIF17951 UV — RThY | EIZ 7,558 7
— . FEEEIRIC 5,525 U — I, BRKGBRICEET 59 2,817 V— R Th o7z, AARDY
A K74 (JP-Guideline(R01THITHHR T D & 11,847 V— R Th o7z, RHTA KF
A UUE, WEL IR, BRIROE 7 va VR E AT, BB L TIE 8,140 V— ., FEE
RICEAL Tid 2,209 UV — ROREHN D oTo, —J7, BRICET 250HET 426 V— F &3k
WDl oT,
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Total number of words in guidelines

30,000 ® Quality
Nonclinical Development

25,000 B Clinical Development
wn m Others
=
g 20,000
©
@ 15,000
0
=
=
Z 10,000
5,525
5,000
0
The U.S. EU Japan
X 2-8 BIETHRETBRD S ROHTA RIA L ORE, FEEER, FRRBRICET 2R E

GEEER
KEDHA K54 T2 US-CMC-Guideline(2020) ¢ US-LTFU-Guideline(2020), EH o 7 4
K54 v TH% EU-Guideline(2018) X I°, HARDH A ¥4 v TdH % JP-Guideline(2019) 1221 T,
o777 7% [WE] [IEERIREAZE ] THRIRBAZE) [Zoft) 1L 72, #E%E Microsoft Word
2010 TH Y v b L7z, HAGEDXE L, HARAHE 2.7 CHRGEHGERAEY ICHR L 72,

B (CMO)IZ B % 7t
“WE Quality “I2HoOWTIE, B R OREREE &0 EMERIZEE T 5 7 Quality
evaluation”, #iE 7 nv AL Zoar o — /|29 %  “Manufacturing process
control”, A ERCE VN 7 IZBT HRCHEIZ “Raw material control”, EAxT-#REEHRL
DOFFFHIBT 2R DIEE %2 “Product design” 25578 L7-, F£7=. FHNCEST 5 5tdE
TH% “General principle”, =Dtz “Background, Scope, Formality and other” (24348
Uiz, TNENDTA RTA L OfEHELMN 2-4 | IR LTz, KEIZSWTIE, US-LTFU-
Guideline (2020)(Z 1% Quality OFC#k L2V =8, US-CMC-Guideline(2020) D A DFEH &
7otz BAR, KE, BINOWTIOTA K74 4, Quality OFEOIEE DZNEI
AL DOFEHE T BEEENNTEY . 3 ROHA N7 A 2% ik U TG/ 72 Fial oD I

Hix7Zeh o7l
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Number of words in terms of Quality

18,000
B General principal
16,000 r
1,001 Product design
» 14,000 1,654 B Manufacturing process control
©
S 12,000 W Raw material control
3 ' :
5 10,000 B Quality evaluation
S 8,000 i 62
g 1,189 1,536
= 6,000
4,000
2,000
0

The U.S. EU Japan

X 2-4 SHE(CMO)IZ B3 2 FRi B DM GEE1ERD

TMNRDITA N T4 V%277 T 7, —fRIFE, Wk, 8Ek vz v b e —n M
RS, SEHOY 7T ) — IR L e, HEHE v v b Lz, BEEERUZ Microsoft
Word 2010 TH 7 v b L7z, HAGEA A F T4 Vi, SCFERARI 2.7 CHEED BEERICIE L 72,

“Product design”. “Manufacturing process control” ., “Raw material control” .
“Quality evaluation” 2B AL FIHZ R 2-3 (ZF L ®H7-, “Product design” (ZEHL
TE. WTHhOTA R4 b, BISFIRERSLOBIL T MO Z —IZFHT oG 2 5F
MICRREK T2 22kl bbb, WFhoOHA K74 % Functions and
structures of GT, target genes and other components, Vector structure, source, properties
and design, Proposed clinical use OFt#iaERK L7z, KEDOHA KT A4 Tk, B
F1F % Critical Quality attribute OFC# A BRKT 5 Z & BRHETIZ o Tc, BARDTA R4
F FEBVERICBT DIFHROFEHRZ ZER Lz,
“Manufacturing process control” |2 2O\ Ti%, KE, AA, BINOWTNHEET 7&
AT DRI L T B AT A—=F —DOFRE L A b r—/HEIZOW T ORI %2
Kote, £, FHKOREL 2 br—L, BGET 08 2408 U TOBGFDLEMEIC

BT 2R A Riz, Ao = b a—) VBT 28R, MUEMIGUICE L Th R,
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WTNDOHA RT7 A48, BABERIS T ANRNY F—va UdfThind 2 L z2H
LT,
“Raw material control” |2\ Tk, WIFNDOHA RT 44, Mg, VA LA, 7
7 A FEDOFMBHIB L TR 7 V2T M X S HSRIREBREZER Lz, ZOMOR
MBS _TIZONWT, BEYVEORE LR 2R Lz, v« 7 XHROEMEL &
ROFMEHZONWT S, 2L DEMHCREM B O EITHE D Z L 2R LT,
RN DITA BT A %, BT 7 X LROUVEMERTEW A2 7 0 A THMT 5 2 L 2R
ANCERIE L72 Sy, BARLKREDHA R A v DER L TR >, ZDIEND, Raw
material control |IZE8T 2B E DT A N T A DEROMIITRE 2Tl L7270 o 72,
“Characteristic analysis” (2B L CTid, BHA, KE, BINOWFNROTA BT A b,
A IR & K5 S 17 5 Structure . physicochemical properties . biological
properties |[ZOWTDOF ¥ 77 X B — g U Z2BER LT, ZOERIE, RSO —
FUARBNRZEE b EENTL, KEEBRMDO T A KT A %, Purity and
properties of impurities ZZERK L TEY ., ZOENHAARDOHTA KT A LI1TRz-7-,
“Specifications” & LTI, #[EH L T, Identification, biological activity, potency.
cell viability, content. purity(impurities from process and raw material, non-infectious
particles, supercoiled form of plasmid) ., infectious agents. and other general tests 7 &
WER STz,
LLEDSEIZET 2 ZR EBE oW TR, Rl O/ T AR OREHRNEICT O
T FEOHA BT A AR EREWTRRD b7,

35



# 2-3 BIETREIRED SROHTA F7A4 L DOFE(CMC)IZEET 3 RBNED Y~V — GEHEIER)

The .U.S.

EU

Japan

Product design

* Functions and structures of GT, target
genes, and other components

* Vector structure, origin, properties and
design.

+ Mode of action and proposed clinical use

+ Critical Quality Attribute (CQA)

* Functions and structures of GT, target
genes, and other components

* Vector structure, origin, properties and
design.

* Mode of action and proposed clinical use

* Functions and structures of GT, target
genes, and other components

* Vector structure, origin, properties and
design.

* Mode of action and proposed clinical use

+ Structure and characteristics of gene
expression product

Manufacturing process
control

+ Description of manufacturing process with
diagrams

* Process parameters setting and control

* Intermediate control
Impurity control
Genomic Stability through productions
Phase appropriate process development
+ microbiological control

* Description of manufacturing process with
diagrams

* Process parameters setting and control

* Intermediate control

* Impurity control

* Genomic Stability through productions -
Phase appropriate process development

+ microbiological control

+ Description of manufacturing process with
diagrams

* Process parameters setting and control

* Intermediate control
Impurity control
Genomic Stability through productions
Phase appropriate process development
+ microbiological control

Raw material control

Provide quality control for all raw materials
Establizh cell and virus bank system

* Quality control procedure and test method
+ Microbial and virus burden control

+ Biological materials safety (porcine, bovine)
+ Control of human-derived raw materials

* Provide quality control for all raw materials

* Establish Cell and virus bank system

* Quality control procedure and test method

* Microbial and virus burden control

- Biological materials safety (porcine, bovine)

* Control of human-derived raw materials

* Prohibition of use of B-lactam,
streptomycin, and toxic reagents

Provide quality control for all raw materials
Establish cell and virus bank system

+ Quality control procedure and test method
+ Microbial and virus burden control

+ Biological materials safety (porcine, bovine)
+ Control of human-derived raw materials

Quality evaluation

Characteristic analysis:

+ Structure, physicochemical properties,
biological properties

* Purity and properties of impurities

* Sequence

+ Genetic stability
Specifications:

« Identity, biological activity, potency,
content, purity(impurities from process and
raw material, non-infectious particles),
infectious agents, and other general tests
Stability

Characteristic analysis:

* Structure, physicochemical properties,
biological properties

* Purity and properties of impurities

* Sequence

 Genetic stability
Specifications:

« |dentity, biological activity, potency, content,
purity(impurities from process and raw
material, non-infectious particles), infectious
agents, and other general tests
Stability

Characteristic analysis:

+ Structure, physicochemical properties,
biological properties

* Purity and properties of impurities

* Sequence

« Genetic stability
Specifications:

« |ldentity, biological activity, potency, content,
purity(impurities from process and raw
material, non-infectious particles), infectious
agents, and other general tests
Stability

GT: Gene therapy Product




FEREERBAFIZBE 4 5 5o

FERG AR BRICBE 3 5 FIHIZ O\ TiE, “General Principal”, “Pharmacological” .
“ADME”, “Safety” (2 L7z, KEDHA KT A » OIFERFABRICEI T 25080 IR S
ALTHY ADME I[ZBAT 5B Th otz BINDTA R A ZiE, 3 DOREIZD
WCHEEHIN & -7, Pharmacological (2 1,355 7 — K, ADME | 1,428 U — RIZ%f L C.
Safety (Z 2,242 UV — K&V 43172, BARDATA RT7 A %, FERERICBEIT 5 2,209 7 —
ROFHOMN, 1,507 V— K% Safety (2B % 50601224 T 7= (X 2-5),

Number of words in terms of
Nonclinical development

10,000
B General principal
8000 m Pharmacological
’ ADME
?u: W Safety
S 6,000
s
g
£ 4,000
=)
= 1,428 .
- 204
2,000 =
7 -
0
The U.S. Japan

X 2-5 FEERPRBEFRICEE 5 S BE DM CEHEVERR)

TIMNRDHTA N F74 v &NT 77 74, —fREH, 3B, ADME, X203 7h 7= —
O, HEEBUE 1T v b LTz. HEEEUE Microsoft Word 2010 T/ Y v F L7z, HAGES A F 7
A VE. TR AR 2.7 CHEEDO HEERIC R L 72,

BT, FEERARRBRICOWT O AR, KE, BRINDOT A R T4 O ERFHEHE £

41ITF DT, K25 (ZFE LI | KEDOH A T A ORI B 5 iHk
T2, KEDOTA RT A 3, BInFIRRRBOAEKTOSAm & Rt 2 di~, €D
T RIS VAT R=ADT 7 a—F|Z Lo CTHRRBR CORMBIEOF I A& TL

EVEOMEGERZAT O Z & 2RO, BN, BARDTA RT7A b, [FERICES TIRF R D
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A, FHED T — 2 5T % Z & & RDT, BRINOTA RT A4 AFE BT, H=F~
DIFED Y A7 DIERET BAA L M52 L2 BT, HRHOREBREZ T 5 2 & 2R,

BRINE BARDTA T A 1%, BRIKR TR SN DR 2 60T 2 2 & BRR
TOHRE VI A U RET D Z & % B Pharmacological study O 32 & R 7=,

R & BARDTA BT A 0%, ZathoilBic B U —ixmEtaliiomnz <. gk
DRIFIAT 2 D BARTENE, DS ABMERAER, ot At 2 g~ HHA
& LTHE, FRERIRERER TR 2 2 L 2kdiz, BARMRERIZ OV TR, BA - Bl
WFNDTA RTA AZEBNTH, @HOIANKD 5 5 N ASRHERBRII AR E L Lz,
R0z, BRINDH A RZ 4 > Tid ICH S6 @ carcinogenicity session (Z€ > 72 iRER D%
Exb D, ARDTA BT A ATRFNRIET OB ATNEDOTER OB E 2 RDT=,
EEPEICRE LT, Bn e O~ 7 2 =R BLEMIZ BT 2 50Em I DUV T Ok
ARz BER LTe, FERRGRBRIC DWW TR, AARERINDO T A BT A AFRRA L0 > Tz,

FHERFIR DL AMERBR BT 2 FCUIKE DO A R T A AT o7z,
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& 2-4 BETREBED 3RDOITA 74 v DHBRKRBERICE T 2HDOY < Y — GEEIER

The U.S.

EU

Japan

Pharmacological study

N/A

+ Clarification for mechanism of action
* Provide rationale for clinically planned
dosing regimen

* Clarification for mechanism of action
* Provide rationale for clinically planned
dosing regimen

- Distribution, persistence, and clearance in target /
non-target tissues

* Combination with safety study

* Sensitive and quantitative detection of product

+ Distribution, persistence, and clearance
in target / non-target tissues

* Combination with safety study

* Sensitive and quantitative detection of

+ Distribution, persistence, and clearance
in target / non-target tissues

* Sensitive and quantitative detection of
product sequence with PCR assay

ADME sequence with PCR assay product sequence with PCR assay + Transmission to germ cells
+ Transmission to germ cells
* Excretion study for verification of
potential exposure to others
General toxicity study General toxicity study
* Required * Required
Genotoxicity study Genotoxicity study
* Integration into chromosomes * Integration into chromosomes
Carcinogenicity study Carcinogenicity study
* No standard carcinogenicity study * Mo standard carcinogenicity test required
required + Evaluate carcinogenicity by approach
+ Evaluation according to ICH S6 based on scientific importance
Safety study N/A carcinogenicity section * tumorigenesis study for transgenic cell

Immune toxicity study

* Immune response to vectors and
expression products

reproductive toxicity

* Required depend on the character of GT
and target patients group
Others: local resistance, drug-drug
interaction test

product
Immune toxicity study

* Immune response to vectors and
expression products
Reproductive toxicity

* Required depend on the character of GT
and target patients group
Others: Replication competent viruses
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HaRBAZSIC B 5 fok
g R BRI B9~ A e #C DU\ Tlid. “General principal”. “Informed consent” .

“Pharmacological”, “ADME”. “safety”. “others” (/7% L Cic# 2 iH<7=(X 2-6),
KENCBELTiE, 2 244 K74 O, US-LTFU-Guideline(2020) 23 A iR ER 12D T
DHA Rt Uiz, FAA T A 1%, 4,838 UV— & “Safety” (ZBI9 D REHUTIRY
37, £72. “Informed consent” (ZBI3 SHFCiRIC 668 U — RZED 5315 7=, EU-
Guideline(2018)i%. “Pharmacological” . “ADME” . “Safety” ®OZ-EHDIAB I
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HA, KEL BINOTA BT A > OEERRBICB 2 FH B IOV TR & & 275
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DA KT A > OEFHRRBRIZBET 2l EIIR LN TEY | FLHNAELIREN TH -7,
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# 2-5 BIEETREIRED 3RDOIA 74~ ODERERICET 5RO Y~ U — GEEIER)

The U.S.

EU

Japan

+ To demonstrate efficacy in the target
population to support the proposed

Pha rmacological N/A posology and duration of the effect. N/A
* Long-term observation of safety and
efficacy
Biodistribution of GT Biodistribution of GT Biodistribution of GT
* Check the persistence of vector sequences at least * Shedding study to address excretion of GT * To clarify the investigational plan for the
once a year until undetectable. to provide environmental risk biodistribution of the product
« Excessive invasive biopsy not required and + Persistence, clearance, and mobilization
ADME surrogate endpoint recommended. + Correlation between the levels and
duration of expression and efficacy and
safety
* Excessive invasive biopsy not required.
surrogate endpoint recommended.
Informed consent Informed consent Informed consent
* For autopsy and sample analysis to determine the * For retention samples storage * Required
causal relationship of related adverse events such as
tumorigenesis Monitoring
Monitoring; * long-term monitoring to detect delayed Monitoring
* Independent protocol for Long-term follow-up events (i.e. tumor genesis) - appropriate follow-up period based on
(LTFU) for detecting late adverse invents the type of vector, the characteristics of the
* Protocol and Terms based on the risk assessment Safety consideration disease
S;-_|f{=_3|;yr flame work of potential delayed risk * infection

Safety consideration

* Infection

- latent/persistent infection of infectious viruses
* Immunotoxicity

- Due to GT and expression products

* Carcinogenicity

- Within expectation, recommend preparing
investigational procedure

- Replication of competent viruses
* Immunotoxicity
- Due to GT and expression products
* Over expression
+ Carcinogenicity
- Within expectation, recommend preparing
investigational procedure
* Unintended transition of tissue

Safety consideration
* infection
- Replication of competent viruses
* Immunotoxicity
- Due to GT and expression products

* Carcinogenicity

-N/A
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