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= 2w (a) N-EEelM e, (1) P2A A=A FE = M, (i) 3 514 T AIE 5849 TCR-a
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£ TCRINYESO-1- T M2 HY 9S8 & F24& 233, uFdAng T4 4% & 54 ((FSE $9)S 23
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% 9ax A" (D4+ W= D8+ T AlEoA e NY-ESO-1 Eo]% TCRe| #lE&nfolg]x HY = H]-ulo]g]x
TCR thal] o]F<] TCR AP F =4S A%, TCRY sIEZufolzx A uma} ,
TCR thAIE T3] TR HEAH LT Ahdrk.  Al3F TCRY wiolzizol 93k =9l A, #Ad® AXE #AAze
£ Aol 4709 Ao]d TCR (Al5F TCR-a + Al5F TCR-B; A9F TCR-a + WA TCR-B; WA TCR-a ¥
T TCR-B 5 WA TCR-a + WIA TCR-B)S Ld3A 2 Aolrh. MIC-HEI= U=FA (NVESO)E X
o] =¥ TCR (VBI3.DollA e Eeol#l wlel ol g e FAAA AP 2/7F A
(VB13.1+ NYESO-; WQlA TCR-a + A15F TCR-B) T shuE =2 F3d A guz =" TCR (VB13.1+
NYESO+; Al9F TCR-a + A7+ TCR-B)S F= 233 AFE Atole] o] 93] TCR AHAHLF dEFHe 45
#e AT 5 .
% 9b-9cE HA AlqF TCRY TRACE Y A3} (& 9b, HE 7M5aAlE T(R-B Y WEZHAAstE Holy), HA
AT+ TCRY TRBC1/222] ®A3 (= 9o)dl 93k TCR tiAl, T TRACES] A3F TC(R-a 2 TRBC1/229] AlIf
TCR-B & ©o]&3 "Y Y 23td hAE AA ).

9d= 7154 AEZRD AJAte], Ao’ H (D8+ T At FARHA Alel"H (D4t T MEA & =5 T A
o A& A (= 8a).
= 9et 699 A dol FARRE o]Folzl IIE AA D8+ L D4+ T AlE & thollA] A7|dE F 49
Ao vl-ulo]ef 2 TCR A7 dBEA AFHJ ke AL A2 &),

Eu
)
(o
fr
=
e
i
3

T ofE F7FR 6% AR N Foxtz o|FofR A2 ZZEA, ZF FoRIEZFEL] 19719 T X7}
NY-ESO-1 TCR th#] HDR F3& = 2-g}7l gRNA/Cas9® A7|HFH ATt (& 8d)E= AL AA ST, NY-ESO-1
TCR+Q1 CD4+ 2 CD8+ T A|Ee] MESL A7|HAF § 3 10 sote] 44 d@d Aoz el

X 9g&= Hl-ulolg A Al ZA st & & 109 Fel AA, D8+ T A7} CD4+ T AEol] H3l] F21%4 oFgthe]
g °
=

T ohE HAY EME Az A" EFA T AE J9S 15 T AE o & AF Bz FE-QFwoeldst
RS wWe] AIAE AT, Fe-AFHleld & 72A7HR, Abs dAnE FAF (o714 & RFP7F o AEZE R
Aol os] HAE oF AE APAFES V=33t dEZvlolgia FAEJe] o8, T Hl-ulo]# s
2l el TCR whAlel <l&l, NY-ESO-1 & So]4d T(RES #dsl= T AlX & T, NY-ESO-1 2 HLA-A*0201
Zea 1 MC HEFA2 & 08 ddste 34 o AXFolARt o4 a8 24 AL A1ES 1o,

= 91% NY-ESO-1+ HLA-A#0201+ A375 & A|¥EF9] HH AE AFES 913 /2% Bl gRNA ¥ /2.2 g
HDR 3 wlEg 2~ ALE A7E AAgT} (S 2-ER7l gRNA 9 HDRTE RAB1IA-GFP &3 ©w+ & %ioﬂ el el
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Hol98). LBl gRNA Wb ole, £-El R 8 E UE 2% Axwe] B4 A AU w3y,

E9je WA T AE Ay JdozrEe] E5HE NY-ESO-1+ TCR+ A3 (2-Eb7l gRNA, £-E}7l HDR +8)7}
A4 oF Al AbEel thete] ZEe &% wkg AdE dEhidlthe A AT 4841%F ol 2:1 % 11
Zhe] T AE o & AR u7E 2H ok AES] A hdd APEE BT M4ARIEA], 1016 HREe] T Al
o ooF AlE W= g 54 AX AP FAE WelFdnt

CR OlA] F fAZ RAgol o8 B u, v-wlelels TR A T X &)@ ¥
QA AL ANBLh. WA APR T

A oz A7IHFE A, E dxEL HAE 3709 Al
X s ERFssivh: NY-ESO- 1+TCR+ Al (Hl HM gzo] s A" TCR), NY-ESO-1-TCR- A% (TCR o}
%) (3A), =2 NY-ESO-1-TCR+ AE (29 HA TR #A3FAAIRE, NY-ESO o] =<9l TCRS 2zx] ¢k
2. A EBEFE NY-ESO-1+ TCR+ FHwnbo] ¥4 AX AlES HAT (401 T AX o & AXE H]). n=2
(a,d) = n=3 (b,c) 5HE A4 FAAETH 149 dEA Fox}, o7|4 7|ed 5oz Faid A
o FHy & BF BAF (d). n=6 HHA 1A TR Hy 2 EF HA (e,f) EE% n=2 SHE 1A% ¥

: T3 "Hat (i-k)7F AAEHA 9 n=2 59" 1%

WL A5 T AT e
A

"EAH Ee "wEUEHE"TE fole Y e BE olF i FE o] ulSAlE A (DNA) = REt
(RNA) & 19 Z3FAE AAsh. 22 FAHoR AgEA e g, 7] olv Fx I fAE AT
EAS 2ta, AdHom dY wEULE =9 A8 WAoo g diaby s HA FEUQEE= FAE KA
Z SRt daks T3t 2] BAEA 2 3, 54 4 4Ee T3 g9 mEHor Wy WHolA|
(&8 B0, 234 3E X3, gEFHAA, L2EZ7, NP 2 ARF Ad Bl ofyel, WwlstA WA
AEdE dA ez sttt pFAHoR 3 o] AEd (EE BE) ZEY A3 YAV £F-7] 2/
T dgAo)eal 72 A3E s ALS AT RN FF4 Iw XFo] GE 5 Ak ([Batzer et al

Nucleic Acid Res. 19:5081 (1991); Ohtsuka et al., J. Biol. Chem. 260:2605-2608 (1985)]; % [Rossolini
et al., Mol. Cell. Probes 8:91-98 (1994)]).

"FAA EE ol ZEFEE HE AMSAY, BE OF5 FYsd #9sks DNAY AORES AHE
A ol mY do M3y 9 T4 J9 (Fy 2 EdY) ¥ ol /M =Y AIWE (%) Aol
°J HO‘ A RIES)S X388 4 vt didez | "fHx"ges o9& Hl— @% RNA, oAt rRNA
tRNA, 7}o]= RNA (el & E9], & 7}o]= RNA), H+= wlo|ZZE RNAE AAtstAY, a5 FQeted #o

v =2
ot DNA Al ES A D 5 Sl

"Amsherele, el Avkd wi Fubd slebilg, dAn) gel; Aw; T4 g wE A% YU 89
| Ag S A e R WA EE gE SE A% EE wge] F A9 @ Aokl vEl A
HEF, AT, Pu) T Felo] AE EE BQ i el golA9l el 4F ARE AP,

weREE et AAE ANals st olae] &t Ao} AdmA AelHrh. EdA ALgHE wel 2
MELEE A S A A ded 9 A, ddd, Fd

o], = 118 Z=2Ee 29, TATA
245 ¥t TRRHE EI QoForm A9 AN e ZN 242 ¥IET, o HAAY E
W RO RE £ A B g7] A A 4 o

e, Sate] E TR Wt AR A5 AR wAHe] g u, "AEbssl
AE ol mEwE EL QWAL ) A9 Aol JHE £UR, w1y Ad AErFsaA Aadel 9
S el EE PRE 4% Pt b Mge FAANES ) 9 Aol 2575

EEREE HEET W wmdre Bl Amusdoz AgHu, opuwit e FHAE
AQR. BYolA ALEE ulg 2ol 4] folt AF WAL wEd, obulndt Ak T4 AEE A
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@l o8 AAd Qelol Aol obulwit HE EFwL,

Edo A ALEE = vpef o], "ARA" e "dRAo)EE o FEUEE Ex A4k Alo]e] Koy 4
7l S AT, A AAGEHA A, A5 Eof, 2 AT glo], 7Fo]= RNA9F TRAC 3k <& 1
of &4 o Apole] 47| APAe] VAHY. R FIFYEEE dubdoez AL T (EE A2 D, 26
2 Colt}, EYo] ZAE slo]l= RNAE T Al¥olA TRAC AR A& 1 U] Alx Aol A 4rs
EE AFAHoR FHAR (dF 59, 1-4719 vAuAE 2t=) AdE, dF o], DNA 243 AEds 238
T ATt

ARk AA ARRE = wpel Zo], didAT JAE W F vk & Eo], AT EfrsE, dXd 9
A, B OS FAAOR QIZtoltt. Y] &ole B4 X Ee AES AAEHAE &tk wEbA, @A ol
T Tt dAolE 4 glol, A 2 Aot Az e o oxdr. EYoi AlgHE wiep 7
of, A E= gidAE FeudtH o Abgd £ g, A3 e GelE ok tAAE AAE A
"CRISPR/Cas" Al2=®l2 o] 3ilo] diget WolEs st FHee FRFo whg ol AxvlS XA},
CRISPR/Cas Al=®1-> F gt futelglol B M F7]1AoA @ddrt.  CRISPR/Cas Al~¥12 B9 I, II
2 I MEERS E3sttl. okAE EFY 1T CRISPR/Cas Al2®l2 o) S-S Qldsta dwslr] &) 7ol
= 9 A3t RNAY BFAISEE RNA-viA FEdlokAl, dlE 5o, Cas9E o] &3rt. 7iol= RNA 2 &3}
RNA & the] S48 ZHe 7ol= RNAR BEgk #dl 7)ol FA|so] lth. AR Ag-oA, 7] ol &A

7}o]= RNAE ©+ 7}o]= RNA (sgRNA)ZA A&

Cas9 &A= 7] &/ w9 " gols EF s, oo AFEA= v FHAS e ot dAd
o} orElvtE|Elo}(Actinobacteria),  oFFo|F Vol (Aquificae), BFE|Zo|HH| -2 2 24| (Bacteroidetes—
Chlorobi), Z&fv|t]oto]-w|FAvlo]| T 2 H|oL(Chlamydiae—Verrucomicrobia), EZ2Z2ZZA(Chloroflexi), Ao}
wwrH glol(Cyanobacteria), I EV|FEH 2 (Firmicutes), XZH QUH B o Proteobacteria), 223 Z 7 ol H 2
(Spirochaetes) 2 A EET}|(Thermotogae) . dAlFel  Cas9 GWELS AEIFEFFTA IO A
(Streptococcus pyogenes) Cas9 wiidolt}y,  F7ke] Cas9 ©ld = 79 AwAls, o8 &9,
[Chylinksi, et al., RNA Biol. 2013 May 1; 10(5): 726-737; Nat. Rev. Microbiol. 2011 June; 9(6): 467-
4771; [Hou, et al., Proc Natl Acad Sci U S A. 2013 Sep 24;110(39):15644-9]; [Sampson et al., Nature.
2013 May 9:497(7448):254-7]1; 2 [Jinek, et al., Science. 2012 Aug 17;337(6096):816-21]° 7]A= ]
ATH. Bl AFTHE Cas9 wEHHA T Aol WolAE &5 MEAAAM &4 &4 e F4E IE8ES

Al HAAskd o k. mebA, 228 Cas9 frEellobAlzE =Rk e
el W ARGE= mbeh #ol, "Cas9"hs Boli= RNA-TIZ) rEellobAl (elE 5o, wHElol s Ay 719

of A, ke aRFYH fFHE Z)E AT, AAAH RNA-m FEHOMARE 7] Casy ©iA W 19
%%Zﬂv— F3ech. o2 RNA-wi wEEoAlZE Opfl (dE Sof, E& [Zetsche et al., Cell, Volume
163, Issue 3, p759-771, 22 October 2015] #=) % :qu AeAs Te. %A}wl, Bl A AREH =
Hho} o], "Cas9 gEtuA" B3A|Eh= §o] 52 Cas) T E I} crRNA (& , 7Fol= RNA v

7ho]= RNA) o] 59+A], Cas) Wl st Ef- ﬁmi} crRNA (tracrRNA)©] HA], Cas9 w9 7ko]= RNA9
A, e 2] 23 (E 501, Cas) @A, tracrRNA B crRNA-7Fo] = RNAE $hfrals H53A)S A3
o 2ol ZIAE AAGE F el ZlellA, Cas9 arFElobAl= Cpfl rE@lokl= Aghd 5 ks s

L L)
o 2 r&é
o
i) =
o rlr
I 3
ull
w 1
fo B
Iy
X
jfied
o
Y
H
lo
X
i

[
X
e
o
i
i)

UM ARG uheh o], S, mE 92 TPt VA, AF Hol, RP-DNA 7Y BYAF w3
£ w4 "EShEoleke ol T AE SNl AE RS A% N9 EE the RNP-DNA 73 BgAI
ANE AFRE. QR AN, mgstzol, A el X o YRR AW wE BFgAe] A9
gAY, A1AF, thestolo] it eRuste] A%, £84 ) WA, AL JF AY=E B
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A9, HxEF v A 55 g8, oldd AEHAE k=, 7] AN thde wHel e E ).

Eol A ALEE & vhe} o], "o]FAelEtE oGt QI T AlXdA AdHozE HARA g Idak Ad
T ZYRHEE AT, o)A A olEte §oE AAd FoAF T MEdAME BT WEEHA &gE A
& AAsT. wEA, olTA FEHQLEHE v dld NI (a) 29 S5 AXd s dd = A
W (&, AEe &l AgelAY); (b)) S5 AEA Ao WAFHANE (5, W1 A|Rh), Al3ellA
HIRAA & (5, S5 AxoA Addor A R ¥ 8749 o A4S oz EAT & Ak
EE (0) §F AEAAN AA-ow HALAT, 19 AA ZALE Hout 94X 4 Ur.

oA AREE = wkep o], 1A AlEe} TREte] "1At'Ehe olFte FAASEA @Y, Ee EEEA
B2 HAEZE AAs. AV 1A AEZe AT S5 uY, Aded = AdETE 5 JdY (dE
o], 0, 1, 2, 3, 4, 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, &= 203] wj). g7 AL
oA, 1 Axe AT wig e s Agtstdt. dF F9dA, 13 AXxE §71A, Al=E", 73
Ty xAoERY dEya, doAor FREa, g e Al glo] A4 ARgEn. AR A5oA,
12 AEE A=, 43 e 23ldd. o2 5o, 12 T Al¥E (D3, (D28 &5 A, IL-2, IFN-y Ex 19
A HJE (dE 5], 29 EA stellAe wieh)el o= &dstd -+ Qrt.

i

oM ARG whek o], "T ME"#= o= T AX 84 ZAE T¥sks "EA AEE AT
s (aB) T AE H AL vk e (v 6) T AEE EF7I

5

2T AZ, 1A TAZ (A8 S0, MdsA @2 T AL), g T Ax,
AL TAE, 719 T AE, 22 T AX, Ad 8 T AE, 29 =3, =

+

s}, oo AeE A= eki=th. T AlEE (D4, (D8, T (D4 2 (D8’ 4 9tk T AlEE dn A%, o
£ B0, Tul, T2, 03, T9, Tyl7, EE Tw 3 A% AEA & ek T

th, zA T AEE FOXP3’ E: FOXP3 @ 4 9tk T Al®E otu/ulel T AE EE Zup/Ee T ¥ 4

_ ar A - —
olth, AR Hoo|A, T AEE (D4CD25 (D127 %A T AT & k. AR Aooa], T Ax:= 18 =4
(Trl), Ty3, CD8+CD28-, Tregl7, @ Qa-1 Aty T M=, T 19 23 = 319 HAgo=z o]Fojzl Fo=

oA, T MEE= FOXP3 T AMEolth. AR ASoA, T A=

al al

= CD4+CD25Z1CD127 CD45RA™ CD45R0O vFelH. T A

T AX
AT 5 vk AR AN, ARG T AEE AT (2

Sy
o
2
2

oA AFEE = vlel o], "R &A1 "g= o ol uist whgoz T Alxe gAsloA] 2838k 2
He] TCR ABAY 4 (el& 501 TCR-a % TCR-B, TCRy B TCRS Aleltk, T Aol A
LHEALS o, TCR #8419 ZF TR AESH & TR AESYH S Mxdt FHA7)1s B9 o9 2 4
= EBo], A1 TR AEHR & (& 59, T(R-a) E #12 TR AEFR 3 (dE 59, TCR-B) 7} o] F o]
ZA TR F=EAE A4S o, FY A2 v Agtol 2gste 71 99

o

ol A AREE= mpeb o], "Ml-EA W A" EE NHEJEhs 8o DNA hEe) ARd w=E uid T

A 78 W A8 4 donA, AR Sopelds e Ay ZaAAE AT NEIE 5

olA st o] e UL =] §7F, A, AS B 09 2o olofd 4 gl

oA AREE = vhe} o], e

g e riye il
K

=
T
fAET. AEd T3
24
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f O
d
s
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offt of Ji ox
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Fvh. FHBES F/hR olFA MR-a A9 sbE e fe] Wl MR-o ALFR N-E R 298
COTRAC FA F 4HY H9lol SEalel, WA TR-a AHgHe Nde RES mEes A 27): 9
A 4 slth, U TCR-a ABAV) N-o R mPehs S4k 37)% TRAC Aé 19 FWHY w4
A9 Abelel Vel TRAC B3 A F wEUSEE Aol &8 A el g Fol, TRAC 9
19 sk 419 59l Alele] wRALEE ASE 25700 FRULHEY) W, el TCR-a AR
Wel N-wee mYshs o7l FEAeE sl TER U £3d, £ 1ad FEeT. AL, TRAC o
19] Fwst Y R Aol REFUSES AGsh 257 vMw w257 &3} Aole] HEeleEsql
H

A Ho
=
rO
ox, M
)—]
(@)
G
a
x

frole] N RS sk 257) vwk i 257 ZIte] [FEUE =S #ile]
AR dolA, W FEES, g -Ede, Al A-dd fEE A
EL R Al 5o, A TR-B AMBFH ), A2 #7]-

Mo a2 me 12 7 OLom pR 4 oo P Jo ot T of
MU
@
[
>~

A AES Agste P B AR T AEA TR-B AHBAH (TRBC) F312ke] & 1 vie] %4 o
W2 3 Ad B 7HeS ddste ASs xdehs QI T A2 Alws Ades e T
AR, 24 g TRBC Fi= TRBC2 FdAke] o 1o EA3T. dt 7528 sAH o N-
ol A o, o]FA T ME F8A (TCR)-a el 7P G4, olojA, o]F4 TCR-B el 7IH 9
APA. FHFES FTIE O|FA TR-a 9] 7HH Gl dyst= Al AV-dd PE =, 9 o)A
TCR-a o] 7pl Gt o]FA TR-B e 7P G Apole] A2 A7]-Ad fH =S I3tk THEL
F7FR o]FA TCR-B el 7 g FHo uild TCR-B AEfFH N-2d RS Fgdct. TRBC1 EE
TRBC2 & 4FSd F-floll oEsted, Wifld TR-B AEFRE] N s Idshs it a7]= 22k 5 3l
o WA TCR-a M BRSO N-2d F-tS sgahs 34k A7) TRBC1 B TRBC2 TRBCO] ol 19] &uh4
W FAskE A 9 Abele] Wil TRBC it Ad T R QEE= Al oEsA E et dE
5o, TRBC <<= 19 WA} A4 791 Abolo] el e = Jlas 25709 el LE=7] b, Wl
TCR-B MBEFfH ) N-dehs 9l 25709 R =rt 758 o 234, = 1bE 3. fAls

A, TRBC1 T+ TRBC2 o4
olo] FEHLE =2

3,
gelodEe el THE Ul AT >
%_ =)

=

SEE A7t 257 mwk = 257 =3 A}
S ZYshs 2670 mwk EiE 257 Z3e
3
)

A FEZE, NTuelA C-gHoR, Al
5

2A71-dd A=, o] 5 g 2 B9 99) T(R-a AEFR A (d2 So), A3 T(R-a HEH
W), A2 Ar)-Ad FE=, o]FA TR-B AEFR 9 71 99 2 UydAd TCR-B ABAFH N-U
FES 3gdit. qAFge FEEL 1 1o AAE AES T3t

2A71-Ad FE =9 o 2A7|-dd vlolg A 24 FEE, ol Fo], HA HAFHlolE ~-1 (P2A) HHE, E
Ao} ofr] 1} ®lo]2l A (Thosea asigna virus) (T24) EI=, @ v]d A wlo]g|x (E2A) FE=, TE FAY
blolel 2 (F24) FEI=E X Fsh, oo A= geth. A7|-dd 24 FE=E 53 dd FHEZHEH
U5 F42 AAHES Hde 5 2y, (dE 5], &3 [Chng et al. "Cleavage efficient 2A peptides for
high level monoclonal antibody expression in CHO cells," MAbs 7(2): 403-412 (2015)] #=x). <LdF 2A]
FEOl A, A1 2 A2 A7) -dd HEEE 598 Aotk tE AAISHAA, A1 F A2 A7]-Ad JEEE
dolgk Zlojtt.

, AL A7-AE e =, o)A A TR-B 4, A2 A=A FE =, TCR-a 9] 7FH 99, 2 o
d TCR-a AERFRY N-29 Fi& 47 AdE Zdstes 7552 A TR-a Z&2RE 9 TCR-a X
849 Ao e A Bk, A, FHEE] T AE A

duxz v, T Axe A T mRNA AlE & AAE 4 EE S
s 24 el wigE 4 k. §F A=, o]F4d A% TCR-B 4, A2

= H
2A71-de FAE =, o]FA A TCR-a 2, 2 HAA TCR-a AEFHAL N-UH BES A7 sAdZ X3

A Al

oo M1 o O mx

iy
i
o
do 4
s
itk
Ak
re
ful
[
il
Mo
ol
ob
rr
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FrAFSEAl, TRBC1 W= TRBC2olA19] AHS) A, Al A7]-dd e =, o]FAd A TCR-a A, A2 A7]-det )
HE=, TCR-B 49 7Hd 49, 2 Uil TR-B AEFHe] N-
el TCR-B ZZEEH 2 TR-B 24 249 Ao 3l 2]
el TCR-B Z2RE9 Ao 32 &9 vd, T AlxE 49w
o mRNA A EE AR AEF F&ete 23 stelA migE o+ 2

yo 1o

_22_



[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

ZIHS3d 10-2020-0088348

=, o134 A% TR-a 4, Az 471-89 =, o1FH AF TR-B A, R HH TR-B Aufslel v
o R 4] eAUR Teec.

%% TRAC % q;q.gq oﬂﬁ: 1 LHE @L?QTQ‘OEW TRAC Torxq;q.q Ll—_o. oﬂ_/.: (oﬂﬁ: 2 tﬂ 3)0 oﬂ/\ 14 61-7;1] Py
dEol T mRNA A Do] "rk. A7) mRNA A Do) W Az, 3749 e EREHE AL, 5, %
Eololel Feln WAy LY b el HEE (kg e, AZAA 2 5 AU, E=

T e), AF olTY FU-5o14 MR- 4, * A7 oIFA FU-5°14 TR-a A= A7]-
= shel duidE dEdEy (=B la Fx). A% 3 5ol TR-B 4 2 AF dU-5<14 TR-a
Z

of [ R e/ A T

o (oo e

A, FHRES T2 AL AE LU GUFORA T2 FAA G A (e 242 o
1 Aol Hth, A7) iR Dol wel Az, 3le] W) EelRe=
4, %, olgle] AelE R LY JhE 9o WEE (o e ol KEAN B + 3
g, EmE e FoReE 5 e), A% oY U-5olH TR-B A, ¥ A% oY FU-5o|H TR-a

= 3

sitel wmAz wHEg. AF 3 Sold IR-B A 2 A% FA-5o14 R-a H

et oz, o]FA TR-a =P A4, A5 51, TR-a 9] 7P G5 FFshs D H o]F4 TCR-
B 4 =W ML, dE 5o, TR-B ] 7 99L& IYss AL T AE9 A Wz 449, o714
o]F T dE 1 = 4l

HE AL, o]F4 TR-B = TRBC 314k
Fejoll A, o]F4 TCR—a AE ZLst= Al A M = 755 4L o|FAH TR-B A=
oll 4=

A2 A A9 B TEES T fde AE 9 154 Tk o AS. % M faAel A 10
°]F4d TR-B H5 Adsh=dl AH=n.

lo

Al A2 A FHES AFEStE WA, o]FA TCR-a HME ZYsts ite] AdS g 34 d9
TRAC frAA}e] & 1o givt. A5 AAGeolA, o]FA3 TR-B HE ZDsts PiFe 4 3
o8 elAl TRBC1 X+ TRBC2 ZEREE Q] 37l 9lar, TRBC1 = TRBC 2 FAxte] 9 19 9x]gc}t. A1
S FAaA o g N-grdeA C-ddo R Al AV|-dd FE =, ool o]FA TCR-a 4, olojA], Ul
TCR-a ABfFRe N-Zd BES 93t A2 it FHELS S50z N-2do A -gdoz A2 #7]-
Ak AH=, o]o]x, o]F4d TR-B #E = Ak, olojA, WA TCR-B AMEfSS N-2d Bis #
gttt oA[AQd FHFELS & 20 AAE RS E"?}@E}.

) Al Al A=A HEE E o]FA TCR-a A& A7) SAUE ZYste Al 582 WA T(R-a =
2Z2RE 3 TR-a 2E 849 Alo] atdl A vt A2 A7]-dAd FE= A o]F4d T(R-B M= %71 A
EHE detE A2 FEES 9 TCR-8 ZERE 2 TCR-8 & 249 Ao} &l A Hr}.

Eo] T Az Ax Wz 2 elA T(Ra 2 TCR-BZRREQ Alo] &2 =%a v, T A%
2 A2 F5E0] H/He] mRNA M EE AAME F J=F &3t x4 st widEd. FEES T
o I&E 1 W2 AYFTe=N TRAC FAxFe] He & (dE 2 2 3)2 AE 13 3 wgﬂowlﬂfﬂ do o]
F4 TR-a & IZYst= HF mRNA A Fo] "k, fFAskAl, A2 +5E¢] TRBC #dAke] & 1 = 4]
o ZM TRBC F7xte] H& A& (d& 2 2 3)2 A& 17 d7A ~Ego|d=o] AA o|FA TR-B A& =
Yok mRNA Al de] Frt,

A1 A7 -Aek M= D A4 o]FA TCR-a S ZIFes nRNA AEe HY Axz, w3d Trelo] Zdojd
B3 U 7 99 FE= (ol AdE B9, 2XACdAM EdE 4 JdAY, T W9 F EaE 5
A, B AG o]FA FHU-5olH TR-a H7F FdAT. A2 A7]-dd HAe= L A o]FA TR-B M=
FHEE nRNA A Ee] WY A, HEd wvQlo] Hojdl BEA Uil 7HE 99 HEHE (o dE B0,
2FACNA ZalE & Y, e U F 2HE 5 S, ' A oA FU-5olH TR-B A7 L3d
U A olTA, FY 5olA TR-B A B AF olFA, FdY-5ol4 TR-a = dat= FA-SoHs %
© TCRE FA ot

A TCR-B 9] 7Fd 492 71 (V), odd D) 2 dZ2 (J) ddEFdAE >
A, o]FA TCR-a 9o 7FH o9& v 2 J JHAFAAS E33}. o=
Eo), ¥3 [Kuby, J., Immunology, 7" Ed., W.H. Freeman & Co., New York (2013)]& Z=x3lt}.

Q- ANFHAA, B ALE B T WE, AT Fol, vlolels WEE =AFORM T AT A
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w HE AdE. mlele s ¥WE 9 o= ok A¥ wpoles (AAV) ¥E, | Eznlol A WE = lEn}
olgix WS Tl olol AFEA= Ferh. AF AAGHAA, dEmPelH A wE = QlH kA A

Weluto] el 2 HEjolct,
2 AgEt, v-vteles A Y
e el EA 5 slek,
QR AN GEel A, WAL T AL U (a) TRAC FARS] A& 1 e Austel T AX A
DIE ! AT 2okl L (b) HRe oJ8) 4 =gHE A A 3
AE W AFYET Q% AAGEelA, S4e T AE U (a) TRBC FAR] o 1
& Agste] T AL el 419 F9E Adss TA5E FEeobAl; 2 (b) HRel ©
DR RECROLEE T I EAVERSDES

o o
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=
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12
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of
18
=2

o 2] Eo]l4 o & 3slo|Be=3slE 7)ol
F7t2 xehstth. A AAGHNA, W AE U2, TRBC fdzke] & 19 %
R =

S AFg3le] o]FA TCR-a 4] 2 o]&FA TCR-B A5 22 TRAC 3429 9= 1 2 TRBC
FRAAe dE 1 U AYATIE AASEA, A1 2 A2 A T AEZ W2 (a) TRAC F42ke] & 1 4]
°of A1 A H91, B TRBC Ao & 1 We] A2 Ay F-9E5 Adshs sk o] x4 std wrEelokbAl
(b)) A1 A AE; = (¢) A2 4k AES EPTFO2ZA T AX &2 AdEct.  d5 AAGEedA, Ty
AZE Y&, TRAC 37k ol& 19 77 e Eolxog sfolHg=slelE 7ho]= RNA, 2 TRBC 3219
& 19 BA g FolHom gtolH=slel= Jho]lE RNAE ES1she RS FtE EFS
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ool A A deddd wEHLHE MEs et Ay
1 [e]
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=
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AF AgellA, At FD
DNA FP o=/ Ax & =g, o
A A DNA FPLe #5F ©d sbE DA FFoltk,  BelA 4
DNA"&, DNA®] the =& Wi sige] dhxom ZHoj® W b DNA
Aolgrolt, £48 Wl st

o)
=
A%, DNA 8L olF 7Y Eve g Y Zefan= s vyY-AMF(nini-

e

AL 9]t}
circle)o]t}.
A5 ArjFeol A, A sE FEHoMAT RNA-7Fo|=d FEH oAl Zul)d, HAF EAR1IA-FAF o] wE
dolAl (TALEN), o}d A wFEdokAl (ZFN) E HZ7ITAL 2 o] Fojxd Fo 2Ry Addy (dF & =

[Merkert and Martin "Site-Specific Genome Engineering in Human Pluripotent Stem Cells," Int. J. Mol.

)

Sei. 18(7): 1000 (2016)] =), i AAIFE A, RNA-7Fol =4 fFEelobals Cas9 Fr2elobalolar, W
1o 3

= AZ W2 T Az An 5 24 99, dF5 5, TRAC FaAke] & 1 Ho] %4 g 5o
olB g =3lsh= 7ho]= RNAS = & F7tE xET. uE AAGHlA, RNA-Zhol=d oAl
Cas9 frEelobalolar, WL Al W= TRBC #7d#ke] o4& 1 o] 4 Jool SolHor sho]ue|=slsl=

7hol= RNAS E9shs 2la F7h=2 29sit)

=
[rt

jind
_OL
rir
L

Avkell A AREE= wpel o], Zho]= RNA (gRNA) A Ee F9|-5ol4 m= gAstd wIalotAet Jozhg
shar, Aol Al ule] 1A ikl SolHom AFetA, He 1o sto]HEs}slal, o] ZM4, gRNA B X%
Aote okl A Aw T B4 A FE FASHE A Mok, 7 RNAE AE T BF
DNA Aol Soldo=m AfstAY, H= 1o stelHg=stsh, Zeo|7k oF 10 WA 50719 FEa e = Aol
1 DNA A3t ME e ZREXFOIN AdE £3%. dF 5o, DNA 243 A4 deol= ¢F 10, 11,
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12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, W 50719 FEYLEI= Hololt}. AR AA e
A, gRNAE crRNA A9 @ EWAZAE} crRNA (tracrRNA) AES F3aty,  AX AASE oA, gRNAE
tracrRNA A& ¥ 3}s1A] &=

dwrg o= DNA E43 MY A MLl FRAS =S (e 5o, 993 FRAS Wes), E= U4
Aoz A4S HEs Z}ﬂ%ﬂr. A AfollA, DNA 2435} DL vF Az el 2dtsr] 918 9
B 534 9718 =94 ¢ . @ AgolA, 23 999 3" e 5 U] 19749 wEULEHE
= 24 A 84 B 450 gHEA drAdelg. AR AfeA, 2F 99 LS STHIES
A" g k. dE B, vdd FEUeE = Zde tid RNA AR S7HA77] 9E =dE 5l
AR AFelA, 2T 99 A% 9 A d90lM Y 23 72 IS WY, FRATIES WA Ee Y
A = Ak AR AfelA, A 492 -C IS FH7I=S gARlE F A IR AfelA,
G-C FFe nbgdaAE oF 40% WA oF 60% (oE Eol, 40%, 45%, 50%, 55%, 60%)°lvF. AN
AAFEANA, Cas9 WAL FA dmEfFIdel FEYL S olar, o)A, Jhel= RNAste] H3HA
UF-2A, = DNA T3] 5o dRex g4 it AgEde W, olF Zte shdo]l £4 it U=
EQEnt. 2ol AlgE oA, Cas9 FYHEE B Cas9d ZYPE =S FQshs AFE T AE U2 &
dE 5 k. olF 7hE g DNA FEES T AES] Alw HE A9A717] 8 HDRel of3 Ho-E 5 Sl
T Cas9 qr2@lopal7E Edel 71 Wl AbgE 4 gtk olE E°1, 7hel= RNA ojs) E#shd
d9ol 3 mkE ol NGG ZREXF oA QIR KE|EZ (PADE ZLE &= Cas9 frEdlobAlZE AFSE 5 Sl
7] Cas9 FrEelobAlE NaG N D& Fhahz, TRACY ol 1 3= TRBCY] ol 1 ?4 dolow wAskd F
It THE oj2A, SEEIY PAN REX 2318 ZHE Cas9 WP ARgate] AAFE NGG PAM M ES 2t
A Fe NG9S ®48e § o Jdrk. SEEIE PAN MG Sol4e ZE dAF9l Ca59 gl o= &3
[Esvelt et al., Nature Methods 10: 1116-1121 (2013)]1e 7148 A& Ed3h ), olo] ATHA= G

AN AS-olA, Cas9 DAL YIA|o]ar, o] 24, 7lo|= RNASHS] H3FAo] AFEA %4 Hike] AjGHAS
o, & 7he obd = o] 14 Al U2 =ddEn. Zzbe] FxH o o]k sho|= RNAC| AgH, d
o] Cas9 HoHAl= B4 A 999 2719 <9 9ol 24std 4 A= vh, o)2A, & o] 29 9d T}
o das 14 Aw 99, dE E°], TRAC A9 9d& 1, T TRBC fxxke] d& 1 Yz =948 &
ATt E-EP @t 9l 9s 2T sbedel 7] wiiEel YikAl A S E Solds AFE e
ul, olgd Y& dutzow 7] Aa B 7o g8 W glo] B HETE, oA <l Cas9 H7HAlE DI0A

i -
T [840A EUWolE zh= Cas9) wEeElolAlE X3t (& £}, &3 [Ran et al. "Double nicking by
RNA-guided CRISPR Cas9 for enhanced genome editing specificity," Cell 154(6): 1380-1389 (2013)]).

YR HAAGFERN A, Cas9 FFEdokAl, 7Fo]= RNA R a4 AES AlX 2 frIawd 2344 (RNP)-DNA +

A=A =dE™, 7] RNP-DNA 8 E@dA= (i) Cas9 wEdobAl 2 7lo]= RNAE > ¢3l= RNP;
D (ii) o)A TR-B 4 2 o]FA T(R-a S IYsE= DNA FH o =4, HRE E3) TRAC FAAY A& 1
W2 A== DNA 38 s}, AR AA G A, Cas9 FEdolAl, 7Fo]= RNA 2 Al g AX
Yz graighidg 23hy (RNP)-DNA 58 B3dAd24 =959, o7]4 RNP-DNA 8 S34= (i) Cas9 7&F
dolAl & Zlol= RNAS XS RNP; 2 (i1) oA TCR-B 2l 2 o]FA TCR-a & ZYsh= DNA 8o
24, RS F8 TRBC FA#ke] & 1 W2 AYEs DNA 88 ¥,

QXL AAFefol A, WA o] FEHEES AFEEl] o]FA TCR-a S T AFEoA TRAC Frd=te] & 1 Uz, 2
o]FA TCR-B = T AEolA TRBC F4xke]l A& 1 W2 Adsks 4%, (a) Al RNP-DNA 58 3=,
(i) RNP7} Cas9 wEdlobAl, 2 TRAC Fxte] <& 1 o] 14 Yo HolHoR sto|Hg =38t Al 71o]
T RNAE X8l AL RP; 2 (ii) ©]FA TR a MERFHES IYsHE DNA 78S 2§88t A Al (RNP)-
DNA 38 23ghA; 2 (b) A|2 RNP-DNA & =A== (i) A2 RNP7} Cas9 wEdlokAl, ¥ TRBC f-dxle] dl&
1 o] 24 g HolHom slojHel=slale A2 7to]= RNAE Xste 291 A2 R\P; B (i1) o]F4
TCR B MEFHAE Q3= DNA FHE 23st= A% A2 (RNP)-DNA 3 A7 A 2 =98, o
5 A Eol A, A1 RNP-DNA 3 E3A] 5 Cas9 wEdlobAl 2 A2 RNP-DNA 3 E3A] & Cas9 w=zlo}
AE TY3 Aok, AR AAIFE oA, A1 RNP-DNA & B34 3 Casd wEeolA] 2 2 RNP-DNA 53

=
N
=3
=

QR AAFEAA, RP o DV FFe] BHl oF 3:1 14 oF 10019 5 ek, o F Eof, BHlE oF 51 y)
A 10:1, ¢F 5:1 WA <F 15:1, 5:1 WA <F 20:1; 5:1 WA ¢F 25:1; <F 8:1 WA oF 12:1; ¢F 8
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15:1, <F 8:1 W)x] ¢F 20:1, HE= oF 8:1 WA ok 25:14 4= r}.

A AAFE A, RNP-DNA 3 53HA] 3 DNA 8 °F 2.5 pMl WfiA] oF 25 pMl F == EARTE. AR A
Fefel A, DNA 9] F& °F 1 pg WA °F 10 ngoltt.

A Aol A, RNP-DNA 3 A= oF 2 , i
DNA %633”]' @‘7]“ ?l‘ﬁ“‘ﬂﬂd’}i@gi&i %*é%‘jﬂ %_]l?‘ /\E]/\]OO]:EHO]]/\i’ RNP-DNA %ﬁé %@'iﬂ% /\ﬂjj_ lﬂi E?:]]—(‘S},
7] el RNP-DNA 3 5314 2

5 AR S A, @A AE HE= RNP-DNA 3
g BaAE =] $lsl = =
SAth. RNP-DNA 9 H8AlE =]lehy] fjs) Al2E dA7Idgshe Frke] B oigh iy
J:= W0/2006/001614 == &% [Kim, J.A. et al. Biosens. Bioelectron. 23, 1353-1360 (2008)] 2
< 9 =937l Qs AEE JAV|AFstE Fre B ukd W, =
e AXE vF B3 9 37 ¥3E 2006/0094095; 2005/0064596; W 2006/0087522¢ 71AE AL FE
gk 4= 9lth. RNP-DNA 58 EH3AE Zdsty] S8l AXE A7|dFshe 7o =& uortd uy, 2AE,
2 FAx+= & [Li, L.H. et al. Cancer Res. Treat. 1, 341-350 (2002)]; wl== £3] WH3Z 6,773,669;
7,186,559; 7,771,984; 7,991,559; 6485961; 7029916; 2 ul= E3 &Y I/ WE 2014/0017213; 2
2012/008884201 7|18 AL £33 4= vk, RNP-DNA 58 EFAE =37 fls) AxE A7HEshs 71
o = thety WY, 2AE, 2 AX= 5 [Geng, T. er al. J. Control Release 144, 91-100 (2010)]; &=
[Wang, J., et al. Lab. Chip 10, 2057-2061 (2010)]el 71A® A& E33 4= glr}.

ke

ot
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n

=]

=
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okl ot
Jiz
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Ll

AR AAGEANA, HA® 2719 FRH O R AJolg RNP-DNA 73 H@AE ZF3h= B9 RP-DNA 73 5

A7 AE W2 =, Auke] Ax ARLEE ule} o], nEs -

T AN G A, Aol 27)e] FEA o R AJolgh RNP-DNA T3

FRgieh, A AAFHM, Aol 27)e] FRH oz Aol RWP HHAE =4

frete A5, FRAoR Agold R HAl= 7 Casy YIS EFFebaL, A ow Aol 7ke]= RNA

2 e wid} Zhgel] spol B =gk gt

AAGFH A, o]F TCR-B 2o 7hA g H o]FA TCR-a 2] 7h3 =

boEate] T Al HAe T TRAC FadAke] s 1 2 =]idck. ol 4

3 o]TA TCR-a o] /3 =& Tz AR

Z

A
itk Zh EAh M2 RNP-DNA 3 H3HAC] dF=A AE

T =3E 5 .
48 5o, 2438 FEHoME B4 (dE B9, 2, 3, 4, 5/ EE 1 23, dF Eo], 2-10, 5-100,
20-10070), ©]&A TCR-B 219 7PA 39 2 o]FA T(R-a A9 71H 9GS mdst= 163 DNA F 3 &
gAE Pt FAE T AEe A U2 B2l =905 o]FA TCR-B 2 7FH 34

»
o3
o
)4

AAFE A A, HA] FHEES AFEEY o]FA T(R-a 5 TRAC FraAte] o 1 &2, 2 o]F4 TCR-
£ TRBC F#ke] <& 1 Wz Adlsks 45, A1 243t wEdlokdls olF4d TR-B ] 7 9

=
HAYEs B0l w83k DNA 33 232 dAste] =0 A1 RNP-DNA 53 2= gaad 5 9,

=]
2
Lot
i,
%
ull
&
£
2
rlr
o
ofN
oX,
)—]
(@]
¥
o
L)
Lo,
~
rE
of
18
o
Il
g of
ofi
ol
rlr
e J

wof o]F TR ML solueiels AdE 4 ot

) =]
5
A, o= So], a4k A E RNP-DNA 53 BEA= ok 1 x 107] AE WA oF 5 x 107 AX, °f

—
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[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

[0101]
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X 10 AE A F 1 x 107 AE, 1 x 1070 AZE WA <k 1.5 x 107 A, 1 x 107] A% A <

2 % 107] AE, 1 x 107 AZE WA k1.5 x 107 AE, = oF 1 x 1070 A% WA k2 x 107

AZ N2 =99 5 .
H

R A=A, AT AEE 1A T AEL & Ak, A5 AAGHAAN, T AEe= 24
T C

AR A efoA, HEE T AEE o]FA TCR-8 4 2 o]FA TCR-a A9 LS 3&3st= = sl A i
FEo] o]F FY-5olA T ME F&AE FAASTE. o2 AASHAA, T Alxe HyH Axe Jus g
FA7l=d 2 234 shellA ey, 45 AAGEH A, FU-5olH T A FE8AE Tds= T Al

ZAE

o ATE Wy F Ao Ao &) AxE AZF T AEE EE AFTErt. B ATH HH S d99
Aol oaf AxA <17k T AlE HbS w3l AFdtt.  Holm= 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
95%, 99%, T 1 2 MEe Alme] o|FA ik xHstE A4S Esteld, o7 ik TRACS 9
1 =& TRBCY 9 1 YZ AYslo] de AL, 549 A T AXS T3 F72 AFser. dF AA G-
oA, T Mxe 28 T ME, of9H T Ax, £ YolBa T H]EO]E}. AR AAFE A, o]FEH T ME+s
8 T AFEolth. Ax AAFefel A, o ME] T AE DACDS T AFEolch

T AZEA, 2o c-ddoz (i) Al A7]-de FDEl= HL; (ii) TR ABES 7} TCR 4B &)

of EW 949 % 7pd Jdds xFsh= A<l Al 01-:5*3 TCR HEWA A, (i) A2 A7-da HE= M,
(iv) A2 o]F4 TCR AEFH A9 7 d9; 2 (v) WA TR ABFH N-Ee E28 IHse it A
a8 2, o714 g TR AEfFHo]l TCR-23F (TCR-a) AEFH A, Al o]F4 TR AEFH
A= o]FA TCR-#IEF (TCR-B) AMEAH olar, A2 o]FA TR AEAR e o]FA TCR-a AEHH o]
o, 7] el TCR A E Ao TCR—B ABEH A9 A1 o]FA TR AHAY = o]FA T(R-a AX
i Hola, A2 015‘—*3 TCR MEAY A o] TCR-B AEFH A T AEE Eg Algditt. A A
Fefoll A, Sk Ade, N-Drhel A C—%‘i‘rii, (i) A1 #A7]-dd FE= Md, (i) °o]F4 TCR-B AERFH

A, (i) A2 47108 QEE AL (v) o548 Thoa ARFY A9 7h8 99, % () N4 TR-a A
DAY A N-TE RS st 9% delA, ke, N-wue A C-REeR, (1) Al A]-E9 e

= A, (ii) °o]FA TR-a AESY A, (iii) A2 A7]-"dd HE= AL, (iv) o]FA TCR-B A2/ 3
ol 7H¥ J9, % (v) U TCR-B AEAFHe N-Edt F&8 Z93rt.

e T AEZA, N-"ooA C-2do =z (i) A1 A7]-da FE= Ad; (i) o]FA TCR-B e 71 o
o] i) A2 A7]-"e ME= D (iv) ©]FA TCR-a 9 7}@_ 99 2 (v) WA TCR-a AHEAH 9]

~
—
—
—

N-Zdh BES m3dgstE ik AL Jﬂo}ﬂ% 714 Ak DS TRAC Fdzke] 9 1 U2 585+ A
HEE T AXE =3 AT, 5 dox, ke, N- “g%oﬂﬁ C-gdo =z Al-Ar-dd FE = AL,
o)A (dE &9, d3) TR-B ABFH 4, A2 #A7]-dd FE= Md 2 o]FA TCR-a ABEAYH A 7}
W gde mgdt

HYE T AXEA, N-gdoA] ¢-2gdo=z | (i) Al A7]-dd FE= AMd; (i) o]F4 TCR-a e 718 3
a5 (1i1) A2 A7-de FHE= ML) (iv) o]FA TR-8 A9 7HH 949 € (v) WdA TCR-B A 2R/
N-2ek B2S Fgss ik Hde “ﬂo}ﬂ% 714 ik DL TRBC Fdzke] 9 1 U2 585+ ALY
HAEHE T AES w3 233 g2 doja, S N-ZrholH C-Ewtow Al Ar]-AHe JE=E Ad,
o]F4 (dE 59, d3) TR-a ABFH 4, A2 2A7]-dd FE= Md 2L o]FA TCR-B AEAYH A 7}
W gde mds

AYE T AERA, N-gdoA c-ggdoez (i) A1 A7]-2da FE = H@“ (ii) o]&4 TCR-B ¢ 7IH o
o5 (i) A2 A7]-dx FE = AE; (iv) o]F4F TCR-a ¢ 7}tﬂ ol @ (v) WA TCR-y AEFRY
N-Zdk BES F395tE b AdS 2388, of7]A ik Ad& TRGC 41}4 A& 19 dE 1 UE BF
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=

A4, a) N-EdeA ¢-Edew, (1) Al A7]-2Ad ME, (i1) o]$A TR-a 9] 7P 49,
=i
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il
(iii) WA TCR-a 9] N-2
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%

il
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=
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X
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=

Pow ol 2R e
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hyA
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A5 WY
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5
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™
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=
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M2 a) WEAESTEH T A

Hol—

[Zhang et al.
S A 8=

=
-

=i}
=

5 WHE

CRISPR/Cas9 for tumor therapy," NPG Asia Materials Volume 9, page e441 (2017)]1%-
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=
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[0112]

[0113]

[0114]

[0115]
[0116]

[0117]

[0118]

[0119]

[0120]

[0121]
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A WA FAs v AL AN A PUe FhE AR

QR AAFHAA, A AN FPS AmHE P @) PPARVE T AZE FESHE WA D) 2
Ao ATE PH F Qoo AL Al o1FY FA-Fol4 T AX FEAF PARES T AL WA
T oAARA, 71 T AE FEAE A den dud 39 Qdske A w2 o w3 1
ALE PN Felshs WA Tawt

o] ATE A% PH F PO AL WA MRS o1FH TR AS] ool T ALY HL B
e AL FAR 2T + Ak, BA) ABH AR P F g9 AL WA RS °1FY TR oA
&, 0 WPAAA Folsrl oldel T AX Pug HPANE AL FAR 2T 5 Ak

AAE g 2 2w e AWl AHEE S Y, 29k 3 ARSE ¢ Y, 28] AlzelAM A2
T AW, Ee O A 2, 24, R AES NEH. olE 22 2 vUE 2ds EdddA AiAeta,
olg =29 =&, MBAE, F3zE, Iu ol A2 W, o5 = A7 v NEH 2 HdA
29 2 ool i AR Awel BEeA AHAEA G ¢ AN, o] Eele] FAlH R e,
1A s = AoR ofsdrt.  dE 5of, & el JWAHIL =oAL, Y] Wl EetE = sk ool 24t
of thall o]Fojd = = vl Mol =2y 2 =% 2 <=4, 3 e

= %, AR aEEn. fAEHl, olEe] Yo
E= ool 3 AR ew aEEa, JiAEY. olgd JiEe A" 2SS ARSshE WRclA e B
5 XFE, old AlTEA = B, E ALY BE SW] H&Hrt. wEpA, FdE  dE odge &
7h @AV EAEE A5, ol F7F WA= A7 JiAlE e dele] FAAS W dAl s g 9l
zgtow Fdd 5 gla, A7 A7) 23 e =% MBAEZE FAA R aedal, JiAE Ao b
Hojof ah= ZoR olaHrt.
Bgo] Q8¥ FNRA D AVIRAS] A4H Aut 1 Aol Bele pAHew Frw wHT
/x]}(loq]

6]—7] AA = A o °
sa A Ex AL ANE A
10}71] A Aot}

fAZ 252 AT AL 14 T A 9

12k QIZF T AlEs A A8 A&, Egvt oJdlgA|~=(Trima Apheresis) (E8E= AlH= OE o HAH
(Blood Centers of the Pacific)) ©]% WHF A|A IAHEFH J{FE, £ WIS 47 Ads AE4E (&
Bl (StemCell)) ZH-E12] 773 Qb Tt HE g Aet. w2 dof dd4t AlE (PBIC) -‘;4 Aol E F
H(SepMate tube) (=B, AxJA Ao wWF)E AHEste] IF(Ficoll) HAEE ol o A8 MEZHF-
B sk, o)A A 917k T AlE de] 7] E(EasySep Human T Cell Isolation Kit) (&EIAL AlzFAe] A
Al WE)E AREst] A7l &4 AEe o BEE AlX IFESEFEH PBMCEREH T AXE desigitt.
g AFEA &g &, 9 T AEE A5k, A3 ARt (A AlE). FEE AEE ARSS A
S, AzGA L] AAle| ule} w8 A (Bambanker) W WA (5% H}O]O(Bulldog Bio))olA &AL o] e
e T AZE AsA7Ia, 19 5 A5 glo] iAol A wjkst ololA, AAstA wrEE AEe tis] 7]

193] (Committee

Ag wpe} o] A=star, HAFSATE.  Alds A%sk At 3@1 %@Z}h UCSF 217F A+
on Human Research: CHR)®l 23] <old T2 EF9 o}, FAA 571& H?ﬂ 3z M2

W5 HE ¢993](Internal Review Board: IRB)el 2]3]

i}

2 o d(Yale)

12 T AE MY

g AFEA &= 3, HA T AEES 5% $Hol I, 50 mM 2-WEXE ofehS 2 10 mM N-olA e L-A] 28
< EFSF= XVivo™ 15 wiA] (2=glAd)olA wiYketdvt.  HI7MAE E2FEA FE FEA A (olh=ZE
XF(ImmunoCult XF) T Al 4 wjx, A=) Huk ofyg}, RPMI + 10% FBSE A E Ao A&t (=
15). @8 #AF, T AEE 200 U/mLe] IL-2 (UCSF I}wRAl(UCSF Pharmacy)), 5 ng/mLe] IL-7 (A E3]A
(ThermoFisher)), 2 5 ng/mLe] IL-15 (&}°]3 H|A(Life Tech))9 A|EFFQ ZHE| L kA, 1:19 H= o] A
X FZoA &-<1zk (D3/CD28 AH7] TV = (WEIA)E 2 Ft A=, AV|HT F, T AEE 500
U/mLe] IL-2& Egste ajA ol wiekatadet. v A 717k sk, T AIXE wiA 1 ol oief W) Alx
Uem FAAZAT. A71dE 5, 2-39vitt 71 wiAE F7FY] AlAdE IL-2¢9 A Hrlste], HAE s&7t
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[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]
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500 U/mL7F S =% a9ia, oo uet AZE o 2 g A2 A el AE/mle 9=E FAAIA.
RNP A=

RNPE A 7)A1E wkel o] ([Schumann et al. PVAS 112: 10437-10442 (2015)]1; 2 [Hultquist et al. Cell
Rep. 17: 1438-1452 (2016)]1)), 2-A% oRNAZ Cas9i ojdHTo=zn Axsdrt.  7HEFsHAl, crRNA 2
tracrRNAZS 3tetd oz A3 ar (YhEwE(Dharmacon), IDT), A}ZE3$E Cas9-NLS, DI10A-NLS, X3+ dCas9-
NLSE AxgH oz Azsta, GAsA (QB3 v Z 3 (Macrolab). FAZEZE RNAZ 160 uM §=Z 150 mM
KC1S *3HalE Ef]2-HCL (7.4 p)ell AFEA 73, -80ColA EHEE B3I, crRNA 2 tracrRNA &
HES A7, 79 7ee® 1118 38k, 37TCedA 30 min &<t AFHo]Hdste] 80 uM gRNA &H&
HAsIA ek, ololA, 20 mM HEPES-KOH pH 7.5, 150 mM KC1, 10% &A1=, 1 mM DIT £¢ 40 uM 3lol B#E
AZe Cas9 H WHo|A|Z 37CoA 15 min < 80 uM gRNA®} H-3] 7]Fo 2 1:1 (2:1 gRNA o] Cas9 &H])=E
E33te] 20 uMe) RNPE A3, RNP It oz B3k A 2ol 7| Fs3ict.

dsDNA HDRT ==

o]% 7}= DNA HDRT A& PR A E=ZHEH AASIAY. <& AAEZ=(Gibson Assemblies)E A}
T HDR A ES F53to], A ofel (B4 H o= IDTENH gBlocks®A §4) B A4 &<l 3 2]
3 229 9E U2 Yste IAE (7Y GFP)E o] Fojx HDR 58 A IS wiXsIsitt. olg e
= 1 ALH PR 5% (719 S~ElE(Kapa Hotstart) ZE|HebA]) S 918k FH o2 ALL3539tk. PR ¢
Z2)= (dsDNA HDRT)S SPRI AASFa (1.0X), PCR ¥Hg-& FUF 100 ulT 3 ul H209 HFT FI=2 £&EA
ATk, 1:20 SAEZ Y Bo 93] HRIY FEE 2435190, ZZ3 HDRTS 7= 1.0% of7f22 Ao
A A A7l o8] FskiT.

o o
of\
>
o

IA4FEdobA E3fell 2|3 ssDNA HDRT A=

il

HDR gol2b 71 ssDNAZ Al%3b7] §19), #4) DNAZ shube] Qlwb wl-wg®l PR Zefolw] 2 Alz Q145
PCR eto]mE Abgale] RS ol FFAAL. %zz}-a »Ja}o]ua-z— gl FEEE DN AL o]
Joh olE Bl Z7he] QakshE PR EebolwE Abgstel Bl she

RS 3l
WS ARgEte] Bl 7" 3o i
2 EE T e HAlZ DNAE A2 ¢ vk, #A ssDNA 7heE Alxskr] s, PR ABAES] Q14kst
7VeE 37°ColA 58 B (1 kb &) 44 2709 &4, 2EUUTHA 2~ (Strandase Mix) A 2 AEATHA 2~
B2 & Aoz ESAIZT. 80TA 5% OL Ao sty axE BT, AAdE ssDNA
HDR +3& SPRI A8t (1.0X), H2000A &EAIHTE. 7lo]=-9I™ F ssDNA Z2HHd A2~ (Guide-it™
Long ssDNA Production System) (t}7Fe} Blo] @ USA, €1=1.(Takara Bio USA, Inc.) #632644)0] th3l Ht} AbA
g TREZS AXGA S fYAtolEolA FolE 4 it

PN
(DA =

N
L~

A Ao 93k ssDNA HDRT A=

ssDNA & oJzx= &8 [Leonetti et al. http://www.biorxiv.org/content/early/2017/08/21/178905) 1] 7]1=4&
nke} o], RNA F7HA|e]l fxdAfel] olo], A/d¥l RNA:DNA dfolH = A=A RNA 7hete] ZhpEitafiol] o3
gagstict.  zrErebAl, ¥sk= HR FodzkE WA 17 ZR2RE 9 shie] FREYetal, T7-HR Fo4A ME&
PCROl 9] SZA|ZtE. RNAw HiScribe T7 RNA ZE|HelA]l (7 YW= vlo] 2= (New England Biolabs))
& AHEske H’i%lﬂ AArtell o) FAdsbar, TGIRT-IIT (1A 2 (InGex))S ARSI GHAMAHG.  GHAL
% NaOH % EDTAZS Z}ZF 0.2 M % 0.1 Mol H7}skar, RNA 7FrE38S 95ColA 10 min &<+ Sa33ct. Wk
=55 HCI=Z 74]%3]— FHF ssDNA AAHES, Hd5F9] XP(Ampure XP) A7) wl= (#H=A% ZH (Beckman
Coulter))& Al&-3}o X“ﬂ stal, At RNAse-EHir H0014 &EAIZ . ssDNA AS EA# d7195 (vfo]

Lo dele] A (Bioanalyzer), “NAHE(Agilent))oll <3l £43131H.
12 T A AZAF

RNP 2 HDR F3& =7] T AX A=+ =
Sk, AHA 9ol 28 EoF A EE Fo}
o0

7b AAR AEE 90Xgol A 108 T
]

o

°
o
_E‘
>
o
2
N
of
o

2
o

A T AIXE 19 Wi} HZEZEEH A
o2 7] (D3/CD28 YUHI=Z AASGT. H7HE FAd, H=
AlEEsta, Sdstar, Wk Al¥xd 20 pL 9EA = 24 (Lonza) A

AT A p3ol AFEAAT. Ao AQES g8, B2 = 7} EHISS 24 4D 96-9 HWI)HE A =H
& ARgEle] 4 Wl T AEE A71AFE. A 200,000 WA A 2wl Az oA AE FE
g e 58S HAT. oA A71AT @EAE WAE vie} o] ASHEAA, Aold HH HAx 44
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[0132]

[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

SIHS31 10-2020-0088348

(OMEM <F=A19] A%, E0155)S 7Fact. 2d HAEA &= 3+ 2.5 pnle RNP (& 50 pmol)ZE 2 ug/ ulol

2 ule HDR & (& 4 pg HR )3 &7 A7 HFs).

96-4 HHS 98, HDRTE WA 96-49 ZE|Z =24 V-ruiet Edo]Ee] o EH3ItE.  o]o]x, RNPE HDRT
of H7talar, Aolk 30&% &<F RToA A AFuloldalgivt. HFAoR, A7|HE &FA Adgd A=
£ #7}sta, HDRT 2 RNPZ 3| gstoan 7has] £3sla, 24 ple & 53 (HE + RNP + HDRT)S 96 €
A7 FH9 ZHOER &3 AT XA?, 80 uLel wE] 7Fd wix] (NEZRRD f15)E Z2be] 4
A7bsla, AEE AVHE Fullel FFAZIAA, AE wg clFHolElolA 37Tl 158 ok FAAIFAT.
1548 &, AlZE HE g &= AT

WAA T ME 849 9 HR F3 oz 9| Hl-ulo]a]2 o]

Ik %I 4 ¥ B O YHEAAGE A2 AAAN FAA 2AU § A4 (22, ot =
la % % 1b9) EASHE APua fASHE, 9, d9H0R, R-a R IR-B B 2AZ2 F o)A Pshi
G Sold TR 7hd Fure] e, 01% S v A9EY F A28 (1709 1.5 kbp AYBAA 2749)
2
4

500 bp AYPER) FAAZITE o]dS Zta, T3, oE 5o, FAFeR H3A 2, A4HE IFY 5o
TCR-a ¢t WAA TCR-B 9] A4S = g 514 TRe 4 & v HdH3t= 49 T
MEZE 29] kA AZFTE WA TCR-a ® TCR-B = mol+" Aolgl= AL on| g},

T AE +8A9 EIF2 golBgI 29 UUA TCR tiA

URld TCRES dole] stk 2lqf olFA TR AE= diAlsh=t gRNA 2 54 ofd2 593 Zol7] wil
geFet dsts RS sl thael dolst DNA T3E& A0 A7-AFE 5 Aok, de 5o

2 geFet Al T(REF-EH ©@d o] TCRYHS 53RN, th4=9] TCR DNA F8 L& A7|HgH MEe ok
Adte] Az FE Aoy, o2, At AMde 4 T AE dAEZE AAPSA 9 Holth (& 3a).

-

ol ¥ mlo

A%+ TCR, =& (CD8+ = CD4+ T Mx O]J“Ei =2 AdE)

WA T AT 849 9 HR FPo =9 Hl-wlo]g2 oA
T AE 849 Ay 2A2E wj$ 2360, o714 (TCR-a e 4%, VZE J ogdfxa, 2 TR-B 9]

4%, V, D 3 J dEfdaAE 9 F o BFR ha iy R A= Vs T AZ s8AE AAE]
Asl T AE A Fek AAZ FAA Aol o]l "k, TR AHED ] BFLE HeiM = T8
ik, (io}% = m)ldl A glo]) TR 272oA 9] w435t Aw S HeiMe =447 H= ols
RIES AME2 T Axe] Zejgzd Ad Aol Agelsirt.  FA3 A8S 98, T(R-a 2 TCR-B 2 &
o, H]% V-] E= V-D-J AIZREZE A E A ste ek, i C-Unke] = Emril2 BE T ARV
Frotal itk TCR-B A== = lbell AlAlE vkel o] wA3hd 4= 9= 2709 =W g9 (TRBC1 % TRBC
2)& zteth. A7) B¥ AY (89 &, TRAC B TRBC 9 1, & 2 528 %4)S B4 Ay 243
Alere] @l AE (3 F¢lolA CRISPR/Cas9 Al&=®l, =, @l gRNA M <)= T Al 27F @& sh= TCRo] Ajul
ATt stHEte, RE T AXE MIA7]= AHeE sl
71 71" e ARgske], F% el Soldem Addshs olFA TRE AYshE DA FES
AzstGlar, A T AFEANAM WAG TRE A=l ARgaHgich. WA TRE tAlsk=vl AHE 573
@ (PCRel ofel] A1z dsDNA, == P9l 7] Ggad el o) Alx® ssDNA)S] Aeols=,

gRNA A" F-9jo] ZAAYHE= Ax Aol 454U 50 9 3 AEA ol (<300 bp)S £ ~2.1 kbelt}
(% la). o8 454 ot APO]Oﬂ% A5 AR Eel o8] gRVA A" Flel e ~1.5 kb A Eo] EA
gk A7 e A9 FEAAERAY a4 (T2A A7|-EA e =) & Ajzksta, olojA, dst= d =
ol T AxE F&A (& @A]oﬂﬂw NY-ESO-1 Sl 5o]2l TCR)S TCR-B o] A% A do] ofejxirt.
A2 WEARERZA 24 (P2A A7) dA] FEZ)E TR-B 4 AR ojofx|a, TR-B HAE Yt Y EolF
TCR-a #e] 7P (Axgd V R J ddFd2) Adaqdy A2, 24 TCR-a JHETH/] 71
ZOTRAC 9= 19] A dvrke] gRNA AR F9(9] 5' weh) ko] MKz Adudds, FS TRAC A& 3

FHE mRNA M AR 2Fefe] = 97] diel vk, DNA 52 7] 7]AE npe} 2ol RNP:DNA T 59A9 4
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[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

[0147]
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FEA T AZ B2 =989t
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F ol A E

U

TR %91 14 Az T AL &% AP o AL Apg

o

Aldad F AE AFE HAMS S8 TR 59 Al 7s4 24 AE AME 89S dsesit. A7l 7
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i+ (1644) T AMEF 7] 71A% vpeh Zo] 73} 3
A2EE O NYESO HAEdH- (164-) T AEZ 3Aste] WaAld w20 NYESO+ 94 T AlE
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3| =dE A g vl-wpoleis TR WiAlE AE A £ o, 2494 T B Fo4 PAE Bt
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A28 Fol A Alolol AXakgla, NY-ESO-1 TCRe] Zhwl #lE=ulole] 2o & FAESIE I, Hiolg A =
EREE ARESl] o]F aEE 740:1 U AAS FAZHEHY T Axe wga FAEIH (= 8a 2
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