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Al o} 2 7] (cyanur), 2 3] o] E(folate) 5 2.2 o] F % Tl A A
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A oo w2, 47| A A-PEG A= 0.1 WA 158%, 0.25 WA 158 %, 0.5
WA 155%, 1 WA 155%, 1.5 WA 155%, 2 A 155%, 2.5 WA 15%%, 0.1
WA 12.5%%, 0.25 WA] 12.5%%, 0.5 WA 12.55%, 1 HA] 12.5%%, 1.5 W]
12.5%%,2 WA 12.55%, 2.5 WA 12.55%, 0.1 WA 105%, 0.25 WA 10E%, 0.5
WA 105%, 1 WA 105%, 1.5 WA 10E%, 2 A 105%, 2.5 WA 105%, 0.1
WA 7.55%,0.25 WA 7.55%, 0.5 WA 7.55%, 1 WA 7.55%, 1.5 WA 7.55%,
2 WA 7.55%, 2.5 WA 7.5%%, 0.1 HA 55%, 0.25 WA 55%, 0.5 WA 5%, 1
WA 52%, 1.5 WA 58%, 2 WA 52%,2.5 WA 52%,0.1 WA 32%, 0.25 A
35%,0.5 WA 3E%, 1 WA 35%, 1.5 WA 35%, 2 WA 3E%,2.5 WA 35%,
0.1 WA] 2.55%, 0.25 WAl 2.55%, 0.5 WA] 2.58%, 1 WA] 2.55%, 1.5 WX
2.5%%,2 WA 255 %, 0.1 WA 4.55%, 0.25 WA 455 %, 0.5 WA 4.55%, 1
WA 455%, 1.5 WA 455%, 2 WA 455%,2.5 WA 45%%,0.1 HA 42%,
0.25 WA 42%, 0.5 WA 45%, 1 WA 45%, 1.5 WA 45%, 2 WA 45%, 2.5
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1.5 WA 3.5%%, 2 WA 3.55%, 2.5 WA 3.5%%, 0.1 WA 2.05%, 0.1 WA
1.5%%, 0.1 WA 1.0E%, 0.5 WA 2.05%, 0.5 WA 1.55%, 0.5 HA 1.05%, 1.0
WA 2.0E5%, 1.0 HA 1.55%, 1.5 WA 205 %, 1.05%, T 1.55%=2 37 A2
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2.5%%, 2 WA 255 %, 0.1 WA 4.55%, 0.25 WA 4.55%,0.5 WA 4.55%, 1
WA 458%, 1.5 WA 455%, 2 WA 455%,2.5 WA 4.5%%,0.1 A 42%,
0.25 WA 4%, 0.5 WA 42%, 1 WA 45%, 1.5 WA 45%,2 WA 43%,2.5
WA 4%, 0.1 WA 3.55%,0.25 WA 3.55%, 0.5 HA 3.55%, 1 WA 3.55%,
1.5 WA 3.55%, 2 WA 3.55%, 2.5 WA 3.55%, 0.1 WA 10&%, 0.1 WA
5.0%%,0.1 WA 4.5%%,0.1 WA 4.05%,0.1 WA 3.55%, 0.1 WA 3.05%, 0.1
WA 2.55%,0.1 WA 205%,0.1 WA 1.5%%, 0.1 WA 1.02%, 0.5 WA 10E5%,
0.5 WA 5.05%, 0.5 WA 455%, 0.5 WA 4.05%, 0.5 HA] 3.55%, 0.5 WA
3.05%, 0.5 WA 2.55%, 0.5 HA 2.0E%, 0.5 HA 1.52%, 0.5 HA 1.05%, 1.0
WA 102%, 1.0 WA 5.05%, 1.0 WA 455%, 1.0 WA 4.025%, 1.0 WA 3.52%,
1.0 WA] 3.0=%, 1.0 WA] 2.55%, 1.0 HA 2.0&%, 1.0 HA 1.5E%, 1.5 HA
105%, 1.5 A 505 %, 1.5 WA 4.55%, 1.5 WA 4.05%, 1.5 WA 3.55%, 1.5
WA 3.08%, 1.5 WA 252 %, 1.5 WA 2.05%, 1.05%, = 15292 E3}6=
AE Y= 2= (7] H S 9] o R A A-PEG A E A E EetshE A4
Yz Boh) A 22 ] B a7 -8 A 5 Aok

EUE o= 59, A Z-PEG A E 0.1 WA 155%, 0.25 WA 155 %, 0.5
WA 155%, 1 WA 155 %, 1.5 WA 155 %, 2 WA 155%, 2.5 WA 155 %, 0.1
WAl 12.5%%, 0.25 WA 12.5%%, 0.5 WA 12.55%, 1 WA 12.55%, 1.5 WA
1255 %, 2 WA 12.55%, 2.5 WA 12.5%%, 0.1 WA 105 %, 0.25 WA 10E%, 0.5
WA 10E%, 1 WA 105%, 1.5 WA 105 %, 2 HA 105%, 2.5 WA 105 %, 0.1
WA 7.55%,0.25 WA 7.55%, 0.5 WA 7.55%, 1 WA 7.55%, 1.5 WA 7.55%,
2 WA 7.55%, 2.5 WA 7.5%%, 0.1 HA 55%, 0.25 WA 55%, 0.5 WA 5%, 1
WA 52%, 1.5 WA 58%, 2 WA 52%,2.5 WA 52%,0.1 WA 35%, 0.25 WA
3E%,0.5 WA 3E5%, 1 WA 3E%, 1.5 WA 35%, 2 A 3E%, 2.5 A 359,
0.1 WA] 2.55%, 0.25 WAl 2.55%, 0.5 WA] 2.58%, 1 WA] 2.55%, 1.5 W]
2.5%%,2 WA 2.5%%, 0.1 WA 4.55%, 0.25 WA 4.55%,0.5 WA 4.55%, 1
WA 455 %, 1.5 WA 455 %, 2 WA 4.55%,2.5 WA 455%,0.1 WA 4E5%,
0.25 WA 42%, 0.5 WA 45%, 1 WA 45%, 1.5 WA 45%, 2 WA] 45%, 2.5
WAl 4%, 0.1 HA] 3.55%, 0.25 WA 3.55%,0.5 WA 3.55%, 1 WA 3.5%%,
1.5 WA 3.55%, 2 WA 3.55%, 2.5 WA 3.55%, 0.1 WA 10&%, 0.1 A
5.0%%, 0.1 WA 4.55%, 0.1 WA 4.05%,0.1 WA 3.55%, 0.1 HA] 3.0E5%, 0.1
WAl 2.55%, 0.1 WA 2.0E%, 0.1 A 1.5%%, 0.1 HA| 1.05%, 0.5 A 10E%,
0.5 WA 5.05%, 0.5 WA 4.5%%, 0.5 WA 4.05%, 0.5 WA 3.5%%, 0.5 WA
3.05%, 0.5 WA 2.55%, 0.5 WA 2.08%, 0.5 WA 1.55%, 0.5 WA 1.0E%, 1.0
WA 105%, 1.0 WA 5.05%, 1.0 WA 4.55%, 1.0 WA 4.05%, 1.0 WA 3.55%,
1.0 WA 3.05%, 1.0 WA 255 %, 1.0 HA 2.05%, 1.0 WA 1.5 %, 1.5 WA
105 %, 1.5 WA 5.05%, 1.5 WA 4.55%, 1.5 WA 4.05%, 1.5 WA] 3.55%, 1.5
WA 3.05%, 1.5 A 255 %, 1.5 WA 205 %, 1.05%, B 1.55% 2 £l
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i

A]

B

Wi d 2= (7] M9 Qo] o ® A A-PEG J A E et
YA Hoh) LSECL. &2 9] BAY ﬁﬂrﬂ F-e Al g T
ool wp=w, A7 e A EE 10 A 60E%, 20 A 60E%, 30 WA
602%, 30 W] 55%2%, 30 WA 52.55%, 30 W A] 525%, 30 WA 512%, 30 A
50%-%, 30 W A] 47.5% %, 30 A 455%, 30 W A] 44%%, 30 WA 43.55%, 30
WA 43E%, 30 W A] 41.5% %, 30 WA 40&%, 30 A] 39.55 %, 35 WA 60=%,
35 WA 555%, 35 WA] 52.5%%, 35 WA 52%%, 35 WA 51 %, 35 WA 50=%,
35 WA 47.55%, 35 WA] 455 %, 35 WA 445%, 35 WA 43.5%%, 35 WA
43%5%, 35 WA 41.55%, 35 WA 40E%, 35 WA] 39.55%, 37 HA| 60=%, 37
WA 555%, 37 WA 52.5%%, 37 WA 52%%, 37 WA 515%, 37.5 WA 50&5%,
37.5 WA 47.55%, 37.5 WA 45%5%, 37.5 WA 442%, 37.5 N A 43.5%%,37.5
WA 435 %, 37.5 WA 41.55 %, 37.5 WA 405 %, 37.5 WA 39.55%, 39.5 WA
60 %, 39.5 WA] 555%, 39.5 WA] 52.55%, 39.5 H A 52&5%, 39.5 A 51%%,
39.5 WA 50E-%, 39.5 WA 47.55%, 39.5 WA 455%, 39.5 %] 442%, 39.5
WA] 4355 %, 39.5 WA 435 %, 39.5 HA] 41.5% %, 39.5 WA| 40 %, 40 WA
60=%, 40 WA 552%, 40 WA 52.52%, 40 WA 522%, 40 WA 515%, 40 A
50E%, 40 W A] 47.52 %, 40 WA 455%, 40 W A] 445%, 40 W A] 43.5%5%, 40
=] 435 %, 40 WA 41.55 %, 41.5 WA 602 %, 41.5 WA] 55%5%, 41.5 WA
52.5%5%, 41.5 WA 525 %, 41.5 A 515%, 41.5 WA 505 %, 41.5 WA 47.55%,
41.5 WA 455 %, 41.5 WA 445%, 41.5 WA 43.55 %, 41.5 WA 43E%, 43 WA
60 %, 43 ] 555%, 43 ] 52.5%%, 43 WA 525%, 43 =] 515%, 43 ] A
505%, 43 WA 47.5% %, 43 WA 455%, 43 W A] 445%, 43 WA 43.55%, 43.5
WA 60E%, 43.5 WA 558%, 43.5 WA 52.5=%, 43.5 WA 52=%, 43.5 WA
51E%, 43.5 WA 505 %, 43.5 WA 47.5%5%, 43.5 WA 455 %, 43.5 N A 445%,
45 WA 60 %, 45 WA 555%, 45 WA 52.55%, 45 WA] 525%, 45 WA 51E%,
45 WA 50 %, 45 WA 47.55%, 47.5 WA 60 %, 47.5 WA 555 %, 47.5 WA
52.5% %, 47.5 WA 525 %, 47.5 WA 515%, 47.5 WA 50%%,%, 50 HA] 60=%,
50 WA] 55%&%, 50 A 52.5% %, 50 WA] 525%, 50 WA] 52.55% 50 WA
51.5% %, 51 WA 60=%, 51 WA 555 %, 51 WA 52.55%, E+= 51 WA 52E%,
%, 51 WA 60 %, 51 NA 555 %, 51 WA 52.5%%, == 51 WA 525%= 371
A e zbel] EghE = A S5

A oo wp=, 7] A A -PEGH ¢ A 9 F ¢ 2~ H & 2] $- 30 A 70E%, 40
WA 70E%, 40 A 60E%, 40 WA 555 %, 40 WA 53.55%, 40 W A] 50% %, 40
WA 47.55%, 40 WA] 455 %, 40 WA 44,55 %, 42 WA 60E %, 42 WA 555 %,
42 WA 53.5% %, 42 W =] 50%%, 42 WA 47.5%%, 42 W A] 458 %, 42 W A]
44.55%, 44 WA 60 %, 44 WA 55%%, 44 WA 53.55%, 44 W A| 505%, 44
WA 47.55%, 44 WA 455%, 44 WA 44.52%, 44.5 WA 60=%, 44.5 | A
55%-%, 44.5 WA 53.5%5%, 44.5 WA 50%%, 44.5 WA| 47.55%, FE= 44.5 A

S

o
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45297 A7) lé Wi atel] E£3hE = A o

A dof] M=, F7] o] 3} 7He g A1 A2 10 WA 70= %, 10 WA 60=%, 10
WA 55%5%, 10 HA 502%, 10 WA 452%, 10 WA 42.52%, 10 WA 40E%, 10
WA 352%, 10 WA 302%, 10 A 26.5%%, 10 HA 255%, 10 HA 20E%, 15
WA 602%, 15 WA 552%, 15 WA 5025%, 15 WA 458%, 15 WA 42.5%5%, 15
WA 40E%, 15 WA 358%, 15 WA 305%, 15 WA 26.55%, 15 WA 25%5%, 15
WA 20E%, 20 HA 602%, 20 WA 552%, 20 WA 505-%, 20 WA 455-%, 20
WA 42.5%%, 20 WA 402%, 20 WA 352%, 20 A 305%, 20 A 26.52%,
20 WA 25E%, 25 WA 60=%, 25 WA 555 %, 25 WA| 505 %, 25 WA 455 %,
25 WA 42.58%, 25 W A] 405%, 25 W A] 355%, 25 W =] 30E-%, 25 WA
26.5%%,26.5 WA 605 %, 26.5 WA 55%5%, 26.5 WA 505 %, 26.5 A 455%,
26.5 WA 42.5%5%, 26.5 WA 402%, 26.5 WA 355%, 26.5 WA] 30E-%, 30 WA
60=%, 30 WA 552%, 30 WA 505%, 30 A 452-9%, 30 A 42.55%, 30 A
40%%, 30 A 352%, 35 HA 60E%, 35 WA 555%, 35 WA 50%%, 35 WA
4559, 35 WA 42.5%5%, 35 A 402%, 40 WA 60E-%, 40 WA 555-%, 40 WA
50%-%, 40 WA] 45%-%, 40 WA 42.55%, 42.5 WA 60 %, 42.5 WA 555%, 42.5
WA] 50 %, Hox= 42.5 WA 455 %= 7] A1A Yzt 231 A d 4
A

A oo w2, A7) XA 1 WA 505%, 5 WA 505 %, 5 WA 40E%, 5
WA 302%, 5 WA 25%5%, 5 WA 208%, 5 WA 152%, 5 WA 13E%, 5 WA

102%, 10 WA 30&%, 10 HA 252%, 10 WA 205%, 10 WA 155%, 10 A
135%, 15 WA 302%, 15 WA 255%, 15 WA 20%-%, 20 WA 305%, 3= 20
WA 255 %= 7] A1E Y Aol e = A Y = Yt

G AA oA "E%(mol%, EHAE) = 54 7T =75 AA
TAARE] B0 o7 e F 1002 53te] HAER el Aol
FAOE R o 5 59, 8] A 13 22 T

(_rtfl)q 1)

L% =54 TAAEL B/ (AA AR B2 ) x 100

71 A Y g2 o] 238} 7he gk A A 1A A - Fd 2 HE - A Z-PEG
A E 20 AT 50 : 10 WA] 30: 20 WA 60: 0.1 WA] 102] =4],20 A 50: 10
=] 30: 20 WA] 60:0.25 WA] 102] &=H],20 HA] 50: 10 WHA] 30:30 =] 60:
0.25 WA 102] &8, 20 HA] 50 : 10 WHA] 30:30 =] 60:0.1 =] 5 2] &4, 20
WA] 50 : 10 WA] 30: 30 WA] 60:0.5 WA 5 9] =H],25 WA] 45: 10 WA] 25: 40
WA 50: 0.5 HA 32 1], 25 W A] 45: 10 WHA] 20: 40 WHA] 55:0.5 A 3 9]
=H],25 WA 45:10 A 20:40 A 55: 1.0 A 1.5 2] =4],40 A 45: 10
WA 15: 40 WA] 45:0.5 WA 3.09] =H], 40 WA 45: 10 WA] 15:40 WHA] 45:
0.5 WA 39| &4, 40 hA] 45: 10 WA 15:40 WA 45:1 WA 1.5¢] &E1], 25
WA 30: 17 WA 22; 50 A 55:0.5 WA 3.09] E4], 25 WA 30: 17 WA 22; 50

AN AVENE A AN
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[73]

[74]

[75]

YA 55: 1.0 A 259 Z8], E=3=25
2,59 =02 2t A ATt

¥ oly = A Y = XA -PEG F 3

)

30: 17 WA 22; 50 WA 55: 1.5 WA
of wpzm, A7) A A YAt

L o zE gl el e A4
PAIZL Rk e B BRE

T w2

2

ok

Ol
2 1=
N

oy Jo H
N
ofr
ol
N
ol\
N

.
>
i)
o
usl
Q
%)
o
__>‘4_2
1o,
e me mE gy
>,

o do I m

T ]
=44

f
i)
Q'L
Mo
of
oft
1z
r

ol

ke

e T

Lo
i)
e
o
Az

=
o

o
¥ lo v oo 2 to oF >
=

o A, 7] AE Y= o] 23} 7he gk A1 A 20 WA 50 T,
WA 30 T, ZEl 2= E 20 A 60 T (= 20 A 60
2 A -PEG A A 0.1 A 10 T (= 025 A 10 T, 0.5
E 33 vk A7 AE e AA g T3S

123} 7hs &k 214 20 WA 50 5 7%, 1412 10 WA 30 5%,
FOO(HE= 30 WA 60 5 F%), B A H-PEG A E
25 WA 10 5% %, 05 HA 5 TF%)E TS 5 3
thE ool A 7] A d Yedas AA Ynda s 7T o2 o) 23}
7Fsa XA 25 WA 50 5 H%, AAZ 10 WA 20 T F%, Fel 28 F 35 WA 55
T %%, B AA-PEG A FAE 0.1 HA 10 TF%(E= 025 WA 10 T %%, 0.5
WA 5 T %)= IS o Uk

A7 (=], FEE, REE T E ol =3} 7Hed A A, FE ~H E,
AAE, /= A H-PEG J A & st A d e d2= A7 M9 9=

|23} 7he e A4, Zel 2~HE, A A, 2/ A A -PEG {3 A& ek
AE U=z Bk () AA g2k FA = (i) oFE o B E, R/ (i)
L 2A, /= AECEE B, A E R/EE LSEOE BHASH: o= dg
agol ¢ T U

A of o) & A Y= 2= k2 A, A E(hepatocyte), 2 /5= LSEC(liver
sinusoidal endothelial cells) W] = o] o]t == H A5 9] 20nm WA 200nm,
20 WA 180nm, 20nm A 170nm, 20nm WA 150nm, 20nm H#] 120nm, 20nm
WA 100nm, 20nm H A 90nm, 30nm Y A 200nm, 30 W 4] 180nm, 30nm H ]
170nm, 30nm Y A 150nm, 30nm Y A 120nm, 30nm A 100nm, 30nm H A] 90nm,
40nm W A] 200nm, 40 W A 180nm, 40nm A 170nm, 40nm Y} <] 150nm, 40nm
WA 120nm, 40nm H A] 100nm, 40nm WA 90nm, 50nm H A] 200nm, 50 W ]
180nm, 50nm W A 170nm, 50nm Y #] 150nm, 50nm Y A] 120nm, 50nm 1§ |
100nm, 50nm WA 90nm, 60nm Y A 200nm, 60 W A] 180nm, 60nm 4] 170nm,
60nm WA 150nm, 60nm H A] 120nm, 60nm W A 100nm, 60nm < 90nm, 70nm
W A 200nm, 70 W A] 180nm, 70nm 4] 170nm, 70nm H 4] 150nm, 70nm H ]
120nm, 70nm W A] 100nm, 70nm § 4] 90nm, 80nm H A] 200nm, 80 W 4] 180nm,
80nm W A] 170nm, 80nm Y A] 150nm, 80nm W} #] 120nm, 80nm W <] 100nm, 80nm
W A 90nm, 90nm Y A] 200nm, 90 W A] 180nm, 90nm 4] 170nm, 90nm H ]

N O£ oofN o
N

MN Y o

K
=)
|
o
ruf
[\ )
S
=
N
T N 0o
S
o o\

O
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150nm, 90nm W] 120nm, 3= 90nm WA 100nm 5= I} A2 v =}
A717F 7 B Bk 2 A5, A i zpe] 1 A o] st
FT7FA QB2 A QPAA A 7F ol g aL, o] o whet A Ao ® o AY H /=
oFE g HAE o o

A ofof] w2 A A Y=g zpe] ihxA], kA3, W/%EL= LSEC B a7k (&
A g AE Yimgzpe] A7)0 oA A 5= Tt o & 54, 40 WA
120nm, 30 WA 100nm, 35 W A] 95 nm, 40 W #] 90nm, 45 W #] 90nm, 50 1§ A
90nm, 55 WA 85nm, 60 WA 80nm, 70 § A} 90nm, 70 1§ #] 80nm, 50 W #] 70nm,
= 60 WA 70nme] A1 5-& 2HE A E v apo] A9 hA| 2R ] A E
FH7FCH7IHA Y] AEE e vedA Boh 78 Ad o v
o E =9, 20 A 200nm, 2011 A 180 nm, 40 § A 180nm, 40 4] 170nm, 50
WA 160nm, 70 W A] 180nm, 70 YA 170nm, 75 W A] 170nm, 75 WA] 165nm, 70
WA 150nm, 70 WA] 130nm, 75 HA] 130nm, 80 W A] 120nm, 85 HA] 120nm, °F 90
WA 120nm, 90 W A] 110nm, 90 H A 100nm, 80 W 4] 110nm, 80 W #] 100nm, 85
WAl 95nm, °F 90nm, H3= 90nm &f A5 zk= A Ui A2be] A ¢
LSECS =2 o] A" a7t (7] 9 &9 A58 ze UdwdA 2o} -3

o
AL 4 3

7] AR A 3F 21 Sol g 0w B4 5z 2% 4 ek o o
0 A g AR A AR A A S S S fASH) B e S
glor, ghol ol A8 thAk g R o] B B X & AU Zol F-85

Z]

4

ha|

o

o fn

2 2
71 A& Y= A= 1A E (hepatocyte) B 34 3hak= A = ot 7]

12 v 4 2bel] 3 2 2-PEG 4 A ] §F&Fol 0.1 WA 155 %, 0.25 WA
155%, 0.5 WA 152%, 1 WA 155%, 1.5 WA 158%, 2 HA 158%, 2.5 WA
15%5%, 0.1 A 12.55%, 0.25 WA] 12.5%%, 0.5 WA 1255 %, 1 WA 12.55%,
1.5 WA 1255 %, 2 A 12.55%, 2.5 WA 1255 %, 0.1 HA] 10E%, 0.25 HA]
105%, 0.5 WA 105%, 1 WA 10E5%, 1.5 WA 105%, 2 HA 108%, 2.5 WA
105%, 0.1 A 7.5 %, 025 WA 7.55%, 0.5 WA 7.55%, 1 WA 7.55%, 1.5
WA 7.5%%, 2 WA 7.55%, 2.5 WA 7.55%, 0.1 WA 55%, 0.25 WA 55%, 0.5
WA 5%, 1 WA 5E5%, 1.5 A 55%, 2 WA 5E%, 2.5 WA 5E%, 0.1 WA
3E%,0.25 WA 38%,0.5 HA 35%, 1 WA 38%, 1.5 WA 35%, 2 A 35%,
2.5 WA] 3E%, 0.1 WA 2.55%, 0.25 WA] 2.55%, 0.5 WA 2.55%, 1 A
2.55%, 1.5 WA 2.5%%,2 WA 2.5%%,0.1 WA 4.55%, 025 WA 4.55%, 0.5
WA 4.55%, 1 WA 4.55%, 1.5 WA 455 %, 2 WA 455 %, 2.5 WA 4.55%, 0.1
WA 4%, 025 WA 45%, 0.5 WA 45%, 1 WA 45%, 1.5 WA 4%, 2 WA
4%, 2.5 WA 45%,0.1 WA 3.55%, 0.25 HA| 3.55%, 0.5 HA 3.55%, 1 HA
3.5%%, 1.5 WA 3.55%, 2 WA] 3.55%,2.5 WA 3.55%,0.1 WA 2.0&%, 0.1
WA 1.55%, 0.1 WA 1.0E%, 0.5 HA] 2.05%, 0.5 WA 1.55%, 0.5 WA 1.05%,

0% olo

P
(i)
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[81]
[82]

[83]

14

1.0 WA 2.0E8%, 1.0 A 1.5%%, 1.5 WA 2.
A7 A e Abe] FhA E RO R Y
T A
AF7) x} A 1} -9} A= LSEC(liver sinusoidal endothelial cell)-S- 3% 4] 3}3hi= A Y

T A 7] AR Y GAel] 23hE A A-PEG 4 FA 9] $HEFolo.1 WA
155%, 0.25 WA 155%, 0.5 WA 158%, 1 WA 155%, 1.5 WA 155%, 2 A
155%, 2.5 WA 155%, 0.1 WA 12.55%, 0.25 WA 12.55%, 0.5 A 12.55%, 1
WA 12.52%, 1.5 WA 12.52%, 2 WA 1255 %, 2.5 WA 12.55%, 0.1 WA
10E%, 0.25 WA 10E%, 0.5 WA 105%, 1 HA 105%, 1.5 HA 102%, 2 WA
10E%, 2.5 A 10E%, 0.1 WA 7.5%5%, 0.25 WA 7.55%, 0.5 WA 7.55%, 1
WA 7.55%, 1.5 WA 755 %, 2 WA 7.55%, 2.5 WA 7.5%%, 0.1 A 52%,
0.25 WA 55%,0.5 WA 55%, 1 WA 55%, 1.5 WA 55%,2 WA 55%,2.5
WA 55%,0.1 WA 35%, 0.25 WA 35%, 0.5 WA 3E5%, 1 A 35%, 1.5 1A
3E%, 2 WA 385%, 2.5 WA 3E%, 0.1 WA 2.55%, 0.25 WA] 2.5%%, 0.5 W]
25%%, 1 WA 255 %, 1.5 WA 2.55%, 2 WA 2.55%, 0.1 WA 4.55%, 0.25
WA 455%,05 HA 455%, 1 WA 455%, 1.5 WA 4.55%,2 WA 4.55%,2.5
WA 45E%, 0.1 WA 4%, 0.25 WA 4%, 0.5 WA 4%, 1 HA 4%, 1.5
WA 4%, 2 WA 4%, 2.5 A 4%, 0.1 WA 3.55%, 0.25 WA 3.55%, 0.5
WA 355%, 1 WA 3.55%, 1.5 WA 3.58%,2 A 3.58%,2.5 A 3.55%,0.1
WA 2.0E5%, 0.1 WA 1.55%, 0.1 WA 1.05%, 0.5 WA 2.05%, 0.5 WA 1.55%,
0.5 WA] 1.0=%, 1.0 HA 2.0E%, 1.0 HA 1.5%%, 1.5 HA 2.05%, 1.0E5%, £+
155 %0 745 7] A2 Y=q 2] LSEC 29 oFE A & &(LSEC B
) o] A = Yk

2 g M Aol A, 7] AF Y= dA7r k2, IPA E, 2/E = LSECe 2
" 3 %] Sh(targeting)", ¥ X 3} (localization)" gHthi= A& 2 U] = Al 3E o
W Al & (internalization)3h= A Y 4= 131, e £33 5= glof ) Uj o
WA gtk AL ofue 4= 9l

0=2%, 1.02%, == 1.529%%1
Y

3
(A B B 8ol el

[e]
HlTwT 270 = 1 H panig e = <)
3l = OorXE. O O OLEEL 3 T - 5 o] orx Al
AFH. 47) oFEE gol &4 oFg, 3k, iz ol9] ZF(Fol &4 4 o

4] b AYE EABE 7] A b A ] ol &4 B H/EE
ik B o] Ao BB Aol BYH o] A= A F Yor], gol &4 E
W/ G So] A BB Ao A H ol £ HEE BYH | 37
Aehg 2 To) o) S5 A5 wAE vhehd 5 gl 25, 47] A3
Vg A ol B Es bR el FHE AR Ao ueh vheyshA 28
sl 7ol et
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15
A7) AR QA gl 84 kg /s S2ke] (14 gl A} o)) el
298 AL 5 A S0l £ kg WEE Aako] (114 Ygl A ol
2UE A o] BhE A A% e AF Aol et Az FAsher,
o ol A, 47] A il £ o] &3} b d AF R B (ol e

¢

, AL = o]o] 23he] FEkul= 1 WA 20: 1, T WA 15: 1, 1WA 10: 1,
Z120:1,5HA15: 1,5 WA 10:1,7.5 WA 20:1,7.5 HA 15:1, E=75
[e]

o
o
o
of
~
2l
o

Qoo A, 471 S el S 2 (1) ol 28 e d A2 L @)
bR (ol &4 o, AL, i o] o) 2TS T3, A vhe Ak ol
FE (S0l &4 oFE, 94, i o o] 2FH)] BUE WL HE AY A
37 89 Hhe] FHHE (1) ol &3} Th R AW E () Lol e S, A4,
Ei oo 2L T A A et B2 5 ek

A7) ol & oFE W Aol $UE A bl A 12,
2

| 3% (hepatocyte), /%= LSEC(liver sinusoidal endothelial cells) W 5} o]
£ol8t =5 H o A °] 20nm WA 200nm, 20 =] 180nm, 20nm =] 170nm,
20nm WA] 150nm, 20nm WA] 120nm, 20nm WA] 100nm, 20nm 4] 90nm, 30nm
W A 200nm, 30 W A] 180nm, 30nm W 4] 170nm, 30nm 4] 150nm, 30nm H A
120nm, 30nm Y A] 100nm, 30nm W #] 90nm, 40nm HA] 200nm, 40 1 <] 180nm,
40nm WA] 170nm, 40nm WA] 150nm, 40nm WA] 120nm, 40nm W 4] 100nm, 40nm
WA 90nm, 50nm WA 200nm, 50 WA] 180nm, 50nm W A] 170nm, 50nm H ]
150nm, 50nm Y A 120nm, 50nm W #] 100nm, 50nm A 90nm, 60nm H ] 200nm,
60 WA 180nm, 60nm W A 170nm, 60nm W A] 150nm, 60nm A 120nm, 60nm
WA 100nm, 60nm H A 90nm, 70nm A 200nm, 70 W 4] 180nm, 70nm H ]
170nm, 70nm Y A 150nm, 70nm W A 120nm, 70nm A} 100nm, 70nm H A] 90nm,
80nm W A] 200nm, 80 W #] 180nm, 80nm W A] 170nm, 80nm W 4] 150nm, 80nm
WA 120nm, 80nm H A 100nm, 80nm WA 90nm, 90nm H A] 200nm, 90 H A
180nm, 90nm Y A} 170nm, 90nm W A] 150nm, 90nm A 120nm, ¥=+= 90nm H #]
100nm ¥ 5= it}

A7 HA e sk gk Boh <A gl ake] A7) 7F 2 g, () A E
U5 Q4 27} Al <=2 (systemic circulation)A] & o W of] &) 5F=
o} 32 ] 1 ¥l (apolipoprotein)(¢l & &%, ApoE(oll & £, ApoE3))2| 2 3to|
FraEo] A3 QEe 2 Eoj7hE AA iG] 7 haE & Ay dAY
(i) A1 A Y=gzl e A o] et Al F7HE 2= A PAA {2 7F ol 2] ¢,
olof wpet A ZA (= BA MFE)C R oFE HE a8 W/E= A

E=AAZE ZHbekE ofE o] A7 mapvh A" g o

47109 el Agg e AR e Abs 47 A9l AE kg Rabehi
B2 2 A8 sl B B 7] R A X2 S AY ZE Ol

B
& 1
S o

A

o,
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[93]

o ol A, (1) 471 A2 et ah 2 @) S0l &4 o, WA, i o] ¢
- A

5tz oOF &= g8 24 22 MM E(hepatocyte) 2 2] o= A&

2, A7) I ER O e (o)A o, Ak, = o] o] &3
g 2o 239 = AE Y=g Ao A& 40 A 120nm, 30 W]
100nm, 35 A] 95 nm, 40 W A 90nm, 45 § A] 90nm, 50 1§ #] 90nm, 55 W #] 85nm,
60 WA 80nm, 70 WA 90nm, 70 WA 80nm, 50 W} A] 70nm, T=+= 60 W A] 70nm &
4= 9lt), ZHAE 2 9] oFE A EA] sinusoidal lumenol| A ZFA|EE o] o] X &=

olmE, A7 M AFE 2 oFE AE 8 A ES A E(hepatocyte) 2 2]
=
5

AA AR $58 5

e o

[e]
< %

A oo W=, A7) b ER S e AGE A= 23E = A E
=42h= A4 -PEG A A E 0.1 WA 155 %, 025 WA 155 %, 0.5 WHA]
155%, 1 WA 155%, 1.5 WA 155 %, 2 WA 158%, 2.5 WA 155%, 0.1 WA
12.5%%, 025 WA 12.55%, 0.5 WA 1255 %, 1 WA 1255%, 1.5 A 12.55%,
2 WA 12,55 %, 2.5 WA 12.55%, 0.1 WA 105%, 0.25 WA] 10E%, 0.5 A
10E5%, 1 WA 105%, 1.5 WA 105%, 2 WA 10E%, 2.5 WA 10E%, 0.1 WA
7.5%%,0.25 WA 7.5%%,0.5 WA 7.55%, 1 WA 7.55%, 1.5 WA 7.55%, 2
WA 7.55%,2.5 WA 7.55%, 0.1 WA 58%,0.25 WA 5E5%, 0.5 WA 5E%, 1
WA 55%, 1.5 WA 55%, 2 WA 55%, 2.5 WA 55%, 0.1 WA 35%, 0.25 WA
35%,0.5 WA 3E%, 1 WA 35%, 1.5 WA 35%, 2 WA 3E%,2.5 WA 35%,
0.1 WA] 2.55%, 0.25 WAl 2.55%, 0.5 WA] 2.58%, 1 WA] 2.55%, 1.5 WX
2.5%%,2 WA 2.5%%, 0.1 WA 4.55%, 0.25 WA 455 %, 0.5 WA 4.55%, 1
WA 455%, 1.5 WA 455%, 2 WA 455%,2.5 WA 452%,0.1 HA 42%,
0.25 WA 4%, 0.5 WA 45%, 1 WA 435%, 1.5 WA 4%, 2 WA 45%,2.5
WA 45%,0.1 WA 3.5%%, 0.25 WA 3.55%,0.5 WA 3.55%, 1 A 3.55%,
1.5 WA 3.55%, 2 WA 3.55%, 2.5 WA 3.55%, 0.1 WA 2.05%, 0.1 WA
1.55%, 0.1 WA 1.05%, 0.5 WA 2.0=%, 0.5 WA 1.55%, 0.5 WA 1.0E%, 1.0
WA 2.0E5%, 1.0 HA] 1.58%, 1.5 WA 208 %, 1.05%, == 1.55% =2 X33 4
UL, A7 HAHE A A-PEG A A& £ ot A2 Y=k (A =
SolARI(E= M EE BAleh:) of= Ae a8 ¢78 Ad 5 vk

A ool =, V] (P ER O oFF A& A Eol 23E = AA

=
= A= o 23} T g A A /1A A - F | AHE A E-PEG H A E

d

L}
A71o A A4et M =20 WA 5010 A 30:30 WA 60:0.5 WA 5 <
EH], 25 A 45: 10 WA 25 : 40 WA 50 : 0.5 WA 32] 1], 251 4] 45: 10 thA]

20:40 WA 55:0.5 WA 32 Z8],25WHA 45:10 WA 20:40 WA 55: 1.0 1A
159 82 £3kst = v}, A7 W e &0 2 A S EEhehes A A
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[96]

[97]

) Abs AL E B0l AQ(E (A RS B oFR AW ffol 948
A9 4 9o}

7] LSECO. 2 9] oF & AT A 5o & 2
271 F(fenestrae) 2] A5} FAFSFA L oF <
A S37F - 7 vk & dellA, 47| LSECE 9] of& AE§ =4 =0l
FEohy = A A Y= Aol A& 20 WA 200nm, 2010 A] 180 nm, 40 W A
180nm, 40 WA] 170nm, 50 § A 160nm, 70 HA] 180nm, 70 § ] 170nm, 75 W A
170nm, 75 WA] 165nm, 70 § A 150nm, 70 W A] 130nm, 75 A 130nm, 80 W A
120nm, 85 WA] 120nm, F 90 4] 120nm, 90 W #] 110nm, 80 W A] 110nm, 80 1§ A
100nm, 85 WA] 95nm, °F 90nm, == 90nm<Y <= 1t}

A oo W=, A7 LSECL & 9 of= A& A&l g+ A4
U= 2= A A-PEG HEAE 0.1 WA 155 %, 025 WA 155%, 0.5 WA
155%, 1 WA 155%, 1.5 WA 155 %, 2 WA 158%, 2.5 HA 155%, 0.1 WA
12.5%%, 025 WA 12.55%, 0.5 WA 1255 %, 1 WA 1255%, 1.5 A 12.55%,
2 WA 12,55 %, 2.5 WA 12.55%, 0.1 WA 105%, 0.25 WA 10E%, 0.5 A
10E5%, 1 WA 105%, 1.5 WA 105%, 2 WA 10E%, 2.5 WA 10E%, 0.1 WA
7.5%%,0.25 WA 7.5%%,0.5 WA 7.55%, 1 WA 7.55%, 1.5 WA 7.55%, 2
WA 7.5%%,2.5 WA 7.55%, 0.1 WA 55%, 0.25 WA 55%,0.5 A 55%, 1
WA 52%, 1.5 WA 58%, 2 WA 52%,2.5 WA 52%,0.1 WA 32%, 0.25 WA
35%,0.5 WA 3E5%, 1 WA 3E%, 1.5 WA 35%, 2 A 3E%, 2.5 HA 359,
0.1 WA] 2.55%, 0.25 WA] 2.55%, 0.5 WA] 2.58%, 1 WA] 2.55%, 1.5 WX
2.5%%,2 WA 2.5%%, 0.1 WA] 4.55%, 0.25 WA 455 %, 0.5 WA 4.55%, 1
WA 455%, 1.5 WA 455%, 2 WA 455%,2.5 WA 45%%,0.1 HA 42%,
0.25 WA 45%, 0.5 WA 45%, 1| WA 45%, 1.5 WA 45%, 2 WA] 45%, 2.5
WAl 4%, 0.1 HA] 3.55%, 0.25 WA 3.55%, 0.5 WA 3.55%, 1 WA 3.5%%,
1.5 WA 3.55%, 2 WA 3.55%,2.5 WA 3.55%,0.1 WA 2.05%, 0.1 WA
1.55%, 0.1 WA 1.05%, 0.5 WA 2.05%, 0.5 WA 1.55%, 0.5 WA 1.0E%, 1.0
WA 2.05%, 1.0 HA 1.55%, 1.5 HA 208 %, 1.05%, == 1.55% =2 X3 4=
R3L, 37 W2 A H-PEG H A& E 8k A Y=gl A= LSEC
5ol A RI(H+= LSECE BHleh:) of & Ad a&o] 53 A 5 Uk

o ool wp=H, 7] LSECO 2 9] oF & A& A Eof 23] &= A4
=Pt o] 23} ke g A1 A 1A A F| 2 H E A E-PEG H A E
A7) ol A A3k ] =20 WA 50: 10 WA 30:30 WA 60:0.5 WA 5 2
,25 WA 4510 A 25 :40 WA 50:0.5 HA 3] E1], 251 #] 45: 10 WA
20:40 WA] 55:0.5 HA] 3 9] =H], 25 WA 45: 10 WHA] 20 : 40 WHA] 55: 1.0 HA
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A oo e AR Y= 3 24 5ol 49l 5L B na g o
A EA S F2A W, A E, Q= LSECO. = A eet 5= 9l on, o] ¢
AEEY A A E, Y/ LSECE 0] 4 A2 Y= A2 vl ek -2 3
A5g oFE AEg FHx 5o A iy 2 ke B3 v = X 54 5ol
8ot 289 5 Ik e A oo w2 A E el A= St T o fa At
oF &y} b 1A E A o}ﬂ Se AEsgd Y adAd AE F59s
Vel g, Al 5o fAA} oFES Adsti=d mahA ol

471 A G d A= 7ol A Hmd e} 7},

Q oo up2 A A Y= A= 5 WA 8,55 A 7.5,6 A 7, = 6.5 A 72

A

pKa LhEh1.0 24 414 pH 271014 FA5HE hehy o] &415HE vhehy
J W) 5o AmAS FAN Y FE4EL

y
A g el RPN GRS & AE2 GEEBAL S

B g M Ao A, "B Y (encapsulation)’= A G =2 & &

W= FgAA77] A8l Aastelhe 2s 2etal, oFE A5G, ﬂ A,
Encapsulation efficiency)-= A 220l A8 A <& ko] tisto] A2
U9l 2} of] B9l oF&-o] 3leks owu] i),

/67—7] 7(~] Iﬂ-_Q_ Z/\-] 4 o O] &A—] = E‘ﬂ/l\l— OFH 4 E(‘Q %v_ 70% 1
75%°17d, 80% ©17, 85% ©17, 90% ©17, 91% ©17, 92% ©17, 94% O]/E]’, 80%
Z3 WA 99% o] &, 80% Z 7 W A] 97% ©] 3, 80% Z 7 W 4] 95% ©] 3}, 85%
o] 4} A 95% ©15}, 87% o1 W A] 95% o3}, 90% ©17 A 95% ©13}, 91%

ol A} W %] 95% ©| &}, 91% ©14F WA 94% ©| &, 91% 23} Wi A] 95% ©] 3}, 92%
o] 4} A 99% ©13}, 92% o] W] 97% o 3}, T+= 92% o] 4 A 95% ©l 5t
2= ohq.

T AR .

A ool 2R, 7] B ES SR A E = Wl ofste] ALE

=
o, dE =1, 47 OFE FUES A do mE A Uil Aol Triton-XE
A 2] 8L, Triton-X7F #} 2] ¥ 31, Triton-X7}F #1 2] ¥ A] ¢8-& A] 4 v} 591 2} €]
FAAEE 54 v ) 9 & (o & 51, exitation : 480 ~ 490nm, emission : 520 ~
530nm)E A4 3taL, sh] k2] 20 of &l AlLbE AU = Sl

(T4 2)

oFE B E(%)=(Triton-X7F A 2] 214 Y9l 2ol 9375 (F 3 5)-
Triton-X7F 21 2] ¥ 7] &2 A1 Y= 2pe] & B2 5 (3 5))/(Triton-X7F
A2l e A b}LmXM A =(F 4 5)) X 100

o ofof] whE FE WG 2HELS Cas9 mRNAE 52 BYER

2!

BEES
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ALt 7)) &7l Cas9 mRNA A8 24452 vh2 vl & Cas9 mRNAS
E3}slo] Cas9 mRNA AE8 24 & o gHA7F AT ol 9 Ee], A
oo E XA Y Al= 5o Blga, 742 07 70% o4t BER
Cas9 mRNAE X 3He o= glom, oo whe} F-42 g x| el f-&atA 282

A
T At

fru
iz
®
e

E=AAH e 7, cytocrome C, caspase 3/7/8/9 &) 2 ThFg Al 31

o, A1) B A e

b2 234 2] B3 AHSIRNA), 2] 25 2] B 3 AHERNA),

(RNA), T] 521 2] E 3 4HDNA), B A o] £ Al 2] B8 2HcDNA),
A 2 B mRNA), = /F 2] B3 AH(RNA), QFE] 4l 2

o
N,

(=

(aptamer),

£ 2 E] =, shRNA, miRNA, 2] 2.2} 9] (ribozyme), PNA, DNAzyme, 2
A7 & 913 sgRNA 5 0. 2 o] Fo{ 7] ol A A B g 15 o] o] A &+
L}, o] o] A ghE] = A2 ofr}

B A Aol A go] "siRNA"# 54 mRNA2| A tH(cleavage)S 551
RNAIi(RNA interference) &/J-S F =3 4~ 1= ©]% 7= RNA(duplex RNA),
=2 @ 7FE RNA W toll A o] F 7Here] el E ¥ = @ 7 RNAE
A A gtk B -4 2] mRNASE A5 Q1 D& 7FA = 4l 2~ RNA 7} o] &)
S HA N M AE 7FA = QFE] Al 2 RNA 7HEh o & A | Th siRNAE EH7
FrAzke] S AT 5= 7] wEel a8 A FAA Y-t o= A
3=, % A} X] E(gene therapy)2] W 0 & AT H ) o] F 7he Atol o] AFHE
U= 7o 4 AFE Fall o] Fol A AL, o] F T W] BE
TEULHE AR AR b A oF sk A ofyH

siRNA 2] Zoli= of 15 W #] 607H, 74 4 2.5 oF 15 W #] 5070, oF 15 ] 407K,
oF 15 WA 3071, ©F 15 ] 2570, ©F 16 W] 2570, ©F 19 W] 2570, ©F 20 1A
257K, Hi= o 20 WA 2370 2 el LEI = = Qlrk V] siRNA " o] i= o] 5
7HE RNAS| §H2: w2 @l QE|=9] A5, 5, 718 ] A4S ojvlehy, vl
7}k RNAS 7 9-oll &= ¢ 7}e} RNA W39 o] 5 7heke] Z o) & o n| g},
3 SiRNAE €5 P S S7HAI7I AW 1o ¥h3-& kAl 7] = 5@

B2 S gl e 2871 & R g 72U QLE =R o] Fol A 5 At

VA oA gof P Al A S LE RS B S S]]
A&te] st} o) 4kl A7, G = F A (backbone)2] Y x| oll A M= 4= lch(De
Mesmaeker et al., Curr Opin Struct Biol., 5(3):343-55, 1993). =] 7S 8 LE =
S EAEREQIO|E, FAF ELO|AH =, HEH EAF Yol E, i

ANFES, G ERoten, S H2A Y G A o2 wdd

1

o @ M
l;(ﬂlﬁ‘:

30 do gl 2

;

SOy
f
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[114]

[115]

[116]

[117]

[118]

Uh S QFE Al 2 S 2]l B8 QB == St o] o] X g |
OHE| Al A~ &4 j%%zﬂﬁlﬂ =R
6} 1237, 6-v of
A EA(HMO), =4 :’/\E]
,2-E 29 E‘rN 2-E| Q¥R
0}01 = i"] A= —C’rﬂ‘ré_‘, 8- OFX}?O}” ,7-H] OVFrLOPd,
N6(6-0Fm| =314 O}Fﬂ W, 2,6-t ok 77 Fol 3l
H G A Ao A, A 7 oS A 2] BE] *P(SsDNA)" 3 5
AENA o 2 A3tsto] QFE] A (antigene) & 3HE -3l ©
P A2 LE =S ofr| gt
g A Aol A, B (aptamer) "= 578 B A ¥eh=
S T EU Qe =(YukA 0 #2220 ~ 80 nt DNA 2-& RNA)E 1| &t}
vt A s =, E o ol A riEb "= S P ALy 2 = HER (ol 2,
NA =2 RNA aptamer)E €] 7] gt}
E g A Ao A, "mRNA"+= F- A AE 28 7153 344 mRNA(In vitro
transcribed mRNA)E- 2] 1] 3+t
¥ A A ol A, "shRNA"= @ 7Fe o =2 50 WA 7070 = 4 |
ﬁﬂﬂ QE|=E 2| &, in vivo ol A A~ Bl-5 3 (stemloop) T-ZE O] FaL
SUHA 1070 rEEl QB =] FE R FHO R FHA O R 19 A
297H4 T2 LB =9] 1 RNA7L 171788 o] Fof o] 57t o] ~8l&
& Al sl
B g A4 o) A, "miRNA(microRNA)"= F 2 A} &S 2dshy, A4 21 WA
2370 9] FEE L E =R A Y vl 7FeF RNA 413 2|1 3t} miRNAE Al %
ol A A v x] &= Sl d Qe 2oy, #h AF-F X 25 7L
miRNA= 1 5= 2 0]/ 9] mRNA(messenger RNA) €} A A == 34 072
&S 7HAIH, 7] mRNASH B A 91 A4S ko] Bl fr A S
A Al 71 et
B Al ol A, "] B2 (ribozyme)"> RNAS] U E 0 & E4 3 RNA2 7]
A& Q1A skl A A o' o] 5 Adtals g4 7]?5 7} RNA©] T,
2 B A B A RNA 7HEe] AR Al A7 R Eol A& 7HA L
ZAztsh= 997 Bl RNAE ddehs oo ¥of 9tk
2 WA Aol A, "DNAzyme"-= &4 A E 7HA = T 7}ﬂ DNA ¥A}2, 10
WA 2370 9] 7 &2 LE| =2 74 ¥ DNAzyme(10-23 DNAzyme)< A 2] 4 02
frAbgE 271 sloll A RNA7HS& S 9 2| ol A A kT, 10-23 DNAzyme->
A7NEE o] FA L m=EH o gk 7 2 Elilﬂ]“/] /\}O] 5 dgsit) 10-23
DNA #.2:(DNAzyme)¥= 1571¢] BE¥ 947] A (o) &
5'-GGCTAGCTACAACGA-3)Z o] Foixl g9 &K H (catalytlc domain) 2
et g4 A4 52 RNA 725 Q14 8= 7 ~ 871 €] DNA
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AV E R o] F ol 7] AN 2] Z}2](RNA substrate binding domain) = -4 ¥ T},

B g M A ol A, "PNA(Peptide nucleic acid)"+= 43} a2 o] A48 v 5
7FA AL Ql3= FAFEA], DNA H5= RNA®L A H A 0 = Ajto] 7hse WAt &
ojn] g}, PNAT &4 7] (nucleobase) 7} FI Bl = 230 2 12 % f-A DNAZ
1999\d o] A & R 1% A THA- & [Nielsen PE, Egholm M, Berg RH, Buchardt O,
"Sequence-selective recognition of DNA by strand displacement with a
thymine-substituted polyamide", Science 1991, Vol. 254: pp1497-1500]). PNA+
ApAA N M= A A FaL Qle A 02 315H2 /] W o 2 gHAd HTh PNAE
FHE A A7 ] A Bt at £ 4 SHhybridization) W8-S U 0 A A
olF7tehS A st} Aol 7l -2 7 9- PNA/DNA ©] 57152 DNA/DNA
7} R Tl PNA/RNA ©] F 7} DNA/RNA o] F7Fe B o} b4 et} el =
B EA4 0= N--otv ol g)= gl Al o] ofu| = At of o vk A o=
| Aol 7h &3] 220, o] 4% ¥ = S4ke] 7] 2-F A (backbone)
= A kel 72243 2] AV A e g T4 o]tk PNAY]

7 2 A7) e} AR 7] ALl o] A E]7F A Bt

O HAA AR} b T W ol
g

ox 1% o N o 2 N O
o 3l omdor

N o 1

o o B

y o=

~ m o

g 0

& &

o g >

] =
@EURJ
_;rlr

AU

= 2

w12

W
of 1% Mz lo ot ok

)

A Aol A, "sgRNA"= 57 DNA Bl A3jtsh=
A2 LEE(UHEA 02 RNA w4 E crispr RNA(crRNA) <}
tracer(tracrRNA) 2] 31 T RNA #-A}E 21| ¢t} CRISPR systeml] 4] Cas9
nuclease2} 7 54 DNA A &3 12 ehi=t] o] &o] ¥ r A&l A=}
g 7Hs 7 8z RNAR A=A, thef DNAS}E B4 0 = ZAgo] 7hs 3k 20-nt
M & EgetH, F dol= 100 nte] .

B A Aol A, " A A g ekl A2 Cas9, spCas9, cjCas9, casX, CasY 2
Cpfl & A2 0™, sgRNAS} 37 B17 DNA 7] v -2 <12} 8lo] DNA
Ao 7= A -g etk
w2 A E Y 2ol ofape] of = H/HEE d4to] Ay = 1A
= AA U] = A A ol A F-2] ¥ A A (hepatocyte), B/ = LSECY <
olof] & oFE g8 A E /L= FE(EOI2A 4=, g4k £
) B AA Y=g Abeke] H3HA = A E, Z/E = LSECE
A o)A oz m At A Y o Atk wpebA, A oo mE A A
A A w25 gk o & Aah Adg 2452 1

C

A7), AT 2He), B 2L,
1:]\_:_

|

S 25 QFA st
=

=
27
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23S Ik, AR o = AR 3 2B S Al E T

A7) AR Pt = A B8 oo 2wl 3= A2 YAt
oA = AEd o Add 22l 3= AL Uwmd At g A
F st

71 A} oy Eam AR of b 2w 2= ole A o= R
dgkel] tfaf A = Hedh o AL 2 EBoll 3H = Foled FE
kel gk A3} F st}

27] 7P 3HS ATTR o} & 0] = Z(ATTR amyloidosis),
% (Hypercholesterolemia), B {+93 (Hepatitis B virus infection),

A (Acute liver failure), 7 ¥l (Cirrhosis), 2 7§ 3H(liver fibrosis) &
o] A = ol A el g 15 o] = YT

A1 Fol 2] FES M ES o e

71 AL A Y EE AR a9 E %
TTR(Transthyretin)((e.g., ¢! 7+ TTR(Z- ™ 2 : GenBank Accession Nos. NP_000362.1;
- A}: GenBank Accession Nos. NM_000371.4%), "F-%-2= TTR(Y "8 2 : GenBank
Accession No.; NP_038725.1; % A}: GenBank Accession No. NM_013697.5 &),
(2) PCSK9(Proprotein convertase subtilisin/kexin type 9)((e.g., 217+ PCSK9 (F9 A
GenBank Accession Nos. NP_777596.2; 7% A}: GenBank Accession Nos.
NM_174936.45), "F-$-2= PCSKO(¥H A : GenBank Accession No. NP_705793.1;
171 A}: GenBank Accession No. NM_153565.2 5°)), (3) HBV(Hepatitis B
Virus)(el| & &%, HBV genotype A (e.g., GenBank Accession No.: X02763, X51970,
5= AF090842); HBV genotype B(e.g., GenBank Accession No.: D00329,
AF100309, ®=+=AB033554); HBV genotype C(e.g., GenBank Accession No.:
X04615, M12906, AB014381, AB042285, AB042284, AB042283, AB(042282,
AB026815, AB026814, AB026813, AB026812, T=+= AB026811); HBV genotype
D(e.g., GenBank Accession No.: X65259, M32138, i=+= X85254); HBV genotype
E(e.g., GenBank Accession No.: X75657 -2+ AB032431); HBV genotype F(e.g.,
GenBank Accession No.: X69798, AB036910, == AF223965); HBV genotype
G(e.g., GenBank Accession No.: AF160501, AB064310, ™=+ AF405706) HBV
genotype H(e.g., AY090454, AY090457, "=+= AY090460) (4) Bax(BCL2 associated
X))((e.g., 3t Bax (¢F] 2 : GenBank Accession Nos. NP_001278357.1,
NP_001278358.1, NP_001278359.1, NP_001278360.1, NP_004315.1 ; -f- A 2}
GenBank Accession Nos. NM_001291428.2, NM_001291429.2, NM_001291430.1,
NM_001291431.2, NM_004324.4 &), "}-$-2= Bax ('t ¥4 : GenBank Accession No.
NP_031553.1; % A}: GenBank Accession No. NM_007527.3 &), (5)
VEGF(Vascular endothelial growth factor) (9] & &%, VEGFA((e.g., ¢!} VEGFA
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(H A : GenBank Accession Nos. NP_001020537.2, NP_001020538.2,
NP_001020539.2, NP_001020540.2, NP_001020541.2; - * #}: GenBank Accession
Nos. NM_003376.6, NM_001025366.3, NM_001025367.3, NM_001025368.3,
NM_001025369.3 %), "}-$-2~ VEGFA(H" A : GenBank Accession No.
NP_001020421.2, NP_001020428.2, NP_001103736.1, NP_001103737.1,
NP_001103738.1; - =}: GenBank Accession No. NM_001025250.3,
NM_001025257.3, NM_001110266.1, NM_001110267.1, NM_001110268.1 5);
VEGFB((e.g., 913} VEGFB( ™ A : GenBank Accession Nos. NP_001230662.1,
NP_003368.1; 7% A} GenBank Accession Nos. NM_003377.5, NM_001243733.2
), "F-2= VEGFB(¥H¥ A : GenBank Accession No. NP_001172093.1,
NP_035827.1; A A} GenBank Accession No. NM_001185164.1, NM_011697.3
5); VEGFC(e.g., ?17F VEGFC(H¥ 2 : GenBank Accession Nos. NP_005420.1;
A A} GenBank Accession Nos. NM_005429.5 ), "}F-9-2~ VEGFC(&H9 2 -
GenBank Accession No.; NP_033532.1; 7% A}: GenBank Accession No.
NM_009506.2 ), 'B/%E3= (6) PDGF(Platelet-derived growth factor)(d] & &4,
PDGFA((e.g., 1%} PDGFA (&t 2 : GenBank Accession Nos. NP_002598.4,
NP_148983.1,; %1 A}: GenBank Accession Nos. NM_002607.5, NM_033023.4 &),
1}9-2 PDGFA(YH? 2 : GenBank Accession No. NP_032834.1, NP_001350200.1;
7% A} GenBank Accession No. NM_008808.4, NM_001363271.1 5));
PDGFB((e.g., ¥} PDGFB( ] 2 : GenBank Accession Nos. NP_002599.1,
NP_148937.1; =+ A}: GenBank Accession Nos. NM_033016.3, NM_002608.4 %),
1}9-2~ PDGFB(YH 2 : GenBank Accession No. NP_035187.2; -7 A}: GenBank
Accession No. NM_011057.4 %5)); PDGFC((e.g., ¢! 7} PDGFC (¥+ 2 : GenBank
Accession Nos. NP_057289.1; % A}: GenBank Accession Nos. NM_016205.3 &),
nh-9-2~ PDGFC(YH 2 GenBank Accession No. NP_064355.1, NP_001344675.1;
% A} GenBank Accession No. NM_019971.3, NM_001357746.1 5));
PDGFD(e.g., 217 PDGFD(H 8 A GenBank Accession Nos. NP_079484.1,
NP_149126.1; =+ A}: GenBank Accession Nos. NM_033135.4, NM_025208.5 &),
1}-9-2 PDGFD(YH ] 2 : GenBank Accession No. NP_082200.1, NP_001344326.1,
NP_001344327.1; 5 2}: GenBank Accession No. NM_027924.3,
NM_001357397.1, NM_001357398.1 ))°] & A& = 2= siRNA B/E+=
miRNA Y 5= 21

7] oFera ZAEL RS Eoohs EHE RO 0T Fol B X
Chepet AR R ol 4 9o, w4 ol g, 93, B
Faol Hg® 5 QoM Folge el du) L AF, el Y5, FE ),
ol 2 % Aol utet cEA R, Fel Aol o] A AshA AeE 5 gk,

% ofol) whE 7] oFshd 2 B2 AAED AP, HE LSS FAA,
FHA, AGA, G4A, A, ARBAA Sl 54 A £ 2 PA S
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ol

oM

A=

51 &(witepsol), P} Z &, E f(tween) 61, 7H}F2.A],

1
R
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D ol
oy % 9% T
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B
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A A ol

[137]

1ol BB 7|20 7 0.1 WA

100mg/kg, 0.1 W =] 50mg/kg, 1 WHA] 10mg/kg, B=3= 1 WA Smg/kge] SO =2

Folg 5 gk,

[138]
[139]
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[143]

[144]

[145]
[146]

[147]

[148]

[149]
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Seth ool e A8 YA Eakel 4] opst] 2428 ftow
2ol oF WEE e AR AL 4 o), NAE BEHow
SEE

o ool 2w, (1) 47] A2 the Ak 2 @) Lol &4 ohE, AL, = o]
w3e Ehehis, A E (12 W, 7] A A E A5 g ofely
29 oty fEF S Dol Folshz AAE ez, AR Ay
T ARYE ATE S ATk P FERFO) T A& vk ga
HEE F 19 ST SulE oo 4 Bey sl Ul A Aol ofaf 24E 5
Qom, 18] iz 53] & vhro] Fol @ 4+ gk T1ejuh 54 Sapel @t
FAH A RA FEFE DR Sz W3 o] B A, F 5o vey
CHE A7 ARG E A o] o 2 MR E A A 2R, B e, A,
Axk A7 GE, A0 L o], Fof A7k Fol AR W 2B RS,
AR, FAA 2B GA AGAAL FA G E FES 0
TR 15t o] of Jokol 2 elxl A} Lol whet b A g 4 gk
g o] &7

A ool w2, 48 I Az 3k 24 ol Aol A Ak S-S,
DEEZ FAAARA TS ALT 5 9o AQ b4 w7} FHA A8
5 B 7 okl #8350 A8 & ik,
=wel heke A

5 lat Q oo whE X8 Y2l oA 49l T2 E GER Aol 3, 5 bt

r_Q

A oo W& Y=Y AE Cryo-TEM O &2 #1231 o] ] x| & epdit),

I 23 CDCLOl A 246-C109] 'H NMR (2 <, 400MHz) 2 3 = epdl o},

I 3a(241-C10 LNP W #] 243-C10 LNP) 2 %= 3b(244-C10 LNP W] %] 246-C10
LNP)= ZF A2 Y1217} pH 4.1 W A] pH 9.6 W 91 & 2E= S Aol A e
33 A EE S4¢ A3 et

T 422 E4bE A e dAY] AxE W FA2 JE 288 JEhd =
Folth, A A &, & da= FAIH A E ZH 5 mRNA(luc mRNA)E
21 8F LNPE HeLa cellol 2 A3 A7 F M EE &1 A S4 ¢ &3
=5 YERf 31, & 4bi= lue mRNAE 5% ¢t LNPE {HA| 3 (Hepatocyte) ©l]
AAZ A T MEE SN A S4 e LG s JEpTh = 4bol A
+ApoEX= ApoE3S 2] 3F 18 & 1|3} aL, -ApoE3= ApoE3S A gl 84| & &
ofw] &ttt

%= 5a% Luc mRNA7}F 591 ¥ 244-C10 LNP W #] 246-C10 LNP7} Fo ¥
apg-2=of A A U FEAG B XS Ve AL, & 5bE Luc mRNAZF 5-91 €
246-C10 LNP 7} F-o § mhg-2=ol| A A &5 wpg-20] 7} 7| ghof] tfj gk F= A
WS eI

T 62 1.0 WA 258 %% A 2-PEGS ¥83}= 246-C10 LNP7} 5o #

i/
|



WO 2021/145595 PCT/KR2020/019502

[150]
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[152]

[153]

[154]

[155]

[156]
[157]
[158]
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mh9- 2o A A A Vgl Al E3E 2] A PEGE | w2 XA v x¢2e]
FEAG a8 Y Uxlate] 715 et

572 AE Y= Aol B H o] Fold siFvIe] F 5ol uh&
ZHAH 3 (hepatocyte) EFA 7Hs A& FVILY] HA S Fal &2l 25
LHERWI T

58 A4 el 2 AP

Z}*ﬂvL(hepatocyte)ﬁivJ b8 AY &
A5 LX) E Rl

© 9= XA V-l Aol E3hE x| A PEG §Hekel] thE A A ¢l ze] F7] 9}
PDI <=4 & YEF (2= 1), A Wl LSECC 2 9] of= A 542 FVIIY
W s Tl I A5 e =)E ek

% 102 AlE}vke] =-PEG %1 DSPE-PEGE ¥ 38k A A el Abo] Al )
siRNA A 588 AT 2735 et
X EERETEE L

Vg & 5hy] AAlell & Fol U5 A 8] A s Aol st AAJ &
AW 7 A 5= o] v i= o],

ol 8l, A Ao & Edlo] B wlhd S ]2 A A 3] A slara) st o
Q@A By g wr) LA Mo HAsly] 9ek o, Bouky o
upe} B wkg o] W97t o] 5 A A dol] o & A gHE A F=rhE AL T A ol A

Fako] %28 71 Aol 9loj Al A Al o]t
A A4 1. o] &3} 7153 A A (ionizable lipid) ] #| &

AAl e 1-1. o] 23} 75 g A A o] A=

6] &l = are] 3z} ofvl& EHsh= 5H7] 3% 19 ofil A 33 E 2
1,2-epoxidodecane(©] 5}, C10)(Sigma-Aldrich, USA)< 1:n (n= 12} o} 71 x 2 422}
obrl x 1)9] =82 Whg-A[A o] 23} 7He ek A4 & skt
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[161] [Table 1]
Name b1 -1
241 Q
S,
NHy
242 (%
>
Gty
wmi
243 N
Q.

[162]
[163]

[164]
[165]
[166]

[167]
[168]

244 ()

N
i\, NH
"
™
Ao
245 ¥
o
g
a1
N
o
246 |
\“ e
Sy

TA A o2, sm ufel o] A7) F 19] 241 W A] 246 o}l Zhz}a}
o] ZAIZ=(CI0)E 1in (n= 12} o} ¥l x 2 + 23} o} 7l x )9 &0 & nl1Y g ule}
st 2 7Fske] mb7] ol A 750rpm, 90°CE 3 5ot v A] AT}, o] & WELUX
fine silica column(Intertec, 3F=7) 0. & 4 A| T 4} 7] Hk-8-of o] & Al H 7} o] >3}
b et A d o] BAES AlALSlaL o gheS AF8-5Fe] 100mg/ml 2] 5w 9
H 3t} 241 o} 1T C10E o] &3fo] Al 23k o] 23] 7153
A1 A -8241-C10 2. & P E3}aL, UhE F57 9] ofvlg ALg3lo] A3 o] 23}
7he et Al A S wpR 7R 2 CARSE o} Rl o] (241 W A] 246)-C10' 22
g sk gl

AA o 1-2. A o] 23} 7hEg XA 9 &<l

871 AAL e 110014 A28 o] 23} 7hHe gk A1 2 & glstr] #138te], 1H
NMRS G35}l A4 4 o &2, A A o 1-10] 4] A ¥ o] 23] 7153
=] 2 (246-C10) 518 CDCly(sigma, USA) 0.5m¢ ¢l 8] 21 5}e] 100mmole & 57}
¥ 5 F1]8F3 ) o] F 400MHz NMR A8 FH ol 0.5m % @il g5 v
T et E o2 A sle] Agilent 400MHZ FT-NMR(Agilent, USA)-S ©] 83}
NMR spectras A 31, 1 A5 = 20 YEFH T & 200 YERE v} o],
246-C109] 7} 2871 & YEt= A &7F 2318 A& & 5 Al

g AT el 1-10 4 Al 23 o] 23} 7Fs gk %] (241-C10 WA 246-C10)S
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[170]

[171]
[172]
[173]
[174]
[175]

[176]
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Sholal] giafel, Ms¥ A2 Aot TAH 02, o £} Fhsd A e
0.5ppm ©| 8} F 5= ol h-&ol] 34l MS 4 & A3l A o AL-H
7171+ Agilent TechnologiesA} (Palo Alto,USA)2] 6230 LC/MSZ 2] ¥ Agilent
TechnologiesA} Zorbax SB-C18(100 mmX2.1 mm i.d., 3.5 pm)& AF8-3151 31,

ol 5L 0.1% 7Hrfake] £3HE FHF(A)2 PN EUE-(B)2 F 7HA
|l E 7127 sttt ol F 4] &l 71 &7 A s /718

oA EYEHB)2 HIE 2 30% ol A Al2HsEo] 22 7H4] 80%7HA] &€ F ThA
718w o] H|E-o] 30%7H A WFa1 Qb SFE w7 A] 4+ 1F A 8k T

o] Fe] 42 3004/mine] M, ol w| F-A1 7] 7] A 72 20 R oF MSHEA S
Tt AE 371 3 20 YER QAT 3% 20 YR vEef Eo] o] 238} 7hs gt
A A o] A E m/zratio®} AlAHE m/z ratio7} A ] YA A S E1E
UATE

[Table 2]
Chemical formula Calculated Observed
m/z ratio m/z ratio
241-C10 C3HgN2O, 510.87864 511.5201
242-C10 C;HguN,O, 496.85206 497.5043
243-C10 C;HgsN;0, 511.8667 513.5186
244-C10 CypHg N304 682.15848 682.6821
245-C10 Cy3HgoN;04 696.18506 696.7045
246-C10 CssHi20N,O4 937.5978 937.9383

7 AR AA e 1-1014 o] 238} 7He§k A o] & vbEojxd A s

AA A 2. AE Y=g Az

AA 2L A Y=Y A} Az

&7 AT 1-100 4 A28 o] 23} 7He & A1 2 (241-C10 W #] 246-C10),
=¥ 2~ H| E(Cholesterol powder, BioReagent, suitable for cell culture, >99%, sigma,
gk, 9141 2 (DSPC)(Avanti, V] ), B A1 A-PEG 4 34| (Al ehvto] =-PEG
71345 C16 PEG2000 Ceramide, Avanti, ¥] =) 5 of| ¥H-2-0l] 42.5:13:43:1.59]
=H 2 G Al Fl )

o] -3} 7hs gk A1 A, Fu| 2~HE, A, E A A-PEG7L &3l | ol vhs ¢
olAH ol E HHE 1:39] T4 2 12ml/min®] 7522 1Al f-A] &3
“F ] (Benchtop Nanoassemblr; PNI, Canada)E 53l <3}3}¢], A4
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[178]
[179]

[180]
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U= ZHLNP)E Al 23813 .

AA 4 2-2. H4ko] FHA A A YA Az

271 A ALl 11004 A 28 o] 23} 71s 8 %] 2 (241-C10 W A] 246-C10),
=¥ 22 8] E(Cholesterol powder, BioReagent, suitable for cell culture, >99%, sigma,
gy, 91 2] 2(DSPC &= DOPE) (18:0 PC (DSPC), 18:1 (A9-Cis) PE (DOPE),
Avanti, 1] =), @ X A_PEG 4 A (M 2}nfe] =-PEG 7 §HA]; C16 PEG2000
Ceramid, Avanti, 7] =) & o gF--¢f] &3] A| 7 t}. RNA *] 4| 21 mRNA(luciferase
mRNA; A EH3F 1)30pgS A EZ2VJER 0.75me0) 312X 7] 7 o,
SiRNA(SIFVIL M9 32 2 38 U 8|2 37, =& siFVIL A @HE 4 A4
11E Y B892 23, £ siluc: A9 12 2 138 59 =12 &%)
30ugS S0mM ] oFA EA U EF 0.75meell A A A 743788 Al 255t

AFE-¥ siRNA A D& o539 £t} A2 & 2 (FVII target siRNA_sense;
5-GGAUCAUCUCAAGUCUUACtdt-3"), /] & % 3 (FVII target
siRNA_antisense; 5-GUAAGACUUGAGAUGAUCCdtdt-3"), A @M % 4 (FVIII
target siRNA_sense_1; SCUUAUAUCGUGGAGAAUUAdtdt-3") A @M & 5 (FVIII
target siRNA_antisense_1; 5'-UAAUUCUCCACGAUAUAAGAtdt-3"), 5| 2 H % 6
(FVIII target siRNA_sense_2; 5'-UCAAAGGAUUCGAUGGUAUdtdt-3"), A @ H &
7 (FVIII target siRNA_antisense_2; 5'-AUACCAUCGAAUCCUUUGAJtdt-3),
]9 & §(FVIII target siRNA_sense_3; 5-CAAGAGCACUAGUGAUUAUdtdt-3"),
AEHT 9(FVIII target siRNA_antisense_3;
5-AUAAUCACUAGUGCUCUUGdAtdt-3"), A € % 10(FVIII target
siRNA_sense_4; 5“-GGGCACCACUCCUGAAAUAdtdt-3"), A EH S [ 1(FVIII
target siRNA_antisense_4; 5-UAUUUCAGGAGUGGUGCCCdtdt-3"), A € H &
12(siLuc_sense; 5-"AACGCUGGGCGUUAAUCAAddt-3), A EH &
13(siLuc_antisense; 5'- UUGAUUAACGCCCAGCGUUdtdt-3".

o] -3} 7hs gk A\ A, ZE| ~H E, 1A A, H A A-PEG A §A (ol 5t
A ZA-PEG)7} &3l € f7]4 (ol &) 2 RNA A £A4|(F4ho] &3¢
TFAGCHEA Y EF B A EE4AUHEF)S 12n0/min®] 422 1A
| =3} 4 *](Benchtop Nanoassemblr; PNI, Canada)E &3l -Zgato], &l4lo]
99 AA Y=g ZHLNP)E Al Z3k3l T (i) mRNA 7F 59 € A2 Y=g A-E&
Zot7] fate], o] =3} 745§ A2 1A Z(DOPE) : ¢ 2~H & :
A A _PEG(C16-PEG2000 Al &}rte] =)5 26.5: 20 : 52.5 W A] 51: 1.0 W A] 2.5
(=4 9] - ghol 1000] ¥ =5 ¥ 28 E3 A 4-PEG & s £4)9 28] =
of ¢-2-of] &3 A ] 32, mRNA(luciferase mRNA; A DH T 1) : o] &3} 7}-5 3
A Z o] 1:109] F#H| 7 H a5 fU1 8 2 A0S Zeete] A e dAE
23t T} (i) siRNA 7F 5 J ¥ A2 Y= 2E Al x5H7] Yste] o] 23}
7hs ek A7 IAZ(DSPC) : ¥ 22 H & : A A -PEG(C16-PEG2000
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[182]

[183]
[184]

[185]
[186]
[187]

[188]
[189]
[190]

[191]

30

Algbnto]l =)E 42513 : 44 WA 39.5:0.5 WA 5.0 (E1] 2] & gho] 1000]
HEE FU 2SS AA-PEG IS £4)9] x| 2 o gl &85,
SIRNAGIFVIL; A€W 5 2 2 38 5 8|2 23, == siFVIL AW S 4 WA
11E 59 Ev]2 23}, 3= siLuc: 7\1oé‘ﬂ4§ 124 133 Y E0E =g
o] L3} 7he & Aol 1: 759 7L HES /73 2 FAA%S EF st
A A 1= AH(lipid nanoparticle; LNP)E ZﬂJ_O} A U}
A 2% LNPE o eh& A1 7] 2 Al o] pHE} A A Q] 2o pHE 237
A& A, 3500 MWCO F4] 7HA EE AL-g3Le] 16 A 7F & <F PRSI T &
FA 8T

ol &3} 7}s ek A4 241-C10E X33}
grgetar, the S obnle ¥39tsh= o

A U olz}(sﬂ)\]-o] Holg 2 1)x9]
246)-C10 LNP'& 3 4 3} 3 o}

= 241-C1I0 LNP'E
5} 7}%2‘& A AL AHgEkel Az
A E3HE F3E obul o] F(241 WX

AA o 2-3. ko] FHUE AF Y=gAe #F

siLuc (MEHE 12 2 13)7F 59 ¥ A A Y=Y AE Alefnto] =-PEG
A A (C16-PEG2000 Al 2hrto] =)E AL-g-ato] A A4 2-2 ¢ Fo] A z3t 3]t
Az A A YA (A eprte] =-PEG A F A & 1.5%% E§H)E 200 mesh
carbon lacey film Cu-grid®l] siRNA 5% 7|22 60ug =9 3}¢] vitrobot & =
ol 3lH (9F-170% ©]3}) Ethane ©l ¥-1-¢] plunge freeze Al A 4|3+ 3 Cryo-TEM
(Tecnai F20, FEN) 0.2 #2351 a1, 71 235 % 1bol] YER L) = 1bo)l Leld
upe} ol Sro] 23t o] R Fe] AAF dEE AT

A4 3. A E Y0 &9 pKa

B A A]of o] A Q1H] E & TNS -4 (In vitro TNS assay)= 5-3Fo] 447] A A] o
2-1914 Al gkl 7F A1 i I AHLNP) ] pKa s Al4ks3ith. &0l 24 TNS=
For stHH o] 23} b A A o &‘%‘8}@ Aol ¥l aL, pHekel
Z¥zk o] LNP] pKagholl <27 gholl whe} TNSS] R -F-A o] whobx a1 v B2
EwA7FTNS & 3-& & A (quenching) A 71 L2, 6.0 W A] 7.09] pKaE ZE+= #|2
Urdas A W FEAGE g8o] $4=31a, pHell w2 & F(fluorescence) =
vhebliz ef ol A sd S dehlis AR vhe s A
dazbgol golstaL, A Aol SolatA dxnEE eEd T = A e
o v g},

T-A A S =, 20mM sodium phosphate, 25mM citrate, 20mM ammonium acetate, 2
150mM NaClE ¥3}3h= £ 92| pHE 0.IN NaOH L/%E+= 0.1N HCI S ] 8514
pH 4.1014 pH 9.67}#] 0.59] 3+7 o &2 24 ato] tfet pHe 9 o] &9
A z3 A ). ZZk2] pH(pH 4.191 4 pH 9.67+4] 0.52] 1+ 2] pH)E 2h= §901&
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1000 black 96well plate®l] 7 7}8FaL, 300uM 2] TNS 2~ 5 (stock) & S

ol &-afol GuMe] % 557} 555 7] W ol pHE 2 Bole] 717}
7181t 241-C10 LNP W #] 246-C10 LNPE & & 5 %7} 20uM 7} ¥ =5
Z3lg oo H7FEct 837 == Tecan 7| 71 & £3) 325nm 9] excitation,
435nm 2] emission S &2 =4 3o], ZF XA =2}l e HF P EE 30 Y
5= 3boll YR LA, 2 A1 v ] A}ell T §F pKat= H T A de] A yto
LdshE pHEE & 2 AlAbete] st7] & 3¢ 7| A8k, = 3bell YERd vEe}
0], 244-C10 LNP W] #] 246-C10 LNPi= H] 4138 3] #] ¥4 (nonlinear regression)=
Fal W44 s TAL Uehlis 42 o 5 99

= AR AN

[Table 3]
AF Y=gz} pKa
241-C10 LNP 7.7
242-C10 LNP 8.7
243-C10 LNP 8.2
244-C10 LNP 6.8
245-C10 LNP 6.9
246-C10 LNP 7

A7 37 304 gl ¥ = nkel o], d oo mhE A A v A= AA U
ObAAl W oFE HbEo] 423k pKa 6.0 WA 7.0 A E VEI = A
ghol 19T}

Ao 2-29] WhH I} o] Al x3t, #Aiko] B9 ¥ LNPL] 4 §-oll &= 3¢
o] 23} 7hs ek A A o] FH (o3} 7hs gk A Hof] x5t o)yl el F el ubet
TUe G2 HYlL

AR 44D e Ao 54 B

AA e 4-1. QRA7] S4

B AN ool A 7] A ol 2-20) 4] 2] 28 mRNA7F B € <4

= AHLNP; A A-PEGE 1.58% ¥-3hH 9] A715 FA4 st a3t} 471
A A] o] 2-200| A A &3 28 A A L] AFel] 33 RNA(luciferase mRNA;
AMAMT D] § 57 Lpg/ml 7t ¥ 55 PBSE AH-3te] 8|41 351, Malvern
Zetasizer Nano(Malvern Instruments, UK)ol| 4] &2 332FeHDLS)& AF-8-314
LNP9] A& 2 v} 345 (PDI; polydispersity index)E 4311 o, 1 A3} =
at7] 3 4] 7] Alst A
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[200]

[201]

[202]
[203]
[204]

[205]
[206]
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[Table 4]

Ad V=2 A & (nm) PDI
241-C10 LNP 128 0.259
242-C10 LNP 77 0.210
243-C10 LNP 56 0.225
244-C10 LNP 66 0.149
245-C10 LNP 70 0.210
246-C10 LNP 68 0.143

71 T 404 gl E = ube) o], A oo upE A A Y A= HAE W
Efo] golstar oFE WEo] 93 i A=A 7] & e $laL, 241-C10 LNP >
243-C10 LNP > 242-C10 LNP = 245-C10 LNP > 244-C10 LNP > 246-C10 LNP
AU E PDI 2] 7F 2Han, A7 dd g AlS o 5 A

AAl o] 4-2. FE BYE SF

gtk ok = 2 A siRNA(SIFVII siRNA)E 5% & 2} LNP(A 2 -PEGE 1.5 %
Eshe] st a8 (%= 5 YU E, %) Ribogreen +2 (Quant-iT™ RiboGreen®
RNA, Invitrogen)= 53l A3t 7] AA o] 2-20 4] A28 A4 F 22
5313 LNPE 96 4 Zz o] Eoll A siRNAL] HF 55714 ~ 7 ug/mlo] ¥ =5
IXTE €59 5002 3] 443} T}, Triton-XE A 2] 8FA] &2 “15(Triton-x
LNP(-)-& IxTE B ¥ 5002 Z7}8kaL, Triton-XZE A 2] 8+ 18 (Triton-X
LNP(+)) 2% Triton-X ] ¥ 50 pl =S 7}t 37°Col A 1053}
Q- o] A 3lo], Triton-X =2 LNPE -3l 5te] g3ty dibs WEA At 1%
Ribogreen A 2F 10045 2+ Aol 3 7}5} S T}, Triton LNP(-)$} Triton LNP(+) 2]
&34 7} 5 (FL)+= Infinite® 200 PRO NanoQuant(Tecan)®ll A 37 o] & 2 (exitation :
485nm, emission : 528nm) .2 Z A3 o G E BRAEGIE3 &8, %)
st7] k2] 33} o] AAFEFSITE. ZF LNPol| th &k & B E(%)< 23]
HHEslo] 4 A ghe] gk o =2 8hr] 3 500 YER ST

(514 3)

k& B 9 E(%)=(Triton LNP(+)©] %345 - Triton LNP(-)©] & 5)/(Triton
LNP(+)¢] &34 5) X 100
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[207]

[208]
[209]
[210]
[211]
[212]

[213]

[214]

[215]
[216]
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[Table 5]

A4 e 298

(Encapsulation efficiency, %)

241-C10 LNP 84

242-C10 LNP 83

243-C10 LNP 91

244-C10 LNP 87

245-C10 LNP 91

246-C10 LNP 94

871 3504 Gl E] = mhef o], A ool hE A A Y dAE w2 a8 2
FE BT 5 9ee el

AA o] 5, X d Ux=PAHE o] & A X f ik A &<

A 5-1.LNPo| R85 = o] 23 7158 A F Y T/ i & i A
23

Q! of o u}E LNPE A ¥ &2 A ZH(transfection)A] 7] 7| 315 # ol HeLa
M EE (3 A ET 23)S white plate(96well)oll 0.01x106 cells/well & =3}
DMEM media(SH30022, Hyclone, USA)®ll 4] 37°C, 0.5~3% CO, =271 2.2
A sk ith, A Ao 2-20 4 A2, FA] 3 2k Al (luciferase) F A AHS W 8=
mRNA(luc mRNA; A EHE 1)7} &Y ¥ LNP(A E-PEGE 1.55% 2§35}
241-C10 LNP W] %] 246-C10 LNP)E- ApoE3 0.1ug/m¢ <} Tfo] Sl el o & nwk
Aol A 104 B ot M o] F HeLa cellol] A 2](A] 2 Y= Aol 35}
mRNA 7] 2 2 100ng/well) 3191 T} ApoE3+= LNP W ol 2 3halo] A X 3 o
W3l ¥ LDL 84 = 58 LNP7F Al ¥ 9Fo 2 <l 5 A| E A] 22 (endocytosis) S
%BH %o.]7l 2= OIEE ]_L— 0:161—0 5]_14_

24| 7+ ¥ Bright-Glo™ Luciferase Assay 8 < (promega, USA)S 100.40/well
8] 8he] 1057k 2ol & T 23 ¥l Al £ = Infinite M200 23 =4 7] 7] (Tecan,
USA)E o] &3] ¥h3d 7 % (luminescence intensity) S A4 shal, 71 235 &
4acl] JERHSIE = 4a°ﬂ LERE v} o], pKa W 2171 6.0 W] 7.0¢1 244-C10
LNP, 245-C10 LNP, % 246-C10 LNP®] 7 -¢-, 74&F 23 7% & YRl Lo,
T ol A 5= 246-C10 LNP9] 745 4 757} 7Hd 320}, 246-C10 LNP7} A 32 14%
of= Ad a0l 7 & AS d T ATk

1
1.

Oll

AA o 52, ZHAE ] A A EA
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[217]

[218]

[219]

[220]
[221]
[222]

[223]

[224]

[225]

[226]
[227]

34

A A of 220 A A 223 246-C10 A A Y=Y A& o] &35}
ZFA| 3E (Hepatocyte)oll lue mRNAE A Esle] W33 A&
F A o] g gl

T-A A =&, lue mRNAGM @S 1)7} B H 246-C10 LNP(A 2 -PEGE
1.5 % E3HE ApoE3 5ug/mé et AFFAIZ1 5, W=l 2kel] 23 mRNA 555
7120 7 0.2ug/well, 0.5ug/well, == 1ug/well 2 1x105cells/well 2 -

ZFA| 3 (Hepatocyte) A 3 =(Nexel, Korea)ol] LNPE A 2] 3} 51 ). 6] 3} &
Bright-Glo™ Luciferase Assay -& 2} (promega, USA)< 100.0/well #] &3] 10373t
ol & F 43| A X E Infinite M200 23 574 7](Tecan, US)< ©] &3}
W3 7+ % (luminescence intensity) S 74 8to] 71 A5 & 4bol VERN AT

5 4boll A 1% = vk} o], A oo whE AE Y= Ab= AE U=k
ApoE33} 2] AZMS F-al] M3 oto g w]lo] fo|slal, Fk oFEH o

=
FE(IAh A kol F7Fstsl o, A E (hepatocyte)ol] FES =2 a8 2

f

AA A 6. (A Y=PAE o] &3 A W 2E &<
S7] Al 5-10] 4 ZQlgh upe} o], QIH| E R oA =78k 73 2 |l
FHHAA AD G 3HE L EF 3= 244-C10 LNP W A 246-C10 LNPS] A8 ) W
Ad g8 2 A A =¥ (biodistribution) S - 2 A of| o] A <13} 314} 33T
7] A A d] 2-22] HPH T R luc mRNA(M 2 HE 1)7F 8- ¥ 244-C10 WA
246-C10 LNP(A] A -PEGE 1.58% > 3hE Al 238kal, 2 YUY AE PBSO A
1641 &2t FA 8to] o eh-g-& Al A A1 A v Aol 3£3E mRNAE
7122 0.1mg/kg 8% 2 2 C57BL/6 Female 7573 7h-$-2~( 2] QI E vlo] Q)0
mRNA7Z} 58 A2 Y= d A& (i) TAFF 341 H o
A 3 & (luciferin) 0.25 mg/kgs 57 5o 51 IVIS(PerkinElmer, USA) 41| &
=-3l Ay A 233 (bioluminescence) S &¢lslo], 1 A& & 530 YJERH AT}

luc mMRNA7} 2915 246-C10 LNP7} 5o | np-9-~ & 3| WA 7] 31 A7 &
X Z38lo] ZF Aol A A A dxpe] AA| E 3 (biodistribution) S IVIS 1] & &3
glstar 1 A3E % 5boll YERH ST

I 520 YERE BEe} 2o, lue mRNAZF 591 244-C10 LNP W #] 246-C10
LNP7} o] mp-g-22 0] A ol A 52 g A =5 vehH, o] = 471
Aol 5-19] Aot AA gk} 53], & 5a H & 5bell WrERd vle) o], H Al
o] 7 2} &4 7] o] v] % (ex vivo organ imaging)< & 3l lue mMRNA7} &4 ¥
246-C10 LNP9| 7 9- gt Eol o5 &2 w3 5 vetl= 218 Z<lsto]
A oo W& AE Y dAbE he R 8 A EEE YEl = 2SS

A
T AT

ol

oF

©
%

(@)

AA e 7. 8 Aol HA YA A =g Ape] 241 &2l
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[229]

[230]

[231]

[232]

[233]
[234]
[235]
[236]
[237]

[238]
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B Aol A, A Yol A (FEold o oFE AY g&o] /M -3 A1 4
YUr-d Ao A8 = gl st} &t}
A A Y2} Azl 9lo], A& -PEG(C16-PEG2000 Al &}rto] )& 1.0 WA
2.5 5% E33te] ] A Ao 2-29] WHH I o] lue mRNAK 2 HE 1)7}F
A

A8 AA e g 2H246-C10 LNP)E Al 28t o A4 vl 2bol] 23
o] -3} 7}5 ¢+ A A (Ionizable lipid): mRNA 2] 5 %H]= 10 : 1 31, LNP]
F3}5] 3= o] &3} 7} g X4 (246-C10): 91 A Z(DOPE) : ¢ ~H & :

2] A -PEG(C16-PEG2000 Al &} r}o] =)9] EH] = 26.5:20:52.5 W= 51: 1.0 WA
2.5(&H] 2] F 3to] 1000] ¥ &5 4 253} X A-PEG &S Z24)o| At}
AA-PEGE 1.0E%, 1.55%, T1= 2.5 B %= 35} 3L, lue mRNA7ZF &9 &
246-C10 LNPE A}7] A Al of] 62] WhH 3} {-ALSHA], 2]A Y=< 2ol Z 8 luc
mRNAZE 7] &0 % 0.1mg/kg &% 0 % CSTBL/G Female 7572 nH$-2x(9 2] 1 E

o] )0l mRNAZF B8 A& U QAHE A ul(iy) FAF 3 34 2F 5 o]

Z A1 5] & (luciferin) 0.25 mg/kgS 57 5] 3} o] IVIS(PerkinElmer, USA) 38| =
-3l A A 33 (bioluminescence)= &elsle], 1 A5 & 6ol YERH S AT,

A A -PEG &l & A2 Ymdae] A7 5 A A ol 4-19] Wy 3} F A 8}
Z43te] &17] & 6 2 & 60 7] A&k ).

[Table 6]

LNPol| 33+ #|2-PEG 3% ] &(nm)
1.0 5% 90

1.5 5% 67

25 5% 55

5 60l YERE vRe} o], A oo whE XA YRS Fof 3 ol A
, A A-PEGE 1.55%=

A Al o] 8. ZHA| E(hepatocyte) 5ol A Q] FEAY a3 &2l

AA o 8-1. A F Y=Y AE o] &3 FVIY] = 9}-%(knockout) &3 &<l

FVII-Z {FA] 3 (hepatocyte)oll 4] 5ol 2 02 W m 2 B A Ao of| A & o o
w2 A2 Yl Ao IHAIE B 7He A 2 siFVILE: ©] € $F FVII(Factor VII)
ol gaiE Foto gelstarzt sl

A A Y=g Aol L34 siRNAS] $ 55 7|52 = 0.03mg/kg, 0.lmg/kg, 5=
0.3mg/kg 552, 7] A Ao 2-20 4 A Z & FVI target siRNA(A @ H & 2 2
3)7F B ¥ 246-C10 A2 Y= J A A -PEGE 1.5% *&)HE C57BL/6 ¢ A

775 20g 520 APFEAL F 39 F me] WS F G2 Fsha,
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coaset FVII assay kito] 32 2 EZof ufe} & o #2413} 51, PBS7} F-of ¥ wp-9-22 9]
gl o7 {5 A (standard curve) S LA SF] FVIL & FS FA4 61, 1
Aitg & 7o) R AT 700 vEbd v} Eo], 246-C10 A1 A =}l 2o
Y siRNA 5% ofEA 0 = A oA Fvl 4d & oA sl o=,
oo W& A A Y QA7 A ZE gl o dake Ade 5 gl A S
133l

[239]

[240]  AAld 8-2. A A-PEG §Foll }E LA X2 FEAY 57

241] AR Y=g Atel 3= AA-PEGY] 55 0.5 WA 5.02%= ¥ 7 5k
871 A el 2-29] HTI R SiIFVI(AE HE 2 237 5| A4
U 91 4H246-C10 LNP)E Al 238k ieh. A2 vl Aol 23k o] 23} 7Hs g
2 A siRNAS] 8] =7.5: 1 019 3L, LNPol| 235 &= o] &3] 713k
2] A (246-C10): 912 A (DSPC): ¢ 2~ €] = : #] A -PEG(C16-PEG2000
Alglrtol =)o) EH]i=42.5:13: 44 W =] 39.5:0.5 WA 5.0 (E1]2] F ol 1000°]
HrE Fo 2S5 A 2-PEG 3EkS 24)o] e

[242] A7) A A zg A Ui Ake] Al H tHEAFS(PDL polydispersity
index)5 7] A Ao 4-12] Wit FASHA S48t 7] 72 = 8(H=
3yl ER LT

[243] [Table 7]

A A -PEG (%) Hd A E(nm) PDI

0.5 120 0.018
1 78 0.106
1.5 52 0.159
3 42 0.152
5 37 0.226

244]  AA Y= Aol E£3HH SIRNAS 7] 0 & 0.2mg/kg &80 ¥ 55 siFVIIZE
Bd9 A A Y205 WA 58%=2 A A-PEGE ¥£3HE C57BL/6 female
758 20g P20 AWM AL T3 5w QWS e d S 25k, A

o 8-12] WH I} §-A}&} 7 coaset FVII assay kitE ©]-83F<], FVII 9] 23 k&

45k, 1 ANE =855 18 2)dl JEFH YT = 8ol YpERd e} o],

A o) w2 A d Y=g 2AE FolA AA U o] Fvie] dl o] hastlar, o
2} 0.5 WA 5.05%9 A EA-PEGEHF S 2= A4 YA s Folgh
745, -3 Fvl & & o A sli= 21 gkl sl

[245]

[246] A A4 9. LSEC 50142l FEAL 53

[247] FVIII- LSEC(liver sinusoidal endothelial cells)ol| A S-o] 2 o & b3 w g B
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[253]
[254]
[255]
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Ao A b ool whE A1 A =9l #F2] LSEC BH 7Fed & siFVIIE ©] &
FVII(Factor VI 9] Hol-$- 35 E38to] grelslarz) 319 a1, A A -PEG &-afol)
[q_e [e) = x—]l;l— B_J/]_E /\]—ﬁioh;}

i3

A i abel 235 = A 4-PEGE] 332 0.5 WA 5.0 %= W sl
A7) A A ] 22] HPR T E SIFVIII(A D HE 4 WA 17 59
U= %] 2H246-C10 LNP)E Al Z3F ). A1 2 Y= #lel] E8ke o] 23} 7} 8
2] A §iRNA®] k] =7.5: 1 0]l 31, LNPol| %35 = o] &3} 7153
2] A (246-C10): Q12 A (DSPC) : = #] 2 ¥ = : XA -PEG(C16-PEG2000
Algbnto]l =) =42.5: 13 : 44 WA 39.5: 0.5 WA 5.0 (24 2] 3 3ol 1000] ¥ ==
9 28 E3 %) 4-PEG &3-S 24)o| 2t

7oA Al zgh A A gl 2] Zl%— 2 PDIE 77| A A ¢ 4-19] WH 3}
TUsH ZAske] 8H7] 8 E = o(FE w)oll YER QAT

N

[Table 8]

A A -PEG (%) H 4 A & (nm) PDI
0.5 166 0.018
1 87 0.106
15 78 0.159
3 42 0.152
5 35.6 0.226

A A Y zpell 315 siRNAE 7|52 2 0.5mg/kg o] &3] ¥ 25,
siFVIIIZF B9 ¥ A A Y= 2H0.5 WA 5E5% 2 X2 -PEGE *3HE C57BL/6
01—7—] ‘I‘Bc:} 20g u]._r__ ] ] uﬂz/\], ,1_201% Jﬂ_‘j/] 7(4 uﬂ ) EOH aﬂoﬂ =) /\21 o]—Oq

=]

7] A AT 8-12] WA 3} {-ALSFA| coaset FVIII assay kitE ©]-8-3Fo], FVIILS]
AES S4ste] L AAE B 993 1# )0l YERYSATE = 9ol Y ER
upel o], ol oo whE A Qi AE F-ol Al A W o] FVIITS] 3l o]
skl ar, A ool upE XA Y=l A7 LSECS EFIE 4= 9li= A&
ghelslelar, d oo upe} 0.5 WA 5.05%2] A A-PEG 3-8 2= 4
U= AE Fol 3k A9 $-528H FVIIL 23S o Alahi= AL gl

Al 10. A F-PEG B @A & T7 & GEHAL 53

A A-PEG H A ZA, Algtrlo] =-PEG 7 34 (C16-PEG 2000 Al 2}rlo] =
Avanti, 1| 57) BE3= PEG-DSPE(Avanti, V| =1 & ¥331 = A2 Y= 2t
(XA-PEG H A E 0.25 WA 10.0 B%= E3HE 7] A A ol 2-29] W 7}
FrAbaAl A1 E Y 2E Al 28l

A& Y] #o] 3k o] 28} 7153 A A siRNA(siLuc) ] & H[=7.5: 1
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[257]

[258]
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o] §laL, LNPol| 3£ 8h¥] = o] 23} 715 2] 2 (246-C10): 2142 (DSPC):
S 2~ H E: A A -PEG(A 2 7Fo] =-PEG %3= PEG-DSPE) 9] E-H|=425:13:
44.25 WA 34.5:0.25 WA 10 (&8] 9] F 3ol 1000] H == Z#| ~H &
A A-PEG $tF2 24)o| At} AF2H siLuc (FFA ¥ 214 (luciferase) F A A=
EFAISH= siRNA; A2 S 12 2 13)2] 2 7] A A of 2-290] 7] 2] 5153 T

A oof] u}& LNPE Ao 82 7 ZH(transfection) A 71 7] 8FF ol Hela
A EE (3 Al 5 2 3))S white plate(96well)®l] 0.01x106 cells/well 2 55} <]
DMEM media(SH30022, Hyclone, USA)®ll 4] 37°C, 0.5~3% CO, =71 0.2
] k3t o). siLuc7b B Y ¥ A2 Y=Y AE 6iRNA 58 7|50 2 [0nM &
HeLa-Luc M| 32550l #] 2] 24A] 7} ¥ Bright-Glo™ Luciferase Assay -8 2 (promega,
USA)E 100/well? A 2] ato] 1033 20l & % &2l ¥ Al £ Infinite M200
vks 24 7] 7](Tecan, USA)E ©| 83} ¥4 7} % (luminescence intensity) S
ZAste] 1 AZAE L 100] VERASITH 54 E A= W +SDE Rl ¥
ATNGEE T-testE ¢ WP o R A AFak3 AL, p<0.05 o] dd 455
TAA SR Folstrtar Aottt
5 1000 YERd Hhef o], A oo mE A E Y P A= A xRS 4L A
H7F -3k 5l a1, 53] A A-PEG A A 2 A Al gl =-PEG A A &

S

A
Egohe 49 A AT w7 S5



