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Table 1 Lipid components of LNPs. We prepared three SS-OP LNPs and three MC3
LNPs, containing 10 mol%, 20 mol% and 40 mol% of cholesterol, respectively. Here we
showed the lipid components of each LNP and their mMRNA encapsulation efficacy (%).
Data are represented as mean * SD (n = 3).

Molar percentage (mol%) Encapsulation efficacy
SS-OP LNP#
Cholesterol DOPC DMG-PEG2000 SS-OP (%)
1 10 375 1.5 52.5 80.1+2.12
2 20 275 1.5 52.5 87.9+7.49
3 40 7.5 1.5 52.5 92.6 +9.05
Molar percentage (mol%) Encapsulation efficacy
MC3 LNP#
Cholesterol DSPC DMG-PEG2000 MC3 (%)
4 10 38.5 1.5 50 88.6 +5.98
5 20 285 1.5 50 89.0 £ 8.76
6 40 8.5 1.5 50 97.1 £0.93
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Table 2 The zeta potential of MRNA-LNPs. We prepared three SS-OP LNPs and three
MC3 LNPs, containing 10 mol%, 20 mol%, and 40 mol% of cholesterol, respectively.
Here we showed the zeta potential of mMRNA-LNPs (mV). Data are represented as
mean  SD (n =3)

SS-OP LNPs
10 mol% Chol -1.62+£1.35mV
20 mol% Chol -2.31£1.48 mV
40 mol% Chol -3.25+1.76 mV
MC3 LNPs
10 mol% Chol -3.68£0.89 mV
20 mol% Chol -4.03+0.99 mV
40 mol% Chol -3.85£1.59 mV
SS-OP MC3
200 - mSize (nm) -~ PDI -1 200 - m Size (nm) © PDI r 1
180 - 0.9 180 1 - 0.9
160 4 - 0.8 160 - - 0.8
140 A - 0.7 140 4 - 0.7
E 120 F 06 E 120 4 - 0.6
= 100 1 L 05 3 = 100 - L 05 O
N = N -
@ g0 L 0.4 0 gp L 0.4
60 - 0.3 60 - L 03
40 - 0.2 40 4 - 0.2
20 1 F 0.1 20 4 - 0.1
0 A F O 0 4 - 0
10 mol% 20 mol% 40 mol% 10 mol% 20 mol% 40 mol%

Fig. 1 Physicochemical property of mRNA-LNPs. The particle size and polydispersity
index (PDI) of SS-OP LNPs containing 10 mol%, 20 mol%, and 40 mol% of cholesterol.
These closed bars mean the size of MRNA-LNPs. These dots mean the PDI of mMRNA-
LNPs (Left). The particle size and PDI of MC3 LNPs containing 10 mol%, 20 mol%, and
40 mol% of cholesterol. These closed bars mean the size of mMRNA-LNPs. These dots
mean the PDI of MRNA-LNPs (Right). Data are represented as mean + SD (n = 3—4).
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LT, 7HEORFERICERICEMLZ(M2), LarL, —BcE 2 X, =
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Fig. 2 The one-week stability of mMRNA-LNPs. All LNPs were tested at 0, 1, 3, and 7 days
after the preparation while they were stored at 4 °C. (A) The mRNA encapsulation efficacy
of SS-OP LNPs (Left) and MC3 LNPs (Right). Data are represented as mean = SD for
encapsulation efficacy (n =3—4). (B) The particle size of SS-OP LNPs (Left) and MC3
LNPs (Right). (C) The PDI of SS-OP LNPs (Left) and MC3 LNPs (Right). Data are
represented as mean + SD for particle size and PDI (n =3—4). Statistical analysis was
performed by one-way ANOVA Tukey’s multiple comparisons test. *P < 0.05, between
Day 0 and Day 7 of SS-OP LNPs containing 10mol% cholesterol groups.
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TlERRBT S, LAL, aLXATu— %8 F %\ mRNA-LNP (38 %
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Fig. 3 In vitro transfection efficiency of mMRNA-LNPs. The luciferase expression levels of
HepG2 cells transfected by using SS-OP LNPs containing 10 mol%, 20 mol%, and 40
mol% of cholesterol (Left) and MC3 LNPs containing 10 mol%, 20 mol%, and 40 mol% of
cholesterol (Right). Data are represented as mean + SD (n = 3). Statistical analysis was
performed by one-way ANOVA Tukey’s multiple comparisons test (*P < 0.05).
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2-2. =9 ZHANK 5% mRNA-LNP MEggdhoalL a5 ue—

SHEN invivo B VN ERBICE 2 B EE

AL AT - LEFEEEENEE7 mRNA-LNP @ in vitro IO &SR ICH
DWTC, mnvivo TO mRNA ¥ %3 ~72, 2pug ® FLuc mRNA % A L 7z SS-
OP LNP ¥ X ' MC3 LNP % 6 @linkft: ddY =7 R icfiiiAk &G L, v 7 =
7 — ¥ 3B 8B X 0% OB Dlfds i 212 T L 72,

VY7 2 7 —EHBL~viE, 10, 20, 40 mol% D 3L AT r— L EET SS-
OP LNP ¥ X 18 10,20,40 mol%® = L 2 5 1 — L % &1 MC3LNP D #5 %,
4.5 RefE CHIE L 72, AN 5% FIRiIc s T 2 0> 7 = 7 — €513, HepG2
HIIARIC BT I N R R CEA 2R L7, SSSOPLNP OV 7 = 5
—¥FHEIZ, 40 mol% L 2T v —AFHT 10 mol% (615 f%) F 721% 20 mol%
(118 %) HEL V bAREICFEDP > (K4A) o MC3LNP OBy, Vo7 27—
EFEIIE. 40 mol% a2 L A7 v — T 10 mol% (13.1 £%5) £ 721x 20 mol%
(153 %) XY b HEICE D - 72X 4B), MR, FIANA > 7 = 7 — €T
IFT_RCOTRIEFETH o7, LL, ARV Y 7 = 7 —EHB L. Naked
mRNA #:5# X v & LNP HECHEICE 2 - 72 (Data not shown), SS-OP LNP
DNy 7 =7 —EREOMA, HFEAE X 10 mol%HE T 434, 20 mol%#HE T 64.7,
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40mol% BT 1.22 TH H .MC3 LNP DA/ FFlEIE 10 mol%HE T 627, 20 mol%

BT 34.3, 40 mol%fE T 7.51 TH - 7=,
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Fig. 4 In vivo transfection efficiency of mMRNA-LNPs by intramuscular administration.
Transfection efficiency of SS-OP LNPs (A) and MC3 LNPs (B) by intramuscular
administration. Mice were intramuscularly administrated with luciferase mRNA LNPs,
containing 10 mol%, 20 mol%, 40 mol% cholesterol. Four and a half h after administration,
luciferase expression levels were analyzed in the muscle and the liver (n=3—4). Statistical
analysis was performed by one-way ANOVA Tukey’s multiple comparisons test (*P <
0.05). Data are represented as mean + SD (n=3-4).
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2-3. = AT 5% mRNA-LNP §iilg&doalL A5ua— 15

HRD invivo & v 5 0 UFBUC G 2 5 8

BEREO I b, KRGS 1) FREHEFVLEL LAWES X, 2) ET
WHZRICEGEM» O Y R 2N L TCRBIERICEITT 5. LW HRNE
L oEUSIicEH L. mRNA-LNP o a L 27 v — A28 in vivo FEIIC I
THECFAROMEAAALNL D TRV PLERTZ, ILATR—LERR
ZZAL T ¥ 72 mRNA-LNP O =7 ZfRHNKEEGROAEROFRICTEI VT, <
v AR T 5% D mRNA FIH %~ 72,2 pg @ FLucmRNA % & A L 72 SS-OP
LNP & X O MC3 LNP % 6 HjinftE: ddY ~ 7 R &5 L. v 7 27—+
FHE S L 0% ORI Dl e 2 % Bt L 72,

KT G%OMBICE T2 vy 7 = 7 —EHRBICBI L Tid, SS-OP LNP o
Ny 7 2T —EFHEBIE, 40mol% L 27 v —AFET 10 mol% (333 %) ¥ 721
20 mol% (157 f5) X v b EEICE 25 72(K 5A), MC3LNP &, vy 7 =
I — X FHHIZ, 40mol%a L 27 a —AHET 10 mol% (107 £%2) £ 72 1% 20 mol%
(67.9 f%) &V &> 72 (M 5B), & 5HLE DRI HE T By 7 =T —%
RBUCHEEZ X "D o7, LAL, mRNA-LNP + 7 v A7 =7 v a v ok
40mol% > 20 mol% > 10 mol% TH - 7=,
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Fig. 5 In vivo transfection efficiency of mRNA-LNPs by subcutaneous administration.
Transfection efficiency of SS-OP LNPs (A) and MC3 LNPs (B) by subcutaneous
administration. Mice were subcutaneously administrated with luciferase mRNA-LNPs,
containing 10 mol%, 20 mol%, 40 mol% cholesterol. Four and a half h after administration,
luciferase expression levels were analyzed in the muscle and the liver (n=3—4). Statistical
analysis was performed by one-way ANOVA Tukey's multiple comparisons test (*P <
0.05). Data are reoresented as mean + SD (n=3-4).
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2-4. = ZHANEE 5% mRNA-LNP Mg oalL a5 ue—

2 N 7SI D BG5S 2 5 f2E Ot ) AT

2-2 BXW 2-3 THL»ER 5T in vivo RIROERI L, Vo7 27—+
mRNA O FEBENFHE & SS-OP LNP @ i AN 5 1< D W TRERFRI T % 1T -
7zo ddY Mt~ 7 2% v, mRNA-LNP © mRNA #FGEE IS 2 2 mRNA-
LNP #lgEH D a L X7 a0 — VDB 27 L 72, <7 XiC Naked FLuc
mRNA F 7213 10, 20, 40 mol%® 2 L X 7 v — L % &1 SS-OP LNP % fi AN %
5 L7, 8540, 4.5, 9, 24, 48, T2FfHic D-»> 72V v 3mg &~V A
ICHEEN G U RS CIVIS EFH W TRNA A =Y v 7% 1T - 72 (K 6A, 6B),
Z LT, IS DR SR & DT L~ % i@t L 7z, FEIEO FEH L~
M T BHROFRBL L2 8fie LT 6B @27 F 71Tk L., FZEACTHRA
N5 L 72354 D mRNA-LNP o g~ D %17 % Bl L 72,

2L A7 —AEHE 40 mol% D mRNA-LNP Tix, B & [FkICFIc s
J 2 EWREPMHER I Nz, —J7 T, 10 mol%*° 20 mol% D T IZfFlEIC B 1)
LFMV RTINS Doz, T2y AL/ FREIG IZBEE 1T 10 mol% > 20 mol%

> 40 mol% & 72> 7= (X 6B),
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Fig. 6 Luciferase expression kinetics of SS-OP LNPs by intramuscular administration.
Naked FLuc mRNA, SS-OP LNPs containing 10 mol%, 20 mol%, or 40 mol% cholesterol
were administered intramuscularly to ddY male mice as a dose of 2 ug of FLuc mRNA.
Then, 0, 4.5, 9, 24, 48, and 72 h after the administration, 3 mg of D-luciferin was
intraperitoneally injected, and IVIS imaging was performed at each time point (A). The
value of the total flux of muscle to the liver was calculated (B). More than 1 is shown in
the graph as numbers.
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F1FEICT, ILATu—AEALD 10 7213 20 mol% i@ L =54 T
b, EE 72 mRNA-LNP 2538lc% 3 2 & #/R L 72, HepG2 #liflis X A
P G5#% D~y ZDRFfICE 17 %2 mRNA-LNP F 5 v 2722y avEDry
NOGEHRBEIF, 2L 278 = EAED 40 mol% > 20 mol% > 10 mol% TH
27X 3. 4). TN b DIERME TG REICFER DA %2 7R 32> & 9 7 7% 5T
T 57201, HANES LERRICHFTRGIC XY &Y 7 F v 2853579
ICEF &N B TG CEBEIT o /-, K TG ICE T 2 EEEA A O P~
DFE DML, HIANEG THE S Wb O L FEKIC, mRNA-LNP 02 L 25
R—LEHEMENIZE, @ro7(X5), ThbofERIE, mRNA-LNP © 2
L AT u—LELLEKTXE2 L, mRNA-LNP OfiANE 72 13K Ti5#%0
FFlEC D % v~ ERBBMET T2 L O REE LR LT 5,

mRNA-LNP ©~ 7 Z AN S Tld, mRNA-LNP foa 1L 250 — 1 D%
JVEEAY 40 mol% 2> 5 20 mol% 3 X TF 10 mol% ik & ¥ % & & T, fFlfco %
VRNRIBRBEBIMET LA 4. 6), 245 DFERIT. 7 ROEIRNIESIC
BWT, aLRAT = AGHERY R/ EALEVI KR —LEHIKL T, =
LATH—LVEHEENES WY KV — A FMfIC i L Cwb 2 & &R L7z
RO E —HLTwd, 8%, VRV —2dFDaL 7 a—LoEE R
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TrICoNT, M E V7 EBEERBA L, EE7 V) T J v A ENTz, 132
NS X 72 mRNA-LNP it &R B L U0 100nm O IR E2H 3
VK — LD LS ICREINTHAERICAS Z L 2 #ET % L 1Y, mRNA-LNP
DAL AT a—LELLE mRNA-LNP OfiANES 2, SIGER o X
n, HECo 2 v 7 BRAZAKT S 2015 5,

FIRIC BT 2 2 v o 7 BHRBLIE, FFIRICEH T 2 2 o 7 BRI 0 Rl
ThHotz, X6A TlE, iIRAB L UOIKICE T2y 7 =2 7 —ETEEDHEEZF
filiL 7z, Naked mRNA ZfiANESG L7z Th 2 v 2 ERRET L%
Wolff J A 235 L7z & 91, mRNA-LNP & L COMAEANELY iA& 721 Cx
{ . AN%E R mRNA-LNP 2> 5iH§ 2 mRNA b AN S #% 0 %556 C o
RV ERBNCT G T 2R H 5, PRI T £ v X 7 ERBIT O W T,
JFflifEc 3517 5 LDLR %4 L7z mRNA-LNP OV AABREINTE Y,
LNP R 7 REEDOHFSG I B AE W EZ LR TWET, /-, HEN<TO
mRNA DLHRNRE A E A ZA[REMEDS B 2 T2, & v 3 7 B OFENR TG Z
CICHEALZUEENSD D EIHEINT WS, 02 OEENILIAT O E & —3K
LTEY, MICk 2R [ To 7 7 A L DEBEOHEREINTH S,

INECT.mRNA-LNP ® 2 L X7 u— vE&miEgEffiao 2 v o< 7 858
ICE 2 2B O ToHEITIZ L A &7\, mRNA-LNP ofF Bk = L =
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T U= VEBRPHIEEER D 2 v oy BRBNCE 2 2B R HET 572010,
HepG2 #iflic B3 3 & v o3 7 B FBINF % ¥l L 72, mRNA-LNP ©o 2L X7
0 — LBV 40 mol%d> 5 20 mol%F & T 10 mol% A L 7272, HepG2
ML CH & v 7 EHFEBBWA L7 (K 3), 7/ KiF oo Ttz a v 27
H—VERABRICK o TELT 2 2 e ME I N T 5,350 U K Y — L ORI
it NPLREEOERERNTA—XTHLEOMIEIC L s TERINEL L
%\, TEbIc, VRV —LROFHIEZ, = P34 =R X Bk
WD ARICERE BB Z R 2T e pAWEIN TV, BT To X v 78
EEDEE L TwAad T, mRNA-LNP 0% &M 13 HepG2 Milldo & v 52
HAEBFICHAG L T2 [elErH 5, HRick T2 2L x7m - L&D
mRNA-LNP OFEEUK T 1, 2 EERIMH © mRNA-LNP O 47210 <7 <. fF
MR~ AR D X v 7 BFEBUKT 5 LT 2 AlREEZ R L 7=,

213 mRNA-LNP F0a L 250 — &8 in vitro 3 X O in vivo TD
2RI RITTRHE LML 722, COfFEORFIcoOwTZ Zicid
32, RFTEGHROMMICE T 3 & v 7RI OMEED 5. LNP DN
¥ I TG HOIFIRIC BT 2 & v o8 7 ERBICE, MR~ () v~
Bl MikiER»> D2 )7 5 v A, LDLR & OMHE/ER. ApoE & mRNA-
LNP D&% & T IR~ DB Y JAZGHE, #IFEE ~D mRNA O H@EE,
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JFfEco mRNA DG 7% & kA4 R F2BE5 L CwieEXLNE, £7.
mRNA-LNP ¥ £ & RIMEFM BRI GHEDO Y v 3R ~DBITICEE L L
25T EPMEINTWE, PETHSDEA, 50nm LT ©, &M o LNP
DY VARRICBIT LT W EREI N TS, CORHT, S~y 25 L
7= mRNA-LNP (X, Z Ok 15347 100nm & FHICiHFE L TE 0. Z D0k
HWEERTCEDBARETH o7z, Lz > T, 25D mRNA-LNP K ER
X, ARFEIC BT 28BIGEE L5 2 2 BR L 3 bW /EZA 5, B, 2L
ATA—VDENMEENEGL DL, MPDOR YV RIEKEEMETT 5 2 L0
WEEINTn3E B 28, i X v 78 ThH 5 ApoE 23 F#lifig Lo LDLR /L
T mRNA-LNP OFIRIICET G532 & DHits235 %, 92ApoE 13@H. 74 0
I/mvvLadv b, BIEREEY KEH (VLDL), w%E Y +&H (IDL), —
Ho@EEE ) AEH (HDL) o—# & L %G8 L. VLDL &K & A
ERLCY FEHZEML T 5, RIFEMHEMTIZ. ApoE iZa1L X7 v —1rDf{
HEHoTWE, ZOBRICEDHTFBRDKELFEL T E2IEAHTH
5, 2DXHREKDOKTH mRNA-LNP oL A7 u— L&D X v N7 EHF
RA~DFEICEG L v e, RDFHGOREVKRTFEREST 5740
DERT A vIIEHTH LB D, 5H. ZOAN=ZXLEHLLICT S
7zoic, XY EEl R RHE A KETH B, B, AST B3 X OALT HIEIC & Y JIT#
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PEIC D TIREHM L 72 28, BEE 22 313 4 & © 5 M 7a A - 72 (Data not shown)
Z oMo &G FHEIC OV TSI L 20, BT n 7 7 A L EZBIE L L
FoRWIBCoOHEEICOWTIZFH L Ty, L L, Af%Eo HiviZ, #Eis
THRATv 7 7 A VOREEHO2ICT 5 & TH o7z, mRNA-LNP O
TR SN T3 2 BEO 4 4+ v LalBERiEE % H v 72 mRNA-
LNP %Ml L7, MC3 %72 mRNA-LNP o8&, =7 2iC 0.3 mg
mRNA/kg % K TH#5 L COMFBEEZ RS v 2 L g S T 5, SRS
BT S nvivoEEETIE, Vo7 27 —¥ORHL T A TDO X VN7 EFEH
KT 2 aLRT e VEROMELEN T %7-9I1C 2 pgmRNA/mouse (]
0.08 mg mRNA/kg) THH7E o770, TGO 1/4 &R kE5E
FEATZ, L L, IBRE~DICHICIE, 5%, 2 IO W TEHE$ 2 %53
»H 5,

72, SHEEONEZHMROSHOIGHICOWTERE T 5, mRNA-LNP o=
LATu—LEmEEITIRIIcL ) I CORREKT I, HIRATOD
R 2 BB TH B e 2 R Lz, Lo L, A COREIZHML 7
Doz, HIADBLEHRETHE T2y =V XHH I A e 7 4 — (DMD) T
3.7 LMREEZHARDESL LT, F IV RT 27y a VIFOFBE KL
TH R Y NIVEORAFKEZERT 5 2 L BSA[RETH 2, 7=, I c o
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W EAKFL ¢ 2 ERWERADEET bz, 7 LRECIIREIRR%Z
AMREICT 3 2 L EBETH B, ;ilf. LNP ZF]f L 72 Cas9 mRNA & sgRNA @
Xi#IC X 5 CRISPR/Cas9 v X7 4% MM L7 DMD @7/ LimEICEES 20t
RHRMEINT VB M INE T IEES AT LELTT T /MY A L2 (AAV)
N7 2 —=%FHLZTEIS SRR EN T2, AAV RZ7 X —DRWHIIZ
FT7 =7y PERERD ) X7 AAV N2 2 —KEREIC X 3R RfiE o E
AR EPHEL IN TV, “HA/ ML ZHRTEZa L 27— VEKER
mRNA-LNP ZF|H$ 2 2L T . A7 X2 —=7 v F DU R 7 %O L, Fi~Dik

FEICGHTZX 32 L3I B,

38



A ClE . mRNA-LNP ® 2L 25 u— L& HE% 10mol%s X U8 20 mol%
I & ¢ 5 2 & T, mRNA-LNP O FiRAN#E SRR TD & v 7 B I 5
MflEND e ZMEEL 72, RBFFEICL D, LNP oL 27 a0 — L ALK
T X4 Th., FFER 100nm. PDI<0.25. mRNA £ A 80%LL o &
H7 mRNA-LNP ##CcE 32 L #HL2IC Lz, SHIEEAZLIZ, 2
LATu— Ve ETIFS 8T, MR CORMEZHR L ETECTD
RHBAKFCE ZA[REMARINSZZ L TH D, 2L 27 8 — KK mRNA-
LNP TR D FIRE AT 2 2 &1k, 5%, D mRNA-LNP %,
TEAR 72 mRNA FIC X 23B% %0 5 in vivo FFTY 7 LREIC X 2 K8
CTFEMEERETH LV A v 7 4 —FEDOLRELRBFEORIEICICHTE 5 Z

EHMRFE NG,
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b DI, AFTFEICERL C, 08 TRE 2 2 1HHEE - HEfE2 B Y £ L
7z RIFERFRA GRS GUITER REMIERET T D) LB, M
HRIEBIRICR O L VIRE R 2 #EEZRLE T,

o, REZETT21CH72 0, OREASRIFCGIHRANET EIc D
T ELTLC, EHELET,

wRIC, MADBELIYZET2H Y £ Lz, RIFEKRARFAGE R EAR AT

FERHE R LT AN A EOERICER C BE#H A 2 LT,

40



[1] &A%

DMG-PEG2000(SUNBRIGHT ® GM-020). DOPC(COATSOME ® MC-
8181). ¥ L U8 SS-OP(COATSOME ® SS-OP)ix. Him#k{&HGERE. HA)
POAFLELZ, aLRATa—LEFH T4 7 27CLER. HA) 22 HHEA
L 7z, 1,2-Distearoyl-sn-glycerol-3- phosphocholine (DSPC) Avanti Polar
Lipids #t:(Alabaster, AL)%> &, DLin-MC3-DMA(MC3) 1%
MedChemExpress(Monmouth Junction, NJ) 2> 58 A L7z, DL-V v i3 E+
7 AN LR SR ORI, HAR) 2> 58 A L 72, NucleoSpin Plasmid
Transfection Grade |3 MACHEREY-NAGEL GmbH & Co. (KG, Germany),
Sapl #[Rf%3% 3% X " HiScribe T7 High Yield RNA &5 * v b 12 New England
BioLabs #t:(Beverly, MA, USA) 2> 5§ A L 7z, DNase TURBO 1274 77 7 /
1 ¥ — Xt (Carlsbad, CA) %> 5, CleanCap® Reagent AG 1% TriLink
BioTechnologies ff:(San Diego, CA) 2 HHEA L 72, 2-(N-EALFY /)T X VR
)Lk v B (MES) 12 DOJINDO LABORATORIES (#6745, H#)2>5. Quanti-iT
™ RiboGreen RNA reagent (% Molecular Probes #:(Eugene, OR) 2> 5 A L
726
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[2]4 v P uEEBIC X B2 X vty Y ¥ —RNA(MRNA) DA K

ALY T 2T —X & XK 120 bp poly(A/T)EH ZER T T X I F
DNA %, #AX L NLTEEFABICK o THEEL E L, ©“ 7723 F DNA
. KI5 DHb5a % H W CHEiE L. NucleoSpin Plasmid Transfection Grade %
FAWTHER L £ L7z, #UIRME DNA (X, Sap I flIFREEFRMHEIC X > TIERIL 72,
mRNA (X, HiScribe T7 High Yield RNA &% v I 3 X U CleanCap® Reagent

AG ZHWTHKL 72,

[3]HH A5 =

b+ AFAIAESE SRR © & 5 HepG2 13, BULYAWFTEATANA A Y vV —Z & v
2 — (R, HAR) D5 AF L7z, HepG2 Mifdi, 1%~<=2 V) v-X L 7}
~ AT vL-2 A2 I VIREE LN 10% Y SRR IRINGE (FBS) # & £ v~y L
A — 7 VEH(DMEM) TR 8 L 72, Mllfdi: CO2 3 5%, 37° CHCTHEHL
72. HepG2 fif@iX, invitro BInFH XU 7 v A7 27 v a vERIC—
RAICHER T3 e Ml EROMiEcH 5, 7 CH Y. HepG2 #ifidic B
WTmRNA-LNPICK B F IV R 72273 a VAARETH 2 2 & ZHERL 7=,
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[4]18h%)
6 BF DY ddY =7 212, HAZ 22> — 4k (BRI R FRE) 2 SEEA L
7zo TNTOEBYRE L KZE HHICEN I 72, §XToBYERRIT. RIFK

FEYEFRE RS DOHUE IR > TIT o 72,

[5]mRNA £ AJFE F 7 #i ¥ (mRNA-LNP) o i #

g8 ((SS-OP/DOPC/= L 2757 v — 1 /DMG-PEG2000) ¥ 7- 1 (MC3/DSPC/
3L 27 1 —v/DMG-PEG2000)) % f A% 4.5 mM T X/ — VTR L
7= NEERK % 1128 T, mRNA % 20mM V) v I FRICIAMRL 72, IEHE-x %
J — VIR & mRNA E#(3:1(v/v)) %, NanoAssemblr®Benchtop ~ 4 7 v i
{& 5,3 4 Z (Precision NanoSystems, Inc., South San Francisco, CA, USA) % F\»
THViE 4mL/min CiEA L7z, SS-OP LNP & % 20 mM MES #&f#q# (pH
6.5) T&EMT L. MC3 LNP /&R % U v Wehifl £ P £k (PBS) (—) (pH 7.4) 1 ©
4° Cc—MuEr L7z, Z#5HD LNP &K% 10 kDa ® MWCO Amicon®
Ultral5(Merck Millipore #1:#81) % FI\v>"C 4,000 X g Ciffi L. PBS Ici&#alL

7"—,-
~o
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[6]mRNA-LNP ¥t 2218 o F1Hifi

LNP o #ifE(Z F9). Z4rHdE8(PDI), & X U’ — X &L, v —v ¥
— & % 4 ¥ — 7 v (Malvern Panalytical Ltd., Royston, UK) % F\» CHIE L 7=,
mRNA # AZ X, Quanti-iT™ RiboGreen RNA reagent Z 7z U R 7Y — v

TveAICKoTHIEL 7, 4

[7ImRNA-LNP O A4 v et a b7V R7 27> 3 VEERAE

NI VAT 27 v a v 24 FHEATIC, HepG2 il % 3.8 X107 cells/well T 48 ¥
)7L — MICHERE L 72, #lilg% FLuc mRNA-LNP i 0.1 pg mRNA/well C
244 v ¥ a =P Lo MY 7 2T —¥RBEVC T 2T —¥T vl %
AWTHOrL, v 8By vazVvigB(BCA X vV 28T v A4 %H
WTRHREE L7z, Vo7 27 —X¥T vk A TlE, Mildz PBS T2 5L,
0.05%Triton X-100 3 X ' 2 mM EDTA # &% 0.1 M Tris-HCI(pH 7.8) 2> & 7x
LNy 7 7 — OB 2 E L 7, WFNy 7 7 — DRI 150 pL/well
& L7z, | L 7z#ffd % 206,000g T 5 spfidid-OnifiL 7zo KT, 5pul ok
HELOpPL DALY 7 2 7 —XT v & A HE (PicaGene®, WA v FHERAS
fhy B, HR)ERAL, VIRV ALV EAL I A—X—(AB-2270
Luminescence Octa, ATTO #hk&tk, ., HAR) CHIEL 7z, MU k%
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BCAZ v 7B T v AfICH W, BCAZXR VYV XIET vt A4lx, BCA X o3
287 v+t A4 * v b (Thermo Fisher Scientific) #{H#H L., = —%F—# 4 FICZ

HINTWB 7o b aricfitoTEBL 7=,

[8]= 7 Z~® mRNA-LNP o5
2 pg mRNA © Fi&#® mRNA-LNP % 30G # T~ v &2 (40 pL) I il NEST L

72o 2pug DHED mRNA-LNP % 27G &<~ v 2 (200 uL) i< & TSt L 72,

[9JmRNA-LNP 04 Y R+ 7 v R 7 =7 a VIIRHEIE

N7 2T —%T vt 4 iz, FLuc mRNA-LNP #< 7 2479 2 g
mRNA O & CHRN E 72 1ZE T Iic#k5 L7, mRNA-LNP ZfiRN#ES L
<7 ADMA & RTIEAERIL L 72 mRNA-LNP % [ F#5 L, KA & Tl % %
L7z, &2 Cofffk% mRNA-LNP 5% 4.5 FEECRIL L . IEfFERETR <+
TEVFAR Lz, BAEL_INVE, FEVFAXLEEEY Y T LIV T 25
—X¥T7 v AEEEMAT, VI A= —%FHOTHEL, v I Ao

5 HORIE, BCA XY S0 HT v 4 Z AW THE L 72,
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[10]in vivo A A = v 7" 257 L(IVIS) 4 A — v 775
IVIS®7-%ic, 10, 20, 3L P 40mol%D I L AT — %G Ly 7 27—
+ mRNA SS-OP LNP ##{R L 7z, Naked FLuc mRNA % 7z /% FLuc mRNA-
LNP %, =% 247 ) 2ug ® mRNA &8 CHEMES L 72, mRNA-LNP
Be514% 4.5, 9, 24, 48, 72K 100 ~4 72 Y v L ® 30 mg/mL D-v >
7 = Y v (Syd Labs, Inc., Natick, MA)VAWR & IEENTEST L. 2% 4 ¥ 70 F Vg
e ¢ IVIS 4 A —< v 7 (IVIS Lumina II, Caliper Life Sciences, MA) iZ X b v
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