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ABC
ApoE
AUC
BSA
CL
DDS
DMG
DSG
DSPC
DSPE
DXR
EDTA
ELISA
EPR
FACS
FBS
FSC
FVII
GFP
HEPC
HSPC
HPLC
HRP
IgG
IgM
IS

ISO
LDLR
LNP
MFI
MPS
mRNA
MZ
NMR

Accelerated blood clearance
Apolipoprotein E

Area under the blood concentration time curve
Bovine serum albumin

Clearance

Drug delivery system

Dimiristoylgrycerol

Distearoyl-rac-glycerol
1,2-distearoyl-sn-glycero-3-phosphocholine
1,2-distearoyl-sn-glycero-3-phosphoethanolamine
Doxorubicin

Ethylenediaminetetraacetic acid
Enzyme-linked immunosorbent assay
Enhanced permeability and retention
Fluorescence activated cell sorting

Fetal bovine serum

Forward scatter

Factor VII

Green fluorescent protein

Hydrogenated egg phosphatidylcholine
Hydrogenated soybean phosphatidylcholine
High performance liquid chromatography
Horseradish peroxidase

Immunoglobulin G

Immunoglobulin M

Internal standard

International organization for standardization
Low density lipoprotein Receptor

Lipid nanoparticles

Mean fluorescence intensity

Mononuclear phagocyte system

Messenger RNA

Marginal zone

Nuclear magnetic resonance



OD Optical density

PBS Phosphate buffered saline
PDI Polydispersity index

PEG  Polyethylene glycol

PK Pharmacokinetics
PI Propidium iodide
RNAi  RNA interference
S.D. Standard deviation

SEM  Standard error of the mean
siRNA  Small interfering RNA
SSC Side scatter

Ti/2 Half-life

TI T cell independent
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E L RE (1ISO) Blg<id, /7 ki 11k 1 nm ~ 100 nm DOHEIFANICH 2 KT % 15
(1], —h T, FEYpxiEL 2724 (DDS) OHEClE, kA abE» 62 F 2 hifoE
HSICHAHED SN TE Y, %< DOICHRT 100 nm ~ 500 nm OHIPHICH 2973 7 o vk
TdF I RT e LTilibhvCn b (Figure 1-1) [2-6], F 7 K% E3ESMICH W 2 HIVIE
R4 CTH B A, ZEINT - REEIRICBID & 3. KB 235 % (E FERALIC D HRIICEE ST 5 ©
EEHBE LTWB[7-11], 207z, ARHNICES I8 -/ B35 X L 7-HAE
T2 0L D B, T, EEMEEEHT 2 BT, AR LT R EA»HE R
FINEFEZGI TR I BRI EED B LA, —EDMEZRD DOBLER[EETH b . (RIFL
EVEDTERTE D Z L BHUATH B,
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Figure 1-1. Size comparison of nanoparticles with biological materials

F RO EERERHFEICE T, KERZA LI L2200 T -V FRAX Y X —
FERY)zFLv 7Y a—n (PEG) K X3F/ hToRAEBHiTH 2, PEG B,
IR OREEDA DR LT AFRNICENTZ PR EA S b, VK
Y — L, BBACEES) 7 KT (LNP), 1€, =vArvay, 7Y FYV<w—, ZLTH
VAMREDF ) A7 = Tl ML ECIUT I w5 [12-18], ZofR&EHIZ, F* Y
Ly v (DXR) ZH A L7z PEG i) R Y — L8%]<cH 2 Doxil® (FDA #&FE 1995 4,
AHEFE 2007 ), 2L TF 7 v 2¥ 4L vF v (TTR) I3 % small interfering RNA
(siRNA) %P9 L 7= LNP -T&% % Onpattro® (FDA #&Z¥ 2018 4, AFKZ 2019 4E) TH 5
[19, 20],

PEG &ffi ) v — 2 o@mwIihii ez, VR Y — 2REOKEWFR Y ~—THh % PEG
DEHILS 2 KHMH & PEG 0 FHEDOKFEEICL Y, VRY —L ATV =viplo
i 2 v o3 7 L EZERMAE% (Mononuclear phagocyte system : MPS) 1ZJ& 3 2 flifid & &
MHAEERASIHRIE NG Z B FELZERTH S L H 2 5T\ 5[21-24], PEG {&#i V) &+ v
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— L, 2 o RUIMAP R o IEFIC A~ ME 2SR KEAC B 0 I PG f]
DBRDI A B A KRR~ D ERE A M L35 £ v 5 Enhanced Permeability and Retention
(EPR) #h&IC X U EEFH O & o fmas ifF <, RECTHEROES FEELZ A
# L7 PEGERT Y &Y — 2 DFAF#ED LT\ % (Figure 1-2)[25-29],

PEGylated liposomes Normal tissue

© © © O O
;o Encapsulated drugs
W ) /' (Ex. Doxorubicin) () () () (») (&)

Polyethylene glycol
(PEG) modification Blood vessel

Aqueous core
i Nanoparticles (50-200nm) o

Liposomal bilayer

Distribution
to tumor tissue

m Prevention of the adsorption of serum
proteins and the recognition by MPS

® Long circulating properties

m Passive targeting by Enhanced
k permeability and retention effect

) Tumor tissue: vascular hyperpermeability,
capillary fragility, lack of lymphatic system

Figure 1-2. Characteristics of PEGylated liposomes

LNP I3, T4, K7 EES L CPURESIICR SRR O ER M L L CHIfF = E - C
% siRNA % messenger RNA (mRNA) 7z EOKEEHKO TV NY) —icHwbE Y — L
TH5(30,31], Zh b OKIBERIL, BRI X2 TORBIHE X v o8 7 HDFEA: % RNA
¥ (RNAD) ICXOHE. D LLIRMMEEO X v E%EE KT 2 EBAHETH D,
kDO FHETET Te—F AR L EZ SN TOENICN T 23 ~DE %732,
33l L22L7285, siRNA ® mRNA %G L= 56, X7 VT —X¥Ic X 50M%
RFLT VI L, IoIF K FERL L CTHTERRE L, oM LRk A kY
IRATANGEICHKRT 2 8EMEAT 570, BUKEOMAEZ & Lic < < fFREL T
HOMILENICTIZ L A EBIT LRV L BEEMEORE FETH 57234, 2D XD
IO, BB AR XY 74 & L CHEH INREIETH - 7203, 2 OEHEMUICITE
HIAHAE P IS DRI I A % 3K VT RE 722 7 U N ) — BN BAFE S A T H - 7o AFHUE D fif ik
D=, Bea T V) —EAiFFE»ED b, ERLICE > 8o 0 & 223, 2006 F
I Zimmermann HIC X o> THREINZ 3T IVvERATEIAAF VLIEERZR—RL L7
LNP £ffi¢® %[35], LNP ix, MHicEi ATz eifiho 7R Y K% v o827 E (ApoE)



BE L, IFFEEMaEm EokE ) FEH (LDL) /K ENM LTy F¥ A4 b=
ZICX VY AENG, 2D, TV FY—LHND pHK F I\ LNP O TH 5
A A AUNEE 2 IR E AR & fla. @ L7z siRNA © mRNA 7x & O % Al
B § % (Figure 1-3) [36-38],

RNAi & 8

3) Endosomal escape

Figure 1-3. Mechanism of LNP delivery to hepatocytes (Ex. siRNA-LNP)

Z @ LNP &, HEEMEZERNE L<Hsh, PEGEAY &Y — 20 X5 RMADIMHH
B X 2 EPRMEZMFL ARV, L2 LAaRS, >/ ToKTES X 8 o
REFLEMZTERT 2 LT, KT OBEZIF 3 2 PEG i L EAFRTH 5 2 LA
bhe7oTkY, LNP OMIFENILY AL % HE L 72 Wil o ;m{KfRo PEG 23MEHfi X
5 EB—MIITH 5[39,40], F/o, RTWEIINEE &G CHK S W ETHEOE
AT EFERL TR epMonTEY KTFNHICKEEZET 2 ) K Y — L8157 & 13H
SRR % (Figure 1-4) [41, 42],



Liposomes Lipid nanoparticles
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Figure 1-4. Structure image of liposomes and lipid nanoparticles (LNP)

—J7. PEG 343 L % bio-inert Tid7x | EE~DEELMIC X o TdANBIREDZ AL
P S %5 % (Accelerated blood clearance phenomenon : ABC %) Z 5| &g &
DA S A & 75 T b, ABC HIG I, 2000 4EIC Dams 512 X » THIO T S BT
o EMoMmb g2 632 PEGERTY A Y — 2 2B TEYV IR LIES L7254,
2 MEHESRICERom VIR AEs i b v, PEG BV R Y — 223000 2> & 3 2>
ICHET 30w bDTH B (Figure 1-5)[43], L, BEIC PEG 13 0y fi M 2 # k28K
EFEZLNTEY, VEY —L8H| DAL GT, 2 v o7 8FG EOBERMLD LR, Z
LTEMCETIEHINTWAEZZ 25, 2D X HIC PEG IS 3 0EINEAKZ 2 & »
S ME I ICRE R E R L ERICE 2 72,

PEGylated PEGylated

liposomes liposomes
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m \ g
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Figure 1-5. Typical image of ABC phenomenon



Z0t%, T LTEBHBLOAEHL® 7V —7ic X ) KBS OERSRI 235D 54, O]
%5 L 7= PEG &8 ) A Y — 205 ORI+ v 754 FERU X5 72 T MlRIHREED
PUE (TI-2 i) & L<EA L. #&HEPICHT PEG bifk (& LT PEG IgM) 2354
Inb k., @QZoHl PEG IgM oEA IC i B&R (MZ) © B #ilg (MZ-B #ifd) 23
REAEEHEZRZL TR L, @FE S Pl PEG JUADIMAICHFE L T v 3 I
PEG &ffi Y vV — L %259 % & PEG {&#fi ) & v — L KHICHL PEG k3454 L. flilE
ZOWEMHLATFEING 2 b, @RMINIC PEG BH#i) FY — 2238 e L CH#mI I,
Kupffer #IAZICHL VA Il 2> L 2 ITIHA T 5 T L BHL L 75T b (Figure 1-
6)[44-52] .

ABC HHRICHES 2+ 7 i rfllo A1 & LTid, (DT PEG $ifkiz. PEG &6V &V —
LONFE DG EMEVIE EFE S LT, BkG R TIOBR 7 BRI L & 2
LB HIERERICK Y, PLPEG VRO EEIMHI N C & QFIAAAIZ L OfileEE
WrHT 2B NE TN T\ 2% PEG i ) &Y — L0E4 ., §T PEG ko 13 HER
I, 2wt MZ-B #ifldzs & o fEBERIloGHIc L2 Ex b5 L, (3)MEIK
EREAE T AR ANE L) KV — LR Y OBE. MIEZ AL 2Wa L L <. 1
B SRS RICEWTHYL PEG JiADEAZ S ABC HAPHEREEIND Z &, 2BHL D
L7 o Tuw3[53-58],

e Secretion of anti-PEG IgM in response to
ff}w*‘% firstinjected PEGylated liposomes
o Y
€ ))

%‘Z""m W § Stimulation - S
e Spleen

- 18t injection
------------ Anti-PEG IgM
___________ I .
oty T TTTemeealllll nduction phase
. Pffars.  Tmmsaa.
¥ o ¢ Effectuation phas
Complement receptor- ) e e
mediated endocytosis C-complex .. IR - :
by liver macrophages IgM-mediated 2 L) ‘
complement activation ’%% P Association of
D oo, sg '.’fé s anti-PEG IgM to surface of
2 %fi - | pegylated liposomes
. PSR €N
. ! TP ] e B
Liver Q% B
el
¢ Poava
2" injection

Figure 1-6. Suggested mechanism of ABC phenomenon



Wi, ABCHHRICB T 2% D% {12, £& LTPEGHERIY XY — 2207z DTH
S7e LB LA 6, PEG ICNT 2 REILE~DELAEE 2IcoNT, S/ RTTHD
2B D & Bk 4 72 PEGIEHIA B L CRIBEDIIFE 2 O W 7e%RE TRtk & 7z,
ZORER, SHETICIRN, TTFITANLR, Ry y TTFEw—, Zwrday, K
VHBESEDF ) 27 2T, L TEHETIZLNP iiBWTh ABCHRBFEI NS Z LA
B 5 2> & 75 T\ 5[59-65], PEG &ffiF 7 KiFICiR & 3, 5 & 7z EHEE I3 5 fifk
DRI NG, ERMPAROR R L 22 o BERL R wEWERA4 L
ZAREME DS B B, FEBR. PEG {Effix v o 78I ©cH %5 PEG BMi7T A7 FF—+&
(Pegaspargase) % PEG {&fifiv U /1 —+ (Pegloticase) Ti¥, t F TPl PEG HilA2FHE X
Nz b, 5P PEG Hiik2 B0 EE X, HAlOMPHEEOET & 2 itk iE
R O IRES R S T 5[66-68], £ 7. PEGIEMIERFOKRGIC X > CiFE I -
PU PEG §iffcid7Zad ., BEE L B3BEHRARC e F2VF LT 2 HFEOHT PEG fifk (Pre-
existing anti-PEG antibody) 253 & 75 2 Fl b 5 & 14 T V> %, Pegnivacogin (1, i
BRI L LTI LT PEGEEiT 72 ~—THh 2 5. Z DK ICE W
TTF+7 4 7% —FERZRTHHILHER S . 2N BEF 0P PEG $iikRE L BHE2 b
ST RO LR 5T 15[69,70], 7272 L, KiRBRIC B Wi, R L L &t PEG it
HEOEMB I NGB TD T LAF —RIERBHEZ I NG o 72BN H 2 2 &h b,
JLPEG VAR FEAERNTIIH 2205, TNEFTT LAX—FIERAFEI NI DI TR
. EEOBERSBEBL T B AR RB I LT3,

b Mk T 2B OH PEG PUADHE 13 1980 £{C20 SIFAET 2 25, MK 0.20 2% & #H
HINTOREEER, IHFETERAT T0%EEETEALTETWS[71-75], it
PEG 3 E#H 720 T, b2 b B8ME ClRACISHEINTE b 2 2 b, PEG
CRBINDIANOPEA 2 L CHRERP LA L T3[R E 2 ONE, 2O &
o, BFobl PEG fifko e McBs T 2RERIISHR OB 2 [ReE2xH Y . Fi¥lo PEG
SRS N % BAFE§ B BRI iZ, [EEREIC X > THE X N3 PEG iAo a2 b3, BFED
PLPEG PifkDE =2V v 7 %47 5 BWNE E 2 A[HEMED B 5,

5 38 4 D BHFETE C IER O B % F  CRS - et DRI Th L B 23, ER D
S PR IC XBIYIM ORI H 2 © Ll T T2 [76], ABC BifI%. PEG {EHfifk
EREREDOMHABFEMICX VEC2BIRTH 570, Ml MZ-B flifldz i & L 7= il
feic X 2 PEG EffifkDHL Y AL R, Z O%EA I 5H PEG fitko® & M, Zhic
5 TR OIEEALEE R E A EIREIC X o TR Y . ABC BIROFHEW R 7 2 WREMES B
%, FHEL LT, Hizid Pegnivacogin X, b b CTIIEEZR T L V¥ —ERISHER I Nz
25, BRECOFETIZ, RIEKIG, b2 & IV, $2mdEE e 5 R LT
72\ [69],

¥ 72, PEG # ¥R ICH V2 54, % I3FEIEF 72 1385 o @ Mo RN BN RE o g
BHITH 5, PEG EffiF /2 KT OBIFGEFEIC B\ T, FAFEh O 2 =X L 72
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REZH LTV E 223 2720, ARD@E Y . HEOBYE CIRNEIRE ORI 23T b %,
L Ledin, HG84EORBEMIC X > Tid, £ 3ABICH 2B PEG 154
F 2 RFICN T 2 BEZERE TS o GG ICiE, 2L APIARAAIR L ofilaGEED
Y ANE X 7= PEG B+ 2 KT 1B \WT 3T PEG JilADFHE X N2 ATREME A S 2,
MA T, TS ORNBENREGFHIT <1, RIEHAR %2 30E L 7= £ <. RER 08 T B s
ZIEROFGER 2L+ 2 2 L b ME SN B 2 &2 5, Ji PEG Piik2 758 & h 2 3RS
T CFHl % 1T - 72354, 2 M HBREIC 5 L 7= PEG {EAfils 38 S el o MhAE % 15 1 31l <
3. AN AT E L LT L ) AR 5 5,

LLEoZ b, S0 PEG i) /2 KT EEMOMIEZITI ICH Y, HEOH)
VIl I B\ C PEG &fiF 7 R 7% 51 X 241 PEG §ifko#EA s L 8 ABC HHROFED
HIEID L AA, BFEOP PEG difkst PEG &/ K i RISTHEZHO » L T2
BRIFFEFICRE WV, L Lars, HIEECTHELZRY Ics v, PEG &/ k7l
HloORFEHTH 2 PEGERIY AV —28FNCHETTH, ZoHEOL 3T > thifE%EH
Wb DTH Y, FRCEE O KB % & 7= ABC LR 0 BiWfiiz: % 240 72 2f 1 X 0 B
L& L7z i3 <L FE B L CERZEAHARSLES v, I HIT, & THEF cEME
BEICA D . Stk 4 T ICH 23R S 115 LNP ICE - Tld, ABC HRICEIF 21
HEREEALITONTEL T, ED X9 kG54 C-ANLT i PEG ik iFE a3
Dh>, % L TABCHRZGE T 5 720 DR RIS HETE T 2 0272 & RT3~ & 8 H
SRS 5,

% T CARMFE T, PEGEEH Y K Y — 20 fR3EH & L < Doxil®% v, ABCHRICE T
2P OB ZITS & &b, LNP ® ABC BHRDFHEM L+ oifliiEiconTli
L7,



%283 Doxil®B 50 PEG IgM E4: 8 L AHBIREZE L DB
HEEICBE T s kET

FLE #4

uflf

ABC Bi% 1. PEG {&fi Y KV — L7 & D PEG Btk % & 3 50b T %5 L 2B iR
TN BP0 PEG HUARERE ZfF 5 M EEOHAIRRTH 5, T TOMIEL L. ABHKR
EWIEEE RS EXBEIE I EFEINCT WHRIICH L 2 b oTE D, HT
PEG Ptk g L flithiE A bic X v, P& Kupffer fifdztho s ¥~ 77—~
DY AAIMEMEZI N D Z L BFHETH 5, T 72, P A7 & OMIBSEEM: D Y 3B
TN TV REAICIE. KO B Ml ko & L= i % (559 2 2 & 2 5§ PEG $ifk
DEAEPIH T, ABCHKAFEIN L VWEINTWE, LALAREL, 2 ofEt
FEELTT7RLT vy bl voFoWETOFHEICTH Y, EIEFFFER IR TH
NdAX, F, 7R EDOREYITOWME FIT LA LRV, EEROFHFEEICH VT,
o, e IEROKRGECHBE SN e A Th Y, RBucRH I n 258
LEREIC X o TIPS AFI ZWE L 72 PEG Bffitkch >TdH. ABC HIRAFHFE I N3
ATREMED B B, R, ABC BHG &l A CIFZEANMED & T 3 PEGERi Y R Y — L5
DRARIE AL % 1 5 B0 E D FH|TH 5 CARPA (Complement activation-related
pseudoallergy : HHIRTEHALZFE S 7T LA F—FIER) TlX. 7y PR roF>HETIE
CARPA DFFERFG A, A X2 7 X TOFEITMT L35 h L > T 5[77, 78],
CARPA OFFEICTEAEDH 5 JHKIE, RIZWFEERIETH 5 08, MR DIEHALZ T TR < Ml
Mm&EMN~2wv 77— (Pulmonary intravascular macrophage: PIM), s X O ~
7m 77—V OEELDECHSFEL TSRS E 2 5015 ([79], ABC BHRDFEIC
BWTh, flihbBLo~rmn 7y —voiEHlEF 7 RTFD 2 ) T 7 v A% RS 2 HE
BRI FIR=THBHILhL, A XL T L2ICBEWTIE, ABCHRPL VB FES
% TREMED B 5 [80-82], 72, PEGERfiY & Y — 2. 7% & DDS Hefifi % Hr3ghF i IG5
2856 SROIEYNICIE U TR A RALTEEEMTh I, YRR LB L 2 iEnfmon T
W B ETERT 2 - O RNEIREREI b fTh N b, JiA—, HALZHE 7 v F 2,128 ABC
BRREFET 214 TH o 12560, 2 OBF| OREE & IEMEICFHE© 2 37, Akt & 7«
ZREBAPLGZRYEL LCLEIAREMA D 5, LA L6, Bldo@ by . FRICKE)
PcBAL Tid, ok cR CEAZEROBYICREE L. Z o9t PEG §ifkELES ABC
HR OFHENE % RAFICEHM L 72305 13RS 70036 v, 514, B4 7 PEG &)/ K+
DR ED bNB L EZOLNS Z b, PEG BffiF /R #%5 ol PEG ikt
BLARNBREEZ Lo AEZAL 2L §5 2 & id, B AFEREH O ICHIRLE 2
EEAMAZEMETId0EEZONS, £ 2T, AKETIE. PEG &Hi) /K7D FEHE
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ThHEFFvreyr (DXR) # A PEGEfiV K Y —285%F| (Doxil®) 2574 & L, F
SHHHZ T TR, AX, FABLYI =TI 2h Yo KEM%E&o . ABC HE 0@
IO W TR G 217 - 72,

H2H KBTI

F1H BE- 89

Doxil®lz¥ v+t v 7 7 —~ (Tokyo,Japan) X WVBEA L7, X7 /ey vifilgEs L O
a1 A7 u—) (Cholesterol) IXE L 7 4 v LHEHiZE (Tokyo, Japan) X D EEA L 72,5%
7V a— AR ORIFHER 5%) (3 RIKHHE (Tokyo, Japan) X D EEA L 7z, KFEHRIMINTE
FA77Fvraly (HEPC) BXU 1,2-Y A7 7 A )v-sn-27'Y v a-3-FAFKT X )
— AT Ivan-[AFFL(ERIZFL VS Y a—1)-2000] (DSPE-PEG) 1ZHith (Tokyo,
Japan) 2> 5 it %3215 72, Goat anti-mouse IgM HRP conjugate, goat anti-rat [gM HRP
conjugate ¥ X U} goat anti-pig IgM antibody HRP conjugated (% Bethyl Laboratories
(Montgomery, TX) & W i A L 7z, Goat anti-dog IgM HRP conjugate ¥ X ' goat anti-
monkey IgM HRP conjugate (% LifeSpan BioSciences (Seattle, WA) X W f§A L 7z, Z Dfthd
AFICBI L <id HPLC M. Felit (Rrfiti 28 7 W54 13 AT REZR 8P < 2 L — R i)
RV,

BALB/c~v & (lff, 4-5:8#w) FHAF ¥ —n1 &+ Y N— (Kanagawa, Japan) X Y lEA
L7z, Wistar % 7 v b (. 4-88#s) (ZHA SLC (Hamamatsu, Japan) F 7z HAF ¥ —
)V A+ ) oN— (Kanagawa, Japan) X VEEA L7z, ©—27 V%4 X (I, 8-11 Hiiw) kil 7
~ 2 (Nagano, Japan) X WA L7z, h =27 4% (. 2-3 F#) 12~ 24 Y — (Ibaraki,
Japan) X Y A L 7z, Goéttingen % I =7 % (i, 4-5 Afig) =1 5 —F (Ellegaard
Gottingen Minipigs A/S , Dalmose, Denmark) 2> H38EX VY X —Th b4 ) T v Z VR
(Tokyo, Japan) Z# L CTHEA L7z, ~7 AB X U7 v MIKes X OERZ HBERE L7,
A X3k EBEERE L, fkEHE TC-1GHY) = v 2 VBERFT2E) % 250 g (1 [mI/H) & L7z,
Pk E HBERE L, RN PS (F Y = v 2 AR T 2E) % 120 g (60 gx 2 [8]/H).
ANrF CER/H)E L, 327 XI10kz BHBEIE L. fiEH: NS (HAERASH) %
400g (1 [Hl/H) & L7zo BERRIT T — 3 A Btk EERFLOBYEBHREZ B R DA D
TCHEML 7%,
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E21H FYARBAD PEGEBHi) K — L 0ff#l

PEG f&ffi V & v — 2 O E AR IX. HEPC/Cholesterol/DSPE-PEG = 1.85/1/0.15 (€ v
) & L7z, VAV —208%%, Bangham EIC/EWERL 72, £3°. Lo fREMKIC
%5 XSICFEEZ 7 nu RV A CIERE ST, 2Dk, B —X ) —TANKRL — X =%\ T
WIET T mutsrbzhihl, IFEMRZERE &7, Ric, HEPES buffered saline (25
mM HEPES, 140 mM NaCl, pH7.4) 2@ L., MEIRE 51 X Y IEE 2 /K1 & & THY
BY —LaPiB L 72, BONTMY KY — L F T 7 AP V=K =T, KUY Hh—F%—
k7 4 % — (400, 200, 100, 80 nm, Nucleopore Corp., Pleasanton, CA) %X &3 &
T, #100nm DK FEEZHT 2V KRY —L%xkfG, M LAY KY — LDk 2 BT
JeHkELiE [NICOMP370HPL submicron particle analyzer (Particle Sizing Systems, Santa
Barbara, CA] ICX WHIE L 72, T OBRo¥E R &%, 107.1 nm (Pdl: 0.029) T»H > 7=,
T, AELAZYEFY —LARD ) VIEEREE % Colorimetric assay < X 9 #HlIE L 72[83],

%31 PPEGIgMBH= v b v —riliEo R

FAELL 72 PEG &5V K v — 2 (0.001 pmol phospholipids/kg) % 7 v b ICERIRNTS- L
7zo %45 5 HERICIWE T BEN 5 2 — 7 (SRWF, Tokyo, Japan) ICERIMZ M L. 30 2EiR T
FrER, 15 fEiE G (4°C, 1509 %X g) T 5 & & Tl %2157, 1507z MyFix, HBicim
T 5 F THHRE L7,

EATH REWE~D Doxil®D#: 5 ¥ X UM

AIEDERR T, MEIZ~ ) VIEFEAD LY v OB X UF 2 — 7, MRINHF = —
7 [¥x¥ ¥z b; CJ-AS, CJ-HL (7 v, Tokyo, Japan) | ¥ 7z 13 EZ=RIME [~/ ¥ =
7+ 1I; VP-AS054 K (5 &, Tokyo, Japan) | D\ § s % FV-CEEL L, % E X Ol
17z, MEE X OIE I3, SABICH T 2 £ CHERE Lz, £72. Doxil®D AR X,
KIFHER 5% % A\ 72, Doxil®D 5.1 ¥ X v Ol i Table 2-1 1089, #4513, Doxil®
DT AXBEARABEOHER G ETH S 20 mg DXR/m? ZFEHEIC 0.2, 2, 20 mg
DXR/m?® 3 & % #%E L 72[84-86],

1. =URiCBJ IR

Doxil®% 0.2, 2, 20 DXR mg/m? (0.066, 0.66, 6.6 mg DXR/kg) & 72 % & 512, 1 HER[ERE
T 2 [ EEIRINIC 20EI S L 72, % Doxil B O (A NENRE % 3l 4 2 720, #5711, 5 9.
1 RS, 2 RS, 4 ERRD. 6 BERE. 35 X O 24 BEfEic BT, ARRIMIC X Y Mg 2 EREL L . I
WnfFr, 7. YLPEGIgM 2 MET 5 720, IS 5 H%Ic R X b MR 5
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2. v bMCBITIHARK

Zv b 9PE%E 37— T4 1T, Doxil®% 0.2, 2,20 DXR mg/m? (0.0333, 0.333, 3.33 mg
DXR/kg) & 72 3 & 5 ic, 1 BEREIMET 2 MEFIRN IC 2085 L7z, % Doxil V&R DR
FREZ R % 72, #%5-Hi. 550, 1R, 2 Iefd], 4 IREfE. 6 el 35 X OF 24 el ic &
W, R 2 SR L . %57, £7-. JLPEGIgM % HIiE T 5720, HlEIEES
5 HiRicmi® z R L . & %1572,

3. AXiCBTIHER

A X 9% 3 7'V — 7/ F, Doxil®% 0.2, 2, 20 DXR mg/m? (0.01, 0.1, 1 mg DXR/kg)
&7 % X oic, 3HEMERET 3 BIFEIRNICEHREG Lz, 20K, 2 TofkERICE T,
W5 % 1 mL/kg, B 5HE % 1B & L7z, & Doxil & 0k NBIfE 5 X U PEG
IgM % §Hli4 % 7= 0, %580, %585, 304, 1. 2, 4. 8, 24, 48, 72, 96, 120, 216,
336 I X UF 456 IFEIC BT RERFHYICBEMI B SRR & 0 IR 2 BREXL . 13 35 & OIS %
B2 GREZEGICEL T, 5% 120 B CCiMliz&TE L7 )

4. HrCBTBEHER

P 9 §HE 3 7 — 74T, Doxil®% 0.2, 2, 20 DXR mg/m? (0.016, 0.16, 1.6 mg
DXR/kg) & 75 % X 5 1<, 3 HRERIRET 3 FEMRPCHER S L 72, 2 OB 2 ToRGRIC
BT, BEGERES 1 mL/kg, #5 R % 1B & L7z, & Doxil VAR O kNSIES X
OHi PEG IgM % FHIiT 5 720, #2501, K456 5, 3040, 1, 2, 4, 8, 24, 48, 72, 96,
120, 216, 336 3 X 08456 BFHIIC 50T 4RI IC BRI MR, CRYEHIIR. % 72 13 KRR
DR b AR SRIR L, % X O & 7 (3 1B L T, 25546 120 W&
TaHliZ& T & L7 ) o

5. I=7RickBI3HR

1= TR 6BEE 2 7 v— Ty T, Doxil®% 2,20 DXR mg/m? (0.056, 0.56 mg DXR/kg)
L% &5, 3AMMERT 2 BIEIRMICRR G L7z, Z0E. 2CTofkGRIckswT,
PG E % 1 mL/kg, B E 1R E L, BEREMIRIFICIRA L 22585 H 7 7 — 7 v
L5 L7z, % Doxil®HE O RNEIRES X UL PEG IgM % §Hili 3~ % 720, #5481, %5
% 5. 3045, 1. 2, 4. 8. 24, 48, 72, 96, 120, 216. 336 ¥k X U* 456 Kifiick VT, £
IRFAIC BRI % 1T > 72, A O IMiRIE. KEREINRK VAL 72 =2 — LA S 72, M
HHOMmME X, BEREIRE 2 5 H224RIME [Venoject 1T VP-AS054 K (7 v %, Tokyo,
Japan)] % FIEREL L 72, % DB, MIFICBI L C I, 24 BRSO+ v 7Y v 7 F 4 v b i,
BEHiOHR L LT,
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Hw5IH MEFRFFYALEy Y (DXR) OER

DXR iz, VARV —2NEDXR L U7 ) —DXR OREE L CTERL 7z, HAIF A [
B ER T ICRT, J10IC 5 pL O X% ) A v s v iR (100 pg/mL) % NEREEHE (1S)
& LTH0pl oML 720 KiZ, 150pL 7€ b=+t DA/ X% —n (1/1,v/v)%
BIML. KTy 7 R X VEE L, 2Dk, K% v 7 VRAERZEL (19,160 Xg, 10
min, 4°C) L., kA Vv g T, MRV SIRELL, ¥ v 7YV v 7Lk
E A D DXR (3,8 HPLC % FWCER L 72, DXR o R 5Z 0.01-0.025 ng DXR/mL
TH o7z, WA HPLC O otrsett % LU T IcmRd,

717 I Kinetex 2.6 pm C18 100A

(75% 3.0 mm i.d., Phenomenex Inc., Torrance, CA)
BEIH A Acetonitrile/water (1/9, v/v) containing ammonium acetate (10 mM)
15 E)tH B Acetonitrile/water (9:1, v/v) containing ammonium acetate (10 mM)
TRIH L 0.4 mL/min
717 LimBE 50°C

72y B (0—3 min, 20—40%) — (3—5 min, 40— 100%) — (5—6 min, 100%)
4vvzsvay 154l
W H R #79¢ (Excitation; 470 nm, Emission; 550 nm)

B 6TH EYIBREMENT

MmEEH#e DXR O & MEYERE (PK) X7 A — &% — [FEJIA (T2, MH R — KefE dhiR
THfE (AUC)B X7 Y 77 % (CL)] X, Phoenix WinNonlin version 6.1 (Pharsight
Corp., Cary, NC)Z s, J v a v X—}F 2y b ETAUBITICE VKD 72,

% 7I8 ELISA i & 3 &5t PEG I[gM OHIE

I3#& o9t PEG IgM @ ELISA (Enzyme-Linked ImmunoSorbent Assay) 1 & % BB 70 ]
EEZLLTIORT DI, 96 7 = v 7L — TR ) — % HCFIE L 7 0.2 mM DSPE-
PEG #i# % 50 pL/well (10 nmol/well) &AL, 4 v F a2 X— =3 v L7z, Blocking
buffer [50 mM Tris, 0.14 mM NaCl pH 8.0) containing 1 % BSA] % 300 uL/well ZSh0L .
1 K4 v F 2 _—> 3 v L7, XIZ, Washing buffer [Tris-buffed saline (pH 8.0)
containing 0.05 % Tween 20] T 3 [0 L 7z, % D%, Sample buffer [Tris-buffed saline
(pH 8.0) containing 1 % BSA and 0.05 % Tween 20] % > 100 % 72 1% 200 54 R L 7= 11
H% 100 pL/well ML, 1A v F 2 _—2 3 v12IC, Washing buffer < 5 [B[ZEE L
Too ZOFE. B2 EOHE JHETHISG L 7291 PEGIgM [GiE= v + v — UIfiE % thlonf i & L
THW/z, RiC, Sample buffer % WAR L =&k 0% HRP Bakbis FmREFE XS A
—h — OIS Z ZE TR ) % 100 pl/well HIL, 1TREIA v F 2 _—v 3 Vi
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IZ. Washing buffer <5 B3 L7z, % D%, Enzyme solution (36 mM Anhydrous citric
acid, 67 mM Na,HPO,, 0.05% Hydrogen peroxide) iZ X Y 1 mg/mL ICFHH L 7= o-
phenylene diamine & % 100 pL/well #ML. FEJIE X 72, FEEORREIX, Bik= v b
n—VTH5 7y MUER T EET 02 HL L L, #1-10 4781 2N H,SO, % 100
pL#&s % 2 & ¢, RERIGEEFILTE72, 2Ok, 490nm I T 2WEE (OD) %=
427m7L—1+ Y —%— (Sunrise, TECAN Japan, Kanagawa, Japan) % F\»CHIE L 7=,
A, 2CERCTEML., FEYHEOH PEG HifkiZ, Btz v itve—r b oltEcH
HL 72,

% 8IH MREHARYMENT

2T OfE X FEEEEERFE (S.D.) TKRL ., MEFFAIALE X, GraphPad Prism
Software version 5.04 and 6.0 (San Diego, CA) % fl\», two-tailed unpaired Student’s t-test
¥ X U one-way or two-way ANOVA i X U FFi L 7=,

HIH AR

H1H <=v2RRUT v BT 3 Doxil® 50 H] PEG IgM B4 & fkpNBIEE

~TABLURT v b LD oI DXR A PEG&Hi ) &Y — 2 %5 L /-5
HIBBAFET 508, 2 D% < 13 DXR # A PEG iV K v — 2% 1HEFEER. & LI
LW GRR TG T2 [87-89], fit> T, AFERTIE Doxil®% 1 JEHHE T 2
%5 L, JT PEGIgM DFEL & Z ik 9 ABC IR AFHE X N 2 25l L 72, #5813,
AR Y, DXR & LT, 0.2,2,20mg DXR/m2THH, 20D ) VIFE K583,
~ 7 X Tl¥ 0.44, 4.4, 44 umol phospholipids/kg. 7 v b Tlx 0.222, 2.22, 22.2 pmol
phospholipids/kg T& -7z, £7z. JLPEGIgM ICBAL TiZ, BED T > W TORE TFE
WEZ RS 2 EBHL DL 7o T 2 H]ES- 25 5 HR D IIE % v CEFH L 72 [46, 901,

Z DR, 2 B XV 20mgDXR/m? 25 L 72~ v A Tid, $i PEGIgM 0L B LU %
NIckES> ABC R IZBEIZE I 1T (Figure2-1A 38X 1 2-1B), PK X9 X — 2 — I b HHE
ZAIZ 72> > 7= (Table2-1), —J7, 0.2mgDXR/m? CikBi%fTo72~v 2 Clx, 2[HHD
5811 PEG IgM QL ICRR T 3 LE 2 b1 s ABC HIREHIZ S 1, [4EH DXR
D7 YT 7 v AMEDHNME X O & AUC DK T 23R & /2 (Figure 2-1A B X O
Table2-1), % O, AUC OffiiZ, #IE#%5HRFD 18 5D 1 LT THh -7, & H i, PLPEG
[gM fEIZPIEEE 5% 5 HHICHERE ML <Y (Figure2-1B), I #ui Figure 2-1A C©#
I Nz 2 A H D 5 O Y B REF A & SR L T 7z,

~ U ATOMBPLEKIC, 7y BV TH 25 X020 mg DXR/m? Tl 17> 725
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&, PG 2 [ HEG R0 DXR IMEE L ~ v iZ[EE O %2R L7z (Figure 2-2A), %
D%, 2mg DXR/m? TOH¥FHA, AUCE X U2 VT 7 v AHICHE R EIX B>/, LA
L2, 20 mg DXR/m? Cillii 21T - 72~ 7 2 Cid, 2 [ HES5KO AUC oF & 2800
2 V)T 7 v ADKT AR T, FEINCEAL TH IR T 22353 5417z (Table 2-
Do 7. KTk, P PEG IgM D EA IIHER & Wind> - 7= (Figure 2-2B), —J7C.
0.2mg DXR/m? Cilli 1T >72 7 v + Tld, §l PEGIgM AR T Nz, % D% [k
L. 2 [ HO#EEEZD Doxil®i3iE-e2ric 7 V77 v A&, #5530 5 CHRIEBRFLIT
70 PK AT A= —DREMHBAAHETH o 7= (Figure 2 35 X U Table 1),

A Total DXR B Anti-PEG IgM
1stadm. 02 -

1000 (20 mg DXR/m?) *
E 100 20d adm, £
2 @0mgDXR/m?) o 015
s NS
g 10 1stadm. =
= (2 mg DXR/m?) £
o A 01t
5 1k 20d adm. (@]
#z (2 mg DXR/m?) 3
= 5
g 0.1 1stadm. g 005 f
= : 2 a
= (0.2 mg DXR/m?) )

0.01 20 adm. 0

0 3 6 9 121518 21 24 (0.2 mg DXR/m?) 0 0.2 2 20 (mg/m?)

Hours after administration

Figure 2-1. Effect of Doxil® dose on induction of the ABC phenomenon and anti-PEG IgM production after a single and
repeated administrations to mice. (A) Pharmacokinetic profiles of total DXR (free and liposomal DXR). Mice received 2
sequential administrations of Doxil® with different doses of either 0.2 mg DXR/m?, 2 mg DXR/m? or 20 mg DXR/m? at a
1-week interval. DXR was measured as described in 2-2-4. The values of DXR concentration represent the mean * S.D.
(n = 3) in most cases. The DXR concentration under the detection limit was replaced by 0. In this case, the S.D. was not
calculated. If the DXR concentration was below the detection limit for 2 individual animals simultaneously, the data were
omitted. (B) Anti-PEG IgM induction by Doxil®. Mice were treated with Doxil® using different doses of either 0.2, 2 or
20 mg DXR/m?. Serum was collected on Day 5 after administration. Anti-PEG IgM was determined as described in 2-2-6.
Anti-PEG IgM titers were expressed as a ratio of the OD of serum sample to the OD of rat serum (positive control, P.C.).
Each value represents the mean * S.D. (n = 3). *p < 0.05 versus control (0 mg DXR/m?), 2 and 20 mg DXR/m?.
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>
=

Total DXR

Anti-PEG IgM

1stadm. 0.05
(20 mg DXR/m?)

*

1000 ¢
20d adm.
(20 mg DXR/m?)

1stadm.
(2 mg DXR/m?)

27 adm.
(2 mg DXR/m?)

1stadm.
(0.2 mg DXR/m?)

Total DXR in plasma (ug/mL)
oD sample / OD P.C. (490 nm)

Frobobot

L 1 L L 1 L L ] 20d adm.
0 3 6 9 1215 18 21 24 (0.2 mg DXR/m?) 0 0.2 2 20 (mg/m?)
Hours after administration

0.01

Figure 2-2. Effect of Doxil® dose on induction of the ABC phenomenon and anti-PEG IgM production after a single and
repeated administrations to rats. (A) Pharmacokinetic profiles of total DXR (free and liposomal DXR). Rats received 2
sequential administrations of Doxil® with different doses of either 0.2 mg DXR/m?, 2 mg DXR/m? or 20 mg DXR/m? at a
1-week interval. DXR was measured as described in 2-2-4. The values of DXR concentration represent the mean * S.D.
(n = 3). The values of DXR below the detection limit were treated as described in the legend of Figure 2-1. (B) Anti-PEG
IgM induction by Doxil®. Rats were treated with Doxil® at different doses of either 0.2, 2 or 20 mg DXR/m?. Serum was
collected on Day 5 after administration. Anti-PEG IgM was determined as described in 2-2-6. Anti-PEG IgM titers were
expressed as a ratio of the OD of serum sample to the OD of rat serum (positive control, P.C.). Each value represents the
mean * S.D. (n=4).*p < 0.05 versus control (0 mg DXR/m?), 2 and 20 mg DXR/m?2.

$2IH 4 XicElJ 3 Doxil®#t ViR LG O PEG IgM E4: & AN E)EE

IHETHBAFIONE OGEEICED S F PEG BAfi) AV — 424 X ¢ ABC HR %5
B2 baRLzliEiih v, 2070, AW TlE Doxil®% v, T PEGIgM 4 &
ZNIHES ABCHRAFE I N 0MGEL 72, BEGEIX. oA L [FERIC 0.2, 2, 20 mg
DXR/m? & L, ZDFED Y v FHE D#5813 0.067, 0.67, 6.7 pmol phospholipids/kg T& -
7o — /T, HERIFICBIL Cid, FolEE 13840, v box 4 XEE D RS HE I
T % Doxil®D R HERE G L 2 2 v (20 mg DXR/m? % 2-3 A4 ic#%5) [84]icHt v, 3
TR T 3 MR VR L 72,

Z OfER. 20 mg DXR/m? CRER 2T o 72 HECTld, BED T o lHZ W zE L F L
<. BRI %08 L <Pt PEGIgM 13#H  Nvind> > 7= (Figure2-4), F 7z, B L O
AUC DX T b2 L9, ABCHEMBFHFEEI N W Z LB 2 & 7257z (Table 2-1),
Lo Ladb, FECTEARVD 0D, FRESGKO DXR MR 2 5 X3 HIHE X b
LS oIS 5 HH olf#idh DXR DEOK T AR I T3 Z &b, HllHiks
BICHERICEE ST NPT PEG IgM 25, BHZICFE UK WS L7z Doxil®® 2 V7 7 v
A xACHE L 72 FTREMEDS B % (Figure 2-3A), EEE. #IH#%5 3 HH ¥ colffEd DXR o
JHAE 3452129 Kl cH Y, 2 MHB L 3 MHZKGREIZIEFR CETH > 72, hd
DFEFIL. MEOPL PEG [gM 239145 5 3 H HLARRICE#EAE S 7z aletE. & g, 9B
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G ECH 5 b oD, FEE XN PEG IgM i X b I 2 5B © Doxil®3 7 )
T vAINAREE R L T,

—7i. 2 mg DXR/m? Cilb# %17 o 7= HfCld. WIS L gL <. 2 MEES IO
4 DXR RIS 22 2 fKfiEZ /R L (Figure 2-3B). FidHs X 08 AUC oflx, #)H#%
SR & I L CRIMIC/NE S b 2 AL D & 7o 7= (Table 2-1), T 6 OffiE,
3 [l H &5 R I I RIS & o 7228, FIE G5 5 6 B 2FE L T 21 b o 37
BEOKBEIZIZE> TR o7, T, MUEFHICIEPT PEGIgM DFEA D iR X v, FnlH#
56 3B EERF L T3 2 &ERBHG D & 7o 7z (Figure 2-4) , ¥ 512,0.2 mg DXR/m?
TRERZ (T - 728 T3, PS5O A DXR 2SMEF cRB S =25, 2 BHB X003 [
H# G i3 ilndE s DXR 3R AU T ch o7z (#%5% 5 40T 0.025 ng/mL Kii)

(Figure 2-3C), ALEMFET T, ¥T PEG IgM 0FEA 3RS 3 Hi%2 S S fo,
5~9 HHTHRARL RMTEL 72, D%, JT PEGIgM 1Z{R 4 Il L 7223, #IHHEICEK 2
FCT7HEMEAEL 2 (Figure2-4), ¥ 72, 2mg DXR/m? Cill& % 1T - 72FEC D AT
HLH, FomMIcE I 2L LFEL <, PLPEG IgM (X 2 [mIH & 3 [BIH @ Doxil®% 45T
X7 =2 3T, & LA, HLPEGIgM Offild, Doxil®® 2 [M|H 3 X U 3 M H o 5.4I1C
WY 3L BMRI N, RIS N7z Doxil®ic§it PEG IgM 254549 5 2 & C, i
BINCPIPEGIgM 28 Doxil®2 e 7 V T I v AI N L RZRKBLTWw5, 72, 025
X U082 mg DXR/m? 58 & b i, JT PEG IgM D 13 #][A1#%5- 9 H H T AfE % 7R L 72 3,
ZOfEICIE 3 EoERRD LNz, 2D b, WNE I DXRICK 3 0ERDE
EFRIFLGLTCwEEEZLNEH, TolHETOHR L FKIC, 41 XicBWTH PEG
B Y R Y — L DG EMEIZ Y, JIPEG YA EEI N ZMHAICH 2 2 &AL L
7z - 7= (Figure 2-4),

A 20 mg DXR/m? B 2 mg DXR/m? C 0.2 mg DXR/m?
=== 1stadm.
~ 25 e 20 adm. _ 25 & - 15t adm. 0.25 —o= 1% adm.
T i === 3" adm. T == 20 adm. 3 21 adm.
I a4 5
E BN EA === 3" adm. Ed = 31 adm.
£ 25 £
N g g
= = =
= = 025 N =
£ £ =
g o025 g =
a a 7z
3 E =
E 2 3
= £ e
0.025 : . d . : 0.025 L - ‘ - ! 0.025
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
Days after administration Days after administration Days after administration

Figure 2-3. Effect of Doxil® dose on the concentration of total DXR (free and liposomal DXR) in plasma after repeated
administrations to dogs. Dogs received 3 sequential administrations of Doxil® with different doses of either (A) 20 mg
DXR/m? (B) 2 mg DXR/m? or (C) 0.2 mg DXR/m? in 3-week intervals. Blood samples were taken from the cephalic vein
at the same time points as shown in Table 2-1. DXR was determined as described in 2-2-4. The values represent the mean
+8.D. (n = 3) for DXR in most cases. The values of DXR below the detection limit were treated as described in the legend
of Figure 2-1.
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50 ¢
-~ 0.2 mg DXR/m?

40 - = 2 mg DXR/m?
& 20 mg DXR/m?

3.0 - 2nd adm.
20 | 3 adm.
.0 | ‘L

OD sample /OD P.C. (490 nm)

0.0

- - L L
0 5 10 15 20 25 30 35 40 45
Days after 15t administration

Figure 2-4. Anti-PEG IgM production in serum of dogs following repeated administrations of Doxil®. Dogs received 3
sequential administrations of Doxil® with different doses of either 0.2, 2 or 20 mg DXR/m? Anti-PEG IgM was
determined as described in 2-2-6. Anti-PEG IgM titers were expressed as a ratio of the OD of serum sample to the OD of

rat serum (positive control, P.C.). Each value represents the mean *= S.D. (n = 3).

FE3WH Y rics) 3 Doxil®#E Y& LB 5k 05T PEG IgM E4: & AANE)RE

AED 4 X L[EEIC, 2 F T Doxil®D X 5 it AHl % NE L 72 PEG &R ) K Y — 4
BHNLTABCEHREZAEL IR EERLERE IR RV, £2D720, Doxil®% v, ¥
ICHWTHL PEG IgM FEA: & Z4LIhE S ABCHRAFHEE I N3 0L 72, 51 A%
A XEFEBRE L, 3HE (0.2, 2, 20 mg DXR/m2, 0.107, 1.07, 10.7 pmol phospholipids/kg
M) @ Doxil®% 3EEERET 3 [Fi 5 Lz, £ 0%, 20mg DXR/m2 Tlk, £TD
%G mc, $1 PEGIgM DB X O ABC BRI X 3 (Figure 2-5A and 2-6), PK ¥
FA =2 =T b HELRENIZRD 57 (Table2-1), 72, 2mg DXR/m?icEWTdH, [HL
G o miEd DXR REHERICK % 22537  (Figure 2-5B), PK ¥ J X — X —
ICHEZ IR 72 (Table 2-1), L2 L7255, IiEFHh ol PEG IgM (3, #EHS 3 H
HUBC DT 2l biEEINTWS 2 L PRI N, —F. 0.2 mg DXR/m? TlZ, ¥
M5 3 HEZ5 5 HEICH 3T, §l PEG IgM BHE#: % H - C#Ed a7 (Figure 2-
6)o ZDFEREZKML, 2 HHB X3 HEMUBE T, MHEH D DXR 354 5 53 O
THHRALU T CcL o722 &b, ABCHRBEL T T LRI iz (Figure 2-
5C), AHEETIE. 0.2 L1 2mgDXR/m? CORERIC I T, $L PEGIgM Z. #)EI%S
#“I3IHEF IS, 5 HEICRKIGEL, Z0RRLICEDT 5 2 LRI N,
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A 20 mg DXR/m? B 2 mg DXR/m? C 0.2 mg DXR/m?

100 === 1%tadm. —== 1%tadm. —== 1%adm.
) —— 210 adm. 5 10 —=— 28 adm. s 1 == 209 adm.
£ £ a ] d
5 —== 3" adm. 5 === 3" adm. £ —== 3" adm.
g ‘ g 1 g
3 10 e 2 01
= = =
o z 01 =
%z %z %z
a a a
3 3 3
e . s - - . € 0.01 ; : ; : . £ 0.01 : . :

0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
Days after administration Days after administration Days after administration

Figure 2-5. Effect of Doxil® dose on the concentration of total DXR (free and liposomal DXR) in plasma after repeated
administration to monkeys. Monkeys received 3 sequential administrations of Doxil® with different doses of either (A) 20
mg DXR/m?, (B) 2 mg DXR/m? or (C) 0.2 mg DXR/m? in 3-week intervals. DXR was measured as described in 2-2-4.
Each value of DXR concentration represents the mean = S.D. (n = 3) in most cases. The values of DXR below the

detection limit were treated as described in the legend of Figure 2-1.
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Figure 2-6. Anti-PEG IgM production in serum of monkeys following repeated administrations of Doxil®. Monkeys received
3 sequential administrations of Doxil® with different doses of either 0.2, 2 or 20 mg DXR/m?. Anti-PEG IgM was
determined as described in 2-2-6. Anti-PEG IgM titers were expressed as a ratio of the OD of serum sample to the OD of

rat serum (positive control, P.C.). *p < 0.05 versus before the 1st administration (0 days).
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BAH I=7XICBF 3 Doxil® ViR L 58O PEG IgM EA L ANB)RE

I= 7R AR E X ORERHEIC e T EFBIL T2 0, JET o A O i
FERIFZE CIF S IR0 T3 [91-93], L2 LAad s, ZhETIKI =7 XIcE T ABC
WREWGEL 725137 <. I=7 2 PEGEHiY K Y — 202 L TED X 5 g
ERTOLAHRER S W, ZDH, I =7 %I 2, 20 mg DXR/m? (0.37, 3.7 pmol
phospholipids/kg) & 7 % X 91 3H[EERET 2 B 5 %17\, §it PEGIgM @4 & DXR
DIRKNEIREDZAL ZREE L 72, % DFEHE, 20 mg DXR/m? Tld, #WIH#5 5 HHUREICH S
27291 PEG IgM FEAE MR T, 9 HHICIR KL RVITEL, £ DRIRAZ IS L, Doxil
®p 2 MHOEG 23 ThbN7 21 HHE TIiHkEL Tz (Figure 2-8), ZD72®», 2 [HIH
HH5EICPl PEG IgM iR T2 LA 6N5 20T 7V A0 ERBHER SN RD - T2
(Figure 2-7A), L2 L7235, 4 XICHF 3 20 mg DXR/m2 COREBHE & F L <. #AE
54 5 HHiclAEr DXR QR T AL S Nz, TIFPIRIREG I X EE I DT
PEG IgM 23R T 2 WlHEMEDS R X i, PK Y5 A — &2 —IcBIL T, 2 M EH&%SG & Hik
LT, ¥ G R0 EEICE 2 > 72 (Table2-1), ¥ 72, 2mg DXR/m? T, 2 [
Hi% G o Mg DXR B, 5 EE» S 2EIfE T2 2 & 23R s 1 (Figure 2-
7B). 2 MEHKG RO & AUC X, 1 MEKLGR L KL CHEICED T2 2 &2
B 2 & 72 o 72 (Table2-1), & 51ic, 2mg DXR/m? T, ¥ 5#%ICHE 2Pl PEGIgM
FEAEDHER T, MiEHHIPEGIgM 12 4 HEHRRRIC AR L, 9 HHICIRKL ~VICEL T
D HIRAIIAD L7z, T DBIEMERIZ. I =7 22 Doxil®D % 542 14T PEG IgM % JE
AL, ZOMBEABCHRKBEL T EERLTWS,
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Figure 2-7. Effect of Doxil® dose on the concentration of total DXR (free and liposomal DXR) in plasma after repeated
administration to minipigs. Minipigs received 2 sequential administrations of Doxil® with a different dose of either (A) 20
mg DXR/m? or (B) 2 mg DXR/m? in 3-week intervals. DXR was measured as described in 2-2-4. Each value of DXR
concentration represents the mean * S.D. (n = 3) in most cases. The values of DXR below the detection limit were

treated as described in the legend of Figure 2-1.
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Figure 2-8. Anti-PEG IgM production in serum of minipigs following repeated administrations of Doxil®. Minipigs received
2 sequential administrations of Doxil® with different doses of 2 or 20 mg DXR/m?. Anti-PEG IgM was determined as
described in 2-2-6. Anti-PEG IgM titers were expressed as a ratio of the OD of serum sample to the OD of rat serum

(positive control, P.C.). *p < 0.05 versus before the 1st administration (0 days).
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Table 2-1. Pharmacokinetic parameters of DXR after repeated administration of Doxil® in mice, rats, dogs, monkeys and

minipigs.
Species
Number TI/Z AUCINFiObS AUC%Exuapfcbs CLiobs
(Dosage Dose
of doses (hr) (pg/mL-hr) (%) (mL/hr/kg)
schedule)
0.2 mg DXR/m? Ist 41 9.4 1.2 7.0
(0.44 pmol PL/kg) 2nd 2.2 0.5 18.2 128.6
Mice 2 mg DXR/m? Ist 15.2 412.2 355 1.6
(Q7D2) (4.4 pmol PL /kg) 2nd 16.8 4355 36.7 15
20 mg DXR/m? Ist 23.4 3974.3 50.3 1.7
(44.0 pmol PL /kg) 2nd 19.9 4143.9 48.7 1.6
0.2 mg DXR/m? Ist 18.3 + 2.0 20.1 + 5.0 442 + 4.9 17+ 05
(0.222pmol PL /kg) 54 N.D. N.D. N.D. N.D.
Rats 2 mg DXR/m? Ist 213+03 279.2 + 31.2 468 + 0.1 12401
(Q7D2)  (2.22 pmol PL /kg) 2nd 19.0 £ 7.5 249.1 + 94.9 39.7 + 17.0 1.5+ 0.7
20 mg DXR/m? Ist 297 + 1.8 3240.9 = 110.8 60.4 + 1.6 1.0 = 0.0
(222 pmol PL /kg) 2nd 360+ 35 45225+ 316.8* 633 + 3.2 0.7 + 0.1*
Ist 81+ 13 1.3+ 04 55.6 % 6.0 84+ 32
0.2 mg DXR/m?
2nd N.D. N.D. N.D. N.D.
(0.067 pmol PL/kg)
3rd N.D. N.D. N.D. N.D.
Ist 241+11.8 76.0 * 36.9 10.1 £ 12.0 1.5+ 0.6
Dogs 2 mg DXR/m?
2nd 15 0.9 21.6 127.8
(Q21D3)  (0.67 umol PL/kg)
3rd 175 135 17.2 8.7
Ist 25.7 + 3.8 1107.4 + 1572 15+ 0.7 0.9+ 01
20 mg DXR/m?
2nd 351+ 13 920.3 = 373.1 3.1+ 36 13+06
(6.7 pmol PL/kg)
3rd 35.1 + 45 8995 + 196.4 8.7 + 2.2* 12+03
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Table 2-1 (continued)

Species
Number TI/Z AUCINFﬁobs AUC%Extrapiobs CLiobs
(Dosage Dose
of doses (hr) (pg/mL-hr) (%) (mL/hr/kg)
schedule)
Ist 427 £ 114 17.0 £ 5.1 43.5 £ 11.5 1.0 = 0.4
0.2 mg DXR/m?
2nd N.D. N.D. N.D. N.D.
(0.107 pmol PL /kg)
3rd N.D. N.D. N.D. N.D.
Ist 34.1 £54 221.6 £ 47.3 12.7 £ 2.2 0.7 £ 0.1
Monkeys 2 mg DXR/m?
2nd 443 £ 17.1 207.7 £ 1435 4.7 = 1.3 1.0 = 0.6
(Q21D3)  (1.07 pmol PL /kg)
3rd 439 £ 7.1 278.1 £ 52.0 15.7 £ 4.7 0.6 = 0.1
Ist 52.3 £ 8.4 3595.9 £ 1071.6 0.3 0.2 05+ 0.2
20 mg DXR/m?
2nd 55379 5437.0 £ 850.9 0.3 £0.2 0.3+ 0.1
(10.7 pmol PL /kg)
3rd 57.8 £ 10.2 4618.8 £ 900.8 23.1 £55 0.4 £ 0.1
2 mg DXR/m? Ist 224 +10.5 33.0 £ 15.8 21.2 £ 16.7 2.0+ 0.8
(0.37 umol PL /kg)
Minipigs 2nd 1.1 £ 1.2* 09 £ 1.1* 20.7 £ 25.6 230.8 = 279.0
(Q21D2)
20 mg DXR/m? Ist 221 £ 4.1 410.6 £ 121.4 20x 27 1.5+ 0.5
(3.7 pmol PL /kg) ond 371+ 48% 5816+ 109.4 20+ 1.2 1.0 £0.2

Each value represents the mean =+ standard deviation (S.D.) (n = 3) for most cases. These parameters of mice were
calculated using the mean value (n = 3). In addition, if the DXR concentration was below the detection limit after 2nd

» *

administrations, the data were omitted and shown as “Not determined (N.D.)”. " p<0.05 versus 1st administration. PL,
Phospholipids; T1/2, Half-life; AUCInr obs, Area under the curve from time zero extrapolated to infinity, based on the last
observed concentration; AUCokxrap obs, Percentage of AUCINE obs due to extrapolation from last sample time to infinity;
CL_obs, Observed clearance; Q7D2, Twice-weekly administration; Q21D2, Once every three weeks for a total of 2

administrations; Q21D3, Once every three weeks for a total of 3 administrations.
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FAHi B

ARFETIE, TR Doxil®% i\, 4 OBYE (v A, 7 b, A X, ¥, I=7%)
ICBWT, Doxil® 5-RE 04T PEG IgM #5814k & ifi4ih DXR EEICBI L <. SRHEH e il
o7z, TNETOHEDL O, PIBAF L & OMAGEE:OEY 2 NE & Wiz PEG {&fi
URY — Lk, P PEG HifkoEE L 2K T 2 ABC IR 2FE I N e E b
TW72[55,56,94], LA L7Aadb, KB TOMOMIR, K&k5 58 (0.2mg DXR/m?) Tt
T OEYIE T Doxil®% 512 X 24T PEG IgM D E4: & Z it 5 DXR DI
(ABCHIR) RIZRIINDZZERHL P ER -T2, IHIC, A X I =T X EDKE)
Yrciidhks 8 (2mgDXR/m?) I TH ABCHRAFE I N, FFicA XL TiE3
[l 125 L 7z Doxil® (#5725 6 @) 1B T IMFHEEEOK T2 RS h
720 FoEICE T 2ME T, PGS X 2P PEGIgM DA 1T, BEDOEEIHZ DD
D, JEEHGEEMECIZEFEINZHERTICH B &b > T3 [81], 2 D7-%, Doxil
P 5 EE F -2 LT, NE XNz DXR IC X 2 Gl ~DEEEMET L2 &,
T HICIEE KGR AKDIETIC X i PEG IgM 0FERE,RE £ V. ABC HER S HE
IheI K hoztFE2bh5,

%72, Doxil®DKICEH 1 3 = 4 B A FE P RHEOHERKGETH 2 EREGE (20mg
DXR/m?) Tit., Doxil®ICHHT 3 §T PEG IgM DA IR X Nz, b L IFIER 1T
BHERINT-DAT, ZHICHE S HE %R DXR O MUIETEREZZRD ONARr o722 L%
RE L TH <o ARRIF. T ohBc B THEM S N7z DXR HA PEG i) £V — 2%
i L 72 B0 & —8 L TH Y [55, 56, 94], FEF > thEHOBEL TH VKR Y — LICNE
INPDAHNZ R D MZ-B flifd % ik & 3 2 wEfilnz 55+ % 2 & ©, ABCHS %
MEIRRECTH 2 Z L BRBL T3, FHUOBRIZ, DXR oftt, I ¥ v bryvett
PV T IF ViR EOPIRAK ENE L 72 PEGEMi) R Y — 2BHCHHERI N TWE &
o, %L OPBAKICE L CTHEOHRTH B L E 2 HNB[95, 9],

lEoz b, $i PEGIgM DFFE L Z 0o ABC HER O FFEME% Doxil®% v T
Ak L 724558, PEG i Y K Y — 2003 5 )% % ORI XM R TR 238 5 & & 23H)
bk lot, Fric, SEEBEEIT - 2B O Tl 4 XBLV I =7 %1%, Doxil®ic
L CIEFICEEZEEZ R T C. J ol X Y vix, BRRHERER 580 100 &
D1 TRIGERLZDART, HBIERZEIMENZ & 23R e (Figure 2-9),
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Figure 2-9. Animal species difference in the ABC phenomenon upon repeated administration of Doxil®

INFETICHE I N TS ABC HROFAE 2 1 = X 213, QWIS X 1u7- PEG &Hfi
YR Y — L5 MZ-B Mg &R L. T MIFaIE K It PEGIgM 28SEE S, @
PEA X 741 PEG IgM 23 2 [a| B¢ 5. LI D PEG Bfifkiciia L. fitke~2sn 77—
DiEHALIC X Y PEG BB EZEICZ )V 77 v 2E NG, £ H b DTH B[53, 80-82],
ok Hic, ABCEHRIT, FEEREE WIRS8EIC X 250 PEG bk oA RR) L{FH
Bt QEEBGHRIED 2 ) 7 T v 2B ikl En B [94], 2o [FHERERE] cknwT
i3 PEG {EAfitA DR T1E & MZ-B #ilid & oA ER oM AEECTH 0. [1EHBR
Ttk ~r0 77 =V OEHLORENIKRESHET I LE2 LMD, /T I PEG
Pitk % A4 2 00 MZ-B MIFicBIL Cid, TotifEe v Mok T, TEMIRGIZA ) o b
el L EERBICH K DEWAH Y | T ol TIE. FRICKE 72 B U v Bkl MZ 1
FAE L. 206 OMiIfELS TI-2 FUFICN 3~ 2 Hilk % AT 2 & L A3 S 1T 5 [97-100],
EHic, P MZ 3 F o lWETEFOICHRELCE Y, ERECRPREE, 1 X322 TiR
WBEAETREL T AV LA HEINTVA[101], X 5ic, MG LZfE S5 Infusion
reaction T» % CARPA D55, 4 X7 X F -tk & & ik L <. PEG &8V
KY — AR GRICHEB L~ 07 7 = UREHE LIRS T LI L AREI ATV 3
(77,79, 102],

LAED Z &6, PEG i ) Y — 2003 2 &M ABIITEIC X o T %7 2 BAE 25
EIZH S 22 CldZe v o, K MZ 3 X 1 MZ-B fllfi o ff 4 0 3 X o MZ-B #ifd
& PEGESi Y K Y — LA OHAEROE W, E5ic3fiks X t~2rn 77— ol
DENIRER TR 2 2 L 28, ABCHROFEWOFEICE LR > T eEILND,

Z ofth, SHFEHL 72 4 X oS58 (2 mg DXR/m?) icEsw»T, #h%Eic XY
PEA & N7z IMEH O PEG [gM 23MRRFIICIER LT &, 2 [BH B X O 3 B HIE SRR 1%
PLPEG IgM 2l S e o 21 b B & 9, MAEH o DXR BEEAME T 3 2 HH AR
X7z (Figure 2-3B and 2-4), Z#id, KRB CTH 7z ELISA 12 X 2$T PEG IgM D #HllE
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ETRBRETE R VI EHERTKRETY Doxil®D 27 V7 7 v 2R MREI NI ERRL
Twb, AFEEE LCit, 2 MHB XU 3 BIHICES L7z Doxil®0 58030 7> 5 72 72
». L VP PEGIgM D ERZ TR h o =aHEME. X 51034 XicB T 3 Hitks LU=
a7y —YOiEMALEEDE <. PEG i) &Y — L EKMmICHDEDYL PEG §Uik2 A L
72723 To VT 7 VAT AT RN A C W RlREERE AL b S, L2 Ladb,
KGRI, BAERH L < 290 PEG [gM #IEE D & Cld ABC R OFFEEL BT T
HIcE AW xR L CE Y, PEG Bfi) /KT EEHOFMBERZICE W TX, 5.
£ 0 B 0 E BN 7T PEG IgM HIEL OB LEE b LEZ LD,

ok oic, RETIE, IIBAKIZE AL PEGERI) RV —nicbnTdh, 5508
IC X o TIFPIPEGIgM EEEICHE S ABCEHRMAEL 2 L 2L L LA, 2D Lh b,
RIGEIR I 313 2 o BFE B IS 1 5\~ Tld. PEG &8/ BT 0%k 58 K G/~ J©
L REBRICH W 2B OETE 2 &0, 7 m b a v OEIC ZEESSLETH L L H
ZAbib,

—77C, BRI CIMA L 2R Y ik Cit, YinAHZE AL 7% PEG B4 &+ Y — L5
EMICBWTABCEHRZFEL - T2 IR, (o T, Al LDHBAAID XS
NS EEOEY 2 T3 LB, ABRBER N2 LoRE a2 2w
REMEIFE & E 2503,
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% 3% PEG i) XV — L OFHIZERD A/ X itk T 591 PEG
IgM EA R & FNBIRER LI RIE 3 RE ORET

B1E HS

FEHMOFBRICE T, REAXBIETF o hifie L CoBPERTIA S N 28Y
MThsd, /T, MEDOEY., FomHLH L7 L OBYMEL LKL T PEG &£ Y &V
— L~DREZERIEFEICE N LA LT T2, 6o T, TLAAIE A PEG ERifi Y &+
YV — LOFFICECTIZHEATSH 228, X 0 HIIUGEEME W HTeeH 2 NE L 72 PEG &
fifi VR Y — LARIELOBFERETA X 2V 384, ABC R OFEL &K L oo
BETHA VT ILERD S,

INFE CICHt ST > lEICE T 29t ic L, §it PEG PiikEA %15 ABC B
RiZ, FERSGESEVIZEMHI SN ZMEHAICH 2 Z EBHL 2L > T%, ABC HR
DOIFIDORREEICIIZEDH 5D DD, <7 A TiE, 10 pmol phosoholipids/kg., 7 v FiCH\»
TlZ. 5 pmol phosoholipids/kg LA ETH X, DXR KEH A D PEG EHfi U KV — L HfHC
+4372 ABC R oMfIZh R 235 52 L # 2 5 5 [53, 55, 81,90, 103], £lald A4 X iR
CE T B RERSEIZ. DXR o582 0.2, 2, 20 mg/m2icxf L T, 0.067, 0.67, 6.7 pmol
phospholipids/kg T» v ., Fi% 58 T ABC IR & T2 E/N 2, OPEG &#i U R
Y —LICE AT 7z DXR T X 3 MR ~ DG E N, ORGIREIC X 2 EEE, oL
L O DHEGEHKE VLI TRV, Sk, PEG BV £V — 453 X 0 IS EME K5
PICISH TN 2 AlREME. X 5 ICi3 2 OFIFEGEFE T4 X 3w b 3 ATREME IZIEE ITE v, 2
ZTAETIE, Doxil®F X WY RE A D PEGEHi Y Ky — 4 (F7€R) 2HnwT, 4
XICHWT PEG Effi ) KAV — 2 O s E# 58031 PEG fiiiE LR & RNBI B Il

HEBDOBE 21T 5 72,

F2H KBTI

F1H FE - B9

KFBERMAZY Vg (HSPC) 12V &4 F(Ludwigshafen, Germany) X WAL 7=,
1,2-Y 27784 L-sn-7" ) &B0-3-FRAFKLE ) —AT IV [ArFL(E)ZFLY S
J 22 —1)-2000] (DSPE-PEG) i3 Hifi (Tokyo, Japan) %5 ffit, L7232 = v ¥4 4
(Liestal, Switzerland) X YA L 7z, 2L x5 1 — ) (Cholesterol) 1ZET 7 4 2 LHIEHE
3 (Tokyo, Japan) 721X HAKE(L (Osaka, Japan) 2»HHEA L 72, Z OfthoiR3E X, 5 2
W2 1 HICHBOb0RMA Lz, Wistar £7 v b (. 8 HlR) IxHA SLC
(Shizuoka, Japan) X VA L7z, ©— 27 A% A4 X (i, 8-11 Afw)ixdkili 7 ~ & (Nagano,
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Japan) X VEEA L 72, 7 v M3k X ORI Z HRBEE L7z, 4 Xi3k%z HREEE L,
filkHT TC-1c)% 250 g (1 [ml/H) & L7z, BWEIT = —¥ 4 KRStk fEERFOBEYE
BEBADARD FTEML 72,

E21H FYARBAD PEGEBHi) KV — L oFf#l

7 v MCEIF BP0 PEG IgM Bt = v b v —viiEER A © PEG EHfi ) &V — 403, 5
2% - H 280 - 52 HICEE oM Y L 72,

A 2B O HYARE A D PEGEHiI Y RV — & (77 F) OIFEMMIZ, Doxil® & [F]
112 HSPC/Cholesterol/DSPE-PEG = [(9.58/3.19/3.19, EE&t).(56.3/38.4/5.3 (£ Lt)]
L L7, WI®ic, FRRoREMKICE2 X5 I X ) — VTR S 7z, RICKRIFHE
IR — VNIRRT Z IR L 72 20 580 250 mM g7 v =7 LATRICEE L 28 50
sz ec, HIKY -2 %2l L7z, JBonMYV Ry —L%, 27X PV —X—%[]
WT, AV A—FA— b+ 7 41%— (400, 200, 50 nm, Whatman Inc., Clifton, NJ) % i
XL CRFREFELE, L ZY R Y — L0k FE%BICHEGELE [Zetasizer
Nano-ZS (Malvern Instruments Ltd., Worcestershire, UK) ] ic X D HIE L 7z, Z DEEDF
PRI 7ElE, 78.45nm (PdL: 0.074) TH o7z, Hii\> T, KU T — 7L Ak v EIRALEE
& [43iE]5> 7 &: 300 kDa (Millipore Corp., Burlington, MA) | % Fi\»C, 4 KkiH% L-v 25
PV ERBURA 0 —ARWRICERR L 72, 20k, R L) K Y — LR O HSPC DIRE
% HPLC 12 X W J|I5E L 72,

#31H PLPEGIgM B2 v t v —riiEofFR

5 2F -5 2 i - 9 3IHICEHEROM Y FR L 72,

HFHA4TH 4 X~D Doxil®F X EWFKEHAD PEGEHiY Y — L4 (FF5%FK) ofs
B X ORI

AIEDEETIE. Doxil®E X UHYIAE AD PEG {&fifi ) K Y — L% Table 3-1 iZ/8 %
BB X5, AX128% 4 70— (FAv—F A, B, C, D) icsF, 3 8B
3 HIEARAICERGR G L7, 2O, 2Tofkb5rIckEw T, #5EKREY 1mL/kg, %5
el % 1 R & L7z, & Doxil®FHE QRN HES X O PEG IgM %33 5 7z»., &5
B, #8545, 30 40, 1. 2. 4. 8. 24, 48, 72. 96. 120, 216, 336 ¥ X 1r 456 W:fflic
W AR IC BRI FIR K 0 MR & BRER L L 4 35 X OGS % 157 . BRIMIC R 3 2 B4
BLOREHEFIFE2E - F 28 - F4HOTLHIH > 72,
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#w51E MR FFy ey Y (DXR) OFER

2F 28 - B ATHOLEITIENER L 72,

H
ﬂﬁ

Fo6IH RYBHEENT

2 ¢ % 2 E 6 IE@DBJ:‘AA *—-ﬁEl‘\ﬁq‘*ﬁI/ﬁ-o

H
il

% 7TH ELISA i X 21MEHPT PEG IgM DHIE

FH2FE 28 -5 7 HORLHEITHVEIE L 7,

2 - 2 8 - 5B 8 THORHEITHE VT L 72

HIH AR

%17 Doxil®H X U7 7 ROWIREE RS ES ABC IHRICKITTRE

7 n—7" AICOwTlE, Table 3-1 IC/RF X 9 ic, Doxil®¥]H#51c 513 2 DXR L IFH
OG-8 ABC HRIC TRER AL, PIMIc#S L7 Doxil®ix, DXR of b &
BHRGETH 5 ngDXR/mZ’C“a”Dé LTAHIL, TI7eRERMT L LT, FEKGE
23 Figure 2-3A T ABC IR 0 I 23 MR S 1z @ik 58 TH % 20 mg DXR/m?#HY (6.7
pmol phospholipids/kg) & 72 X I ICHHBE L/, £/, 2RIHB X U3 HHO#KG1X, 77
R E AN TIC Doxil®% i 5.8 CTH % 2 mg DXR/m? (0.67 pmol phospholipids/kg) T
BhH L7z, ZofH, w5 Kk, Figure 2-3B & [AERIC R i At 2 L 7z D

XL, 2 MH#%GFRICIZERG% 5 romclinfEdic DXR 3 S hadr o7, 7=,
3MH&EGRICIE, 5% 57 DA DXR AR I N2 d DD, ZOfEIZIFF I, B
WCHHRALA T & 72 5 72 (Figure 3-1), 7z, Figure 3-3 IO/ 3 0 . KREH <Pt PEG
[gM OFFE S R X L, [FEKRG RO (77 2RI 1< X v ABC HEITHH < 17z
WIED D . T T RGEIMNER L oL (BF 2 %, Figure 2-3B ¥ X U Figure 2-4) & b L
<. ¥RES%OIMEHFYT PEG [gM EARIIMEM L., ZICER L T 2 RIH&SGLAED
DXR OiRIIfEtEE Nz, CDZ e h b, Doxil®IGEBEIED 77 v R EFHIML ., IRERS
Brm®5ZLT, ABCHRB X VEIFEING LRSI NIz, Tz, FAROMER
X, PN T 72 RDOBEREG L7277 v—7 BB LU C CTHMER I, PIlics5 3 55
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HE%, 0.67 5 6.7 umol phospholipids/kg ICE®» % Z & T, #i PEG IgM DELEE B
FHIATRECTH 2 b oD, FFEKSET Doxil®2 5 L5 L kKT 2L, B LAH
REARITIEMT 2HRICH 5 Z L 3B 5 22 L 7 o 7z (Figure 2-4 versus Figure 3-3), %
2. TNHLD V=7 Tk, 2 BB X 3 BIHICES L7z Doxil®B2#ic 7 )V 7 7 v &
I, #5% 5 ok CHRHIRRLLT & 7t o 7= (data not shown),
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Figure 3-1. The effect of a lipid dose in the first dose of Doxil® on the concentration of total DXR (free and liposomal DXR)
from subsequently administered Doxil in plasma of dogs (Group A). As a first dose, dogs received Doxil® plus an excess
amount of “empty” PEGylated liposomes (placebo) (2 mg DXR/m?, 6.7 pmol phospholipids/kg). Three weeks later, dogs
received 2 sequential administrations of Doxil® with a dose of 2 mg DXR/m? (0.67 pmol phospholipids/kg) as the test
dose in 3-week intervals. DXR was determined as described in 2-2-4. The values represent the mean * S.D. (n = 3) for
DXR in most cases. The values for DXR that were below the detection limit were treated as described in the legend of

Figure 2-1.

$21H PEGHEHi) KV — 2 VR LSRR OEERSEY ABCRRICKITTHE

A osd b . ABC Big L, FHEERE WISk X 241 PEG HikDEEBE) L 1F
FERE QBRSO 2 )7 7 v ZBRE) (Rl En5[94]. RIHICE T, 4 Xtk
Wi, IFERGREEZE® 5 2 LT [HEERE] 2HIflTZ 2lHAICH 20D, X DR
FtoTREBNW ERIRLE, £ 2T, AHTE 3OV RELIFSL 2@ L T, PEG i
YRy —LofEKkGREEmD 5 LT, MEHEE] &7 ABC BIRMNHI I HE R
Ak L7z, Doxil®D b MicE T2 iAEEGREIX, WERIFPACEVWTHREEI LTS 50 mg
DXR/m?*TH Y, Z DFEDNEEK G2 IX. 4 X Tld 16.7 pmol phosholipids/kg ICtHY 3 5,
Z D7, Doxil®D DXR 58 % 2 mg DXR/m2 ICEHE L, 77 R REHRMT 5 & T,
FEEGRZE I NP CTRA L % % 16.7 umol phosholipids/kg & L. 3 ;AR EIFE T 3 [4]
B’E5x%{To%k (FVv—7"D), ZOfR, IFEKEGEELZESD DD, §i PEG IgM DL
&%, 6.7 pmol phosholipids/kg CiRER % T> 727V —7 ABLX VR C LRIETH Y, [FHE
EFE ) ~DRIFRERNTH o7, —J7C. 2 HHKRGERICIE T PEG Hifko 2k
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BYBROONT-Z Lo, [FHEGEZRD 7 & CTFET DI PEGIgM 7 V7 7 v X
PRIET ZZ ERARETH 5 2 LB L 2 & 7o 72 (Figure 3-3), Z v, 2 M HES
LB DXR o AE R HER 12 GE 25588 b i (Figure 3-2), 2 [0l H % Gk o Az DXR
DOFRHNIAEICHEME Sz b 0D, 3 [ H LGSR ORI Y] RS L AEE 7 F%ED
iz~ L7z (Table3-2), 2ot b, [FHEEGEZRED 5 LT, [EHERE]) cHwT
ABC HE OGN R AE O NS L 2RI iz,

Group D

= 1tadm.
=i 204 adm.

025 ¢

Total DXR in plasma (ug/mL)

0.025 L 1 1 1 i}

Days after administration

Figure 3-2. The effect of an increase in the lipid dose of Doxil® on the concentration of total DXR (free and liposomal DXR)
in plasma of dogs (Group D). Dogs received 3 sequential administrations of Doxil® plus an excess amount of “empty”
PEGylated liposomes  (placebo) at a dose of 0.2 mg DXR/m? (16.7 pmol phospholipids/kg) in 3-week intervals. DXR was
determined as described in 2-2-4. Each value represents the mean * S.D. (n = 3) for DXR in most cases. The values of

DXR that were below the detection limit were treated as described in the legend of Figure 2-1.
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Figure. 3-3. Anti-PEG IgM production in serum of dogs following repeated administrations of Doxil® and/or “empty”
PEGylated liposomes (Placebo). Dogs received 3 sequential administrations of Doxil® plus an excess amount of “empty”
PEGylated liposomes (placebo) that mimics the lipid composition of Doxil® as shown in Table 3-1. Anti-PEG IgM was
determined as described in 2-2-4. Anti-PEG IgM titers were expressed as a ratio of the OD of serum sample to the OD of

rat serum (positive control, P.C.). Each value represents the mean = S.D. (n = 3)
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Table 3-1. Dosage amounts of Doxil* and/or “empty” PEGylated liposomes (Placebo) * administered to dogs

1st dose 2nd and 3rd dose
. “empty” PEGylated Total “empty” PEGylated Total
Doxil* o Doxil*
liposomes# Phospholipids in liposomes # phospholipids in
Group Doxil* Doxil*
+ +
DXR Phospholipids Phospholipids “empty” PEGylated DXR Phospholipids Phospholipids “empty” PEGylated
(mg/m? (pmol/kg) (pmol/kg) liposomes* (mg/m? (umol/kg) (umol/kg) liposomes*
(umol/kg) (umol/kg)
A 2 0.67 6.03 6.7 2 0.67 0.67
B 0.67 0.67 2 0.67 0.67
C 6.7 6.7 2 0.67 0.67
D 2 0.67 16.03 16.7 2 0.67 16.03 16.7

*The commercially available Doxil (purchased from Janssen Pharmaceutical K.K.)

#The homemade“empty” PEGylated liposomes (placebo) was equivalent to the lipid composition of the commercially available Doxil. (HSPC/Cholesterol/DSPE-PEG,
9.58/3.19/3.19, weight ratio, 56.3/38.4/5.3, mol%)

Doxil and/or “empty” PEGylated liposomes were administered to dogs 3 times in 3-week intervals by reference to the clinically recommended dosage regimen of Doxil for AIDS-related

Kaposi’s sarcoma. Each dose was intravenously administered at an infusion rate of 1 mL/kg for 1 hr. Blood samples were taken from the cephalic vein at indicated time points (Prior
administration, 5, 30 min, 1, 2, 4, 8, 24, 48, 72, 96, 120, 216, 336 and 456 hr. after administrations). The administrated DXR dosages were 2 mg DXR/m? corresponding to 0.1 mg DXR/kg.
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Table 3-2. Pharmacokinetic parameters of DXR after repeated administrations of Doxil and “empty” PEGylated liposomes
in dogs (Group D)

D Number of T2 AUCINF obs AU CoExtrap_obs CL obs
ose
doses (hr) (pg/mL-hr) (%) (mL/hr/kg)
) Ist 347+ 79 82.8 £ 5.8 18.2 = 6.0 1.2 £ 0.1
2 mg DXR/m?
(0.67 umol phospholipids/kg)
+
2nd 10.9 = 3.0* *15.5 £ 5.1 8.4 = 3.1 *6.9 £ 2.0
(16.03 pmol phospholipids/kg)
—Total phospholipids :
16.7 pmol phospholipids/k
" PROSPROTP & 3rd 259 £ 54 55.9 £ 14.2* *7.6 £1.9 1.9 04

The lipid dose of Doxil was increased by the addition of an excess amount of “empty” PEGylated liposomes (placebo).

Each value represents the mean & S.D. (n = 3). * p<0.05 versus 1st dose.

FHAHi B

INFTOF oL w72 <ld, PEG i) XY — 20ffE %5 8% 5-10 pmol
phospholipids/kg LA FICEET 5 2 &1c X V. T PEG IgM oA L Z o5 ABC &
RIHICTE B 2 L ARINTW([53, 55, 81, 90, 103], L2 L&, AKETOMREIC X
D A b A RTHENTIE, 7 7 REINIC XY Doxil®F GOl & % 6.7-16.7 pmol
phospholipids/kg % T T b §it PEG IgM 0 EAZIH E N> 7z, 27T THRL,
Doxil®§ifii & K L T, 77 e R ZHFML 722 & CHURDEABES I 2, 2 0RIcKE L7
Doxil® (77 2 K7z L) oI mEEMEEI L L v HfRTH o7, ZD—
LT, 53N/ PEGEHIY RV — L L NEEYED LFE L T 3 ATREEDH 2
bNb, NHODEEIC XA, BEDHEDEY . DXR H A PEG iV KV — 21341
PEG IgM FEE 2 M3 2 23, %G5 &8O 7 Y —DXR & PEGEHfi ) &Y — L DREV % 1%
5L 7zBcix, IT PEG IgM OFEAEBIIHI E v »w) 2 e RO & 7> T 5 [56],
¥ 72, ARRETE FREAIC, JUBARITH L P RTH v EEH AL PEGEAi) RV — Lk
WT, A XTHLPEG IgM EA %5 ABC IR PR E I N5 Z & 3 T 72104, 105],
KTl HEBUCH W72 P RF A v E A PEGIEHI ) Y — L5050 F KT H v O HLE
FEDIEHNHE D o T 720, ABC BIRABFE S hWi-vgeEnfafishcns, 20, bF
7 H vEA PEG EH#i ) R YV — L BPUAEADJFRR & 7 2 RfEfiiaR IcEET 2 £ Tic,
PEG Bffi Y KV — Lh D b K7 H VIREAZF L AKT L. o 2l EMEA5 5 13,
PUAPEAE & ZNICHES ABCHRDZSFEI N WHI DD TH B, AiFEiCEH T, Doxil®iZ
LI CREBIM G Z RS EBHL L R-oT VB 2 e 2 b, HUHEEE N C
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EORIECH B AR MK L I L 72 77T 2 R ERgIc X 0 YUk M X 7
tEZOND, FEYIFED PEG BAi U KV — 20k 2 B2 M 0@ W O RAR) 72 R I 12
LATRWA, FoHL KL T, BEEHKGRICH W TH HREESHR I NER
LCid, REECl~7z X 5 ICEfEIC X - <. i MZ-B MG D F8E & S Ak E o
BV EL TV BAREERD 5, Fric, 4 X4 2B L Tid, IR, JE v B & IE
'@@m“%LLk%ﬁﬁ\%LT%&@WE%&U@%&UVﬂﬁﬁ#%ﬁﬁéh«%ﬁb
T ARIMERZ AL - BRET 228, A CHERILRED 3 4 @1%%Eﬁ@%5*&ﬁwié
NTW23, 200, thoBWfEL Y | IFHEARER Y XY —L823% <. FREKGEIC
THIZERPIEE 2 F TOFRL_IAVBEVAREEDZE 2 5N 5[76],

ARETOMBICE Y, 4 X3, FoEE gL <, S 21 PEGERY KAV — L~D
EEZERENZ LRI NT, T, FRIBRE 21T o ZHITlZ, FEKRGEZ D TH,
PUkPEA O IIEIZ 2 Tld 7 <. $LPEG IgM DA L 2 itk > ABC HER 2 HE X he
TV EDBHL 2 E R0z (Figure3-4), bz &b, 4 X% PEG Effi) / R 1-E3E
DOFFICH W 256, BRBT VA vOTRCIIMOOFELRLETH L LEEZLND,

¥ 72 FRCHDS A 7 & ARG TR 2 NE L 72 PEG i Y K Y — 2 8IF DFFE Ic &
WL AT L CHIFE D, b L IZBRICHEGE 7z K TS 0 #sh 5 X ORIER ©
BEVNHWTH 5 Z L%\, EEKHOFRAFEBRTIL, YRRBSF /T TH S 0E0IC
Bb o3, Fomfizn &ED/NEofth, 4 X, FABLOI =T 2o KEY%EH 7R
BT g, > T, NET S TERMIC X > Tt BIC KB coORNBIEL L2
HDOF—2EZRBINTHEIEAEYEDHE, 2D L5 hT —ATlE,. MEOT — 2 %4032
EORETH B T L b, A UEWRE CARNEIRESL L0l 2175 2 L A 5,
—J5C, BB Y, FERE h-8WREIC X - Tid, §T PEG §ithkoELE %2> ABC HE
DFEINBARENER D Y, ZDOREIC X > Tid, PEG Bffi) Y — o 8F o b8 - 1]
il - B EHIRE NG C EREIND, o T, AR LY. NEIN KD T
EEM ORI A 5, ABC HRDSFHE I T WH LR EE LR ZED 2 & & 2RI
MICHR TR TH L EEZLND,

fth 5. BEFEh D PEG &8+ k¥ D ABC HROFEM DT 21T 5 IcH 7= - TlE, A

XIREAETHE L E R D, BETIZ. e FTOABCHEK A THIL 5 2713, 5%
BV O I N T\, PEG i) 2 KA OFHF % 1T 5 B 4 X ZHwT ABC
R ZWET 250, b L CIRANT 2 A3 e BT, XV EZESRwEF 2
b5 ERMTIE ABCHRBFHE I I <, FlFE Lo % KR I KR < ¥ 2 Alagd:
5,

AR DA SRS 2 i OV 5 SIS 2 B E O HERAEE - TH Y,
BT _ALTREICEICET 2HMATFZMHL LS E WO RV HADED LN T WS
[106], 5. 2D X5 2V A ZICHT 2 2 & T, Ji PEG fiithoEA R, #itks X U~
r7m 77—V EOEMALORE L Vo ekl T v P 7y FTlda . ZEYEO G
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SEMNE DB G TR IC X > CiFE I N3 ABCHKOEADFRZHL 2L, DT
HEcrlfge b eELLND,

Toic, b PTPRENCEL TH O EFEEMIFESAE L v e M~ v 2 E T UREREGIC X
D fREPCE ZATREMEDS B B, BIRER Tl 2SA IR ORI ICICA S LT W 3 HICH 5
D, vy RICEWTE FMUEROBHICH KD LiRD TE Y [107,108], chb ok Miw
7 A% 5 Z &<, PEG i/ KT #Alo e F CoREINE L THITE 2 A[REMEL H
5,

LAEX Y. PEG &fiiJ / K FBEEREGRICE T 2 REnEofAEe e b FHElICBIL <
X, SHOMART NEIREIIL 0, L2LARSL, ThDOFEIRRL 2BICH T,
PEG {&fifiF / R 7O BRETEFS Ic B W Tid, a2 X MEOBEIS2» b e M~y 22 JLAT
22 LIEHENTERCEEZEZLN, MiEE X OARECTHL 2 & LB E DR % £
2L, HICE DR B OEE LT ' 1 v oL %17\, PEG BAiE &R o
L ZITH C EBFEEEZ 3,

o g

3052 SO
N\
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produced
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© .S
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Figure 3-4. Comparison of sensitivity to PEGylated liposomes
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% 4 E PEG &fiflgEd )/ KF#5icEl) 5 ABC HROFHEM: L
Z PG B 3 S

B1E HS

NEEF 7 ki (LNP) I, siRNA 7 & OKEBEESRICER AT VN ) —Hifficd 5, BEiC
% & DHTERK B X OCBERITZE Ic 35T, siRNA PIE LNP (siRNA-LNP) 234> & %5 Tl
D & Vo8BI AR ICHIFIATRECH 2 T & 2SEEH X T (10,20, 109-111], —fi&

. LNP |, (K pH TIEICfET 24 A UIEHE. V) VIFH. 2L A7 v — 1B XU PEG
i’éf@ 4 ST E N T B, ;na@%@m rO T, F 7 RT-RIANCES X e PEG
FRE X, % O/KFIME & PEG 73 FBEEROEREEIC X Y. F /7 K7 oBe sl & & s X
V&t om FicdE L Tvw5[39,112], —J5 <, @%ﬂf; PEG f&#filZ. LNP & fllfiafi o
HYERZMHI L. WE L7z siRNA OFFIFE~DEL Y IAA Z KT &2, fFiKic 317 5 RNAI
i (mRNA/Z VX2 D7y 2 Xy VIR Y342 2 Lalid I h v 2[40], @
#. PEG l§E 2. PEG $8Kific 2 BUKkED 7 v v §8% /- L € LNP ORFE R ICHEE S
TWw3, 20 PEGFEDBUKMEIRM O K X1k, PEGEHE & LNP OB o HEIER &
WHBIR B 5 e 3b o TE Y, FHnT v %O PEG IEHE 1L, Em?ywﬁé%%
2HbDXYHFEL LNP 2 oli#ES2 2 EBHSL 2L 5T 3[113], [N A =314
D PEG 3 T DEEIMEE &, P2 & oML & oM E/ER %2 L+ \wizo, Fic
FElE % 50 & 3 2 56, R IBM s X OREN 2 IR TR KR ® PEG IEE % &85 2
TEDBNTH L, ZOZLh b, BUCEKRTHEA I L TW 2, T 72 1 3ERHER o IFhE
B LNP Dz & A S, T o0 PEG IBE (Jk#HE#K 14 7= £ @ "Fast shedding PEG
MeE”) M X T 3[37, 114-117],

% 7=, AR o FEAIEER LNP o kIh% 81 v i, LNP o H#F LA L Te Y, T4E
TR SR SET 2L 2HME LT, XV EWT 1o PEG BE (REK
18 72 & ®”Slow shedding PEG JIFE”) #%{&AfiL 72 LNP 235 I LT\ 5%, 21 b DG T
I3, LNP £ IC i85 1c PEG Z{&8fid 5 = & Chi 7O KA vk 2 et U, JEERs~
DB DEERZ R T Z L 24K LT3 ([118-120],

B cFE L 2R Y i \»T, LNP 23 PEG $iifkEE 21 5 ABC Bi&R I X v, RNAI
TEREDSIRES L 72 & W) BRI 13 v, CoBB e LTid, BERKICA->THWE% LD
LNP (¥, K 1&Kf2> & PEG IEEANE-C Wil 2 © & CRIEFMEZIET 2, §t PEG
PUADEAEZMEIL T[S EZ NS, L Lassb, HFE, iRz ENE Lz
mRNA ZHNT L7z LNP ic BT, VR LIFEGKIC ABCHRPFEI N L THED
MEER X, LNP ICBHL THELMFIC L o Tk ABC HEKFHEI N Z EBHL L 7n
> T&7[121], X 5, @i X 5 i2, Slow shedding PEG A5E % F\» 7= BT ACAZE ) LNP
DEIFED T AT TE Y, 5. LNP w72 # 3R I 3T, §T PEG §ifkDE
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Bzt ABCHHR 2R OME & 7n 2 A[REME IR E T & 2w (Figured-1), LA L
728 B BUR siRNA NEL LNP 0 0 3R L 51 B 5 PEG it#EdfE (PEG shedding rate)
D3PT PEG iR DEEE X 51T RNALTEHEIC G 2 2B 2 iR L 2l 125 L A kv,

PlEoz tnb, KETIH, LNP 5K 0D~ 21 H1) 251 PEG fifkDi#E & ABC B
RITHS % PEG i O 2B L CRGT 21T - 72,

Fast-shedding PEG-lipid modified Slow-shedding PEG-lipid modified
lipid nanoparticles lipid nanoparticles N siRNA
(Fast-LNP) (Slow-LNP)

lonizable lipid
Phospholipid
Fast-shedding PEG-lipid (C12-14)

Slow-shedding PEG-lipid (C18-20)

Cholesterol

Figure 4-1. Image of lipid nanoparticles (LNP) modified with fast and slow-shedding PEG-lipid

F2H KBTI

F1H FE - B9

2-TFNAZFN10-(1-AFAERY P v-d-HLR=FFv) L ay /- (L120)
WA FE T (Fukuoka, Japan) THKL72b D E W, 1,2-P X774 L7 ) 0 —)L-
3-k277FY1ay) v(DSPC), 2L 27 u—uiF HAKIL (Osaka, Japan) X WA L 72,
1,2-Y I YA b4 erac-27' ) B -3-2AF AR Y A+ F 5L v-2000 (DMG-PEG, Cat. No.
GM-020), 2-¥ 277 u A jb-rac-7'Y & v -3-AF LK Y AF L xFL -2000 (DSG-PEG,
Cat. No. GS-020) (ZHiH (Tokyo, Japan) X WA L 7z, WEEEF + U v 4, BREE. V VB
F UYL ks o v, ERROKER, ) vEEEEEE K (PBS) ¥R, PBS (-).
Triton X-100, A%/ —n, =%/ —n, 1,1,1,333 -~FH 7 04w-2-70 X)) —L X
Ny ABGEA = AN (Ko va =) a7 F ¥ a4 T X ~=v ) V- X LT
P A Y VIEE L7 A v LM (Tokyo, Japan) X VWAL 7z, 7 = vE—KAYIE
Avantor (Radnor, PA) X W IEA L7z, b U 2 EDTA #E#E K (10X Powder) 12X 7 T34 F
(Shiga, Japan) X VA L7z, PV ZFAT IV, voiET L7 I~ (Bovine Serum
Albumin, BSA) ¥ 7 ~7 v F VU v F (St. Louis, MO) X YA L 7z, SuperBlock T20
(TBS) 7w v * v 7&K X7 v (Tokyo, Japan) X VEEA L7z, 1,2-7 2 =L v ¥ T 3
VT LK T3 (Tokyo, Japan) X Y A L 7z, Goat anti-Mouse IgM Antibody HRP
Conjugated (Cat. No. A90-101P) I X Uf goat anti-Mouse IgG-Fc Fragment Antibody HRP
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Conjugated (Cat. No. A90-131P) (% Bethyl Laboratories (Montgomery, TX) X b BA L 7z,
b U R iR AE A K (Tween 20 &) (TBST-10 X ) 1% Cell Signaling (Tokyo, Japan) X
WA L7z, & siRNA [Z¥— v 7% 4 v (Osaka, Japan) X Y i A L 7z (Table 4-1), Biophen
Factor VII Assay Kit |% Aniara Diagnostica (West Chester, OH) X W §AL 7z, 4 ¥V 75
v 1 MSD Animal Health (Tokyo, Japan) & Y # A L 7z, UltraPure DNase/RNase-Free
distilled water, Quant-iT RiboGreen RNA Assay Reagent, Liver Perfusion Medium, T 7
LY vIUREERE., v o BRIMTE (Fetal Bovine Serum, FBS)., VY IMiE7 LV 7 I v
(Bovine Serum Albumin, BSA). fluorescein isothiocyanate-conjugated anti-mouse F4/80
antibody (Cat. No. 11-4801-85) (I#—E 7 4 v ¥ ¥ — (Waltham, MA) X VAL 7=,
Percoll iZ GE ~n 2% 7 (Chicago, IL) X Y A L 7z, Pharm Lyse buffer, anti-mouse
CD16/CD32 antibody (Cat. No. 553141) | phycoerythrin-cyanine 7-conjugated anti-mouse
CD11b antibody (Cat. No. 552850) i BD Biosciences (San Jose, CA) XV EEAL 7=, IV
b7 v vy v aid B W52 AT (Kumamoto, Japan) X W A L 7z, BEAK (D,O) 1%
Cambridge Isotope Laboratories (Tewksbury, MA) X Y l§ A L 7z,

BALB/cCrSlc v & (lff, 4-58fw) (3 HA SLC (Hamamatsu, Japan) X WA L 7z, ~
7 Z3KkE XL Ok E BHERE Lz, 8RR - A KAt oY EBREZE LD
FRERD T TEML 72,

Table 4-1. siRNA sequences used

siRNA Sense or antisense Sequence [5-37]
Sense GGAUfCfAUfCIUfCfAAGUfCfUfUfACEdTsdT
siFVII
Antisense GUfAAGACFUfUfGAGAUfGAUSCfCfdTsdT
Sense AcAuGAAGcAGcACGACuUuu
siGFP
Antisense AAGUCGUGCUGCUUcAUGUuu
Sense AcAuGAAGCcAGcACGACuUdTsdT

Alexa647-labeled

sIGEP Antisense AAGUCGUGCUGCUUcAUGUdTsdTs—aminoC6 linker-Alexa Fluor 647

N = RNA, dN = DNA, n = 2'-OMe RNA, Nf = 2'-F RNA, s = phosphorothioated. Alexa Fluor 647 was attached to the

3" -end of the antisense strand. FVII, factor VII; GFP, green fluorescent protein.
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% 278 Lipid nanoparticles (LNP) D51

A 72 LNP o {8l % LU iR $, #Wl®ic, siRNA % 1.5 mg/mL & 723 X 5 i pH
4.0 ICFARL 72 25 mM FEEE S b U ¥ ZHRMEIR £ 7212 10 mM 2 = v BERRERRIC AR L 7,
A+ vALfgE (L120), DSPC, =L 25 o — A% L ¥ PEG-lipid [DMG-PEG (C14) or
DSG-PEG (C18)]ix, =1 60/8.5/30/1.5 & LT, =X/ —VICiEfE L, 47mg/mL & L
72, SiRNA B X HIEEOERHIE 0.1 (w/w) &2 XHIcv Vv IRy 7B X< A
v IFF—% T siRNA KBRB L OREZ 2 ) —VigiRZRAEST 5 Z L TLNP %
FAELL 72, IHAEMD sIRNA BX UL & — L OEFGEEIE, 15 mL/min 3 X O 5 mL/min
L7z, Bohs 25%Dx 2 ) — k& LNP Rk, BHF=—7 (100 kD) ZHw
T, Skt Z pH7.5 Y V&R (PBS) ICEL 72, EHifg, LNP % 0.22-pm @ A
VLY 7 4 NE—EACCIEERE R, EEICH W,

H3H PIRTE. sIRNARE, HAROHE

PR EE L UL o BUETE R (PAD) ZB)FEEELE [Zetasizer Nano-ZS (Malvern
Instruments Ltd.. Worcestershire, UK) | iIC X W #HIE L7z, F7-. siRNA @ LNP ~D %

# (Encapsulation efficiency, EE %) (., 4 siRNA 2 (Total) X UHE I N T
W siRNA B (Free) %, fi¢ta3 % M7z Quant-iT Rigoreen RNA assay kit ¥ 7z [3#fH
HPLC ic X vy cllEL, UToRXici o THHE LA+ EE (%) = (1 - free siRNA
concentration /total siRNA concentration ) X 100, RE&ICH 72 LNP ok F+&ZB L O
PdI (3 70-100 nm (PdI < 0.2), & AZIZ 80%LL L TH -7z (Table 4-2),

R 7 HPLC O b s&:tE % LU T IR,

77 I XBridge BEH C18 XP (130A, 2.5 pm, 4.6 mm X 75 mm; Waters, Tokyo,
]apan)

HE)tH A Water containing 100 mM 1,1,1,3,3,3-hexafluoro-2-propanol and 8 mM
triethylamine

Bt B Methanol

BRI 1.0 mL/min

51T LRE 60°C

79vxyv B (0—17 min, 5—30%) — (17—18.01 min, 30— 100%) — (18.01—32 min,
100%) — (32—33.01 min, 100—5%) — (33.01—35 min, 5%)

Avyzryay 15ul

it UV (260 nm)
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Table 4-2. Particle sizes, polydispersity index, and siRNA encapsulation efficiency of LNP

Mean siRNA

LNP ID particle size PdI encapsulation

(nm) efficiency (%)
siGFP-DMG-LNP 94 0.15 91
siGFP-DSG-LNP 87 0.03 92
sFVII-DMG-LNP 85 0.13 88
siFVII-DSG-LNP 77 0.05 91
siGFP-Alexa Fluor 647-DMG-LNP 82 0.02 96

Particle sizes and polydispersity index (PdI) were determined with a Zetasizer Nano ZS particle and molecular size analyzer.
Encapsulation efficiency (EE) was evaluated by using a Quant-iT RiboGreen assay Reagent and calculated as follows: EE (%) = (1
— free siRNA concentration/total siRNA concentration) x 100.

HATH BRESILESYEE (NMR spectroscopy) i & 5 PEG s D filE

% LNP % 68 uL (siRNA & L T 0.68 mg/mL) ¥ v 7V v L, 17 pL ® DO (99.8%
D) X 1885 pL @ BALB/cCrSlc v v A MiF & B TRA L 72, £ Dk, A% 3-mm
NMR Eic#g L, du#Eic NMR I X 25852 Fitn L 7z, #I%E 121X, Bruker AVANCE II 700
NMR 433¢&t (Bruker, Billerica, MA) # v, 300 K CEML 7=, PEG i7" w 774 L
1. 2D stimulated echo pulse sequence (Bruker »¥)v 2 71 7°F L stegpls) CTick L 72[113],
Z DR, WA RE (gradient strength, g) 1%, 16 A7 v 7T 5%7% 5 95% ¥ THIfN X &
72 o YEEEERE (diffusion time, A) 1% 200ms, 77 ¥ = v + @& X (diffusion gradient length,
6) 1% 10 ms, FEFIFFRE] (relaxation delay, d1) 1% 1 s, #LHIFFE (acquisition time) (% 4 s
& L7,

[LNP icf&ffi (f§#&) ¥ Tw 3 PEG, PEG-LNP] & [i##fio PEG, Free-PEG] (3 'H
By 7 FREEL T 5T, 21 H OILENREL (diffusion coefficients) 13 L < E7x
570, BTN/ NMR > 7 F Vgl e ROTRRAICE TED 5 2 L3 TE 5,

) )
5 = Sune exp{-178797Dixe (4 = 5 )} + Susree exp {12629 Diee (4 - )]

ZZCSIEEATy 7CHMIENZPEGDY 7 FAEETH D, Sone B X O Sofree 1T
W RIS ¢ 25 0 DD PEG-LNP 5 X U Free-PEG O v 7 F ABEEZR T, $ 7=,
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y 13 TH OBKEHETH D, Dine B LY Diee 13, £ Z 1 PEG-LNP & X Uf Free-PEG
DIEIRETH 5, %EHKEAL v+ TD PEG-LNP & Free-PEG OEEEIA X, Sone/ (S
0LNP + Sofree) B E D Sofee / (Sorne + Sofree) & LTHRFT LV TES, 72, FLNPOD
NMR 7 — %1% TopSpin 3.2 (Bruker, Billerica, MA) ZfHwT7rt v/ L7z,

% 5T LNP#51C X 291 PEG HiifEAE O FHE

HIN—T 4 ED~ 7 AT, PBS F 7z 13k EHE & v X 7 B IR 7 siRNA (siGFP)
%M L 7= LNP (siGFP-LNP) % 0.003, 0.03 ¥ 7=1% 0.3 siGFP mg/kg (0.053, 0.53 ¥ 7=
I¥ 5.3 pmol total lipid/kg) & 73 & 9 ICEFIRE Y %5 L7z, Z Dk, EEOKRET,
MERIMAF =2 —7 [Fr ¥ =27 b; CJ-AS (7L, Tokyo, Japan)|Z v, 4V 717
VR © FKEIR D DRI Z 1T, 55 Nz IiiE % 3k £ TR ERGE L7z, £ ok, IiE
O PEG IgM £ 72 13PTPEG IgG %255 2 ¥ - 55 2 fffi - 25 7 HOGKHEHITEVWHIE L7z, %
DOFE, —HOFREIFE4E - F 28 - F 1HCEKHO DAL 7,

% 68 Factor VI 7 v 7 X'v v 5

KT N—T 4Pt~y 22, PBS ¥ 7213 siGFP-LNP % 0.3 siGFP mg/kg (5.3 pmol total
lipid/kg) &7 2% X 9 ICREHENR L Y HEHE L7, 1%, Factor VII ICFFER 7 siRNA
(siFVII) #WMNE L7z LNP (siFVII-LNP) % 0.3 ¥ 72(% 1 siFVII mg/kg (5.3 7213 17.8
pmol total lipid/kg) & 72 % & 9 ICEEIR &L U %5 L 7z, siFVII-LNP #5225 1 H#I1C, A
V77 VIREET TN RERD S RINEZ T, B o nziEd o Factor VII L R L%
Biophen Factor VII Assay Kit %\ CHIE L 7=, PBS #5458 Factor VII HIiE{E% 100%
& L., EMIRDOMHN Factor VII fEZHH L 72,

$F7TH Exvivoll BT 35 siRNA DRSS

KT N—T 3~4 lED~ 7 AT, PBS 721 siGFP-LNP % 0.3 siGFP mg/kg (5.3 pmol
total lipid/kg) & 722 X 5 ICREFIR X » HE#%E5 L7, 1, Alexa Fluor 647 T 7 <L
L 7= siGFP (siGFP-Alexa Fluor 647) Z AN L 7= LNP (siGFP-Alexa Fluor 647-DMG-LNP)
% 0.3 siGFP-Alexa Fluor 647 mg/kg (5.1 pmol total lipid/kg) & 72 % X 5 ICEHIR X b ¥ 5
L7zo 1RRER. ~ v X0 &lidan (FHE. P, B0 A, OlB) Z#RHCL . ImageQuant
LAS 4000 digital imaging system (&1 7 A v L, Tokyo., Japan) #%ffif L CHE{RMNT % 1T

277,
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| 8IH siRNA @ FFigN S A6 i

&I N—7 3 PLp~y i, PBS % 71F siGFP-LNP % % 0.3 siGFP mg/kg (5.3 pmol
total lipid/kg) & 722 X 9 ICEBEMR & 0 B G L7z, 1 H##. siGFP-Alexa Fluor 647-
DMG-LNP #% 0.3 siGFP-Alexa Fluor 647 mg/kg (5.1 pmol total lipid/kg) & 7% X 5 ICFE
R V5 L. 1TIfRICA v 740 2 VIR T <. IFiE% Liver Perfusion Medium < 10
SEREM L 72 RIC, 100 units/mL 2 77 F—¥ X 4 T X 2 EL XNy aZiiEif — 7
St (€272 —2) %M, BIC 10 SHERZIT> 7. X Ok, AFiEZ R, Kt
[10% FBS ¥ X U 1 X penicillin-streptomycin % & Z Xy aZ8ik 4 — 7 i (K7
a—R)] ICHERE 72, KRIT, 100 um-mesh cell strainer A%, g% 100xg T 5%
il Lo i L, AFfiiEmE S (v v b)) &7y x—ffifaimsg (B 2572, FHimE s %
45% (v/v) Percoll & 0.5XPBS # &% 50 mL OFzHLIC P L, 300X g T 10 4 fEhiE0%0
HEL 7z, 7 v o3 —fliidiE 53 1% 700 X g T 3 srfEliE OB L. 1 mL @ Pharm Lyse buffer 125
5 L CRIMIER A FRZE L7z, FACS (fluorescence-activated cell sorting) 4t %17 5
BilC. Wd4%r % FACS &K [2 mMoxTFL v 7 3 vIulEEEE L O 0.5% (w/w) BSA
&0 PBS ()] T2 HYHL 7,

ZAlfE (1-2x10°) % anti-mouse CD16/CD32 antibody &K ET5 [ 7L 4 v F 2
— L., FcZAEW%E 7a vy 7 L7z, T, fluorescein isothiocyanate-labeled anti-mouse
F4/80 antibody ¥ X U phycoerythrin-cyanine 7-conjugated anti-mouse CD11b antibody %
Flv, OK T 30 st L7z, Ric, #iflg% K E<T5 pg/mL avik7eovy v o (PDe
5504 v ¥ 2 ~_—1F L7z, Bttt L 72 MlIfiZ, SH800 £ — % — (V =— Tokyo, Japan)
& FlowJo ¥ 7 + 7 =7 10.4 (Tree Star, Ashland, OR) #HWCr L7z, ¥—F 4 v 7
HRIE 2 DI~ g, ARG (FSChish SSChish F4/80- CD11b7) ;27 v »¥—#llii@ (FSClow SSClow
PI' F4/80* CD11b*), LNP %5 L T\wiz\x= v AfilEOFHEOLEE (MFD) %7 L3
W7D MFI 2t (AMFI) %45t <L siRNA (siGFP-Alexa Fluor 647) DfildEia
BeLTERMKL 2,

B MEHFRENT

7" 7 7 il & #EH#ENT X, GraphPad Prism 8.3.1 (GraphPad Software, San Diego, CA)
Z{EF L C{T > 72, Brown—Forsythe test I X O 08 D —E%2 5l L 2%, 7 —% %
ordinary one-way ANOVA ¥ 7z i Brown-Forsythe ANOVA i T L 72, % D 1%,
Dunnett’s multiple comparisons test, Tukey’s multiple comparisons test ¥ 7z {3 Dunnett’s
T3 multiple comparisons test Z{T> 7z, &TCDT — X (I FHELES.EM.TERL 7z,
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HIH AR

%115 LNP 2 o @ PEG I§E Otk i

iz, GFP ¥ 7213 FVII F 54 7% siRNA Z e L 7= DMG-LNP (JEw7 > A #o PEG
JEE AMERfi X 7= LNP) 3 X 18 DSG-LNP (£ 7 ¥ A #5D PEG IR E 23 &4 1172 LNP)
D PEG it 7'm 7 7 A M2 gl L 72, ARGERIZ. invitro lZH T, % LNP %= 7 X IfiF
LIRAHKRICA v Fax—F L, NMR ic X > T LNP icf& L <3 PEG [FE D& % ki
T2bDTH 3 [113], WatokiHR, FEEbER A (M5 L RAER) <. PEGIEE D 80%
~87%7% LNP IZHiALTWB T RO L o7z, siGFP XU siFVII ZNE L 72
DSG-LNP o4, PEG IS8 13561 LNP IH5E L CTh 0. FERICIBEREE 2358 < . 91
fifl & bl U CRBR I K& B L 3R S N b o 72, HRIVIC, siGFP 35 X U siFVII %
W& L7 DMG-LNP Cli. DMG-PEG D#] 50% 725 3 B LAPIC LNP 2 & B L. 80%
DUEAS 6 BEREILAPIC IS 2 C E DL 2 L o o7z, RTETOMGTHIZ L D, LNP IcHE X
T2 siRNA DOfcsik, PEG [REOMEEE ICHEL 5 2w & BRI Nk
(Figure 4-2),

LIEDz &6, DSG-PEG & 9 3 & DMG-PEG (2% %21c LNP %5 i L T
LZZEHL2ERD, B LMEY , PEGHEEE R 2 LNP 2AH#lEhTws &
DRI Nz,

80-

[=2]
o
PR

LNP-bound PEG-lipid (%)
»
o
1

N
o
a1l

Time (h)

-O- siGFP-DMG-LNP -e- siFVII-DMG-LNP
A siGFP-DSG-LNP -k SsiFVII-DSG-LNP

Figure 4-2. PEG shedding profiles of DMG-LNP and DSG-LNP in mouse serum. Sixty-eight microliters of lipid
nanoparticles (LNP) conjugated with DMG-PEG or DSG-PEG and encapsulating siRNA specific for green fluorescent
protein (GFP) or factor VII (FVII) was mixed with 17 pL of D;O and 85 pL of mouse serum. The mixture was transferred
to a 3-mm nuclear magnetic resonance tube, and the PEG shedding rate was immediately evaluated by nuclear magnetic

resonance.
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% 27 DMG-LNP ¥ X Of DSG-LNP H[E# 580 PEG fiffE4 B

HIIEIC 331> T, DMG-PEG %? Fast shedding PEG i5E. DSG-PEG #%* Slow shedding PEG
BB LCHEET 2 2 & 2R L 72, ATETIEZ, 2o D PEGIEE % Fv, LNP 25 ® PEG
DHHEREE A PEG IgM O FEAIC 5 2 208 %3l L 72, £ 3. siGFP Z N L 7z DMG-
LNP (Fast-LNP) % 7-(3 DSG-LNP (Slow-LNP) % 0.003, 0.03 % 7= 0.3 mg siGFP/kg
(0.053, 0.53 % 7z1% 5.3 umol total lipid/kg) & 72 % X 5 ic~ v REFIRAICHER S L 72, X4
FEBRICIE PBS 7z, MGV v 7 id, #EDWRE ©ht PEG YifkoEA L 2 hictE >
ABC BIRMFHEI NS Z L BHAfF I N2 W5 7 HH & L72[53, 81, 90], % DL,
DMG-LNP TiZ, 0.003 3 X 18 0.03 mg/kg T, DT TIEH 2 DD PBS FEL KL T
PLPEGIgM L _ADHREICHINT 5 2 L AR Sz, 72, 0.3mg/kg Tix, PBS &}t
B CHERZNIZRD b d o7z, —F. DSG-LNP Tk, 2 Cofb58 THE»OF
L Wi PEG IgM FEA 2SR S N7z, Z DFE®D DSG-LNP I X - CTHE X hi-#i PEG IgM
Lk, DMG-LNP I X o CFHFEINAL_AD 3 {505 5 {FFEETH - 7= (Figure 4-
3A),

Kic, YL PEG IgM @ 4 235388 & 17z siGFP-DSG-LNP (0.3 siGFP mg/kg) % 2k
W5 L 7=~ 7 2icB VT, MiFTH PEGIgM DR 239l L 72, % Of55E, it
DOt PEGIgM 13 5% 1Ty — 27 I1GE L, Z 0%k~ Icd, 5 i 1 AR R
DPLPEGIgM 0 ED 357D 1 FRE L THAT 5 2 & BHL 5 & 7t o572 (Figure 4-3B), &
DS, PEG BHi ) A Y — 22 L 2L oSG & —3L T»7z[90], Ul &2
5. PEGIRED 7 v A DR X, 2% Y13 LNP 75 @ PEG g8 o E 2, #1 PEG
[gM DFEAICHEEET 5 2 EBRBINT,

72, RIETOMEICH W T, siGFP-DMG-LNP ¥ X ¥ siGFP-DSG-LNP (0.3
siGFPmg/kg) #tic, Hil# 5% 5 H £ THL PEG IgG =% ) v 7 L 724, BHE e dt
PEG IgG DFEA & DOIEMILHERR X 72> - 7z (Data not shown),
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Figure 4-3. Effects of PEG-lipid acyl chain length and lipid nanoparticle dose on anti-PEG IgM production. (A) Mice were
injected with DMG-LNP or DSG-LNP via the tail vein at 0.003, 0.03, or 0.3 siGFP mg/kg corresponding to 0.053, 0.53,
or 5.3 pmol total lipids/kg. Serum was collected on Day 7 after administration. Anti-PEG IgM in the serum was quantified
by enzyme-linked immunosorbent assay. (B) Mice were administered with DSG-LNP (0.3 siGFP mg/kg corresponding to
5.3 pmol total lipids/kg) via the caudal vein. Sera were collected weekly until Week 5 after administration. Anti-PEG IgM
in the serum was quantified by enzyme-linked immunosorbent assay. Open circles represent values for individual mice.
Data are presented as means = S.E.M. (n = 4). * and *** indicate p < 0.05 and p < 0.001, respectively, vs. PBS-treated

control.

% 37H RNAiEHICNT 3 PEG 7 U VHR D&

PEG 7 v ViR 2 LNP @ RNAI {&EMEICE 2 28 2 G 3 5 7= o, #IE#%51C siGFP-
DMG-LNP (Fast-LNP) % 721 siGFP-DSG-LNP (Slow-LNP) % 0.3 siGFP mg/kg (5.3
pumol total lipid/kg) & 722 X H i~ 25 L7z, #H&E 26 7 HiIC siFVII-DMG-
LNP (Fast-LNP) Z 72 siFVII-DSG-LNP (Slow-LNP) % 0.3 % 7z 1% 1siFVIImg/kg (5.3 £
721 17.8 pmol total lipid/kg) &7 % X H e~y RicfE5 323 2 L ¢, YRS I iz
LNP i X W iFE X 79T PEG IgM %° 2 M H#%5-LAFE O siFVII-LNP @ RNAi i & D
FREERC B 2 AT 3 05T L 72 WPERSEERIC X, AiHE R LU K PBS 25 Lz~v v X2 Hw
726

Z DOFEH. PBS ZHi%S L 728 <3, 2 [MHIC siFVII-DMG-LNP ##:5.3 % Z &<, Il
P FVIL 2 v R H L RADPHEBEIE T Lz, 72, 20D v 72 X7 vihElt 0.3
7213 1siFVIImg/kg 312 90%LA FTH o 72, [Flfkic, siGFP-DMG-LNP % fi#% 5 L 72#FIC
BWwTh, 1HEARZIC siFVII-DMG-LNP # #4595 < & ¢, IfifEd FVII 2 v o872 EH L~
ABHEBEIET T2 2L 2ER L7z, ARETlX, PBS ZHifG LKL T, DT
I FVIL 2 v X 7B L SAPHEICEWEZ R L2 b DD, 80WREED ) v 7 X7 v

46



SR FHERF S T3 Y (siGFP-DMG-LNP Fi{%5-1C X 2 o839 Tl b o 72, —77 T\
siGFP-DSG-LNP % fiiif% 5. L 72 B Cld, siFVII-DMG-LNP & #% 58 (1siFVIImg/kg) T
ZIMAER FVIL 2 v 82 L <A DRI 80%% /v 7 X7 v §5 0 Enilith 2L
Twoicxf L, %58 (0.3siFVIImg/kg) icH T, MIEF FVIL 2 v X 2ED ) v
7 2y R 20%FEE F TIKT L7z (Figure 4-4A),

Kic, 2 [ H I siFVII-DSG-LNP % %5 L 72354 I B W TRIE 21T > 72, * Dfi%. PBS
ARG L 7= BEClE, 2 MHIC#S L 72 siFVII-DSG-LNP i X b [ FVII & v o8 2B L
NOVFHEBEICHAD Lz, £ O RNAILEHEIR, siGFP-DMG-LNP LB L Th 20125 % b
DD, ZNENDIRZGE T, 70%F XK IWERED /v 7 XY VIR %R L7z, £ 72, siGFP-
DMG-LNP % i 5 L 7= <lx.2 M HIc$ 5 L 72 siFVII-DSG-LNP (i X 9 I+ FVIL %
VANRTBELRAPHEREIKT Lz, % OBEOIEE PBS %5 L 72 #f CBIS & L7z btk
CREETH o722 L5, siGFP-DMG-LNP Fif%5 02 IR b DL EZLND,
LA L7236, siGFP-DSG-LNP % ii#% 5 L 72 #f Tlx. siFVII-DSG-LNP #% 0.3 siFVII
mg/kg TG L28A, av bu—a i (PBS=PBS) L L CHEER/ v 7 Xy viktk
BRI ImhoTz, F7o, siFVII-DSG-LNP % 1 siFVII mg/kg TG L 725&E1ICEWTH
av bu— A BEE R L CIidEd FVII X v 2B L R ZH] A0%FRE 3R X472 D
D, BERZACIIHERE X ixd - 72 (Figure 4-4B),

LIEDZ &5, siGFP-DSG-LNP (Slow-LNP) % Rijf%5 L 7= #ECld, 2 A H &% 5L D
siFVII- LNP i X 2 RNAi GBS AEREICE T 32 2 &AL 22 & 2 Y| siFVII-DMG-LNP
(Fast-LNP) X Y % siFVII-DSG-LNP (Slow-LNP) @755 X b #)[nl#%5 8k D 2 % 57 1)
TV RTINS,
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Figure 4-4. Effects of PEG acyl chain length on RNAI activity in mice. As the initial dose, LNP encapsulating siGFP (siGFP-
DMG-LNP or siGFP-DSG-LNP, 0.3 siGFP mg/kg corresponding to 5.3 pmol total lipids/kg) were intravenously
administered to mice. On Day 7 after the initial dose, LNP containing siRNA to factor VII (siFVII) (siFVII-DMG-LNP or
siFVII-DSG-LNP, 0.3 or 1 siFVII mg/kg corresponding to 5.3 or 17.8 umol total lipids/kg) were intravenously
administered. Mouse plasma was collected 1 day after the second dose of LNP and FVII protein levels were determined.
(A) FVII activity in mice treated with siFVII-DMG-LNP as the second dose of LNP. ***, p < 0.001 vs. mice treated with
PBS at both dosings. #, p < 0.01 vs. mice treated with PBS and then siFVII-DMG-LNP (0.3 siFVII mg/kg corresponding
to 5.3 pmol total lipids/kg). ¥, p < 0.05 vs. mice treated with PBS and then siFVII-DMG-LNP (1 siFVII mg/kg
corresponding to 17.8 pmol total lipids/kg). (B) FVII activity in mice treated with siFVII-DSG-LNP as the second dose of
LNP. *** p < 0.001 vs. mice treated with PBS at both dosings. “*p < 0.001 vs. mice treated with PBS and then siFVII-

DSG-LNP (0.3 siFVII mg/kg corresponding to 5.3 umol total lipids/kg). Open circles represent values for individual mice.

Data are presented as means = S.E.M. (n = 4).

% 4% FIEHS LNP © PEG 7 VAR 2 BEEKS LNP 0&ENATRICS £ 5

E/
-7

FIE#% 5 LNP @ PEG 7 & AR DEWIC X . T PEG IgM D4 & 2 el ¥ %
tEzon 5 2 [ HES LNP © RNAI GO FAZD bz &5, % LNP ChHill
BE{Tolz=wT 2ICBWT, 2 [ HFG LNP 12 X W kEI N3 siRNA OEERDR D LD
L9 BEAT 2K ELE, £3. =7 212 PBS, siGFP-DMG-LNP (Fast-LNP) £ 7= 1%
siGFP-DSG-LNP (Slow-LNP) #fif%5-L 7z, Kic, 1 R IC siGFP-Alexa Fluor 647-
DMG-LNP (Fast-LNP) %5 L. &Mfidzs (0. PRE. B0, i, 06D #1 o siRNA @
RN AR 2 5l L 72, 2 OFEE., PBS ZHi#5 L 7-#E Cld, siRNA (I FICHFIICEE L.
i, B, o BRI, DRIz A EEREL T o7z, siGFP-DMG-
LNP % 72 (% siGFP-DSG-LNP % Fi#45- L 7-#£ < (3. PBS #if% 54 & Hik L Pl & B <
HELREBEROMMAEED bz, £7-. siGFP-DSG-LNP #i#5 L 728 <3, PBS ¥
L U siGFP-DMG-LNP % {iif G L= & i L T, AEEZFi-> Thi~X W 2 EMT 2
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ZEBHL L IR oIz, — )T, Bl O TIE, siRNA oEBRICEEAZIZZED b
725> 7= (Figure 4-5),

Kic, 7a—H%4 F A Y —%fEH LT, PBS, siGFP-DMG-LNP ¥ X Uf siGFP-DSG-
LNP ofij#%5ic X v, D% D siGFP-Alexa Fluor 647-DMG-LNP (0.3 siGFP-Alexa Fluor
647 mg/kg) DOIFNE (ML E 72137 v~ —HifE) 1CB1F % siRNA OHMIfUEREE & 770 ic
BT TRBIC DT L 720 FFHIIE & 2 v -~ —HIE O MIlE 4 E . S DR R~ — 7
— %A L CFHli L 72 (Figure 4-6A 3 X U 6B), Z OfEHR, PBS Zhif5 Lz T, 2

Hicf5 L7z LNPIic X 0, siRNA AFfifE & 27 v ~—HllEom A IcE/E L Cnwb 2 e
Bl 5 22 & 725 72, —J7C. siGFP-DMG-LNP % §i# 5 L 7= 83, fF#id~d siRNA 0
fEEZay b —1rThHs PBSHIEGHEE KL CTHEICERS 2 2 & RHL 2 L o T,
Tz, 7y MBI BT 2 EEB DN T B EMICH > 7245, PBS FEL L <L
T3 DDEETII R o7, —J T, siGFP-DSG-LNP % Fi#%5- L 72#ECi3. FFfllia
I3\ T siRNA OFRFILIEF ICE L 2RI g, 13IFe T2 v Y —HllgicERE L.
ZDfEDH PBS BEE LUK L T L &> » 7= (Figure 4-6(:)O
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Figure 4-5. Biodistribution of siRNA delivered via DMG-LNP in mice pretreated with different LNP. Mice were
intravenously administered PBS, siGFP-DMG-LNP, or siGFP-DSG-LNP (0.3 siGFP mg/kg corresponding to 5.3 umol
total lipids/kg). On Day 7 after the initial injection, siGFP-Alexa Fluor 647-DMG-LNP (0.3 siGFP-Alexa Fluor 647 mg/kg
corresponding to 5.1 pmol total lipids/kg) was intravenously administered to the mice. One hour after the second injection,
the organs (liver, spleen, kidney, lung, and heart) were harvested and the ex vivo fluorescence intensity in each organ was
measured by using an ImageQuant LAS 4000 digital imaging system. Open circles represent values for individual mice.

Data are presented as means = S.E.M. (n = 3 or 4). * and ** indicate p < 0.05 and p < 0.01, respectively.
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Figure 4-6. Accumulation of siRNA delivered by DMG-LNP in hepatocytes and Kupffer cells in the liver. Mice were
intravenously administered PBS, siGFP-DMG-LNP, or siGFP-DSG-LNP (0.3 siGFP mg/kg corresponding to 5.3 pmol
total lipids/kg). On Day 7 after the first administration, siGFP-Alexa Fluor 647-DMG-LNP (0.3 siGFP-Alexa Fluor 647
mg/kg corresponding to 5.1 pmol total lipids/kg) was intravenously administered. One hour after the second
administration, hepatocytes and Kupffer cells were isolated from the liver and analyzed by using flow cytometry. (A) Gating
strategies for hepatocytes (FSCM¢" SSChsh F4/80~ CD11b~) and Kupffer cells (FSC'** SSC*¥ PI~ F4/80* CD11b*). (B)
Representative histograms of siGFP-Alexa Fluor 647 in the hepatocyte and Kupffer cell fractions. Pretreatments are shown
in the figures. Gray solid, black dashed, and black solid lines indicate the PBS-, siGFP-DMG-LNP-, and siGFP-DSG-
LNP-treated groups, respectively. Shaded histograms show the untreated group. (C) Amounts of siGFP-Alexa Fluor 647
in the hepatocyte and Kupffer cell fractions. AMFI = mean fluorescence intensity (MFI) — MFTI of cells of non-LNP-
treated mice. Open circles represent values for individual mice. Data are presented as means = S.E.M. (n = 3). *, **, and

*** indicate p < 0.05, p < 0.01, and p < 0.001, respectively.
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FAHi B

PEG {&ffiiZ, LNP i & > THIF|IOFHE TR T TR, ZORELEE2HET 5 LT
HETH 5[39,112], /-, PEGEEHiiiCcX V., LNP 23~ v 77—V EOoERMILICE
VAT N ZEIALHY . LNP ot d m k3 2, 22 X LNP 23t Ml ic B Y
AENDMEERELIEE 5, Lo Lads, @A PEG &L, /7 K1 L ENMiIE e oA
ER 2157, NE Sz siRNA 72 & DY OMIIPIEL Y A A 3 X OHIIEE ~ D %E R % I
HEFBEBAMONT WS, ZDXS R PEGICX 3 [F /Ko ttomlt] &

A & oEEflBHE IC X 2 MIIENELD AABEORA | & »w KT 2 FlE I “PEG YL v =
& LTAL ik hTw 3 [122-125],

LNP Tid. ZO“PEG YL v~="of#EIicxf L, Ifif< PEG lREBKE%Z F /7 KT 556
Wit &2 &) FEPIO NS Z & 03% . PEG &6 LNP 23N @3 % siRNA % il
NEICRIRAICIXE T 5 7201, PEG IFEOMEEREREE 7 7 7 X —TH 5 T L HEE
DL THIE X LT % [40,116,118, 126], LNP i NE X 7= 38 % 5h3R 1 1< B e~
KET 57201t LNP 2fiicE D A i, d L < IIHAMERZ M E 5 % Cic LNP
K D PEG lFE D—E8 % 72134 TH LNP 2 5 s 2 2 L 23HI#©H 3, D PEG ifif
DXAIVIHPIEFICEETH Y, B EHT E 2856, 2 0BERE2 & LNP ofFEr
FiZ ISR ICIRE X 5, —/ T, B2 S & 28541213, LNP % FFiRLASL o ffk~
SR+ LIFAREL 70 5 A3, I LNP OMIIABATAY T b v, BARFL 228052155
N WATREWEDR B 5,

KEICEH T BRSO F, BiEbEE 0\ PEG lFE (Fast shedding PEG flFE) %M
3L T, JiPEG IgM oFEELE IR E 2 2 &2 BRI L 72, BERICEH T, T PEG IgM
FEEIC I T % I MZ-B fila 3 s el 2 -9 2 &, X HICiddl PEG IgM oFFEIC
1% PEG &fifi / K+ X 2 MZ-B #ildORIBD EE TH Y | D PEG 531D A Tl
PEG IgM D FEAIZIERICTI W L S L & 7o T 5 ([51, 53, 64, 811, 21 D#Hitih
5.5 0% 5 X 17 Fast shedding PEG lF' & (DMG-PEG) D K4 231 G < 2> 1 LNP
2 HEEEL . LNP 23isic 25 L 2 KFiciX, LNP o FRMHICHk - 72 PEG I[FE 0 =23 9EH I
Din | RO MZ-B MlE 2R T 2 IR S 7 o = AREES R S B, £ DFEHR, Fast
shedding PEG iF& C{&8fi L 72 LNP (Fast-LNP) % §i#5-L 72356, VL PEGIgM 2813 & A
PREEINT, 2 [ H IS L 7z siFVII-DMG-LNP 5 X O siFVII-DSG-LNP @ FVII % v
NIBED )y I Xy VIR EHEL ot EZHbND, XWIEAYIC, Slowshedding PEG

(DSG-LNP) #%{&ffi L 72 LNP (Slow-LNP) (%, #5%ICHl PEG IgM OFEAZFFEL | 2
[0l H 12 #%5- L 7= siFVII-DMG-LNP ¥ X O siFVII-DSG-LNP @ 27 v o3 —#lllid~DHL b A H
ZREST 2 Z & T, MHlild~D siFVII OBITEIMET L, FVIL X v 28D ) v 7 Xy v
IR L2 & B2 b5, o T, AffiRid. PEG OHEERE % it 35 2 &ic X
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b, LNP oiiid & oM AER & itz filiEll 32 2 L [RETH 2 Z L 2R T 5D D
TH 5,

PEG i) # Y — Lk Tld, #IRNCEG 3 2 REBMEVIZ L, P PEG IgM 2%
AEhn, ABC IRAFHEINLCT VI L AHL D E > T 5[81, 90, 103], x 5ic, B
W, F2 8B LUE 3BEOMEL L, P AAIR & oMaEEE0 Y % NE L 72 PEG &
iV R Y — LTl BESIESHECE L WvIT & DK SE TlaPl PEGIgM FEA25HE X
N2, BRI G B CIIFEIN R T LRI NTWB[53,81], —/ T, HiE% i
BT 2 EAD D 2K (777 23 F DNA %7213 siRNA) %#i%#Ed 238546, PEG B )+
TLy 2 R/VEY — LA, HERNEVIEERSGREICE VTS ABC BHRZFHKT L H
W5 X T\w3([57,58], PEGER Y A7 Ly 2 2/) KV —24k LNP Tlid, Z DENBHE
©F KT AR GERIEED Br s e Z 2 b 508, §ii PEG IgM 0 #FiE & ABC #HRIC
DWW CHEME T 5854, PEG BffiF / K7D E% 58 & kET 2 Y o5 o %R IE
WICHEL R EEZLDLZD,

KETIE, =7 RICHEYPHED siGFP-DSG-LNP %##45. L 72ic . #1 PEG IgM 23
BN LERLE, Thid, LNP B L Tk, BulFg#sgicsncd, MZ-B il
foF I REERIIFE I NS, FLPEGIgM 23 EEE b b 2R L CWw5, £/, LNP
yifh (BBsx ME L7swvs LNP) 23, V2 F v 7Py Mot d 304 L Fkkic, B #ll
JCEZTHE T 2 L liE I Tw B [127], 6o T LNP BRER 2 iGEL L. AR
ELTEVEVEERSETH PEGIc T 2 EEARSEL T, JLPEG IgM 2 EA I
TWBHEENERE Z b5, & bIT, KIfFETIE, 2'-O- A F A7 U ¥ v &6 siRNA (siGFP)
75 & DG EREE DK sIRNA 2 L Tw 3 2 & 25, A siRNA 23 6005 & @3 1< i
LTWaAREERREwEEZ bR, 2 0HAIRIZ, MZ-B Mt oAt % fif 3+ 2 72
113, [PEG D EHERE OFlE ] & [siRNA OLEER | OMiFHAEETH 5 2 & ZREBT
5H5DTH 5,

LElofECiE, siFVII-DMG-LNP @ FVII X Vv oX2BED ) v 7 &7 viGtkEd siGFP-
DMG-LNP (Fast-LNP) D i# 51 & o THEEX*ZF 2w ik L, siGFP-DSG-LNP
(Slow-LNP) Zif5 Lz35&1cid, 7 v 2 8y VikEME T+ 3 2 2 2R L7z, Thid,
siGFP-DMG-LNP # i 5. L 7-#£D /728 siGFP-DSG-LNP # {i#% 5 L =% X v . 2 [MH
%45 L 7z siFVII-DMG-LNP DOF#fd~DEAT I S h 072 Z L ZBRL T, LA Lk
B, TNUHDRICE W UREROBITRICHEREZ IR bNh o7, TDLNP %
L7z siFVIL @/ v 7 29 ViEWESREAT 2 A =X L% HL T 570, RETHE,
FACS % v CHTiElic 351 % siRNA O#ilef 2 K L 7z, % DR, siGFP-DMG-LNP
ZHIRG Liz= 7 ATld, fHilge 7 v~ —flifdoii /7 ¢ siRNA 2R I Nz licxf L,
siGFP-DSG-LNP #fiif 5 L 7z~ v 2T, 2 [MHIC#S L7z siRNA 1ZI13IE2TY v 58—
HIICERBT 2 2 L 2L L L7z, 2hid. DSG-LNP o#]E# 51 L - CTHE X h=Hi
PEGIgM I X - T, 2 [MHICHES L 72 siRNA D4 a2 T2 & 7 v s —fiifidice 7 + L

52



ZltEERLTWS, UEhoZeh»o, itz L L7z siRNA OFZIEZ Z OFA
BIRED: & 3l 3 5 A, TFIESIRICERE L 72 siRNA O 8H 5 34T L EE2 FHlT 3
EATER. X0 IEHEATENCIZHIEL ~ AT O ARSI T H 2 AHEMEARIB X hi-,

72, BEDT T2 I F DNAWE Y K Y — L2 8HF| % F w7288 offfge e, ) Ky —Lh
O D PiEEEE D@\ PEG IFE Z W 72561t 0 RLEGRICE WO B TICHEL
IO 2 v R 2 HEOREERIEN L a2 EXMEINTE Y, EEMAEE
By & L 7235812 b Fast-shedding PEG JEE2EH TH 2 AlHeMERE I T\ 5 [128],
—7C. LEOWETIE. BEHEE 0 PEG IEE % V723854, 1 PEG ¥l &
b, 2 [ HEG A OEEHAK O £ v o 2 FHEBITET T2 b 0D, HlicEF 2 2 v o3
7EORMHEILICHMT 2 F:FbME I NTWE[128], 2oz erb, F/RTPHE
TAEY O, Z L CHEHEL M HYIC X o Tid. §i PEG ik AR i 8 < lpENE:
BH 5, FEEE. PEG Btk iR LG RO HUREER%ZFIH L <. PliE MZ-B il % 5
)& Lz A PEitiEmFE s His L T 28ED H V. §i PEG fifk e Znictf 5> ABC Bl
REFIH L 72 03O BFE AR S 5 [129],

Z D, RFEIC I T B a0 CIRE ICEREE V- fE, #)EH%S LNP i< X o Clifici
PEG IgM 23F1E L T 2RI Cld, fl 2 Fast shedding PEG JEE % {&ffi L 7= LNP T& %
DMG-LNP (Fast-LNP) ##5 L 72381 B\ Ch, HE X 172 siFVII © RNAIL E&HE2 )
FlENZEMCH -T2 VI 2L THD, Thi, 7 v S—Hlldic X 3 DMG-LNP o Zu#
ALY ABDJFEA T, sIRNA DOFFHIfE~DREATHIME T L2 2 & 2R L T b, BWED
ek v, ABCHHRICKX 2 PEGEMiY RV —2D 2 )T 7 v 2 13%58 15 5 LLNIC R A
TBZEDBHL L o T 5[43,103], it > T, &2 T D PEG 2 LNP 20 & i 2 Aijic,
BEfZ D41 PEG IgM 28 LNP O [H ® PEG ICH P2 IS5 & L, MRS 235, Rfkiyic
ILNPDZ VT 7 vABMEEZ LTS &F 2 b (Figure 4-7),

phenomenon

Fast-shedding '-"J‘(.

e LI Ty 4 >
= PEG-lipid & _' ¢ 3
15 A Fast-LNP .
230 = é.f”}% i LERE] 2 Few or slight
WRDES & A few Little LA
: One week produced impact W x5
Fast-LNP e
Slow-LNP
Slow-shedding » : 7;",?-' 5
= PEG-lipid : Lo T
2 " %'{."S\\/ Fast-LNP
g . Intense
W2y i 4 M
L, - ” LD D
° One week Highly _High KT
Slow-LNP produced impact -
Slow-LNP

Figure 4-7. Summary of ABC phenomenon in fast and slow-shedding PEG-lipid modified LNP
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LA, B MCB W T PEG BMiEZHEMNOBEEOHEICEDL S I, & SIcidflE ek »
THHFOP PEG LA ZRA L T 2 FHI 8L HERSE T\ 5 ([52,72-74], Iz <., BE
o4t PEG $ifks3. PEG &) 2 ki 75> PEG {&#fi & v o< 2 72 & D PEG EAfilES D&
PNROWHE 72 E T LA F =G EORIWEAFIEDFIK & 7 0182 2 & 2 RB S 23
Mz TE TV 3([66,69,121,128,130,131], 2D Z &5, PEGBHERN OB %
19 E<, MLPEGIEA~DBELIISHDIMEL T EEZLND,

PAEX Y| RS X CHRIRICBE D &3, BIfFOHT PEG JUADFTE L 723561213, Fast-
shedding PEG IFE Z 7= 8AIc 5T ABCBIRAFEI NI AL H 2, Thb
DAL, PEG &fiiJ / R 1B ORFEREIC B T 251 PEG filkofREROE=X)
VIDEEWE TR T EHDTH D,

54



FBSE R

AT Cld. PEG Effi) / R RAIOREK TH 5 Doxil® 5 L U2 D7 7 K%,
ORISR0 PEG HUADEA & 2 it > ABC BIRICB L. B3 2Bl 2577
T xRHLLE Lz, 2, EF, BBOT IV AN) =Y —n & LCTHFEHI LS LNP
WBIL., ABCIRRBFHEEI NS EHS 22 & L, & 51T Fast-shedding PEG FE % F
% Z & THLPEG IgM oFEA ZHlHIFRETH 5 Z L R L T,

22 mclk, ko Doxil®% v, A o@WfE (v A, 7y, 4 X, F, 1=
7' 2) IZH VT, Doxil®F H5HFD T PEG [gM &Mk & i DXR REHEFICBIL <. %
I 72 Ml %2 1T - 720 ST ORER., CNETABCHASFEI NV EEZ LN T W
Nt EVE DM A3 NE T - PEG B ) K Y — stk nTdh, Ki%58 T3 ABC HE
FHEINDILERL, EHIC, A X I =72 EOKEYNICEL Tk, FothifEeY
L L T PEG i) &Y — A ~DREZEDE <. ABC HIEAHFEI LT VW L %
O 2L Lz, AT, &2 TOEYREIIC 31 T, Doxil® D EiRHERE S 5 B CilB 21T 5 RV .
ABCHRZKE A 3 bV L 2R T2,

F3FE T, PEGEHIY K Y —21CW T 2 EZERE L BHL L o724 XiTE
W, RD Doxil®Bs L U020 7 7R E M, [FEEGELE ABC HROBGRERKAEL
oo METOMER, FoECTRZEEARDGIEEC Ih, ABC HEFEI WAL In?
L ECREKRESRZ2EDTH. 4 XICBWTIEi PEG ditkoEd & zhnictE S ABC
BARMPFEINDE e R LT, TIC XY, IFESG R &Pl PEG Hifko A ICIT R E 72
BRI T 2 2 AL 72 Y . T 28 IC Rl R 7 e b 2 &y
I oM EIRT i, UYHOEEDEEE RIS L LT,

HAFETIZ, chE oA E N TWiad o7z LNP ICBI L, siRNA A& LNP %
ETNMC, Z D ABCHROFEM: % FHli L 72, % Of5H., WH 0L EWR LD 720 0 s
BAKBR D PEG E#fi % fiti L 72 LNP I35 T, §1 PEG IgM DEEE L Z iR F 5 ABC
HENEL B RO, E L, X Hic, i L7 PEG ISR 23 2E RPN Gl <0 > 12 il 3
% & 9 IC Fast-shedding PEG JlEE % H\» 5 & & ©, L PEGIgM D EE ZHilffin[gecH 5
& %R L7z, —Ji T, Fast-shedding PEG lFH Z{Effi L 7z LNP ic B\ Td . BfFDHl PEG
[gM 2TEET 2 5 A 1CiE. ABCHR2ZSFHE S i, LNP ICHNA L 2B FEEAME N2
LEPHL L LTz, 2D b, #5595 LNP HiKOHT PEG §ifkoiFE 72 Tt <,
MOV PEG itk E=2 Y v /33 2 L 0EEN AR L 7=,
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E3MOFFER TR, KA ABEEACCHE N ED LN 2L 26, FEFYRED
PEG {&ffiJ 7 K1 1c0t 3 2 B2k %2 F 82 3 Icilbi 2 Ei L 7256, £ DEESEROR
KD VERE % IEREICEHi© 2 2 WATREME DY B 5, 6o T, FHilis %2 PEG &8 7 f 78| o
FrEs L OKEMIC BT 2 BZEL2EZEE L 20, sz 794 v 32 2 epEEL
25,

AKWFZE ClE HiA AFIE A PEG B/ Y A Y —2icB L <t 58 % Rt 32 2 & <,
BEEPIE LNP ICBY L i, Fast-shedding PEG & % fl\» 3 Z & ©. #i PEG itk
LEnICHES ABCHRZHIFITEETCH B Z 2R LT, —/ T, 5%IE. WBAHIDO XS
ilEEED & 2 3EW 72T T <. X Y IEEME DR VEEY) 2 Hva 72 PEG &Efi ) &+ Y
— LHBIF|ORFELED LN L AREE S E Z b D, 72, LNP Bl T, [EEMHEMEE
P& L7286, 9L PEG JUiRZFEL T W & 3B 5 22 & 7n o 72 Slow-shedding PEG fi§
BN EAICHE, DX I RT—ATIE, X VPLPEGHADBEE S LT &
5 L FABRICHEE e <L BTEEORIFERE TlX ABCBIRIC—HDHEEAMEIC R D,

PEG &ffi Y KV — 2% L 3§ % PEG EHfid / fir#AIOFFEICHZWTIE, BITLT
FAFAHED . b L IZBRICKR S Wiz BRGS0 s X CEER odE s HWTh 5 2 &
BH 5, Zogt, PEG BH#iF 2 R HRANCAE S h 2 EFEMCBIL T, BlicKEY <
DIENBNEER LT — 2 BHEINT VBRI EBMEEINS, 2D X5 7 —ATlL, BE
HOT—=2%4EpE 2225, FUEBYECHNEIECKR2MEDOFHI 1T 5 & & 23§EdE
ENZ,LALAEDS GEREN T8N ABCHEAFEL LT WHTH - 254,
PEG f&ffiJ 7 K 8A 0B 7 4 v BHIR S W3 vRetE ® 5, it T, AFFEER X
Y. PEG & 7 K1 8AFNC NE & 4 2 RS DOFAFEBFE 2> 5. ABCBIRAFHFEI LT
WA RXRFEREFTETIE RS, PrefeCHiliREEzED 2 2 & T, XY #EWNR PEG
fEfiF 7 b BF OIS L EL b L EZ BN D,

LiEo X5, AR I, PEG Ehi 7 i #H % Aoz BRI CHE
TAREEEIMAZREST 20 TH Y, SBROFEEOIRLFAFEICHBNT 2 2 & 23 HIFF
TIN5,
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