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NP: Nanoparticle

PLA-PEG: Polylactide-polyehtyleneglycol block copolymer
DL-PEG: DL-lactide based PLA-PEG

D-PEG: D-lactide based PLA-PEG

L-PEG: L-lactide based PLA-PEG

SC-PEG: Equimolar mixture of D-lactide based PLA-PEG and L-lactide based PLA-PEG
TAM: Tamoxifen

DLS: Dynamic light scattering

SEC: Size exclusion chromatography

MALS: Multi-angle light scattering

RI: Refractive index

"H-NMR: Proton nuclear magnetic resonance

SPE: Solid phase extraction

HPLC: High-performance liquid chromatography
UPLC: Ultra-performance liquid chromatography

XRD: X-ray diffraction

CD: Circular dichroism

EE: Encapsulation efficiency

DLC: Drug loading content

Du: Hydrodynamic diameter

Ru: Hydrodynamic radii

Ry: Radii of gyration

PdI/PdIne: Polydispersity index of nanoparticle

Pdlni: Polydispersity index of block copolymer

ZP: Zeta-potential

PK: Pharmacokinetics

AUC: Area under the blood normalized concentration-time curve
Tip: Half-life

Crot: Total clearance
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v 7 HAA (PLA-PEG) NP ORAIEE A | flix O FIEZ2 W TIIT Lz, S 512, Frfg
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PLA-PEG NP O JFUEHRF: K OBUFN R4 &2 1F 9 PLA-PEG 7' 12 v 7 LB SR D LR D
T OWNT, BR XAREHT (XRD), ¥ XPEkR2 v~ F—ZAHEMR T (SEC-MALS),
7' b USRI A7 f v ('H-NMR), BIEGHGELIE (DLS). EfAfifiE (SPE) %4
FHDTHEdT L 7=,

ZOFER D-lactide, L-lactide % £/ & 3% PLA-PEG (D-PEG. L-PEG) %, fEfatEaE ~L
7273, DL-lactide % J&#% & 4% PLA-PEG (DL-PEG) 1%, JESMVEREOHEEZ R LT, BT
D-PEG & L-PEG OZEE/VREWIL, stereocomplex & FEXAL S BIDfE A (SC-PEG) %Ak
L7,

T/, MAREMED /2D PLA-PEG NP % DLS, SEC-MALS, 'H-NMR (Z & Y fi#ffr4 2% =
& T, NP OREER B 2 5 L7z, T OfE5:. SC-PEG NP % DL-PEG NP, L-PEG NP
EHdE L, il PEG BEMN 1.5~ 23 @\ 2 &2 R L, £ AZEY tamoxifen (TAM) @ NP
R ~OYEERAE B 5~30% KT 5 Z L 250 Lz, AfERIL, SC-PEG NP D E W
a7 OFEERMEICE Y . PEG#HBUK 2 7IZH b T, RiEICEIM L2729, YEE &4 K
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PLA OffshtkE, FRAEWE Y & PLA-PEG NP KT TAM OANEIREZ 28 S ¥ 545 TH
DT LR ENT,
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BT wR LT, RO TIT, BHEEEZ RO NP 2 W2 E3RABERICRI LT, F
WM T 2 b D LB X B D,
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X, B FERMLIZT TR, PURERS, BRERES, VANV il D=2 —FH
U7 A IZABEDOFENER L THY . 2% I bR HMEMBEDOHE RN RIAEN TS, (1)
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M{t DDS (2B W T, € OMBRIEDOBL AN OEENEE > TEY | BEEDAZITILD
E LT A RIS S RTWD, (6-8) Z4uh DDS HifioHc, F//8—F7 4 7)1
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fEM{E DDS (3R D 2 DTSN 5, NP OO m R . enhanced permeability
and retention (EPR) ZhRAFIH LT, FIZ 75#1/81@59"]4[2?5xiﬁé’ﬂ@%?ﬁﬁm (passive
targeting) 72 5 NZ, ZEHFEEE % NP OFRmIIER LRI ~3KY) D1k % Rk T
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Mo e MERRBR~D T AL — a3 rThbd, Bl BEDAICEWTIL, FEEKE
TELTHHISND T AR FBET MZBWT, EOMIHEN B MIHEATHV A
DI TS, (12) £72, EPR hRICBELTH, B FEFHFEKRET VOENR, £D
SMEPEIZBI T 2 BN STV D, (12, 13)

7, EHGE L ToflE, WEEHRICBWTHEWEBENFEL TS, 20X 573
FfE A7 DDS BANF@E OIS FERMICHSTEETH Y . TOMMEIX, L2
FEICL Y ERSINLD, NP 2 ELRANL, K TEHEMIC wf%ﬁﬁémé RO
E WV o T AL FRVRE 7R D TONT . MR & OTEM FRIFFHEITIN 2 T, R FRRPE AR, i
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2%, L LG, 20X 57 DDS BAIO FEEMIFE &K OFEERRIFE T, ZOR%0ME
RBZRMEDIERITE A Y T H AL, BAIRHEOFHELRIEEIZ OV T, +“&ﬁiﬁﬁé
TV, NP ZEFHRFNCIR S 3, EESOT WO BURIZEB W T, AR 60
(2RI B T T AR & A R (CQA) & LCRIEL., ARG Tr 7 7
ANVEERT DI, BETRE EHICEIEL, FEMERE L, fIEEHO LW -E T o
BRAEMETDLZENTA RTATHEHRENTWD, (14) 295 LIHflE 6o NP H
DDS OBAFEHEMEZ B & LT, AEHHIY 5 NP 252 DDS #ANCERET 014 K74
V. VTV T va R N=RNEHENTWD, (15-17) 26D HA RT7A4 2 OFR TR
NP BUBLE O REHEfEAT 238 U C, %%&Wﬂ% PR RA~ OB ZTRD H 2 L RS
TV 5, RFIRrE 2 BRR T 5 72 0121X, NP 24T 2 FEAEL O RREMNT & & A 72 IR E 72
%ﬁ%ﬁi@ﬂ%%f%é#\%®ﬁﬁ$%iititﬁiéﬂf“é& SV, E

7o, BUEFEOBEEME, FIEEHOILN TR AT A =2 R EL VWO BRI TH, /FRIL
T BAN OB 5 2 D EBEFM L, TRARTA—FERETHILENEETHD, S
BT, MiEH TO NP ORHEZ(L (IIEYE) 2OV THEMET 5 2 &b ER I TV D
Thbb, TuT A raat LIS NP JEUA~DIIE S v 37 B OW G 2850, ;M@O)
MiEHF CORENER EA2FHM L, AERNTOZEBIE L CTHME L, TORELHIET 52 &
MRS,

2D XD RN G NP AL DDS 845 0 AN R0 Z 3 B A RS D JEAM B & (R R AU EE
i FTRE 7R REVERRNT FUE A ML T 5 2 & L BFIREED I rT R e JUE L 232 Z & 2 b Y
(IR RHE D IR ENRE, A D72 & NS RIT T A T4 5 2 & 23 NP % DDS
BUFN O EIRHBIICB W CTEERRIER £ 72> TV, 20X 5 72815 To NP 5L DDS
WA OWFIEIIAR 7 TH D,

Z I TCTEFRILLE, BRMIERIITON TS ESTE NP & LT, RN LBR—KRY =F
Lo a—L7 a7 BEAIK (PLA-PEG) NP (23 H L7z, PLA-PEG NP |, paclitaxel
Z Wl L7z Genexol-PM® & LC, #[E, I—nm v/ XTEHSNTEY, KEIZBNTH,
paclitaxel D RI¥A(LEAITH 5 Abraxane® (2519 2 LM A FEEMERHEIZ L 5 HEER 2 ST
W5, (18) & 5T, PLA-PEG NP 1%, BUEEEOEKRBRNEmMI N TEBY . Rkx RBir A
|2 NEL L 7= passive targeting 8572 & ONZ active targeting B BIH D il 171235V TR A3 72
SNTWD, (19,20) ki@ b, 20X 9 A7 BANT, BANRE O FEM 72 ffT LD
MESISBLHIRNE B, RERBETH D, S 6T, KANBECIEmE 2 S22 % LIE 3
R A [RIE U, 2008 7 BIFN AL 7 S0 SUA R 2 I vl RE 22 s ik 2 e+ D MER H 5,
Z 9 L7-aRmEl ﬂbf FEF L. PLA-PEG NP ORIAIRFEMFAT FIEO ML & AIFFEDMRN
R ME MRS R IE T BICER 2 TR 21T o 7o, DARIERE T2 L2 BMIC
]EAHMNP_ﬁﬂhﬂf%éﬁﬁﬁixFD5V§§W%V:V*5mMMhﬂMM)%
EHAL., NP OERLZ 7=,



#5 1 mClX, PLA-PEG 7' =1 v 7 EEGIKO FEHRHEIZ DWW T, 1ERNBIHEN TS
2k BRI A7 F L ('H-NMR) 0% A XPEfRr7 v~ 77 7 ¢+ — (SEC-RI) (1%
T, PLA-PEG OffhE, MRS 27T 572012, BR X #EPT (XRD) 72 & NS R
WA T RV (CD) WD Z & T, MBI LR 72 BRI O FER Ao i dT 2 kA 7o, &
BT, TS OWEAL SRR 72 FUBHEFE DS NP oD SUAIRE 12 M E 4 38 2 B G BGEL (DLS)
R ==y 7Tk H\WeE—2EMAEN, sdikEs v~ 777 (HPLC) = H
WEEAREH E Wo I &SNS FiEE O TN L7, IZ T, SEC-ZMAELIH
(MALS) <> NP @ 'H-NMR % 7= f# 772 & N EFEHH 2 A Bt 5 2 & T, NP O
B FRVRRE IS O W CREM AR T 21T o 7o, £ LT, BFIRED 72 % PLA-PEG NP D1AN
EREARA L7, 2T T, 5 1 3 CHNT L7 RAIRHE O Ik o I WYL O RN 2 B I
2, BT diliE L L U CRIBE R ~O A 4 UERINFI OUSIN % Bt L7z, PLA-PEG NP @
VESRIEICEE U, A TABNT HIE @R L, TR AT A —X ThHHIRE, iz
T, FERTRART A—=2 L LT, BIREET OA 4 #EEA PLA-PEG NP OFIFI Rk 2 K IF
WY L=, S 52, FRIEO TR T A —% D872 5 PLA-PEG NP OANEIEIZ &
(ETRANRE OB A RAT U7, 55 3 IR, B RIAME active targeting 2 PLA-PEG NP D%
FHZBI LT, Mg & 22 E PRI BAE T RAFIRE & LT, NP ORmERHELR b DN BRI
LR T DA A A DWW TG Lz, BRI OB Z EmEikik s v~ 77
7 (UPLC) TE®EL, &7 A —F&H M Lz, BENLE T2 & L7 PLA-PEG NP
D MIEE, 77T A v anFORME X OMRFLEMICKIETHEE T A — 78 b N
FIFFE DB OWTHNT Lz, LLF =FEIZh720 . B REiwmitd 5,
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1T TRRM, BREORRIRVILB-RYV=FL S ) a—1T
oy 7 EEEF ) X—F 1 7 )V (PLA-PEG NP) DIENEIRRIZ RIT
T HRIAI R DR

11 ¥s

PLA-PEG 7't v 7 38 &K (PLA-PEG) 1%, /KHIZEWT PLA R A A 2 2NBK AR A AE
MIizk v EERA L, PEG KA A 2 PLAKAHEIZELA T 2% Z & TNP 2k T 5, PLA-
PEG OARICEI L CThH, PEG ZBAMAAIE LT, lactide ZPHBREASHE L Z L2k, &k
ARETCH D, TDIZH, PLA RAAL O FEGHNES THYH . ZILETIZZL < D PLA-
PEG NP |[ZBH9 2GR e & T\ b, (21,22) E3Kdn & LT, PLA-PEG NP Z#E X 756,
RN EE ST (EMA) IR SN TEY . < ORFREBRABIE D FEii ST\ 5b, (19)
PRERBR D H TlX. PLA-PEG 72 5 TONZ PLA-PEG NP O & W KT A VE R OVESS bk, IR
ERE R O MZB T D EWAREDNHER STV 5, (20,23) PLA-PEGNP (X, EPR %)
% FIH L7z passive targeting 2 O PLA-PEG NP O [H IZHERILFE T & #5 5 L T2 active
targeting TOICHDWIFRF STV D, (24) FrIZ, passive targeting (ZFVTIL, NP ORIF£%
RREFEEZRETH LIk, fEEEZR ESES 2 LT, BAM~OBITEN
WRT D ENHESINTND, (25-27)

—J7. PLA-PEG ZH#A7 % PLA X, @& LTREBZRMEE AR Z Mo T
%, PLA ODFEREFR TH DAL OIAKY) T % lactide D% % Figure 1 12789, Lactide (3
ZDFINICARFIRFEEZA LTS Z LoD, DL-lactide, D-lactide, L-lactide ® 3 Fli¥HD 7
IREMARDFAET %, DL-lactide 7> HAERK S 415 PLA (PDLLA) [3ERERRR T o F ba A
IR DG % 7~ L, D-lactide 7> HHERL S 415 PLA (PDLA) 72 &5 ONZ L-lactide 2> DAL S 405
PLA (PLLA) If5datEE R L, BEARDOIEEZ KA L TWD Z EBRREINTND, (22,
28) X 52, PDLA & PLLA OZE/VIREGMIX. stereocomplex & FEITL 5 E ) FHIT L E R
B OFERIE & R T EAKREER TS, 29 Lz PLA ORI ME 2R Ui- iRk o 7
% PLA-PEGNP RN ETHHEINTVDH M, PLA-PEG DOJFUEMREM: & NP O RIFIREM IS
B L Cinvitro DHDOFHIHIZIEE > TWVWAEONREETHY . AARNTOZER 2 A L TV
5 I Th 7, (28-31) E£72. PLA-PEG NP DNZAKEMAKDE % ZHAINT in vivo
IZFR W THEBRG Lo bR TE TV,

FRamZ Tl _ 7238 Y . PLA-PEG NP @ X 9 7228 70 5 35,5 O R MRAT XA D THE TH
b ZIVET, EEEMZEIZEIT D NP OFHliiL, DLS 0L —%— Ky 77 —3EZHW\WT, KL
TR (FARSZE, D) RSB —FEM ZHE L, DKL TERTLZ N TH-
7oo Blx X, PEG ZBUKIKICFFO NP 1L, B— X BAAHMELZ R 2 & 2325 2 & T,
KN PEG THEINTNWHZ LE2ELETEH, ZDPEG O NP REOHEIX, passive
targeting (23T, FERFRAYZR ARy & O EA/ER 2K L. ffENZ % (RES) 2N EE
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(ZAFET 2 IR M & U o T~ DO BAT AR S 5 2 & T, NP QL2 6 D kE
W95, (32-34) LU0 5, T, B—Z B i B S RES ik~ BT %
THFTHEEL LIRS TH D AREMERAREN TV D, (35) F/o, ME~BIT L% D
FARRNAERE S EERRETH D Z EAMEIN TV DN, B—F B OH TIE+2I TR
TERV, 36) 2D X HIT, MERDOBAIFEIEFMIE DA TIiL, NP OAERNTOET 28 2
HZEDRNETH S,

2T EHEFIL, SARBRNE L RN R D PLA-PEG ZBIBREAIEICL VAR L, 1
O OfEdME. UG T DR E 2 T L7z, S HIZ. & L7z PLA-PEG & F\W
T, BREHNTHIEIC XY PLA-PEGNP Z/ERL L, fEkD NP OFHEFETH H DLS, L—H
— Ky 77 —IZMx 7T, SEC-MALS (37,38) <° 'H-NMR (34) ##lAHGbHEDHZ LIizLb,
NP O#EEMFRE (6%, R, £E PEG &, BE) 2HH L, SblT, T,
NP DOEAFZHMITIBN T, BE ST o EFRhH (39-42) ZiEES L. NP ~0 TAM O
NIRREZ AT LTz, iz, FREMNT L7- TAM 258 L 723K D 72 % PLA-PEG NP DK
4 PLA-PEG & TAM % Z NI DOBUR MR CIER% 42 Z L 12 kD . NP & TAM @
RNENREZ 7B L CRHMI L, 240D OERNEHREIZ KT T RFFFEDRBIZ DN TELE LTz,
A TIE, PLA-PEG O JFEHFE & PLA-PEG NP O SUKI Rtk D BIFAME 2 figiH L, RNEhREIC
F\E T B2 AT LTz,

OIOI\CHS OE(OI\CHS OIOICHS
e 07 0 pe o7 0 pe” o7 0
DL-lactide D-lactide L-lactide

Figure 1 Chemical structures of lactide
12 fER

1.2.1  PLA-PEG DA & #etEMRyT

Table 1 125 A% L7 PLA-PEG OEECEE) 38 (My) EAER RN DEM LIZZ 501
MFEE (PdLn) Z7R"9, WIHOA K L7Z PLA-PEG b H B Y O FEE 7R L2, Pdln
X2 F &R, B2 >Z ENRBH G E 72 o7,  Figure 2 {2 'H-NMR O #175 {3i]
ot , mLTEr I 7 MZOWT, Figure 2 [IZRCa#O@E Y IZIRB L, 0T EEZIRE
L7, Figure31Zi%, SEC-RID 7 v~ N7 T L&Y, WT LD PLAPEG bH 72/ 1
~ NI T LERL,

ARFEIZEBWT, PLA D4y F&ED 5 kDa 1D PLA-PEG (22U TlX, DL-AM SRR &
#1% PLA-PEG % DL-PEG 5k-5k, D-{&7> 5L & 41 % PLA-PEG (% D-PEG 5k-5k, L-f&7%>
O S5 PLA-PEG (X L-PEG 5k-5k & #FC L. PLA D4y F &5 12 kDa {1110 PLA-
PEG {2 2>WTClE, DL-{A7HAE S5 PLA-PEG (X DL-PEG 12k-5k, D-fA7 b ARk S

9



% PLA-PEG |+ D-PEG 12k-5k, L-fA7>5HiA X5 PLA-PEG (% L-PEG 12k-5k & #& L
776

Table 1 Number-based molecular weight (M,) of synthesized PLA-PEG

PLA-PEG 5k-5k PLA-PEG 12k-5k
Isomer
M, Pdlyn® M, Pdlyn®
DL-lactide 5186-5000 1.40 11411-5000 1.80
D-lactide 5745-5000 1.50 11769-5000 1.88
L-lactide 5140-5000 1.69 13037-5000 1.92

a: M calculated by 'H-NMR, b: Pdl,; calculated by SEC-RI
(Ogawa et. al., Int. J. Pharm., 2021, 608, 121120, Table1)

1.0 ; b

.0 ¢ .0
H,C 0 H

0.5 n d -n

Relative Intensity

1 d
] c
0.0 A - L ]

Chemical shift ppm

Figure 2 Typical 'H-NMR spectra of the synthesized PLA-PEG. The following chemical shifts were
assigned: (a) 3.31 ppm, CH;0 of methoxy polyethyleneglycol; (b) 3.64 ppm, (CH»-CH»-O) ,, of methoxy
polyethyleneglycol; (¢) 5.18 ppm, CH of polylactide; and (d) 1.60 ppm, CH3 of polylactide.

(Ogawa et. al., Int. J. Pharm., 2021, 608, 121120, Figure S1)
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Figure 3 Size exclusion chromatography-refractive index chromatograms of (A) PLA-PEG 5k-5k
and (B) PLA-PEG 5k-5k. The solid, dotted, and dashed lines indicate DL-PEG, D-PEG, and L-PEG,
respectively, in both figures.

(Ogawa et. al., Int. J. Pharm., 2021, 608, 121120, Figure S3)

Figure 4 (25 % L 72 PLA-PEG O#yR X #2EHr (XRD) A7 FLapRd, Hf@oiins
ZIZEND PLA-PEG (22T, XRD % W Thb i 2 57 L 7=, mPEG 5 kDa [ Ak HE

ThEmMEZ /R T @7 Th Y, mPEG 5kDa [ZHKT HEIPFTE—2 23 20=19° 725 NT 24°
T IC B S 7z, DL-PEG 5k-5k 72 & ONZ DL-PEG 12k-5k Ti, PLA [ZHKT 5 EHTE—
IIIBE SN2 72, — 5T, D-PEG 5k-5k 72 5 ONZ D-PEG 12k-5k, L-PEG 5k-5k 72 5T
IZ L-PEG 12k-5k Tli, 20=17° £f¥TiZ PLA [ZHK T D EIPTE— 27 2580, PLA $5 3G A
{ELTWD Z ERfER SN, & 51T, D-PEG 5k-5k & L-PEG 5k-5k & L <%, D-PEG
12k-5k & L-PEG 12k-5k ZEE/LCTRG LG E. TOSFEITK D TIRAHNIE® H1T
W2 20 =17 R0 B — 27 3{ER L. 20=12°, 21°fhiEiZ stereocomplex DR T % &
HESNDEPTE— 7 23807,

Figure 5 (21X, &% L7z PLA-PEG O MRt &M (CD) A~X2 kv %7~7, DL-PEG 5k-
5k 72 5 NI DL-PEG 12k-5k TiXWIn b 2y h iR &R S Rhr-72—77 T, D-PEG 5k-
5k. D-PEG 12k-5k 7 & ONZ L-PEG 5k-5k, L-PEG 12k-5k (2B W TIL, WDy F+&IZB0
TH, 210nm f(HEICENENA L IEDOa Yy MR ER LT, 0. B FEPERDIGE
TH, 2y b ROEEIZR - TH-o7z,
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Intensity
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i L - - i ::. i e i Fi |
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Figure 4 X-ray diffraction spectra of (A) PLA-PEG 5k-5k and (B) PLA-PEG 5k-12k. The lowercase
letters indicate the following samples: a: mPEG 5k, b: DL-PEG 5k-5k, c: D-PEG 5k-5k, d: L-PEG 5k-
5k, e: equimolar mixture of D-PEG 5k-5k and L-PEG 5k-5k, f: DL-PEG 12k-5k, g: D-PEG 12k-5k, h:
L-PEG 12k-5k, and i: equimolar mixture of D-PEG 12k-5k and L-PEG 12k-5k

(Ogawa et. al., Int. J. Pharm., 2021, 608, 121120, Figure 1)

(A) (B)
20000 - 20000 -
L") L)
2 15000 - PN 2 15000 - N
|5} 5% /
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QL / \ =z / \
S 5000 |, N S 5000/ N
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o ol
5 -5000180 -, 200 220...- 240 260 g -5000 180 ...'200 220 7 240 260
20 -10000 - : 0 -10000 -
=] =
= -15000 - = -15000 -
=) =)

20000 - 20000 -

Wavelength (nm) Wavelength (nm)

Figure 5 Circular dichroism (CD) spectra of (A) PLA-PEG 5k-5k and (B) PLA-PEG 12k-5k. The solid,
dotted, and dashed lines indicate DL-PEG, D-PEG, and L-PEG, respectively, in both figures.
(Ogawa et. al., Int. J. Pharm., 2021, 608, 121120, Figure S4)

1.2.2  PLA-PEG NP DFEHL & Bt fgAT

AREEIZBWT, DL-A SR S5 PLA-PEG NP | X DL-PEG NP, L-{k2x SRk S5
PLA-PEG NP % L-PEG NP, stereocomplex % JEZ 9" % PLA-PEG NP |% SC-PEG NP & &7
%o VERLUZH 2 PLA-PEG D4y F-BIZ DWW T, KEBIC 5k-5k F721% 12k-5k & FEFt L7z,
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1.2.21 FHAFE 726 DS E
Figure 6 (Z7H%L L 7= PLA-PEG NP O} A3 (Figure 6A) & 3EMFS#EiE (Figure 6B) % /R
7, B AL PLA Oy 7-&lZxtis L, PLA-PEG NP 12k-5k ¢, PLA-PEG NP 5k-5k & Fhig
L 20~40%FE B\ W MER £ 721 TA BICEWMEA R L7z, PLA ONAAREMEROEWNIZ LD
EAROBAE R EITFRO e o7z, (Figure 6A) [FEEIC, SMHEHEICBE L TH, 2.3~
4.5%% 7~ L, PLA D FEBEWVS DT, EYHEHED 1 2% EEm WMER £ 72T E
BB (p=0.007) Z7R L, MAREMEKRF TOEITFERDO 2D -7z, (Figure 6B)

(A) * (B) "
100 - 67
5_
80
£ 4
360 - E
= 23 1
%] | =2
=40 S5
A
20 |
0 0

DL-PEG NP L-PEG NP SC-PEG NP DL-PEG NP L-PEG NP SC-PEG NP

Figure 6 (A) Encapsulation efficiency (EE) and (B) drug loading content (DLCcony.) of TAM in PLA-
PEG NPs, quantified by the conventional method. Closed bars and open bars indicate PLA-PEG NPs
12k-5k and PLA-PEG NPs 5k-5k, respectively. Results are expressed as the mean + standard deviation
of three samples. The experiments were independently performed three times. *p < 0.05 vs. those with
different molecular weights.

(Ogawa et. al., Int. J. Pharm., 2021, 608, 121120, Figure 2)

1.2.2.2 Dy e b NZE—HEN

Figure 7 (21X, TAM %Pﬁﬁ L 72\ blank NP & TAM % #4#k L 72 PLA-PEG NP @ Dy, 72 5 TNC
=2 ENE T,

W lZB L C. PLA-PEG Oy - &IZ&E B3 % &, PLA-PEGu Sk-5k Z# i L CRRR L 7=
blank PLA-PEG NP 72 5 ONZ TAM 2454 L 7= NP ® Dy, 1% 30~ 72 nm T&4 ¥, PLA-PEG 12k-
Sk 2 L TR L7-85A D Dy : 88~162nm L LT, /NEWFER L Zp o7z, TAM O
#HIZ L V. DnliX PLA-PEG D4y F8° PLA O FMERIHEK S, 37T?D PLA-PEGNP TF
B LTz, (Figure 7A) — 5T, NP ORI ARIZ T 5 2 wdta2 (Pdlve) 1% 0.25
K THY . FR L7~ PLA-PEG NP (ZHSTH D Z L B HER ST,

Blank PLA-PEG NP O ¥ — X BT -21~-12mV %7~ L7-, (Figure 7B) ®HIZ. TAM
Z¥5# L7 PLA-PEG NP DY — Z ENLIT -5.9~+5.8 mV OFHTH Y . §TD PLA-PEG
NP T TAM O#E#iZ L v, B—F BN \Z B U7=, $FlZ. L-PEG NP 12k-5k & SC-
PEG NP 12k-5k (X3 00l _ﬁ®ﬁ~&%{i%m L7=bDD, LSO PLA-PEG NP [ZED
B—FEMNER LT,
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Figure 7 Hydrodynamic diameter (Dy) and zeta potential (ZP) of blank and TAM loaded PLA-PEG NPs.

(A) Z-average of Dy and polydispersity index (PdInp) were plotted on the left and right axis, respectively.

Closed and open bars represent the Dy, of blank and TAM-loaded NPs, respectively. Closed and open

dots represent the PdInp of blank and TAM-loaded NPs, respectively. Results are expressed as the mean

+ standard deviation for three samples. Experiments were independently performed three times. *p
< 0.05 vs. blank NPs. (B) ZP of blank and TAM loaded NPs. Closed and open bars indicate blank and

TAM-loaded NPs, respectively. Results are expressed as the mean =+ standard deviation of three samples.

Experiments were independently performed three times. *p < 0.05 vs. blank NPs.
(Ogawa et. al., Int. J. Pharm., 2021, 608, 121120, Figure 3)
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1.22.3 [FHEEER (Ry). WA TIFHRE (Ry). RJ/Ry L E B

Table 2 |{Z PLA-PEG NP ® R, R,. Ry/Ry %79, Ry/Rybbid, R FIIROEEE L CHE
L. 0.76~1.13 Dfa% 7 L7z, RyRy DS 1.00 £ DORE, R IXH 4R DOERIK AR L TV
LT &AL, 077 fHEDRE, ¥—7eREERETH L Z & 2R T, (43) DE V| KFLEIC
BWTIE, EA/NESWEE PLA-PEGNP O 2 7 OFBENE W Z & 2777, Figure 8 1213 SEC-
MALS OYHERHICH T 57 v~ F 7T &R, TXTO NP IZHIEETH 72720,
Ro/Ry lt1E SEC-MALS L W B H L7 Ry & DLS 22 HHH L7z Ry 2> R L 7=, Blank PLA-
PEG NP @ Ry/Ry bhiX, TAM % 53 L 7= PLA-PEG NP & [ DfE% 7~ L7, DL-PEG NP
5k-5k 72 & NI DL-PEG NP 12k-5k 1%, Ry/Ru H7% L-PEG NP 5k-5k 72 & NI L-PEG NP 12k-
5k, SC-PEG NP 5k-5k 7% 5 ONZ SC-PEG NP 12k-5k & Lb#g L CR&EVME\ICH - 72, L-PEG
NP & SC-PEG NP |35 T &IZIK 5T, Ry/Rp LS 1 K & 720 | #5dh D PLA-PEG % H\\ 7=
Y. FEEREARRD DL-PEG & W o6 & it LT, PLA-PEG NP [ =1 /37 | Zefiis 22 B
DT EMNRINT,

PLA-PEG NP O£ A %% . Figure 9 (283, TAM OF#IZ XD, TXTO NP TEREEIT

12~1/3 £720 . HEIZHA L=, PLA-PEG O4yF&ICHH T 5 L. PLA-PEG NP 5k-5k T
I%X. PLA-PEG NP 12k-5k & [hi#z LT, &BHDH 1/10 12 LT,

Table 2 Hydrodynamic radius (Ry), gyration radius (R,) and Rg/Ry ratio of different isomer PLA-PEG

NPs
R, #(nm) R, > (nm) RJ/R; ratio

PLA-
NPs Blank TAM loaded Blank TAM loaded Blank TAM loaded

PEG Mn
DL-PEG NP 12k-5k 66.6+1.7 45.3+0.4 61.0£1.2 44.0+1.2 0.91+0.02 1.00+0.03
L-PEG NP 12k-5k 79.4+1.6 55.4+0.4 70.8£1.0 52.1+1.1 0.89+0.01 0.94+0.03
SC-PEG NP 12k-5k 62.9+2.9 43.1+0.8 52.2+1.9 36.9+1.9 0.86+0.04 0.85+0.04
DL-PEG NP 5k-5k 20.4+0.9 14.62£0.5 22.6%1.0 15.4+0.6 1.13+0.03 1.00+0.06
L-PEG NP 5k-5k 29.4+0.6 20.1+1.0 25.3£2.5 19.8+1.4 0.97+0.10 0.89+0.11
SC-PEG NP  5k-5k 35.6+0.4 23.5+0.8 24.9+2.0 17.5+0.8 0.77+0.06 0.76+0.02

a: Ry were measured by DLS. Ry=Dy/2, b: R, were measured by SEC-MALS. Results were expressed

as mean £ SD of three independent experiments.
(Ogawa et. al., Int. J. Pharm., 2021, 608, 121120, Table 2)
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Figure 8 Size exclusion chromatography-multi-angle light scattering (SEC-MALS) chromatograms of
(A) PLA-PEG NPs 5k-5k, and (B) PLA-PEG NPs 12k-5k. The solid, dotted, and dashed lines indicate
DL-PEG NP, L-PEG NP, and SC-PEG NP, respectively, in both figures.

(Ogawa et. al., Int. J. Pharm., 2021, 608, 121120, Figure S5)

100000 1 % * s
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DL-PEG NP L-PEG NP SC-PEGNP  DL-PEG NP L-PEG NP SC-PEG NP
12k-5k 12k-5k 12k-5k Sk-5k 5k-5k 5k-5k

Figure 9 Association number (N,) of blank and TAM loaded PLA-PEG NPs. Closed and open bars
indicate the blank and TAM-loaded NPs, respectively. Results are expressed as the mean + standard
deviation of three samples. The experiments were independently performed three times. *p < 0.05 vs.
blank NPs.

(Ogawa et. al., Int. J. Pharm., 2021, 608, 121120, Figure 4)
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1.2.2.4 3\ PEG & & & £1H PEG %%

Figure 10 |22 PEG & & & i PEG £ 4 /~d, 2 Z°C. i PEG & & & 1%, #EAFEL
7 v a7V A CHIE L7z PLA-PEG @ PEG $HOIR 24 % FE/KH CHIE L7z PLA-
PEG NP OD&EHD PEG HDOEIAEZ R L THY ., 5H T2 PEGHON, KEICEL L TS
PEG {0 &I & %3, i PEG X, PLA-PEG NP £HIZFEH L T\ % PEG S04y 13K
% . PLA-PEG NP OEHFE TR L CHM L7ZET&H Y . 100 nm? & 72 V) ® PEG D57 5%
7,

Blank PLA-PEG NP 5k-5k D% PEG B &L, £ 6 O YAREMERITIK ST, £ 60% THh
57z, —J5T. blank PLA-PEG NP 12k-5k D ifi PEG & &%, 63~86%DfE% 7~ L7-, PLA
OfEmPEICE B35 &, SC-PEG NP 12k-5k & L-PEG NP 12k-5k ® [ PEG & &% DL-PEG
NP 12k-5k & bbfe UC, @V M %27~ L7z, PLA-PEG NP 5k-5k DZ[fi PEG & &(X. TAM
DO L > THEIZHEM L, &K 90%FEE %7~ L7z, SC-PEG NP 12k-5k D Zifi PEG & &
%, TAM OFHFIZ L > THEIZHEIM L7 6 DD (p=0.0002), DL-PEG NP 12k-5k 72 H TN L-
PEG NP 12k-5k 1%, TAM ##ini1#% C. # M PEG & BICZL &R e~ 7=, (Figure 10A)

Blank PLA-PEG NP 12k-5k ™1 PEG % & X blank PLA-PEG NP 5k-5k & Lbiz U C 2.7~6.7
4y /100 nm? =i % 7~ L7z, Blank PLA-PEG NP 12k-5k 28\ Tik, PLA OF5EIEE W L-
PEG NP 12k-5k, SC-PEG NP 12k-5k (23T, DL-PEG NP 12k-5k & bz L, Zii PEG &L
1% 1.5~2.5 3 7/100 nm? BfEz /R L7z, L2L72A 5, TAM O##IZ & > T, DL-PEG NP
12k-5k & L-PEG NP 12k-5k DK [fi PEG % 34 EIZ 2.5~3.0 57 F/100 nm? F2 AKX F L7z,
(p=0.004, 0.014) %fHRAMJIZ, SC-PEG NP 12k-5k D F [ PEG #E L, TAM O#E#FHIZL->TH
AL Lehyotz, #ERE LT, TAM Z £ A L7= SC-PEG NP 12k-5k O # [ PEG #¥ 1%, DL-
PEG NP 12k-5k, L-PEG NP 12k-5k & ki LT, 1.5~23 fiFmVMEAZ R L7-, (DL-PEG NP 12k-
5k : 3.51, L-PEGNP 12k-5k : 5.56. SC-PEG NP 12k-5k : 8.04 43/ 100 nm*) PLA-PEG NP
5k-5k (2B L TlE, TAM OFE#HIC K » Tl PEG # L& b L2 > 72, (Figure 10B)
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Figure 10 (A) Surface PEG contents and (B) surface PEG density of PLA-PEG NPs composed of
different lactide isomers. Closed and open bars indicate blank and TAM-loaded NPs, respectively.
Results are expressed as the mean + standard deviation of three samples. The experiments were
independently performed three times. *p < 0.05 vs. NPs.

(Ogawa et. al., Int. J. Pharm., 2021, 608, 121120, Figure 5)

1225 PLA-PEG NP JZLICE T 5 PLA DR s TRl
Figure 11 (Z PLA-PEG NP Z B L7-#%(2, BURSHCM: L 72 PLA-PEG NP ® XRD A7 L
(A) L7V 7 4RHED PLA-PEG O XRD A2 hL (B) Zad, »VLZIRRED L-PEG (e) I
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20=17° fHTDOE— 7 DR TE 5725, PLA-PEG NP 2Rk L7 ISR L= H D (b)
TlX, ZOE—I7BFHLTND I L &R LTz, —J T, SC-PEG NP Z bz L7= 1
® (c) TlX, stereocomplex [ZHIHKT 5 20=12°, 21° ffIrDE— 7 PR I 7=,
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Figure 11 X-ray diffraction (XRD) spectra of (A) lyophilized PLA-PEG NPs and (B) bulk PLA-PEG.
The lowercase letter indicates the following samples: a: lyophilized DL-PEG NP 12k-5k, b: lyophilized

L-PEG NP 12k-5k, c: lyophilized SC-PEG NP 12k-5k, d: bulk DL-PEG 12k-5k, e: bulk L-PEG 12k-5k,
f: bulk SC-PEG 12k-5k.

(Ogawa et. al., Int. J. Pharm., 2021, 608, 121120, Figure S6)
1.2.2.6  PLA-PEG NP DiF A=A TEE (CAQ)
Table 3 (Z blank PLA-PEG NP @ CAC #7179, 341D PLA-PEGNP % CAC I 1.7~ 3.9

pug/mL & 720 | SEAREANERS PLA O F&ICHE T 52520 oTz,

Table 3 Critical associated concentrations of blank PLA-PEG NPs

NPs PLA-PEG M, CAC (ug/mL)
DL-PEG NP 12k-5k 3.05+0.23
L-PEG NP 12k-5k 1.73+0.06
SC-PEG NP 12k-5k 2.730.55
DL-PEG NP 5k-5k 2.80+0.78
L-PEG NP 5k-5k 2.52+0.73
SC-PEG NP 5k-5k 3.93+0.80

Results were expressed as mean + SD of three independent experiments.

1.2.2.7 [EFAHIHIC L 2 i B E
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Figure 12 [Z[E i TR U 72 38 #5#i & (DLCspr) (Figure 12A) & DLCspr & TAM % #53k
L 72 PLA-PEG NP O ¥ —# % (Figure 12B) 7¢ & ONZ 0 PEG %€ (Figure 12C) (ZxF L
T7m vy b LB EZRT,

DLCspe DfEIE, 0 H O HIETHI Lo R L i U, K% 7R L7, (Figure 6B,
Figure 12A) PLA-PEG NP 5k-5k |3, % O 7L TR L7 3EmHsH 13 2.3~ 33% L e o 72
23, [EFEH TR L7z DLCspr 0.1~ 0.6% & #i 8D TRV ME A 7R L7=, L-PEG NP 12k-5k 72 &
TMZ SC-PEG NP 12k-5k 1% 2.6%F2E & FHxAJIZ iV DLCspg 771~ L 72—/ C, DL-PEG NP
12k-5k X PLA-PEG NP 5k-5k & [FIF2 D DLCspr T o 72, DLCspplZ 2V T, B—H EAL &
I PEG HE & OMBEZRHMI L7 & 2 A, BRAFRMHEEAZR Uiz, MHERE r 13— 2 BN
%957 m oy FT-0.846, il PEG #EEIZKT 57 1y FT0.899 /R L7, (Figure 12B,
Figure 12C) i@% O HETHEHE L= 8WE#iE4 100% & LT, £HEIZWE L TS TAM O
ElA&%#HH L7z, (Figure 12D) L-PEG NP 12k-5k 72 5 ONZ SC-PEG NP 12k-5k (22U Tl
PLA OOy FEDN/NSWNH O LR LT, AREICEKE~OWAE &M L 72, (p=0.006,
0.0003) F7-. SC-PEG NP 12k-5k (. DL-PEG NP 12k-5k & tbi#g L 30%. L-PEG NP 12k-5k
& LR U C 5% ~D TAM O 5 B MK L 7=,

(A) ®)
* *
4 -
4.0
r=-0.846
o o 3.0 A
e <
= E
& =20 A Lo,
a =
. - =10 e ’é‘
0 - . . .00 — {} .
DL-PEG NP L-PEG NP SC-PEG NP -80 -6.0 -40 -20 00 20 40 6.0 8.0
Zeta potential (mV)
© D) * *
40 - 100
r=0.899 ~ 8
_ 30 Z 801
e K- =
=220 A §
v =
'..'I 73]
0.0 .|.. @ T T T 1 0 4 T T ]
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PEG density (molecules/100 nm?)

Figure 12 (A) Drug loading content of TAM-loaded PLA-PEG NPs of different isomers and molecular
weights, quantified by solid phase extraction (DLCspg). Closed and open bars indicate PLA-PEG NPs
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12k-5k and PLA-PEG NPs 5k-5k, respectively. Results are expressed as the mean + standard deviation
for three samples. The experiments were independently performed three times. *p < 0.05 vs. those of
different molecular weights. (B) Mean DLCspg plotted as a function of mean zeta potentials and (C)
mean surface PEG density. The symbols indicate the following: open circle: DL-PEG NPs 5k-5k, open
triangle: L-PEG NPs 5k-5k, open square: SC-PEG NPs 5k-5k, closed circle: DL-PEG NPs 12k-5k,
closed triangle: L-PEG NPs 12k-5k, and closed square: SC-PEG NPs 12k-5k in both figures. Results
are expressed as the mean + standard deviation of three samples. The experiments were independently
performed three times. Correlation curves were calculated using the least square method. (D) Surface
adsorbed TAM of TAM-loaded PLA-PEG NPs of different isomers and molecular weights. Closed and
open bars indicate PLA-PEG NPs 12k-5k and PLA-PEG NPs 5k-5k, respectively. Results are expressed
as the mean =+ standard deviation for three samples. The experiments were independently performed
three times. *p < 0.05 vs. those of different molecular weights.

(Ogawa et. al., Int. J. Pharm., 2021, 608, 121120, Figure 6)

1.2.2.8 PLA-PEG NP 7> 5 @ TAM D g HFFE

Figure 13 {Z(X PLA-PEG NP 7> 5 @ TAM O 7' v 7 7 A /L Z7~$, Figure 13A 1% 50 mM
U R pH7.4/0.5% RV Y )L_X— K 80 O 71 7 7 A /L% < L, Figure 13B |Z
50 mM FEEEFERE pH 5.5/0.5% R Y L_— K80 HOH 77 7 A VERd, Vg
BERTT O 7 0 7 7 A MZOWTE, 24 BRIV T, DLCspr D5 & FHBE L
7=. 725, PLA-PEG NPs 5k-5k 7 5 TMNZ DL-PEG NP 12k-5k @ TAM O Hiix, L-PEG
NP 12k-5k 7¢ & TNZ SC-PEG NP 12k-5k & tbiie U CHUVMEMIZ & o 7o, RTHRAYIS, FERRETE
K TOTAM O 7 a7 7 A MBI L TiE, EREERE COEEZRBD RO
@, PLA-PEG NPs 12k-5k "C. S 232 v v 2R Lz,

(A) (B)
120 - 120 -
100 100
2 80 = 80
=
3 3
=
-g 60 2 60
3 g
2 40 2 40
20 20
0 T T T T 1 O T T T T 1
0 5 10 15 20 25 0 5 10 15 20 25
Time (hr) Time (hr)

Figure 13 (A) Release profiles of TAM from PLA-PEG NPs in phosphate buffer (pH 7.4) containing
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0.5% polysorbate 80 and (B) in acetate buffer (pH 5.5) containing 0.5% polysorbate 80. The symbols
indicate the following: open circle: DL-PEG NPs 5k-5k, open triangle: L-PEG NPs 5k-5k, open square:
SC-PEG NPs 5k-5k, closed circle: DL-PEG NPs 12k-5k, closed triangle: L-PEG NPs 12k-5k, and closed
square: SC-PEG NPs 12k-5k, closed rhombus: free TAM. Results are expressed as the mean + standard
deviation of three samples. The experiments were independently performed three times.

(Ogawa et. al., Int. J. Pharm., 2021, 608, 121120, Figure 7)

123  PLA-PEG NP D13+ Pharmacokinetics (PK) 7’2 7 7 A )V

ARFE T D PLA-PEG NP OFRFERMEATHE BN IS T, DLCspe & i1 PEG HE N AEEZ R L
7o SEAREMED R 72 % PLA-PEG 12k-5k % V72 PLA-PEG NP #3#7E L, $WEhheikir 2 52
i L7=, 725, DL-PEG NP 12k-5k, L-PEG NP 12k-5k, SC-PEG NP 12k-5k 22\ T, <
Y AZEBIT A PK a7 7 A IVERN LT,

Figure 14 |2 5% X Au7= PLA-PEG NP & TAM DI IEMULIBE 70 7 7 A L%
L. Table 4 |2 EHILEE Y07 7 A ANBHEME L7z PK /8T A —X %777, DL-PEG
NP 12k-5k @ "In-PLA-PEG O I IERLIREHER 1X. L-PEG NP 12k-5k 72 5 TNZ, SC-
PEG NP 12k-5k & bbi#e U CAKfE % 7k L7z, (Figure 14A) [A£EIZ, DL-PEG NP 12k-5k O Hfi##
HIE R LR - R AR N fE (AUC) & . L-PEG NP 12k-5k 72 & ONZ SC-PEG NP 12k-5k &
b U CIEA A 7~ L7=, SC-PEG NP (3#x &y AUC %27~ L, DL-PEG NP 12k-5k & ki L C
2.4 1%, L-PEGNP 12k-5k & i LT 135 TH o7, (Table4)

“C-TAM D PK 7’11 7 7 A UM 755 . TAM O IEHEIEE L. PLA-PEG NP DI7AA
BT 5T, 5595 MIn-PLA-PEG D4 FREOflZ 57 L7z, “C-TAM ® AUC |23\
T% SC-PEG NP (F#x bV AUC % 7x L, DL-PEG NP 12k-5k & bz LT 4.0 f%. L-PEG NP
12k-5k L H#E LT 1.5 5 CTH - 72, "In-PLA-PEG & [AEEIZ, DL-PEG NP 12k-5k %, <Dl
DO NP &bl LT, RSP EHERE 27~ Lz, (Figure 14B) IR 0803 (Tin) 1235 H
T 5L SAREMED R D PLA-PEG NP [#]ClZ, PLA-PEG NP & TAM D 5123 C,
SC-PEG NP >L-PEG NP>DL-PEG NP DJIE & 72~ 72t D@, "In-PLA-PEG 72 5 N “C-TAM
TIEWTNO NP bRIBEOHELZ R LT, — T, TAM O5FHMEFEITZVT 41D PLA-PEG NP
2BV TH, MIn-PLA-PEG & bl LT 1.5~3 {51 R L7z, FRERI D TAM (X, NP & Hhifg
LT, M TRV AUC, SV A, B IE -0 2 7R L7, (Table 4)

Figure 15 (20, AFlgE, i, BEREICE1 D MIn-PLA-PEG O fifas 1 IE R LI E - 7 o
77 A NVERT, FF&E P TIL L-PEG NP 12k-5k @ 40%72 5 ONZ 3% & @ W EFEZ RO
72, (Figure 15A. Figure 15B) F 7=, M TIX. DL-PEG NP 12k-5k (28T, & 50HIZH
WUHTE M 2589 72, (Figure 15C)
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Figure 14 Plasma concentrations of *C-TAM loaded '''In-PLA-PEG NPs. (A) Plasma concentration
profile of "'In-labeled PLA-PEG NPs and (B) loaded '*C-labeled TAM. The closed circles, triangles,
and squares represent DL-PEG NP 12k-5k, L-PEG NP 12k-5k, and SC-PEG NP 12k-5k, respectively,
in both figures. In the TAM plasma concentration profiles, the cross symbols represent free TAM.
Results are expressed as the mean + standard deviation of experiments conducted in three mice.
(Ogawa et. al., Int. J. Pharm., 2021, 608, 121120, Figure 8)

(A) (B) (©)

50 1 57 - 10
< 40 D4 < 8
s
< ? \c
£ ) <
~ 30 = 3 s 6
£ 20 22 - T4
5 10 51 < 2
2 = 3
3 = =

O T T T 1 0 0

0 5 10 15 20 25 ¢ 5 10 15 20 25 0 5 10 15 20 25
Time (hr) Time (hr) Time (hr)

Figure 15 Tissues distribution of ''In labeled PLA-PEG. Tissue concentration profiles of '''In labeled
nanoparticles in the (A) liver, (B) spleen, and (C) bladder. The closed circles, triangles, and squares
indicate DL-PEG NP 12k-5k, L-PEG NP 12k-5k, and SC-PEG NP 12k-5k, respectively. Results are
expressed as the mean =+ standard deviation of experiments conducted in three mice.

(Ogawa et. al., Int. J. Pharm., 2021, 608, 121120, Figure S7)
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Table 4 Pharmacokinetic parameters of '“C-TAM loaded ''In-PLA-PEG NPs.

111 14
In-PLA-PEG C-TAM

a b b a b b

AUC Vd T1/2 AUC Vd T1/2

%Dose*hr/mL  mL/kg hr %Dose*hr/mL  mL/kg hr
TAM free - - - 0.320 1797 0.04
DL-PEG NP 5k-12k) 295 113 4.58 98.9 335 4.46
L-PEG NP 5k-12k) 557 73.4 6.40 270 142 5.69
SC-PEG NP 5k-12k) 718 78.2 9.07 409 109 7.10

a: Calculated by the trapezoidal method. Mean values of three mice of normalized plasma
concentrations were used.

b: Calculated by the 1-compartment model. Mean values of three mice of normalized plasma
concentrations were used.

(Ogawa et. al., Int. J. Pharm., 2021, 608, 121120, Table 3)

1.3 E%

1.3.1  PLA-PEG DJsH&MEARNT

SR EAMED BT % lactide Z# A L, Ak L7z PLA-PEG I, PLA KA A OEEICEEZTE
W7z, DL-PEG @ PLA R A A UIFEAEMEORE Z B {RREB TR L7z, —F T, D-PEG &
UNL-PEG @ PLA R A A A3fEEMEZ R L, TALENDECE D 6 AMEEZ TR L T
% Z LR S v7e, (Figure 4, Figure 5) & 512, D-PEG & L-PEG O%E /VIRAWIE
stereocomplex Z Kk L7z, Z#LE TIZ D-lactide 72 & TN L-lactide 7> H#ERE X 4125 PLA-PEG
DiEmEEZ T~ L, ENENDEE /RGN stereocomplex Z AT 5 &9 T & Vil
INTWD, (22,31) S HIZ, WEEENES T Td % indocyanin green-PLA (2D T, D-lactide
72 5 ONE L-lactide 72> 572 % PLA RAA U R HHAMREEZ RT VI IMEL 2SN TWH
%, (28) AEDOFERIL, TNETOWE LHEE L, &5 L7 PLA-PEG 23272 572 2 K%
AR AL TR, AELTWVWD PLA-PEG NAKTE CWb EEZ BN,

1.3.2  PLA-PEG NP D##IZKIF T PLA-PEG DO EEMEDRE

PLA-PEG NP D2k (Re/Ry ratio) 1% PLA ONAAREMEIZ L 22k 7=, (Table2) iED
WETIE, PLA AL O F&EITNEWHEOD, fEfTED PLA-PEG K O stereocomplex %
RT3 % PLA-PEG NP O HLITIESAE AR D PLA-PEG NP & kb U TR fEZ R LT\ 5,
Gl AR INFETORE L T D 0D, SMERED R D PLA-PEG NP OIR
ik, BRAK a2 TERSY D PLA KA A D3y % 2 ZIRREDS, PLA-PEG DR BMEIHRAT L
T, ZEL T D EHEES Nz, S HIT, WG L7z PLA-PEG NP Zffi o 7o G, A
V7 ARRED PLA R A A OftfafE & NP Z TR L72 PLA R A A OfEERIENR R 2 Z &2
TR ST D, (Figure 11) L-lactide 2> 5 3% %5 PLA-PEG (X731 7 KH& Tl PLA {53 2355 &
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PeA 7R L72—75C, NP TIL PLA OfEEMEIME T L7z, —J5 stereocomplex & JER T % PLA-
PEG } (8 SC-PEG NP Tl&, MRAEIZI VT, PLA R A A 3R EMEE R LTz, DL EOfER
72HH, SC-PEGNP @ PLA a7 ATERT 2 2 L2k Y a0y FetgiE L e > T
HEBZLND,

1.3.3  PLA-PEG NP D # PEG B
DL-PEG NP (12k-5k) 72 5 ONMZ L-PEG NP (12k-5k) D E PEG B EIL TAM 2 E AT 5 Z &
2L VKT L7z, (Figure 10B) Z DOFERIZ, TAM ZE AT 52 LIk D, Dhdv/h &< 72
V. PLA-PEG NP DR B IE KR L7k R, Kifi PEG BEWNNE S polc LHELR I
72o —7J7. SC-PEG NP (12k-5k) 2B\ TiL, TAM OEAIZL Y, Dy/hE <, REHED
k%<&ot’%%b%f PEG ORMBEEITLN Ligd -T2, KiEFIL, SC-PEG NP
(12k-5k) (128 TIE, TAM OFE A X 5% PEG & & O KOFEN | RmEE ALY
%ﬁ%ﬂot_&#%@bfwékﬁﬁéMé SC-PEG NP (12k-5k) & DL-PEG NP (12k-
ﬁy&oLHmNmukﬁ)k®%ﬁHmaf Xt B ZEEOZEIL,. PLA 27 OMELFEN
REEICER L TWD EEX b5, WEOREIZIH VT, PLA-PEG NP Z &M 1L T
ERL L 7235812, PLA 272 PEG 83 b, i PEG B E&MME T T 5 Z L AME SN T
W5, (44,45)1.32.Tih~7= XK 912, SC-PEG NP (12k-5k) %, & PLA = 7 3 fEdbE 2R
TIEDBHER SN TWND, D7D, NP U 28T VT, PEG #725 PLA ® a7 (T
HHNDZ ENHEINDTD, Kl PEGHEENEL Rolc LHEESIND,
PLA D531 D3/ S PLA-PEG (5k-5k) O PEG %1%, PLA-PEG (12k-5k) £V & 1/2
~1/4{KfE%Z R L7z, (Figure 10) WEDR Y HAEE/ 7Y a—g - RV =F Lo 7Y a—iu
7y 7 LHEER (PLGA-PEG) NP Z W o iEIZHB W TIX, PEG DEEZENKE D
2O T, Rifi PEGEENHE KT HZENMESNTED, AEREES LR, 36) 2
D FAZDOWNTIEL, NP OFARFIEICEK L D EE 26D, ZoWETIE, Aflb—KkHh
%@%’;DHﬁAHmNP%WELTﬁD ARFETIHHAKRREE LB L2y 7 m e A
DR MEVASEZ PLGA-PEG % IAfif S+, sz/a/%wabt% . BET Tl
ﬁ%@f#é ETNP 2T 5, RKFEOSE ., EEOWBITERREIC ﬁ%%%ﬁétw
%@@&fn@%#mm_MWﬁé_kﬂﬁ%énfwéoGﬂ—ﬁf\%%ﬁ%ﬁbt
BRI VAT, FUE— KB e T NS WRL - 2 B R < ERS 2 2 L A3 ATEE
Thod, ARENTHEOFEMIZE 2 TR0, BIEEEOIHNC X 2 BK(LR T, Bk
Mo 7 3T H T D B E R B 2R A B D, (45, 46) PEG 8413 BIREE T IS T, ARG 72 BR
RPED BN T, NP JERLIFIC PEG #6728 PLA O 2 7IZHL b D 2 E VB SN D, AAFE
IZHBWTIX, PLA-PEG @ PLA O3 FEDBRKE WS O TR, BAEENTHEIC T D BKI1ER)
RNVRKEL 72D, PEGHOUHENHEFEIND LBEINDLGTD, ZNETORE LFHENH
ST EHER LT,
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134  PLA-PEG NP HIZ i} % TAM D RTEICKIE Y PLA-PEG NP OB bF a4 D
-2

PLA-PEG NP 12k-5k Tl%. PLA-PEG NP 5k-5k & iz L. 80%fiif D\ E AR S
7o (Figure 6A) TAM |ZBKPEAHAAERIZ L D, NP IZEASND Z &6, BUKPED PLA
N A A PR EUPLA-PEG NP (12k-5k) TEARDREM o7 RSN, 2O LT, Zh
EFTOHREEL T D, 47) S HIT, TAM (T4 7R TOD LogP 73 7.1 &f%kriﬁ)mb\

(48) ZHNE TOHRETIT, BUKMEIEY) TZ D LogP 28 3.8 T 5 cabazitaxel % V7= PLA-
PEG NP ~DEF AIZBI LT, MWD PLA L AKF~DELE NP OB -0 XELX - Th 5
ZENHEIN TS, (44) T72bb, SEMRENAKRE S, R EROKRKEZWNPICE L TH
ARNEL 725, F7=. paclitaxel (LogP=3.7) ® PLA-PEG NP ~®O & AL 60%Hit4 TH
v . doxorubicin (logP=1.4) ® PLA-PEG NP ~D# AT 25%RETHDH Z &b an T
W5, (31,49) UL EOHEIIAMIETHEONIZMA EEETHHDOTHY . PLA-PEG NP ~
DB DOF AT BRI E RN FG LTV D LIS,

TAM O#5HIZ X > T, PLA-PEGNP @ Dy 13/ &< 720 (Figure 7A), SEC-MALS 75 &
L 72 PLA-PEG D& &8I L7z, (Figure 9) AfEFi%. TAM @iﬁﬁ’if%iﬁiﬁmﬁm%@
RAEHEIETH 2 BB 10%5 A3 2 KEEFIZIH W T HPLC IZB1T 2 HRALL T TH 5
ZEmB, TAM BMESERITKFTHH L, a2 7 & LT, PLA-PEG ODEE R HEIT L7
7, PLA 27 OEENHE SN, SGEPN NS Rol EHEE LT,

B HED BB L7z DLCspe & TAM Z#45# L 72 PLA-PEG NP OB — & BEALIZ LRV
%77, (Figure 12B) ZHE TOWMEITBNT, BEMMMHTIE, VARY =22 EDERH
ICWE LT A RN TE D Z LR HRE SN TND, (50) 16> T, AIFEIZBWNTE,

TAM 73 PLA-PEG NP OEMHIZWET HZ & T, TAM BHEEMEEY CTH D Z L b, IEELN
EHONTND Z ENHEER SN, 512, DLCspr & 1 PEG % E 2 VA 2380 72,
(Figure 12C) AfEF L, BUKMEEY TH D TAM 23 PLA OBKEHEIZWAE L TWDH I L E2R
L TW5, M PEG BEMEWEE . PLA OBUKEAE LT 5729, TAM 23Bi/K 59
% L HEEL X LT=, SC-PEG NP (12k-5k) & L-PEG NP (12k-5k) (3¥ —Z BAL DT NIZADHE
o Uiz, AFERIT, W7 a v 7 HEAKRO PLA S0 085 ETh 5729, Kl PEG HBE
NEL 7852 ETTAM OREZIHI L, ZORERE—FEMBOT NADHEZRL TW
D EHEE LTe, AHEEIL, BEFFIC Lo TS D TAM BEREICWET 5 & L TR
L7k & AT 5, (Figure 12D)

TAM @ PLA-PEG NP 7> 5 O i 28N L C. pH7.4 DV U ERfEE R H T 24 FERIC 1T
Lt L . DLCspe O RIFAHBA L7z, 55 2 B CTHMA BRI 200, ARBCRIZEB W TR
24 WEHIEALE CLE, FWmICWE LTz TAM DS ESh s Z L3R S ivd, LLEMNS . [EHFH
2 DR U7 B AR L B Lz LS L=, — 5T, pH 5.5 OFFEEREE IR+ C
DO HZEENC X, PLA-PEG DONLAKBMERDE IR DT, PLA DN FEDORIEEZ BT,
TAM (FHEREMEEY CTH L 720, K pH BREZICEBWTIE, A 410 LIEfEE R\ B35, £0

(SRS e & b LT B LTV B EHEER S LTz, AR RIE. TAM Ol 3 iatEse
ﬁ‘T“ﬂE@éﬂé EWVWSTZZIVETO®RE (51) 00 BKIL RAA D4 FED K E W PLA-
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PEG NP THUKMERB O AIH S D Wy iils 47) & e T5, ZOpHITSEL
T, WA BN, AR O THEIC)H 2> TR Y . 23 AR CIZILERAE M etk
INTWNDZ ERHEIN TS, (52, 53) %7l L-PEG NP (12k-5k) & SC-PEG NP (12k-5k)
X AAERFRREICH L CHRARRGEZ A L CND EE X DD, EAEY OB LN
TRHREMEIZE B35 & paclitaxel £ A L7= PLGA-PEG NP O JigHiMEIL, ABFZE & RIEEIZAR U
VILR— | 80 T U7 &ML L, BITIEEZ VT2 RICBWT, 6 BRIl £ TT 75% 2 &
TW%, (54) F£7=. doxorubicin ® PLA-PEGNP 75 OFgHIZERBWTIE, AU VX — | 80 72
E D FENEMER 2 N L2 WERIFIZRB W T, 7 2@ L TH Y . 10 FFfH £ TT 60~
80% DL ZERD TV D, (31) LLEDORERIT, FHALRERIC, EYOBUKIEN B F
HLTWAZEERELTWVD,

135 PLA-PEG NP ® PK 71 7 7 f M RIF T RIF R DB

NEAREAMED B 72 D PLA-PEG NP O UEF IER IR E—FRF# 7 0 7 7 A 122, Mn T
kAL L7z PLA-PEG & “C THE# L7= TAM % W CHT 21T > 7=, AKE T?O PLA-PEG NP
DGR, BIEOIGE 2 RTHBENTH D Z ENHEINTE Y, fi#T L7z "In-PLA-
PEGD T, bfESNTWVD LD LRIREDHEE R LTZ, (34)

PLA-PEG NP 12k-5k DN AKBMEIZER T 5 &, FHEREaT 25, Kifi PEG % E2MEW
DL-PEG NP 12k-5k Cl%, L-PEG NP 12k-5k 72 5 TONZ SC-PEG NP 12k-5k & brifs LC, i
HAUC & Tip 3R T L, AT K L7z, (Table 4) NP (X, RHIME D K 5 7 i EF N
DIRAVEL 2 T A BRI, MO AMEZ T Z ENMEINTEY . 2o\ AN)
[ZE D BAMNZETI NP (X CRAEE T 5 2 & A3 ST b, (55) DL-PEG NP (12k-
5k) DT OEEITIEHERETH Y | e a7 LR L TEAM OB ELZZ T 0 E
HE S5, WEMZEN %779 CAC X, DL-PEG NP 12k-5k @ CAC (% 3.0 ug/mL 2 T
B FHmHIE IR D MR EIL CAC 245 B> TWa Z ERBESNDS, &5
|2, L-PEG NP 12k-5k 72 & TNMZ SC-PEG NP 12k-5k & bfi LT CAC IZEZ RO RN -T2,
(Table 3) %512, DL-PEG NP 12k-5k % $¢5- L7z~ 7 ADEEICE T D IEHLIRE X, 54
HNTHER L TR, fAE L7 NP DRt S 7o veEME A 7R L T %, (Figure 15C) 24160
fEFH 5. DL-PEG NP 12k-5k (X T, AW &5 fadE L 72 k5%, L-PEG NP 12k-5k
72 5 TONZ SC-PEG NP 12k-5k & bhigs LA L AP i) & 2n o 7 S HEE Sz, DLED#E R
W, SAREMED 72 % polymersome & V2 AU E TORRGES T, D-lactide ¥ 7213 L-lactide %
FH\ 72 polymersome 7% DL-lactide % VM7= polymersome & Lhifz L CEWmAEH AUC 27~ L
TR L B AT 5, (28) L-PEG NP 12k-5k (235 T, SC-PEG NP 12k-5k £ ¥ & &\ n
EHUL IR E % ATl & Pl BV TR 72, (Figure 15A and B) AHE 1%, i PEG % E N
SC-PEG NP 12k-5k (2B TEW 212 RES ~DOFEFkAMER L. 23 S lifgs ~D 554 ME T
Lo &R LT,

HAEYTHD TAMIZERT 5 &, Al L L7z TAM HR & Bl LT, “C-TAM O i
AUC & Tip 1, #5729 _T?D PLA-PEG NP |2 W\ CTRIFIZE K L, PLA-PEG NP % i
AT 27 VN = 27 ARMHPMREMEZIERET 57 OICHHRFIETHL Z ENREN
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7. (Table4) —J57C, “C-TAM & "In-PLA-PEG DI ERLIBEEICER 5 &, “C-
TAM TiLifsEH AUC 13380 L, oA FEIZE K LT 5, (Figure 14 and Table 4) L7,
T2 lIZBI L Tik, “C-TAM & "MIn-PLA-PEG CRIRBREDEZ R LTz, AFER G, Fmlck
HLTHD TAM BN Tt S, BEHICHmT 56— 5T, HEAIh TS
TAM [ ZIfHE T ST, NP & FRIEROENEN B A 7R3 2 & e Sz,

1.4 /B

%5 1 B ClX, PLA-PEG #4595 lactide DSLRRMEICHEH L, SARRME L PLA O &
DEL72 D PLA-PEG O JFEHFEIZ DWW T, FEMZR AT 21T o 72, S 612, fFR L7 PLA-
PEG NP ORIFNFHEDFEIIZ H 7=V . TERDFHEMATIEIZIN 2 T, SEC-MALS,  'H-NMR,

AR 2 G5 Z & ¢, PLA-PEG NP OffiE, EEAEMEICOWTHEIICERT 5 =
EMATRE L T o7, MHEEE LT RpMfAT 151 L U . PLA-PEG NP O PEG % £ 75 PLA-

PEG ® PLA R A A OfEEMEIC L VAT 52 L2 L7z, INx T, Kk PEG HIE &

TAM OFEEH~OWEEIZ BN S 5 2 L 2R L, FUEHSME & BUAIRE O BILRIME 2 A7 L
7o WARIT, SAKEPEDE 72 5 PLA-PEG NP OIANENEEIC KIS B LA L. H AN T
& %5 TAM @ PLA-PEG NP i ~D W75 572 5 NI PLA-PEG NP O i PEG % £ 723, PLA-
PEG-NP & TAM OARNBIE 2 2 E) S & 2 [FIFECTH D 2 & 2 LTz, KRETOMFER
i, JFERHRHE O 72 & QN ERAE, RIRIRREORENT 22 & ONTERMR, Z 05 OFEBI % Mg 3
LI TR L, RNEIE L OFRICZ OfE ROMAIRGMEIC LSS ERR L NCHEZIT- -
JL T, PLA-PEG NP D [EIEFLFAFE~DISHICA I 72 EEIE M A f2fit T2 b O Th D &2
Do
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%23 Stereocomplex K PLA-PEG F/ /3—F ¢ 7 L ORA| Rk K Y
ENEIRBIC RIET R T DA Z L BE & RiiE D&

21 ®¥=
%1%?@‘mkmﬁ@ﬁﬂ%ﬁﬂﬁﬁbx%@ﬁ%ﬁ\%%%ﬁ@ﬂ%ﬁﬁgwﬂﬁm
IS RIETREL A LZ, #HOMR T, D-lactide 7> S S 415 PDLA-PEG & L-
lactide 7> E%EJZ S5 PLLA-PEG O%E /WG T % stereocomplex % %79 % SC-PEG
NP 73, M PEG #JE 72 5 NI, PLA-PEG NP Fifi~" TAM OW 3 % K8 L. PLA-PEG
NP 72 5 ONZ TAM DItz m L3452 L2 b0 E L,
ek oos@ v . NP % DDS $UFl)| %#5ﬁ4%74/ U7 L7 g ==K EH Y 5
BIEFI S Hu, BiE O b REEIZEAL TWD, (15-17) 2B HA FIA4 > OF T
SN R AT BLEN O FeEFRAT RS R B D & | AL VT 2 Fritk A B2 50 B Frik
(CQA) & LTRIEL, ZOEMHEMKARET D Z ENERINTND, S HIZ, NP O#liE
15 & BUENT A — 5 )3 NP ORIAIREIC R E L RITT Z ERHMEINTEY (56,57). CQA
Eﬂﬂ“%& IFTRERT A EBETRATA—X L L TEETIVLERH D, (14) F
. BEFSERRICI W T, BUE TRAOHEMEZED . NP ORAIRHE~DEEIZ OWNTEL

L\ﬁﬁ@ﬁﬁ<\%$ﬂ@%®fwiﬁ%aﬁﬁé EDHERE S NS, (58) L L7an
5. BB KT T TREEART A—XDOEBIZONTIE, ®ENL2INTHWDE L0, HHK|
FEEREEE B 12 oW T, RRIICEEEL TV A L DIXIZ E A EFEL TR, Sz, #
FIRFEIC RIT T TR T A —H OB L Z D PK 71 7 7 A LM I L ClA L7
WMEIR SN TS, (59)

:@iﬁ&%%_%o% F# X, SC-PEG NP OHIEICHOWT, RAEFEIC TR/ ST A —
BN RAET BRI L, BAREORIEEO LN ik a2 T2 L2 AME LT, M
MEATo Tz, BHEIZOW TR, ROy FROFARE & e LT, FHMEomOEEE L
THAE STV 2 EH B TABNT HIE 2 IR L7z, (60, 61) DOIRAFEMEIZEI L Tk, NP A
DDS HHI D /ERYE CHLH &4 TV D T-junction 2 2E L=, (62, 63) MG AT HEIC
BWT, T E TITIRE, MITE (TFR), 20 TR/NT A — 2 NSRRI 2 KT 2
ENRESINTND, (61,64) BEFIZ., ZNODOTRERNRT A=z T, BERBEH T PLA-
PEG D=AIRTE %ﬂ@#é &%am . Y F UL (LiBr) # BEEHIZRML, £0
Tt B2 703 B R 2 iT%@%ﬁﬁbtoh&iAﬁmA%®Aﬁ IBWT, KRETEY
ERLAN SN %%ﬁ@fé ENELI DL HEINTWD, (65,66) L>L72A 5, NP A
DDS fAIOFHELEHFR BT, LiBr 2 L7z Wy Fida s cunizny, 72, ff
REDIEFE 1L, JFEMEPEICSZI L. PLA-PEG @ PEG R A A > O@RIRFE 5= & LT, Bt
ROWNIREE T2, T72bb, TEANTA—ZThAHIRE, TFR, BIEHLH O LiBr R
S8 S B CERL L 7= SC-PEG NP O #LAIRHE % 'TH-NMR, SEC-MALS, DLS %5 D72 fF
PEREATIEIC K 0 AT U, SRIFREIC KT TR N T A — 2 OB L fRUEOFBINER & ONTFF
PEHIEIIE O IR SIZOWTHRGEE LT, FfEAIS, 2725 TR/ NI A —& TR L 72 872 5 545
Mt % 779 SC-PEG NP DIRNENRE A AT L. BUAIREIE 72 & ONTRNENRBIZ RIFE T LN Z
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Figure 16 The schematic representation of the nanoparticle preparation.

(Ogawa et. al., Pharmaceutics., 2022, 14, 568, Figure 1)

2.2 fER
2.2.1  PDLA-PEG & PLLA-PEG DAk & RtEfi#sT

Table 5 (24 L 72 PDLA-PEG & PLLA-PEG ® M, & Pdl %7~ L., Figure 17B, C (Z 'H-
NMR A7 bV &7RT, PLA RAA O Mp 134 12,000 & 720 BREGE & —E L7z, Pdlu
X2 L 0/h&<, SECRIODZ v~ 7T AL HIEETH -7, (Figure 17A)

Table 5 Number-based molecular weight and polydispersity index of synthesized PLA-PEG unimer

Unimers M, PEG (g/mole) M, PLA (g/mole) * Pdluni **
PDLA-PEG 5000 12007 1.78
PLLA-PEG 5000 12497 1.82

*: Mn calculated by 'H-NMR, **: PdI calculated by SEC-RI.
(Ogawa et. al., Pharmaceutics., 2022, 14, 568, Table 1)
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Figure 17 Size-exclusion chromatography-refractive index (SEC-RI) chromatogram and 'H-NMR
spectra of PLA-PEG unimers. Panel A indicates SEC—RI chromatograms. The dotted and dashed lines
indicate L-lactide base PLA-PEG unimer and D-lactide-based PLA-PEG unimer, respectively. Panels B
and C are '"H-NMR plots of L-lactide base PLA-PEG unimer and D-lactide-based PLA-PEG unimer,
respectively. The following chemical shifts were assigned: 3.31 ppm, CH30 of methoxy polyethylene
glycol; 3.64 ppm, (CH2-CH»-O) , of methoxy-polyethylene glycol; 5.18 ppm, CH of polylactide; and
1.60 ppm, CH3 of polylactide.

(Ogawa et. al., Pharmaceutics., 2022, 14, 568, Figure S1)

Figure 18 {Z PDLA-PEG & PLLA-PEG D RzELEEIHT (DSC) OEEK - IRE T v v M &
59, 10°C 5 160 °C [ZHIET 2 IBFRITE VT, 50 °C f1UTIZ PEG KA A > DO FEMiRIEL K
T HWEE — 2 (FiZih) % PDLA-PEG 72 5 TNZ PLLA-PEG T 7=, T D%, HE% L5
7L Z A, PDLA-PEG Tl 139°C, PLLA-PEG T 153 °C (Z PLA DRl | ZHL K3 5 %
B’ — 7 23 7-, (Figure 18A , Table 6) 160 °C 7>5 10 °C IZF&IE 2 @2 I BV T,
PDLA-PEG Ci% 97 °C., PLLA-PEG TiX 119 °C IZ PLA O biZiE R 3 28 # e — 7 (ki
i) RO, TO%, BEEZBEFSEZEZ A, 25°C fHUEIC PEG R A A » OfEi bici
K92 W #MED e — 2 % PDLA-PEG 7¢ & TONZ PLLA-PEG Tl 72, (Figure 18B, Table 6)
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Figure 18 DSC plot of PDLA-PEG and PLLA-PEG. In panels A and B, the total heat flow was plotted
as a function of temperature when the temperature was raised from 10 °C to 160 °C (A) and lowered

from 160 °C to 10 °C (B). The dotted line and dashed line indicate heat flow of PDLA-PEG and PLLA-

PEG, respectively.
(Ogawa et. al., Pharmaceutics., 2022, 14, 568, Figure 2)

Table 6 Melting temperature (Tn) and crystalline temperature (T.) of synthesized PLA-PEG

characterized by differential scanning calorimetry.

Unimers PEG T. (°C) PEG T.(°C) PLA T. (°C) PLA T. (°C)
PDLA-PEG 48.0+2.0 252+0.6 139+0.2 96.7 + 0.1
PLLA-PEG 46.4+0.8 21.7+0.1 153 £0.5 119+0.1

(Ogawa et. al., Pharmaceutics., 2022, 14, 568, Table 2)

222 B0 5EECERL L 7= SC-PEG NP O HLHIR:4%

SC-PEG NP O FHHUEFEIZ DU T, 35 °C (NPprep.350¢) 78 5 TNT 65 °C (NPprep. 650¢) (& CRERLL |
Z OWEALFHRE % DLS, SEC-MALS, 'H-NMR (2 £ 0 f#HT L 72, NPprep. 350¢ 72 5 UNE NPprep.
6soc O Dy | Z[FIFREE T > 7203, PdIng 1 NPprep. 35:¢ ICFB W THL M E S5 0.2 KD /S UVWMET
IXH DA, 017 EHEIZHK LIZ, (Figure 19A) & 512, SEC-MALS i L 7=k -84 fi
FIEMT TIE. NPprep.3sec IZFBWN T, R WK E HLRZDRFHESNHFELTEBY, 208 THLHZ
&L Z MR L7, (Figure 19B) Zf PEG BEZfRIT L72 & 2 A, NPprep.3scc TlE, NPprep osec & b
B LT 6.7 45F/100nm? 225 4.3 43F/100nm? & A Z MK T L7z, (Figure 19C) AFER L0 |
LI DREHZ BT 5. SC-PEG NP OFHBRLEE % 65°C & L=,
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Figure 19 Characteristics of SC-PEG NPs prepared in different temperatures. Panel (A) shows the
hydrodynamic diameters (Dy) and polydispersity index (PdInp). Solid bars and open circles indicate Dy,
(left axis) and PdInp (right axis), respectively. Results are expressed as the mean + standard deviation of
three samples. The experiments were independently performed three times; * p < 0.05 compared with
preparation temperature 65 °C. Panel (B) represents the SEC-MALS chromatogram. Solid lines and
dashed lines indicate NPs prepared at 35 °C and 65 °C, respectively. Left and right axis represents light
scattering signals and gyration radius (Rg), respectively. Panel (C) shows surface PEG densities. Results
are expressed as the mean + standard deviation of three samples. The experiments were independently
performed three times; * p < 0.05 compared with preparation temperature 65 °C.

(Ogawa et. al., Pharmaceutics., 2022, 14, 568, Figure 3)

223 BB LBriRELZGAHT LREET TOSC-PEGD a7+ A —v g v

H72 HYRE O LiBr 5 4A 7 5 DMF 2888 £ 9% SEC-RI Z H T PDLA-PEG & PLLA-
PEG DIEAW TH % SC-PEG D BIRIHPThO a7 4 A— a o Z2iHli, #EE L7-, (Figure
20) LiBr # 5 A L2 WBEIFIZ IV Tk, W 6.6 min £11T1Z SC-PEG DOEHEY) & HEE =
NoE—7 %@, —J5 T, 20 mM LiBr & A7 HBEHTIX, SC-PEGD 7 n~ h7 7
AT 2R LT, (R 10.1 min) LiBr O¥EE % 20 mM 75 100 mM, 300 mM & 54
REHELLEZ A, SC-PEG DE—7 by FITEEHRF A R WA 7 b L7y, §_XTHIE
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PETd o7z, Table7 (2 LiBr RE DR HZBEHKZMETO, =7 Fy FITBIFLRY =F L
VA XY A Rk D% & (Rel. My) & Pdlu #7597, 100 mM LiBr 72 5 ONZ 300 mM
LiBr &3 5B EHH F TD Rel. Mp 1Z 14,189 g/mole & 22,610 g/mole T& ¥, 20 mM LiBr
oA T HBEMET TO 8,916 g/mole &l L CTHXT, 1.5~2.5 fIZH#E K L 7=, 300 mM LiBr
D Pl 15352 Z7R L, Z0WTHD Z LRSIz,

o = —
@] = [Re]
]

o
N

Normalized RI signal
(] [an]
o o

=
o

5 6 7 8 9 10 11 12

Retention time (min)

Figure 20 Size-exclusion chromatograms of SC-PEG in solvents containing different concentrations of
LiBr. Normalized refractive index signals were plotted as a function of retention time. The solid line,
dotted line, dashed line, and chain line indicate DMF containing 0 mM, 20 mM, 100 mM, and 300 mM
LiBr, respectively.

(Ogawa et. al., Pharmaceutics., 2022, 14, 568, Figure 4)

Table 7 Relative molecular weight and polydispersity of SC-PEG unimer in DMF containing LiBr

LiBr concentration 0 mM 20 mM 100 mM 300 mM
Rel. M,, (g/mole) * 9,636 8,916 14,189 22,610
Pdlu ok 1.86 1.11 3.52

* Relative molecular weight of peak top. ** Pdlu cannot be calculated

(Ogawa et. al., Pharmaceutics., 2022, 14, 568, Table S1)

224 B2 % LiBr R/ TFRIZ X 0§ L7z TAM #£i#% SC-PEG NP D FrEfRtfr
2241 HEYPSEE & RRE

Figure 21 (Z TAM D 3R¥#4#i & (Figure 21A) & DLCspr  (Figure 21B) % 7~9, F£7=. Figure
22A IZEIAZFR A IRT, 300 mM LiBr &5 H T 2 RIEHE2 W26 120, hofifsek &
L CAHEITRW IR E# B . DLCspe 72 & NI E AR Z IR LT-, DLCspr DAE I LIPS & D
WSTREDOME L 720 . TAM BNEBICWAE LTWND Z LAVRIR ST, HYHE & DLCsk
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IZK%IET TFR OEBITM CTh - 7223, BT LIfiFAN T, EOK T & & blo, EYs
#i B & DLCspe 239 DAEAIZ & o 7=, Figure 22B (ZFHHL L 7= SC-PEGNP 7> 5 D TAM D ik
2827~ 7, 300mM LiBr 2 & f 7 2 BIEE A O CHli#E L 72 SC-PEG NP (X, FAENK
E %75 L. TAM 21256545 PLA-PEG 2 E D LLR MU ORISR L F L B D Z Lk,
T PEREA 2 S0t L 72 7o 72, FREL L 729X C D SC-NP 1L, 24 K £ CEMBANSE S,
Z D%, 48 W E TR IR Sz, 0%, FE 96 W £ THEMMIZ TAM 2 S
iz,

(A) -
12.0 A
—~ 100 - 1
L 8.0 -
o000 0 |
S 4.0 A 7 L *
o ' i
0.0 - /‘;j T / T T T T T T 1
O0mM 20mM 100mM 300 mM 0mM 20mM 100 mM 300 mM
LiBr concentration LiBr concentration

Figure 21 Drug loading contents (DLC) quantified by conventional method (DLCconv., A) and solid-
phase extraction (DLCspg, SPE) method (B). Filled bars, open bars, and hatched bars indicate flow rates
of 8 mL/min, 3 mL/min, and 1 mL/min, respectively. Results are expressed as the mean + standard
deviation of three samples. The experiments were independently performed three times; * p < 0.05 to
all other LiBr concentrations.

(Ogawa et. al., Pharmaceutics., 2022, 14, 568, Figure 5)
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Figure 22 Encapsulation efficiency (EE) and release profile of tamoxifen (TAM) from SC-PEG
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nanoparticles (NPs). Panel A shows EE quantified by conventional method. Filled, open, and hatched
bars indicate flow rates of 8 mL/min, 3 mL/min, and 1 mL/min, respectively. Results are expressed as
the mean =+ standard deviation of three samples. The experiments were independently performed three
times; *p < 0.05. Panel B shows release profile of TAM from NPs prepared by different process
conditions. Closed, open, and hatched symbols indicate flow rates of 8 mL/min, 3 mL/min, and 1
mL/min, respectively. Circle, triangle, and square symbols indicate LiBr concentrations of 0 mM, 20
mM, and 100 mM, respectively. Results are expressed as the mean + standard deviation of three samples.
The experiments were independently performed three times.

(Ogawa et. al., Pharmaceutics., 2022, 14, 568, Figure S2)

2242 BB TRENT A—% TIER L7 SC-PEG NP @ Dy, Pdlye 72 & NI F (A PEG % E

Figure 23A, B |2 Dy 72 5 NZ Pdlne #7797, LiBr JRE & TFR ZZAB) S 72550, Dyl
54~122 nm Z R L7z, PdIne 13 0.2 AR & 72 D AR L7z SC-PEG NP I3 3 X THAGHWTH o7,

LiBr 2% & TFR O AE/ERIZBI LT, Dn & Pdlxe THEFUCDWT, & iwEITEZ VT
FE U7, REAER & I1X, TSI A—F OZNENOEEN, &5 H-AEEICH LT, ¥
BhMITLH-> TWDIREEEFET, Figure 24A, B2 Dy & Pdlne DIGE M 2 759, 2 #h i
X, 2 WET M L VT Lz, Dulkl4 % FAEIX 115,p=3.0 x 107 27~ L, Pdlne (2% 95
FEIZ12.0, p=1.9x 105 Z/R L7 Z &b, it LICHET ADHEFFRICAETHH 2 &
PIRENT-, 7o, MAERE (RY) 13X Dy TiX 091, Pdlxe TIX0.53 7257, LL k25, LiBr
JREE & TFR ST T 2 R AAERDMFAE L, Dy & Pdlne 1T LiBr JREZ NS5 E720E,
TFR 2D &85 Z L THRT L Z LR ENTz,

Figure 24C |Z1%, Du & #ifi PEG % OMBRMR A ~T, RMHEIF0.64 L7220 | 2 DORAIKF
PEAE L, JRVFERS 27k L7-, 20 PEG ZE 2O\ T, Dy & FAEEDMEMZ R L, 6.7~16.6 4>
/100 nm?* & 72 > 7=, (Figure 23C) ZAU 5 DOFERIT, TFR OHERR° LiBr IREE DA 23, Dn %
INELFTHZ LT, FHPEGHEEZWOIETNHLZ LEARLTWND,

Figure 24D |[ZF% L 72 SC-PEG NP D#HEHEEZ DIERBIZOWT, 74—/ F=I v g v
ABTETIAMET (FE-SEM) (2 X 0 #lg2 L7 sl 24, FAf L7 NP X, BRRTH D Z
& DERR T & 7=, Figure 24D FXITFARSM: & LC, 100 mM LiBr/ TFR 3 mL/min & L CFA#L
L 72 SC-PEGNP DJEfe% /< L. Figure 24D X/ 20 mM LiBr/ TFR 8 mL/min & L CHi#L L 72
SC-PEG NP DJEHE%A 759", 100 mM LiBr/ TFR 3 mL/min & L Tl L 7= SC-PEGNP T, 1 &
RLTDRENT L EMER LT,
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Figure 23 Hydrodynamic diameters (Dy), polydispersity index (PdInp), surface PEG densities, and
surface PEG contents of SC-PEG nanoparticles (NPs) prepared by different process conditions. Panels
A, B, C, and D show Ds, PdIne, surface PEG densities, and surface PEG contents of SC-PEG NPs,
respectively. Filled, open, and hatched bars indicate flow rates of 8 mL/min, 3 mL/min, and 1 mL/min,
respectively. Results are expressed as the mean + standard deviation of three samples. The experiments
were independently performed three times.

(Ogawa et. al., Pharmaceutics., 2022, 14, 568, Figure S3)
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Figure 24 Response surface of hydrodynamic diameters (Dy) and polydispersity (PdIne) of nanoparticles
(NPs), relationship between Dy and surface PEG densities, and FE-SEM image of lyophilized NPs.
Panels (A) and (B) show the response surface of Dy and PdInp, respectively. Circle symbols indicate
individual values. Response surfaces were fitted by quadratic models. Panel (C) indicates surface PEG
densities plotted as a function of Dy. Closed, open, and hatched symbols indicate TFRs of 8 mL/min, 3
mL/min, and 1 mL/min, respectively. Circles, triangles, squares, and diamonds indicate LiBr
concentrations = 0 mM, 20 mM, 100 mM, and 300 mM, respectively. Results are expressed as the mean
+ standard deviation of three samples. Correlation curves were fitted by a linear model using the least
squares method. Panel (D) shows the FE-SEM image magnified 100,000 times. The upper panels show
morphologies of lyophilized NPs prepared with 20 mM LiBr/TFR 8 mL/min. The lower panel shows
the morphology of lyophilized NPs prepared with 100 mM LiBr/TFR 3 mL/min. Bars represent 100 nm
scales.

(Ogawa et. al., Pharmaceutics., 2022, 14, 568, Figure 6)

2243 WAL L7~ SC-PEGNP @ PLA KA A D T
Figure 25 (25725 THE/XT A — % CYERL L 7= SC-PEG NP % MifEsfE L7-14 12 DSC X v
L7ZBED PLA RAA D Tn %53, TEFR N2 5551015 PLA A A D Tu 32K L
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otz LiBriEEICERT S E. 300mMLIBr ZI L7520, PLA RAA D Ty
MN2~3°CHEIZEH LT,

Gg200 . %
ii%1195 . % “ % % %
E 190 % | % | % | % |

LiBr concentration

Figure 25 Melting temperature (Tm) of PLA domain in lyophilized SC-PEG nanoparticles (NPs)
prepared by different processing parameters. Melting temperature of PLA domain of lyophilized SC-
PEG NPs is presented. Filled, open, and hatched bars indicate flow rates of 8 mL/min, 3 mL/min, and 1
mL/min, respectively. Results are expressed as the mean + standard deviation of three samples. The
experiments were independently performed three times; *p < 0.05 compared with other LiBr
concentrations at same total flow rate.

(Ogawa et. al., Pharmaceutics., 2022, 14, 568, Figure S4)

225 BRZITENRIA—FICIVHERLZEZRDRE PEG BE L D2 FT 5 SC-PEG
NP OIfiffEtf PK /1 7 7 A )L & ki 43 A

RREERE R 5. SC-PEG NP O #UAIRHE & LC, Dy & i PEG #E 1L b L— R4 7 ORR
oD L aWb0E Lic, ZD78, Dy &£ PEG HEN 2 5 2 D SC-PEG NP %
FRELL . MAEEBYRIRE 7 e 7 7 A L LA AR L 72, — 51, Di: 61 nm, Kifi
PEG % & : 7.90 molecules/ 100 nm?> & L7z SC-PEG NP (NPspyrese-small) TV . TFE/XT A —H
/%20 mM LiBr/ TFR 8 mL/min & U CFR#{ L 7=, & 5 —J71%, Dn: 105nm, K PEG % & :
16.6 molecules/ 100 nm?> & L 72 SC-PEG NP (NPpensee-targe) T 0, THE/NT A —Z [T 100 mM
LiBr/ TFR 3 mL/min & L Califl L 7=,

Figure 26 (2, BHIREO 722 2 FEFED SC-PEGNP 2~ U A TG LIZBEOPK 7 7 7
A NVER"Y, F7=. Table 8 |Z ""In-SC-PEG NP & “C-TAM D IEHALIEBE 7 7 7 A )L
MOBBEH LT PK /8T A =% %R T, NPpensee-Large @ ''In-SC-PEG NP 7 & TNT MC-TAM O fiL
FERIE B LIRS & AUC, FIHIREE (Co) 72 6 ONTYH KB D 8 (Tizp) 13 NPsparese-sman & Lb
i LC AUC T12f%, CoT 114, Tin T LI~12 fERREEMZ R L7, (Figure 26A, D,
Table 8) £7-. WA, &H 27 V7T 72 A (CLw) [Z29WVWTH, NPpenseerage ClEy NPsparese-
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sma & FLHE U T 10~25% R EARMEZ R LTz, MO (Tip,) 1220V T, "Mn-SC-
PEG NP & “C-TAM & H(Z. [ SC-PEG NP & 5 REM] THEEZRD 2N - 12,

"Mn-SC-PEG NP 72 & TNZ “C-TAM DOfFlE. MigEH 23 5 ERYLIRE—RH 7 'e 7 7 A )L
% Figure 26B, C, E, F 27”7, Flgic3B U\ Tlid, "MIn-SC-PEG NP 72 & ONZ “C-TAM Diij 712
FUT, NPsparese-smant & FLEE LU\ NPpensee-Large DA TS 10%FREA BITIRWFER & 7r o7,
PRI DN T T & ARO[ A2 7R L2 b 00, Wt CHEERZZRD RN -T2,
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Figure 26 Pharmacokinetics and tissue distributions of '“C-TAM-loaded ''In-SC-PEG nanoparticles
(NPs). Panels (A), (B), and (C) show normalized plasma concentration, liver distributions, and spleen
distributions of ""In-SC-PEG NPs, respectively. Panels (D), (E), and (F) show normalized plasma
concentration, liver distributions, and spleen distributions of '*C-TAM, respectively. Filled triangles and
open squares indicate SC-PEG NPs prepared by LiBr 100 mM at a flow rate of 3 mL/min, and LiBr 20
mM at a flow rate of 8 mL/min, respectively. Solid lines and dashed lines in panels A and D, respectively,
indicate two-compartment model fitted curves. Results are expressed as mean + standard deviation of
three mice: * p <0.05 compared to SC-PEG NPs prepared by LiBr 100 mM at a flow rate of 3 mL/min.
(Ogawa et. al., Pharmaceutics., 2022, 14, 568, Figure 7)
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Table 8 Pharmacokinetics parameters of PEGsmali-sparse NPs and PEGrarge-Dense NPS.

Plasma AUC * Tind** Ting** CLin** Vg ** Co **
(hr *% of dose/mL) (min) (min)  (mL/min) (mL) (% of dose/ mL)

1n-SC-PEG
NP Large-Dense 640 0.374 10.5 0.133 1.95 88.9
NPsmail-sparse 497 0.416 9.67 0.184 2.45 80.1
“C-TAM
NP Large-Dense 441 0.570 11.7 0.179 2.89 61.8
NPsmail-sparse 362 0.343 8.35 0.262 3.06 55.6

* Calculated using the trapezoidal method. The mean values of the three mice with normalized plasma
concentrations were used. **: Calculated by the two-compartment model. The mean values of the
three mice with normalized plasma concentrations were used.

(Ogawa et. al., Pharmaceutics., 2022, 14, 568, Table 3)

23 BE

2.3.1  SC-PEG NP O BIF|He:1Z FF 3 3R BRUE BE D B8

SC-PEG NP OFHBLREIL, Pdlxe & 21 PEG B ICHE L7, (Figure 19) AfEHEIL, DSC
ZfER L2 B TR RS R T L 912, PLA-PEG D PEG RAA DAy T4 A—g j#
SR L > TR LTI & 2 65, (Figure 18) PDLA-PEG 72 & TNZ PLLA-PEG
D PEG RAA D T lTZHEH 48.0 °C 72 5 TN 46.4 °C Toh o7z, (Figure 18A, Table 6)
PEG KA A > D Ty £ 0 HIKWFARNEE 12T, PEG KA A > D4y F-EEED S /3 AT L
T 57, BEE L +2ICHEERT S Z EnHKT . PLA-PEG 75 BIFIEH TH I
BESE LTcTo s S HEER STz, 35 °C TRl 9 52236\ T, PDLA-PEG & PLLA-PEG % B
ISR S BT RITE CTH 0 | BHER CIX B CHERHDR o Telod, 17 vl
2/ —)LTPEG RAA L D—HEH, PLA D THESICHE N TEHAEMR., S LTSN
HeEans, LLEOBEEING ., NPpep 3scc DRLFEIMNLEE 72D . NPprep osoc & L
THRIMmMPEGHEENMET L EBE LT, ZETORETIL, di-block D7 a2 v 7 HLEE
RIZBWT, 7L ZIRRED PEG $HD 2> 7 o A—3 3 NI Z OfERLIREIC X » TEET
HZENME SN TS, (67,68) & 512, PLA-PEG NP X° PLGA-PEG NP % Z IR AT Hik
TER L 72BAI1C1E, PEG#ENRZTOaTICHEND Z L HHMEINTNDZ Enb (44,
45), ABRLLBETHLOTHDLEEZ LD,

2.3.2  LiBr B & TFR OHHIZ X % SC-PEG NP D RIF| K2 E)

SC-PEG D21 7+ A—3 3 T BEBH O LiBr O Z k- T2k L7z, (Figure 20) =
NETORETH, LiBrliIEm O FOBKT TCOary 74 A—va vy w28 b3w5 2 it
INTWND, (65,66) KEIZBITHMEHERS., ZhHOHE L —H L TW\WD, LiBr % 20

mM T 5 51288 Tlid, LiBr 1% SC-PEG D B/KM: B X A 6+ OF B AR 23 L7z
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FER, DHCRREZUE L R EIN D, ZNE TOWEIZIB VT, LiBr OFIMNAE S 1O
BRRAE—A 2 P2l 2 2 EI2X Y, pBREBLZEET L2 LARESNTEY ., 40
DFERITZNETORELELET D, (69) — 57T, LiBr 2 100 mM PL BRI L 728581201,
BN RN L 0 BIABEH T SC-PEG DBUK KA A VRIENERE Lz L#HRZI N5, ATk
0. BIRBEF TO Nu DR L7FE R, SC-PEG NP ORI FENH R LIz LRSS, Zh
FTOHREIZBN TS, LiBriREOHINL, & F—ma FRIOMAEREZEKT S 2 &7
WEEINTND, (70) EHIZ, KAEMESTTHD Y F=r 2 AVi-aEiirtikic X 55 7
B ERICIBWTH, A A VREL pHIZ K > TR TO Y 7= OENE(LTH 2 &
DHREINTWD, (71) UENrS, AFERIZ, IhEToORELEETLIEZZOND,
TFRIZEH T2 &, ZHE TOHRE TIE, BB HETIE, ®WTFR £7203, &0
Reynolds U2 L D IEATL, NP DR FRZ/NSLTH T ERHEINTND, (72-74) 2
C. Reynolds #% & 1%, WARIRA OREME LB OXEES Z R THEETH Y | BAHEHE
WIEEREL DB TH D, MESINTWDERIT, TFR BREWGE, BIEMNHERL
PEHCST D728, BUK R A A A2l < BKAERIRD NS R0 SEHD DT D720, b6
WINSL D EHEESND, REOERIL, Znb0oHRE L LEET S,

AREECHGE L7 LiBr O BIAEEF CTORE L, TFR 22L& 5 2 L2/l bEDLZ LT
NP O RUFNEE 2 HIH 45 FIEICB W T, LiBrigEnEm <. TFR B/hEWEAIZB VLT,
Dy & Pl MERT D EEALMNE Uiz, 7272 L. MRGE L7-&PHIZIS 1T 5D Pdlne DR
IFHAGBE SND 02U TFERoTz, o T, KRETHRIELTZ 2 DO TRO TSI A —X
RS EDHHIEF, LiBri2EOEH DAL E 2L TFR OEFHOH L WS H—0 T/ Z
A—ZOEF L, KV IEWEIPH CTHOHREZ ko7 E £, Dy 2l T RE/R 7IE T
bHEZZBND,

SC-PEG NP O [f PEG HBEII Dy & L — RA 7 OB TH D Z & 2ffH L7-, (Figure
24C) KAk FI%, Dy D ITfE > T SC-PEG NP D FERITH KT 5 2 &7 b A FRAY 72 F
ThbHEEZEZ LD, SC-PEG 1 PEG #4723 SC-PEG NP DR~ H L T\ D EIG 2 £
PEG & LCER Lo, BEE LT AERISIRIZIHB W T, &K1l PEG B ®IIFERE TH -
7o TbbH, REIIBITT D PEG KA A L OESIIEET, REEO DK T L
7poloiodh, Dy &K PEGEENBEHBELIZEE X HND, (Figure 24C) ZIE TOH
BlZBWTIE, 7 ay 7 HESERICEKEORERY ~—%2RINT 5 Z L2 L - CTHiHE PEG
AR 5 5EEZBRA L, DhaEA, REREA K S, £iE PEG BEZHASE
TW5, (75) AETOMGERFIX, R mEN LK m PEG ZEOHIERE - THDH Lo K
T, ZRNETORELESLTND,
CIETOMBEEELDDH L, WRITTRT AN = AL T2 ODTFE/NT A—% [T SC-PEG NP
DORUFN R 2 BB SB7- LHEER SN D, LiBr O RIS TOREH L, SC-PEG O BiAHE
HCOSGEMRET D, 7o, TFR OEKBIX, BEEOILHOHE KK T 5, 2oL
NT A =2 DEAbIL, SC-PEG DG AR S, SC-PEGNP O Dy ¥R ¥ D, —F
T, i PEG & &I EY T, RmENMKT 5 Z & T, SC-PEG NP O fi PEG % &
IR L SR ST,
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fh 5. TAM OEAIZFEFH T 5 & 300 mM LiBr OFMNIE, DLCeon. 72 B ONZ DLCspr & A &
KT S5, 70, H# L7z TAM O -8 SC-PEG NP OREIZWAE LT\ D Z & AR
X5, (Figure 21) AFERICHOWTIL, BELEAT HIEIZE T 5 NP O & TAM O
RIEENP DA THD EEZXDND, ZNE TORE T, BIRENTHIEZ, &kD 35
DIBFEERE T, NP BERIND Z ERHEIN TN D, (45)

i BIEEEOIHEGNC X D, WE OB,

ii. WEAFND T LA 71 X DR,

iii. BoOpE e, HERNLRSEDELL,

300 mM LiBr Z¥shN L7254, BIsSEH Cik, 20 /BT ofMx sy %X, 20 mM LiBr
D25 EETHKT LI ENRHALMNE 72572, (Figure 20 and Table 7) AfEHRIX, IWETH D
SC-PEG D fafn DHERFRFIA] & B DR REM N S D Z EMEE SN D, —FH T, 0~30
mM LiBr & &7 % 10% DMF KIERF . T 70b b RIEH & BIEIE A2 IRA % OEIRIERRIZ ]
75 TAM ORI LiBr OREKRFHI228 01370 <. TRTOSEMFITEB N T, Bt TR
TTholeZ &b, TAM H & O faFifERrRefH] . AR R LiBr IREIC L > T L
TWRWZ ERHEE SN D, S5, SC-PEGNP Z WML, TOBKRAAL LD Tn %
R L7z & 2 A, 300 mM LiBr % BIEBCHSIN LS L 72 SC-PEG NP @ Ty, (%€ Ot FH L
D To X0 b EEIZE W R & 72> 72, (Figure 25) UL EOFKE R 25, 300 mM LiBr & {#
FH L CE#L L 7= SC-PEG NP (28 T, TAM O3 &0 MK %2 R L7=#H & LT, SC-
PEG O BIFHEF TOXEGENEM L2720, FrithiBfRIizisnT, TAM BEASNL LY b
HElZ PLA OfESEMED E L, B KA A 2 ~D TAM ~DE ANDRME T Lz L HEE L
77

F72. KI5 D TAM 73 SC-PEG NP DR HEIZHAE L TV D IO T, TAM OB R
MHEDREROZUENRIN TS, (Figure 22B) ikt 24 FEfi & i, FKmloWa L
T TAM DL TR Y, 0%k, 48 WD 96 BEICEBWCIL, WE SN TW5H TAM
D L TWD L HEE SN D, AfEHIZ. PLGA-PEG NP 2> b O BUKMERY O fi H 268 28|
THMEETRL TS INETOREEZHIH L TNDLIENDLEZYTHDLIEEZBND,
(76)

233 BARBPTIEARATA—FTERILIZ SC-PEGNP D PK 7’1 7 7 A )V, KRS
"Mn-SC-PEG NP & “C-TAM O AR EHER L 2-a > /S— M A U N ET VITHES T2,
(Figure 26) Z Uik, BGUHIZEW T, MEANLRASCERMRZIILH ETH7 VT T
AYVAT BANGARMEEZ Y | fFI L7272 L HEEL S 30D, NPpense-Large 1 NPsparse-smant & LEHE
LT, "In-SC-PEG NP & '“C-TAM DIt G HEME—R¢f AUC 133K L. s & s~
DOBATEIL, KT L7, (Figure 26, Table 8) AfESI%, #Kifi PEG EENE W2 ENFHE L
TWhEEZLND, £l PEGEENE W & T, PLA OBUKEHE A EDIL, MEF NS
DI VT T AL, I, B~ OBITEME L2 LRSS, ZivE TOWf
ZEIZB VT, Ml PEG EENEWNP X, Yur A rantF LEEn5, NP OFIA~
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DE LRI EOWFERIH L, MFNS07 VT T A EMfild 252 L2, #@iEIh T
%o (75,77)

BLALENZ DV TIX,  NPpense-Large & NPsparse-smatt TlE, 61nm & 105nm TH Y, Z DAL,
RES @ X 5 e BB ~ORFRICEZE TRV EOHRE L 2SN TWD, (75,78) —F T,
RES OFRFKIZHF 2 NP ORL - EAKAFE b s STV D, (79, 80) 4L 6 iSO J& AL
E. FZ200HERITERT L EBZ 65, 1-21%, IFRICET 2 AR 22 Mg #E T
bbb, v~ ABICB T A2 HERNEOB X 150 nm BETH D Z ERXHES TS, (81)
AEIZFIT 2D SC-PEGNP @O DX Z DA LY b/hSnzd, Ff L7z SC-PEG NP I,
HENE &@LU, RESICE2B#amlEL7-tE20Nn5b, 2 2HIX, YurAfrapt
DR THDH, 7T A rant Bl L7 NP (L, RESICLDBHEZ TSI DL
DS INTND, (82) TN ETOHEIX, Dy &R PEGEEORAEEREZEED LI
FHE L T Wb OBMFEEAETH D720, Dy LB TIEICBE LT, FET DRSS
ENTWNWDEEZLND, RETORGHIBW L, OO EEHZRHME, AL, &
WNENBIZ 5 % 53282 IRGE L 720 NPsparse-sman {38V T, Z DBUKERIENZ Z o /X7 B3 E
L. ZOfER, RES 2MFEET 2 OIS ~D oA N BN L7z L HEER S D, Dy & Kl
PEG HE D EZWHM L T 572D, ELONDORTZEE LTEMGENRSLETH D EE X
bNb, ZHETIZ, NP Ok 18 L Kl PEG BELZ TN TNAT L, ANEIE~DREL
MR L TV DME TIX, RAROEELV b, Kifi PEGHEEDRENKRE S RDZ LR
BRI TWD, (75) LD, il PEG EEDREL R TN E 2 bhvlc, K
B TOREFIE, SC-PEG NP OHAIFrM:, FFlICRKif PEG BENMEF o027 VT TR b
fFlig, WU~ 7 U7 T AZEBET L L ERB LTS, BLEnb, Kl PEG HE
D3, BIERI7R CQA LR D ATREERN H D Z L B E LT,

2.4 /NE

Figure 27 |ZARFE COMAERE R O/IMEZ XK LTz, ARFETIL, SC-PEG NP O HRIF|Fx: % 5 Y]
ICHIBES 2 e LT, — iR 7t 285 2 —% Th HIRERL TFR IS A T, #Hi-
2. BRI~ LiBr OifNZRKRGE L7z, e AP OEES PEG KA VD Ta LV &
B & LIZAIC, SC-PEG NP ORiFF45Am 3ty — & 7 0 . K1 PEG BE LK L72, LiBr
D BIRFEA~OEINZ I TIE, LiBr OIREERFIC, SC-PEG =G L, ZOREL LT,
SC-PEG NP @ Dy |3 K L7z, LiBr ® BEEEEA~OINE . TFR OfIEIZ LV | K1l PEG %
JE % Dy OZAGIZH: S leFRmAEOEENC L - CAHPFHICHIETRETH DL Z L &L E L

72o —J7T. 300 mM LiBr O¥RMIE, TAM O ARZKFSELZ EBHLNER ST, &
%Iz, THE/NT A—H % 20 mM LiBr/TFR 8 mL/min F£72/%, 100 mM LiBr,” TFR 3 mL/min
& LTER L7z SC-PEGNP @ PK 7'1 7 7 A )L & fHf#k 534 1%, 100 mM LiBr,/TFR 3
mL/min & L CER L7z SC-PEGNP IZEB W TREWIILEE R AUC, RV, g 5Am a2 s L
720 LLEOFERMNG, A CHEELIZIRE, TFR, BIREEF LiBr O THE/ST A — X 2 G
% Z & T, SC-PEG NP @ Dy, 72 & NI ZK i PEG % & % JARAFHICHIH P ETH D = & & fiF
L7z, 612, fERFO TR/NNT A —X D72 % SC-PEGNP @ PK 71 7 7 A /L & ik
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AN T Db EbETHLNE Lz, AETOMIEAEIX. PLA-PEG NP O L
HEME O HIFEINE O SN EERE E 72 © ONZ BB SRR O S0 ) TR IS 72 LR R Jn 7L 2 $R It

THEEZALND,

High N | Low

Process Parameters

@ %

Large & Small &
PEG Dense NP PEG Sparse NP

LiBr

Total Flow rate

Material characteristics

App. Mw

PdI

uni

NP characteristics

Dy
DLC

Surface
PEG density

Bio-performance

Plasma
retention

Liver
accumulation

Figure 27 Schematic summary of the relationship between process parameters in the preparation of NPs.

(Ogawa et. al., Pharmaceutics., 2022, 14, 568, Figure 8)

45



HIE 'FHNME PLA-PEG T/ X—F ¢ 7 )VOFRE 72 B NI R H & H
iz X A RTFEEMEE O IFEmE D %E

31 #E

Active targeting 1D NP (DWW T, ITFEZE OMFZERRFEINERIL L TH YD . K213 0
D, L OHRENRIINTVND, (9-11)  Active targeting D NP (X, & DOFREIAEILFHE T
BEM LI OR—ETHY | EAEFE L LR, Juk, <7F R, &, KO HLEw
7R EDMEH S, AR ARG E 72 IR I L TR A R R A RO b O LA
SDH, ZHUD active targeting 2D NP |3, BERIS Mg~ D 7540 2K L, B & L < 13,
RSO AR IED Z & T, A, ZRMEOEVREAERT 5, (83,84) £ < DIE
B IRARER IZ 31T 5 active targeting B NP [ZBA3 oA & AERER N/ RINTWDH— 5T, il
RRBRICHEA TVWD L ODOEIIR LTS, (9,10)

2 ETHANIZDS “TaT g rant” LS BEENRE S, TEEOFRENEAICE
ZhbhTWd, a7 A raaF3ARER 77205 MESCHERTICEN T, NP OJF
N H R ERNET HBIR AT, EYERBRFHRBLE T, v 7 A ran BBk
L72 NP 3 ARRBATHENEN T2 Z &b HESN TV D, (85-87) M0 A NP IZB W TH,
TaTArantORMIZEY NP X, MHLECHCT VT T A8, i, Plg~o
AR EIED Z g S Tunsd, (76, 88) 5T, active targeting ! NP (Z & IF 37
nrArantORBEEZFGAE, a7 A an i, NP EHOENLE 1298,
L., FEATEMHAERTFESELZ &b WME SN TS, (89, 90) Active targeting (233N T ik, I
HRHD7 VT T A LREASOBIEDNT VAN, BETHLZ ERHREINTNDHT
D (91,92), NP ~O7 a7 A rantORlaE S5 2 L3, targeting #FR %\ LS
LI EIEMTDEEZILND, EHIZ, HfilENL T eT A rantzEx 56, &H
YR HRF STV 5D NP DDS ®AIDBHIEIZEAT 2 A K7 A4 o ThH, Mg
FEAmAS TR, HER SN TR Y, MIETIZET D NP OZFEhRHEIE, RAIRHE O MRT-ORAF 2 E
PEREAN & R R 3R B L OB IC B W T HEHE & 725> TV D, (15-17)

1 ERLONCE 2 FETIX, TAM %84 L 72 SC-PEG NP N Z OfEmIEICIA L <, BAF/2
K PEG BEEARL, TO/ME, MFEF 7 VT 7 A2 T2 L2 o LTE,
T, FHEOFET 2 A ER KT ERFESH T, 7 BHEERE W BEST TR
FF DT R E RN LS 2T LAORFEICIRY LA TE 72, (93-95) % Z T, AKETIL,
active targeting ! NP D 7' 10 7 A 2 0 ST M OMRAFEZEE M AT 3K etk 0 52288 4 FFAT
L. AR LY AT A E faiilb 325 2 & 2 BHICHRET 21T o7, Ak Fike LT, &
D2 DEMEE LTc, —D2HIX, NP OHEmIEOERZ A& LT, stereocomplex Z AT %
BKPE PLA 78E7R U ~—% SC-PEG NP DRI TRIC B W T RIEEFICHM L, Bik=a T o
YA AR ERE Lz, —2R1E, FuaiA ran OB AR 5 H - 2= E o
THA L ThD, NP ORI ZBEA A MEOERESCE ST, T720bbR—01TRNICT =4
HEDERRIEE DT A MO EREZM AT LD THET L2 LT, Yerfrant
DI E IR T 2 WSR2 ST\ D, (96,97) LU, BERHRIELE T Db O 2 W MEA 4
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AT HHEE, NETITHRIES LTV, BEH L, BOXERRES THDH A Ko
X TREA N (HAP) IZHEATHZEDRHEINTNDT I/ a Hig L 3+ o EnbE T
ELT, AV AT AT UERIZEH Lz, (98-100) A4V IT7 ARG XU THH A
I BT ANRTE UM (DS) IZOWT, A4 MDD —OOFERE AW CTRAEEIT - 72,
— X, D8IZZ U vy (G) 8L VAT A (C) ZfEA L= D8G8C T, 7 =A iFHE
& (Ani.pep) & L7z, &9 —HliF. D8ICY v (K)8FkA L C A L7- DSK8C T, MMk
A FUFHEIR (Zwi.pep.) & LTz, ZNHDOR_TF RFEKRETF A —L—~L A I RILLD~
A 7 AN Z IV T SC-PEG NP OE AL E OEIS TEM Lz, 1ER LG 7F R
FTEff SC-PEG NP [T\ T, WEFE U2 FeMERRT FIE 2 VT MG/ N T A — & Z g L\
RAFEEME T aT A v an RIS KT THEE T A —F OFBEMIT Lz, S BIT,
TEFE T TO HAP ~DOfE&1EME & TAM @ﬁﬁzm ZOWT H M L, active targeting H45 U /N1
— VAT LD LEIToTo, —EOMFEIZ LV | active targeting ! PLA-PEG NP O Ifi i it
& RAF R TE N B % J T 9 AR 2 i B Lto

32 FER
32.1 PLA-PEG-Maleimide (PDLA-PEG-Mal 72 5 (NZ PLLA-PEG-Mal) & PLA RERY
~— (PDLA 72 5 TNZ PLLA) OABR

A% L7= PDLA-PEG-Mal 725 N2 PLLA-PEG-Mal @ M, &~ LA X RFREEOE AR %
Table 9 |\Z7~k9°, F72, 'H-NMR A7 kL% Figure 28A & Figure 28B (27”7, PLA @ M, (%
HEaEz R L, v LA I FEREDOBEAHIZIETXTO PLA-PEG IZEASNTWD Z & &R
L7,

PLA /REAR Y ~—0 SEC-Rl 7 v~ k7' Z A% Figure 28C (" ¥, Ak L7ZARERY v —I
HIEMETH D Z LRI,

Table 9 Molecular weight and maleimide conjugation efficiency of synthesized PLA-PEG-Mal

M,? Maleimide conjugation efficiency ?
PEG PLA %
PDLA-PEG-Mal 5000 12109 102
PLLA-PEG-Mal 5000 12545 95.0

a: Calculated by "H-NMR
(Ogawa et. al., J. Pharm. Sci., 2022, 111, 2888-2897, Table S1)
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Figure 28 Characterization of synthesized polymers.

Figure 28A and B show "H-NMR spectra of PDLA-PEG-Mal and PLLA-PEG-Mal. The following
chemical shifts were assigned: (a) 3.64 ppm, (CH2-CH2-O)n of polyethylene glycol; (b) 1.60 ppm, CH3
of polylactide; (c) 5.18 ppm, CH of polylactide; and (d) 6.70 ppm, HC=CH of maleimide. Figure 28C
shows the SEC-RI chromatograms of the PDLA homopolymer (dotted line) and PLLA homopolymer
(dashed line).

(Ogawa et. al., J. Pharm. Sci., 2022, 111, 2888-2897, Figure S2)

322  SC-PEG NP ORAIEHIZRIET PLA RER Y < —FRIMOFE

Table 10 (2 PLA REAR Y ~—% I L T L7 SC-PEG NP (NPpLaprarec) 782 B NTHSN
HFIZFHHEL L 72 SC-PEG NP (NPpra-pec) D FAIFFMAE A 7R T, NPpraprapec @ TAM D EF AR
DLC 72 & TNZ D i3 NPprapeg & BB L THEICHEVWVMEZ /R L2, PALIZ 02 LA F &R | W
ALD NP b HAH L 72 o7z, JEIRHETH 5 Ry/Ry ol NPprapra-pec CTHEIZ/NE <720 | NPpra-
peG CHEEE L Ry Rk L T o TV A T EDMER ST, £l PEG ZEE X, NPprarra-
PG (B W THEIZEVWVMEZ R LTz, (Figure29A)NP ~D X U R BEOWER, bbb
T A v aa I, NPpaprarec Cld, NPprapeg & LS UIKAEZ 7R L 72, (Figure 29B) & 512,
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~ 7 AMIEHFIZEIT D TAM OFIHH EIX, NPpraprarec (ICBWT, ARICIKT L, U
A MIFEHIZBNTIEL, PR, 24 B £ T, TAM B3R S v7ehy- 7=, (Figure 30)
PLEDRERMN G UIBEOMFHTIL, NPprapiarec M LT, BEAMER FOBRGTE21T- 72,

Table 10 Characteristics of prepared NPs w/ or w/o addition of PLA homopolymers

EE®(%)  DLC®(wi%)  Dj(nm) pdI Ry/Ry©
NPpLA-PEG 30.9+4.2 3.85+0.36 51.3+0.3 0.174+0.02 0.793+0.04
NPprA/PLA-PEG 42.1+£3.7* 5.73+1.29 119+1.5* 0.166+0.00 0.716+0.01%*

Results are expressed as the mean + standard deviation of three samples.

a: Encapsulation efficiency, b: Drug loading contents, and c: R, were measured by DLS. R=Dy/2, *:
p<0.05 compared with NPppa-pec.
(Ogawa et. al., J. Pharm. Sci., 2022, 111, 2888-2897, Table 1)

49



(A) B)

10 { 200 1
ES
A =
< 2 E!
Q= i E
=5 ¢ =
33 £ 100 -
TE 4- =
= E
S
5 50 A
2 A <
O T 1 U T 1
NPPL:\-P[,G N_PPL’\.‘"PL/\-P":(-i NPPU’\-H-,(': NPI’I.A-'PI.A—PFG
Q)
25 -
20 *
g
B 15 -
g
&
S 101
=
[
5 .
0 T 1
NPPI..«\-P[,(: N_PPI..»\;’PI..»\-PIZ('E

Figure 29 Surface PEG densities of prepared NPs and serum compatibilities.

Figure 29A, B, and C show surface PEG densities, normalized adsorbed proteins on the surface of NPs,
and TAM initial release in the murine serum, respectively. Results are expressed as the mean + standard
deviation of three samples. The experiments were performed independently three times; *p < 0.05

compared with NPppa_pG.
(Ogawa et. al., J. Pharm. Sci., 2022, 111, 2888-2897, Figure 1)

50



30 -

S
5 20 —é
2
= 10 -
-t
E_.
0 1 1 1 1 1
0 5 10 15 20 25

Time (hr)

Figure 30 Release profiles of TAM in the murine serum. The symbols indicate closed circle: NPs with
PLA homopolymers (NPpra/pra-pEG) and an open circle: NPs without PLA homopolymers (NPpra-pEG).
Results are expressed as the mean =+ standard deviation of three samples. The experiments were
performed independently three times.

(Ogawa et. al., J. Pharm. Sci., 2022, 111, 2888-2897, Figure S3)

3.2.3 NPpLapLA-PEG R E~DEEEMLRTF NRHEME

FKEDO~Y LA I REEPICEAINTZFEMIMERTTF REFOREGEXT T NMefis
MC) & LT, BffilcfiLizRmD~ LA I REEEICHT 2EBEAIMETF REFO
ENAGRICH LT, MC&Z 71y hL7cH D% Figure 31A 12777, Zwi pep. & EAfi L7254
70 mol% F TEMRAIIC MCITHM L, ZHRLLEHRML TS, MC iXf E L2 o7z, —F T,
Ani. pep. ZEAfi L7856, 42 mol% FE CIXEARITIEMN L=, £ D%, MC OB REIA K
TLZHDOD, 140mol%D_7'F RET-ZIRMT 5 & Zwipep. & [RIFEE D MC %7~ L7-, MC
LT, B—=HBMDOEA 71y b LTZH D% Figure 31B 12789, Zwi. pep. & &£ L 7= NP
(NPzw) OB —HBENIL, -13.6~ -89 mV Z/r L, BRMIZOTNICAICHES LTHHET
o7, XIRIIZ, Ani. pep. Z fEHfi L 72 NP (NPan) OB — X FBALIX, -47.8~-12.9mV %R L,
BAEMEFHFRTEBY . TOEEWIE, MC Lxfin L Tue,
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Figure 31 Peptide-modified contents (MC) and zeta potential (ZP) of peptide-modified NPs.

Figure 31A shows MC plotted as a function of feed peptide ratio to maleimide residues. Results are
expressed as the mean + standard deviation of three samples. The experiments were independently
performed three times. Figure 31B shows ZP plotted as a function of MC. Results are expressed as the
mean + standard deviation of three samples. The experiments were performed independently three times.
Closed circles indicate NPs modified with anionic peptide (NPani), and open circles indicate NPs
modified with zwitterionic peptide (NPzyi) in both figures.

(Ogawa et. al., J. Pharm. Sci., 2022, 111, 2888-2897, Figure 2)

3.24 BIEEMEAR T T RFRFEHM NPeLaria-rec DIEEEHT

Figure 32 (ZMFAT KI5 D NP D&/ ST A — % % X7~ LTz, Table 11 IZ PEG #4 & B 2R~
TF RBTIEE U CTRT L7oAiE /T A — & 2R3, HEL L 7= NP O PEG %% (Trec) 1
7.4~9.3 53 1/100nm? & 72 o7, BEY & 9 PEG #4 & DR (Dreg) 132 TO NP IZHEWT, 4.0
nm B & 72572, Deeg & PEG @ Flory 28 (2Repec) D EbiE, 0.33 Hiifk & 72V . NP OFKHEIZE
7% PEG $i0 a7 4 A— 3 0% brush B TH D Z LRS-, EHALATTF NEBE
(Tpep) 1% MC (ZEEBI L TEIAIN L, NPay Tl 1.6~8.5 47 ¥/100 nm?, NPz, Ti% 1.4~7.8 431
/100nm?> TH -7, BED A 5 PEG $H& DIEHE (Dpep) & HAEHILANTF FFETD Flory £ (2R¢
pep) DEEIE. MC ML, IKEERSTHAIZ 1T E 2D Doy & 2Ripepy BEL L2 D
xR LT,

_ =
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Figure 32 Schematic image of structural parameters.
(Ogawa et. al., J. Pharm. Sci., 2022, 111, 2888-2897, Figure 3)

Table 11 Structural parameters of peptide unmodified or modified NPs

rPEG Fpep
MC? Drec RepeG Dpep prep
NP type molecules/ Drec/2RfpEG  molecules/ Dpep/2Repep
mol% nm nm nm nm
100 nm? 100 nm?
NPpLA/PLA-PEG - 7.444+0.18  4.14+0.05 0.35+0.00 - - - -
NP ani 14% 9.35+0.42  3.69+0.09 0.31+£0.01 1.63+£0.07 8.85+0.20 2.22+0.10
42% 8.12£1.57 4.00+0.42 0.34+0.03 4.24+0.82 5.54+0.58 1.39+0.29
70% 7.46+0.21 4.13£0.06 5.97 0.35+0.00 6.49+0.19 4.43+0.06 1.11+£0.03
2.00
NPzwi 14% 8.26+1.01 3.94+0.23 0.33+0.02 1.44+0.18 9.45+0.55 2.36+0.27
42% 8.24+0.28  3.93+0.07 0.33+0.01 4.30+0.15 5.44+0.09 1.36+0.05
70% 8.98+0.57 3.77+0.12 0.32+0.01 7.81£0.50 4.04+0.13 1.01+0.06

a: modified content
(Ogawa et. al., J. Pharm. Sci., 2022, 111, 2888-2897, Table 2)

325 BEHATF FRHEMITBROZEMER b IRFREME

FHEL L 72 NP OR7FLEMIE DLS 72 5 TNZ SEC-MALS % fif i L CEAfi L 7=, (Figure 33) Zwi.
pep.% 14mol% b L < 1% 42 mol% D MC TEAf L 72355 @ Ry 13, ﬁ%ﬁﬂim?ﬁf‘ﬁ,ﬁ TR LTz,
Z DM NP (ZOWTIE, Ry lCBLITFRO 2o T, KFHRAIC, Reld, BRI TELE
Digirole, BIEERERTF FFEFEMTE D NPzw @ Pdlne 1LE DI it'75>0> NP & e U THER
T AN AR LT,

Ry (% 2-8°C 2T, 4 HWREARME LTZHEIT, BEERUERTF REFLEM LT NP ThTNIZ
HRMEM 2R Lz, L LR S, R 2B W TIEL, MC 14mol% NPz, & MC 42 mol% NPz %
BRWLT, 2 kid72 572, MC 14 mol% NP2y & MC 42 mol% NPz, Tl, R IIAEIZHIK L7z,
(p=2.9x107, 4.6x10%
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Figure 33 Stability of prepared NPs during conjugation and shelf storage.
Figure 33A, B, and C show the Rh, PdI, and Rg of the NPs, respectively. The results are expressed as

the mean =+ standard deviation of three samples. Experiments were performed independently three times.
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Closed bars indicate NPs before conjugation, open bars indicate quenched or modified NPs before the
shelf life, and gray bars indicate NPs after storage at 2—8 °C for 4 weeks. * p < 0.05, compared with
before conjugation. T p < 0.05, compared with before storage.

(Ogawa et. al., J. Pharm. Sci., 2022, 111, 2888-2897, Figure 4)

326 BEMEXTF FRETFEM NP O T A v an T ORFHE & iEH T TAM
DI

Figure 34A |Z, NP OEECTERL LTINS LI-Z v 0 EEEZ RS, WELX V78
BiX, BEACST T RRE OB L VIR L7, [F—O MC THIg L7286, NPay O
HHH N BT, NP DZE S L CHEREm A2 R Lz, R T 27 VAT I R IVESIK
&) (SDS-PAGE) (2 &L W& % /X7 DBV TIE, 60-70kDa D % > 737 S NPani 1T
BWTEDEIFMEL, (FBKHL, Figure 34B) # L /X7 BHERICLD NP ~E L1-& v
YR L SDS-PAGE DHEY 7 MIZIZIRWER 258872, (R?=0.974, Figure 35) F7=.
NPuni (Z TENLIZHE BT D & v /X7 B O NIREE L NP2 (23 TIRAE Z 7~ L 72, ( Figure 34C)

TAM D IEH TOJLH % MC 70 mol%? NPap 72 5 NE NP2y & VTR L 72, (Figure
34D) i E LD TAM X, X7 F ROEICE Y | AEICIET Lz, (p=4.9x10%,8.2x10*) f&
AE L7 3 FRE OB LT F RFEAER NP O TIL NPz 8 I bRV HEZ R LT,
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Figure 34 Protein adsorptions on the surface of prepared NPs.

Figure 34A represents protein concentrations normalized by NPs’ weight. Results are expressed as the
mean * standard deviation of three samples. The experiments were performed independently three times.
Hatched, open, and closed bars indicate NPpraprLa-peG, NPprapLa-pEc modified anionic peptide (NPani),
and NPpra/pra-peg modified anionic peptide (NPzywi), respectively. * p < 0.05 compared to NPaui. Figure

34B shows the SDS-PAGE gel image obtained with fluorescence gain. Serum was diluted 3,000 times
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and used as a control. The arrow symbol represents the protein band predominantly adsorbed on NP api.
Figure 34C represents the fluorescence signal of approximately 60—70 kDa protein band. Results are
expressed as the fluorescence signals with background signals subtracted. Hatched, open, and closed
bars indicate NPpLapLa-PEG, NPani, and NPz, respectively. Figure 34D shows TAM's initial release in
the murine serum. Results are expressed as the mean + standard deviation of three samples. The
experiments were performed independently three times. *p < 0.05, compared to NPpLa/pLA-PEG.

(Ogawa et. al., J. Pharm. Sci., 2022, 111, 2888-2897, Figure 5)
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Figure 35 Correlation of protein concentrations and SDS-PAGE fluorescence signals.
SDS-PAGE whole fluorescence signals are plotted as a function of protein concentration.

(Ogawa et. al., J. Pharm. Sci., 2022, 111, 2888-2897, Figure S4)

327 MEZETLHMAEP TO HAP ~DFIERELRTF RRFEM NP OREATEME

Figure 36 |2~ 7 A MIETFIE T, IEIF(E FIZHT 5 HAP ~D NP OFEATEMEE 77, MC 14
mol% & L7Z NP IZEHT 5 &, MIGEIFIE FIZI 1T D NPzwi I, NPay & L LA EIZE WSS
AiEMEE R L=, (Figure 36A) IMLIEAFIE FIZH W TIX. NPz 72 & ONZ NPani D[l S5 OFEATE
PERHEIIE T Lz, MIEFEE F. MC 42 mol%72 5 TN 70 mol%?> NP (23 Cik, HAP/NP
e BTGB I NP2 13 NPan & B L THEICE WS ETEMEZ R LT, BRI LT F R
FA 2B L TV 7220 NPpraprarec @ HAP ~D#E&TEM: % Figure 37 (2”1, BHEA L3 FIE
FRELAY72 HAP ~OfE 1T, MIEFEFTE T T 20%., MIEFE F TR 10% TH - 7=,
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Figure 36 HAP binding assay with or without the murine serum

Figure 36A, B, and C represent the HAP binding % of modified contents of 14 mol% NPs, 42 mol%
NPs, and 70 mol% NPs, respectively. The results are expressed as the mean + standard deviation of three
samples. Experiments were performed independently three times. Dashed lines and solid lines indicate
the medium with and without murine serum, respectively. Open and closed symbols indicate anionic
peptide-modified NPs and zwitterionic peptide-modified NPs, respectively. *p < 0.05, compared to
NPani; Tp < 0.05, compared to without serum.

(Ogawa et. al., J. Pharm. Sci., 2022, 111, 2888-2897, Figure 6)
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Figure 37 HAP binding of peptide-unmodified NPs with or without the murine serum.
Results are expressed as the mean =+ standard deviation of three samples. The experiments were
performed independently three times. Solid and dashed lines indicate medium without and with

the murine serum.
(Ogawa et. al., J. Pharm. Sci., 2022, 111, 2888-2897, Figure S5)

33 B
3.3.1  SC-PEG NP ~® stereocomplex 2k PLA FRER U ~—DHN

Stereocomplex ZJEfKT %5 PLA RER Y v —ZFHBEMEIZB W T REEIZRIMLIZE 24,
SC-PEG NP @ Dy [ZH41 L 7=, (Table 10) SC-PEG NP MO [fi PEG ZHJE X, Dy 28 K& W, 972
DB LREAED NSV NPeLapLares THER L7z, Z4UE TIZ, PLLA-PEGNP OBk =2 712,
PLLA 7REHR Y ~—= poly(e-caprolactone) Z¥RINT 2 Z & T, DaAAHER L, #ifi PEG % DS
BRTZ2ZENMESNTVD, (75, 88) ARiRIZ, TNHOWMELEALTWVD, EbHIT,
FRERY ~—ZUN L7220 NPprapes & HEIE LT, FER Y ~—Z U L 72 NPpLapLarec DF
FCWE LT 7 B BITHBICAK T L=, (Figure29) A ui%, £ PEG BEMN EH L
e liZky, MiEToZ T EORENIHI SN EHRE I, BEOWRE L LS
%, (101, 102) > T, BUKKRERY ~—Z WML, HEEEZ T 5 &0 5 HiEmIE,
stereocomplex ZJEAKT 5 PLA IZB W T HIEEET 5 2 & 2R L 72, NPpLapLares (BT D~
U A MIEHTO TAM ORI, NPerares & FLEE L TIRF L. £ D% 24 B £ T, 1
A EIEF CIE Sz o 7, (Figure 29C, Figure 30) ASRE R IE, MiEIZ NP A S
NTEBRIZ, BKYED PLA =27 L AKFAD FUEIZE A E 7213 E LT D TAM AijE & 737
BEMAEAER UIER, s iic L s g, IREREA L D KE 0 NPprapes (23T
X, MIEFOZ LRI ERN NP OFKEE LV ESHEERTLZ ENBESNDLZD, Kifi
IZRFE LT TAM ZriEfb L, s E-eExond, ZhETIC, BKkEEDTH S
camptotecin Z PNe 92 NP O g F1IZ 31T £ iz 8 o Tl 36 T ifiLiE o ¢ o camptotecin
DE X7 FEG E NP D ORI BRR S EARE L7o5A1, SRR LTI EE 23
M B9 2% 2 ERHE STV D, (103) T AU, MR EE DM BRK MESEY) O i T o,
Mg 2 R ENEEREEEZ R T 2R L TRBY, AFRORRE VEAT L, F
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72, 90% MG I F1T 5 TAM OB TS ORE LV b+om < . ARSI W
TIE, sink &fE oo TS EHfEESNSD, TNUCHEDL LT, PIIH®Z NS 24 B £ T
TAM 2MZ & A ERH S0l & LR, Bk a 7 NERICEFA S LTV D TAM @O PLA R
AA L ~OBFED, 90%IMIEL Y bEWEHESND, ZHE TORETIE, ~ 7 A MEH
IZBWT, PLA = 7 KR L, W&+ 5121315 B EZ2 8325 2 & 70 5 ONTHEUK
PEDFED)T, MIFEFICBNTT RY R Y LRI BITESCHICBITT 5 Z EAMEIhTn5,
(104,105) REICBITHMER L N OME LEET 5, —FH T, KEIZBUT D RGO
T, 24 KEfE £ CTORMM & 72> TV 523, SC-PEG NP [ZFIRINE: 5:-1% 24 FE CTEDIT &
WEBZ VT T AINDT0, RO HE E LTk, 24 THLEEZOND,
(Figure 14)

3.3.2 BHERFRE T % B4 L 7= SC-PEG NP OYHEALZHA R UMEE T A —& LIRTFRENE
NPan DB —Z FBALIT MC D KRIZ - T, AR Z 4 2 —F T, NPzwi OB —Z BALIE,
MC IZHE &3 P EDfE % 7R L7z, (Figure 31B) AHE 1L, AZALFE 172 B NS> D P R
L7 E R R EHET S L0 ) ZThE ToE L L5457 5, (94, 106) SC-PEG NP
DREE T A —FIRMTTIE R L7297 _TO NP IZBW T, PLA a2 7 IZHHR SN TW5D PEG
SHDOBED & 9 FEBfE (Dees) & #R STV W3 HGRICHS 1T 5 PEG $50D Flory 2 (2Rfeec) &
DN 1R THD Z EnD (Table 11), PEG #Hi%. PLA OBiKREICHEEL S, FEE
MR L TWDH Z & &R L, SC-PEGNP KD PEG {0 =17 4 A —3 = (% brush BT
boEHEE SN, (88) — T, MEHEAELTF RFEFD MC IL 70 mol% F2/E CRafnL
7o (Figure 31A) PEG SHICHIIRS LTV DRV & 5 BIERLTF NFEFDOREHE (Dpep) &1
HENTWRWSHCRIZEBT D BT F RFETD Flory £2 (2Repep) & DL MC 70
mol% Ti&, 1fHr& o7, AR, BEY & 5 BEAULSTF FREFFELOERE L . B
FAERTF RETFHHOERPE LW E2/RLTEY ., BIEALTF RE LD NP ~D
BT, NP ORENFERIIWEIN D ETEMIND Z 2R LTS, NP ZTERZIC,
FKMENAEAN LT T HEMT 2 FIEICB W TIL, ZAETIZ, X7 F K& nanobody 2 NP D3
A ERT D FiEmAMmE STl h, BEHIZI VTS NP ORI A FEEITE 5 £ TEML
FAMERI SN Z ERHRESN TS, (107) ZNHOHE X, KEOKR L HLEET 5,
MC14 mol% = 721% 42 mol% D NPzwi @ Dh. Pdlne, RgIZHE BT % & (RIFLEVENENZ &
DI S 7=, (Figure 33) MC 14 mol% & 7213 42 mol% @ NPz (23 TiL, Zwi. pep. D& FE
25, MC 70 mol% @ NPzwi & Hefi L C/NE W2, D8 KA A & K8 R A A L3 EAIICH
HAER L, BEENRAE LI LHRIND, A A v FE-LOFEMIMRAEERICBE O TE, K
P A UNREEMR Y ~—EH\Wiexm R — A E OMAERNHRE STV 5D, (108) A
BCHGE L7EARR LR T2 W TR, A A BT ERESRE SN TS HDO X
DHZNTZDIZ, KOEERE ol Z ERHESND, KAHZ, NP iZFBWTIE, MC
WK S TYEICLEER T a7 7 A NVE R Lz, ZIWHORERIT, 7=4 MY Ry — A%
REA A MY RV — L L0 S HZEEDENE WD TN E TOWE L LEEST 5, (109)
MC 70 mol% @ NPz IZF\W\NTlE, Z DA Zwi. pep. TEIZHBE I N TS 728, NP [F:
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DEE AT L7 L HER S T,

333 MEFICBITE NP ~DTuT A ranFDOFkeE HAP ~DfEAIEME
NPpLapLA-PEG D' B FEHM LT F F3E - OIEARIZ L > T, SC-PEGNP Zm~fE&ad 25 %
7w 1T 30%IKIR L 72, (Figure 34) NP D& /N T X — Z fif#fr7/n 6, PEG 8413 brush #l o> =2 -
TH A= alERS>TWVLHDOD, ZRETORENS, TOy HEINEILE <. PEG 8
PEBNTH LT, BUKFREBFEHLL O 52 ENEEIND, (88, 110) D=, NTF K
FTD NP ~DEMIZLY | MRBEENKE 20, X 23T EOBKEAE D6 S iz &
Mg, Fio, XU U BRAEEDN 20% 8T 5 & g s 2 5 &2 n LD
ZELMEINTWAS, (88) LLENG, REIZEITDH NP ~DF /X7 FWe g O IXAEN
e rET 5 2 &#%ﬁéﬂé

NPzwi IZFUNTIE, NPani & FEBE LT U722 2R 7 BRI L. NPani (2B W TIE, Ff
HZRAET D H T LT D 2 L3R ST, (Figure 34A, Figure 34B) A#ERIT
ZMmp@mﬁwMg%%’tlTék%ﬁéMé Antifouling Z2h 5 & 1%, WA A L MEORE
REEIC LD, AKFFHIZEBWT, BERAKIBEES LR L. ¥ o\ HEOERSF L OMA
Wﬁ%%ﬁ#é@ﬁf%é anlu)g%ky%(@%)%%wf%ﬁ%ﬁ%ﬁ/ﬁ 7=
F M VA A MED E oy - TR LT AT OB E A A MR 4y 1 CHE L 7= QDs Tl
TarArantOREMRBIE SN TEY, Kaf@ﬁ% I, INEToORE L LELSL
W%, (113) NPan Tl S 4172 60~70 kDa il OESERICHEST 5 7 X7 EIZEA L T
INETIZT =AU MoREFMEZRT T 2R FIZBW T FENIENWS X E @%%#
WE SN TS, QDs # AV zidEDOWMEIZIB T, #liflkod> C3b alpha chain 2381 4
ﬁ@kaH@LTT A MED QDs IZBWTHREMICHE ST 2 Z L nHiESn TV 5D
(114) F7=, RiEEMB B DIFE T /R FOHEFIZBN UL, 7= ﬁ/@@?%f/ﬁ%
BT, 70 kDa fFTIZRF R 72 S RBBHI STV A DD, ENHDOWREENVETH
5END ZEMNBREREIZE S TR, awyﬁ%’ﬁwfﬁwéMkNmmd%%%ﬁ&y
R7EWRAE D BERITERNEIREICET 5 AMREMEIEH 5 b OO, T Okt EIZ/h S < NP ~
DEBIBRMTHD 2 ERHERIND, Lﬁb&ﬁ% T =& MR T T RE TR
TaT A ran ORI RIETREOBMEMRI L CiX, BREiEERE I e~ 7T
7 4 ——EEBOHE (LC-MSIMS) ZH W=7 F K~ v B TS TOWE X 37 E DR
EBHEITHDLEZZBND,

Z 9 L7z antifouling #hR1%. BIERERTF REFEZEA L7 NP OIEFIZEIT 5 TAM
OFHPERIH SN2 Z LI b FH G5 LT D EHiZ s D, (Figure 34D) “BHEHI(LSE T D#E
BICEY, ZURTEORE BN LTRER, BUHEMER L7z LRIz, ZhET
@ﬁi BWTYH, BRI FZ2 @S T I BALRICE AL, FOREZNEA A 1AL L
AT, BF A AT =44k Lz NP LH#R L., v MG CTOEOES 0 iz
ﬁﬁﬁ#é@ﬁ HDHZENRENTND, (116) AFRL 2N b OmME LEAT S,
MC14 mol% (233 ﬁéN%m®HAPm®#A@ I% NPani &L CTHEICE L 2o T,
(Figure 36A) HAP (I ARENED U U3 7 DETH Y . TORENZIL, T=F MDY
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AT ENTFEANDANT T A FBELAT D 2 ERHE SN TWD, (117) o, BiE
PEFEFTHH AV TT ANRT X URRTF NZBIT 5, HAP SIS, 7 AT X U
DANRKRFLNHE N T DA T EDOFBIMHEENTHL Z ERRESNTND,

(118) =512, BIOWETIX, HAPIZHT 57 2 JOfEAZsME L, U > o3kt HAP |2

KLUTHET DI ENRHRESINTND, (119) KREICBITAMERITINOOWME LEE L, F
LT F RFE T THD D8 IC K8 ZfEA SMMEA A b5 2 & T, WILARF LR
JCRL T2 Y HAP HIEMERT 5 2 & CURATEMED M L9 5 LR S, 72,

~ U AMIBAAE T2 D NPzwi D HAP (256 2 5 GEME L NPan & HLE L THEICE W Z
& e L=, (Figure 36B, 36C) A HIE. NPzwi iCkT2WAET D X /37 B ED NPan &
LB LT, Do otz BIEMLRE R Z RV BIC X ik SN o b)Y
iz B L7, ﬂ@%ﬁ/mﬂﬁ%m%%ﬁHAP*ﬂbfmwﬁA%@%ﬁo CZRRT S
EHEZREIN D, HAP LIiEX X7 E OMAERICOW TR, ZHETIZ, X7 HD

HAP (2T 2 i GTEME S HE S TR Y | MIEHE FTiX. HAP OFRIEIZ S & /37 B3k
FELTNDZENPHEESND, (120) FEBUT, NPprapiares D HAP ~DIERFELAG 2200 2514, 1
EAETTHA L TnAZ b b, HAP OREIZH VAT ERWRFE L TND T ERRES
N5, (Figure37) D72, HAP KHIIFES LT ¥ /X7 E LREATEIED BV Zwi. pep. 2348
BEINDAREMEDLEZ DD, ZIVE TOREICBWTIL, BEA A1k LT B4 F A
U1 NP D MIEFAE PR AEERMIA~OI Y AL, IEFE T EREEZR L, WiEA
AL L5772 NP TIHE T T Z &R LNERSTNDLZ DY, MYEA A 1R
£ 0 MIEFE FIZB W TE G T~ O ETEERSHER T2 2 I3RS ThrH B2 DD,

(121) LhEOFERIT ARFRIZB W TRGE L 72 UEA A AL BIEAER T F R FE1- A MG %
AL, EEEEZHER T2 Z 2R LTV D,

3.4 /NE
SC-PEG NP O HUHIREMESC M iF M ME I M IE 3 NP O bR s & B L7 F FFE 1O M
A A AEDFEEIZ O T, FEA fcﬁ?ff iﬁﬁﬁi/ﬁ \ZHED X FHM L7z, Stereocomplex % A%
% PLA RER Y ~—DOFNMIL, SC-PEG NP DR FEZ Ak S, EmEAZ R L7, &
DR & LT, SC-PEG NP O [ PEG HE XK L. SC-PEGNP IZk[T 5 uT A v an
FOEREARIL S = & & BT, MIGHFE FIZBIT 5 TAM O Z M6l Uiz, B b
7'F RFEFI%. SC-PEG NP ORKE ZEIZHE O £ TEM Sz, A A ALBEEAE~TF
R#EF D@ E TD SC-PEG NP ~DOEfiIL, REFLEMDIKTZMEIL, 7 =F M7
F RBFOEM L B LT, #EETEEEZHERF T2 2 L 26T LT,
ARFEETIX, SC-PEG NP DIRIFLZEMER/R DT 0T A v an F ORI KIETEEA 2T F
R &1 % &ffi L7z SC-PEG NP O/ T XA — X OFBEOSWCHEIH Lz, T72bb, Kil
PEG &£ 72 b NS B =AYb T F REFOWE RIS L OBEMBEN ., MismE & 5
FREEMICEETHDL I Eam Lo, RHRIL, BEIMERE OB et Hikim e v 15
% & & HIZ, SC-PEG NP DHfIE/ T A — & & BUHI DL E M,/ G PRI 33 2 BEbR M 2 i B
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L72mC, active targeting 5 NP S oD = 3E,50 B T 36 1T D VB RF PRI A 70 FEpE Y 0 A
PRI A2t EZLND,
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e

FEHIX, 3PV PLA-PEG NP OFFMEMIT FIE AR L, 20 A RRMITIEH L
C. PLA-PEG 7 v v 7 ILEA KD JFUEHRFES> PLA-PEG NP O BUFIRetE 2 fif AT U7z, MM 5>
S5O N D FEMZ B L AR I JE D X | passive targeting U7 U N — 3 2T LD ALSTER
At BUETEMENL 72 B ONT active targeting 07 U N — 3 27 AL LT, BEERIFERA PLA-
PEG NP D IfiLiEmitE, #5412 EbIiZBd 2 et 217 - 72,

%5 1 B ClX. PLA-PEG 7' = v 7 EHEROFERFE L LT, PLA FA A 2 OfEEHMED
PLA-PEG NP O [ PEG B 1250 < WL KIE L, FHAIEMTH D TAM OE AJREENZAL
THZEWBNE LTz, 512, PLA OffdatE, K PEG & & TAM O Z W g w28 il
MM EZAE) S5 2/ARETH D Z & 2 L, SC-PEG NP 28 b Ifil. i B8 M A 7] b 7]
HEThAHZ LERLT,

%52 B TIE, SC-PEG NP D SUFRp: D HIEINE O LW UE T EERENL DT D12, RSB
LiBr Z¥RINT 5 Z L 2 HT-/2 TR T A= L L THGEELT-, BIABF~0 LiBr ORI
£V SC-PEG N RIFHAFTRE L, S5 SC-PEG NP ORI - RAEEBH I TNDH Z &
A LTz, EHIT, LRI A—2 L LT, BEEF O LiBr IRE & iitE 2 Gt
%2 ET KO IRWEEF OB FRRHIEIN A RE T o T, INE R & WM OFE R, ki1
e & FTH PEG BIEIIRZEMERNFEAEL, PL—RAT70OBBRTHHZ L EHLNE L,
AR B2 2 TR T A —Z (2 L 0 ERL L 7=k 188, 0 PEG BE D72 5 SC-PEG NP
VI R R ORR R A TS e 2 = L A oR L, BAIERIEF O TR T 2 — & L KR
72 b NTRNERE & OBEMEZB S E LT,

%5 3 B CIL, active targeting %! SC-PEG NP DML 7%t 21T > 72, PLA RER Y ~—DENN
I%, SC-PEG NP O IH PEG K Z WM L X®7-, ZOfER, SC-PEGNP ~D ¥ > /37 G 7%
O L, MiEH TO TAM O Z2fil S E 25 2 2L E Lz, &I, BEAER
TF RFEFEZBNEA A AL L, SC-PEG NP DR ENZEIEMT 5 Z 12K Y NP KE~D X
YR OWFE RIS, MIETFE FICBWTE~ORESTEE A HERF T 5 2 L 2 /ML
7oo ST, BAIORGFLZEMICBE LT, BEZIHTLZ EZ2 R LT,

AHFFFETIE, HHE72 DDS BAIDOEIES & L CORFREIRE L 72> T2 JFURHERE . BUAIRRE
% AT AT RE 72 FEMERREAT H IR 2 N7 L 7=, 12 T, PLA-PEG NP O 3EW &) K& OV M2 &
IE A2 DN g, TRART A =X ORBERE, AL, U EofERix, #
Me7p T ) 3—F ¢ 7 VR DDS $4H4 oD B EE B R D[R E O 72 8 O FeMEFRIT FIE A 28 70 2
B E R A IR T& 5 & &b, WHIREICE-S < NP A DDS RA| 0 B % OHEREIZH
Ta2bnEEZD,
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1 E EROE
Exp.l &K, #@y, FEBJ5E

Exp.1.1. #k3K

Methoxy-polyethylene glycol (mPEG, 4311k 5 kDa) & O-(2-aminoethyl) polyethylene glycol
(NH-PEG-OH, %)% 5kDa), 7AKYU Y/L_—} 80, H/KFE~Z 1nk/iLLh L EKIL Sigma
Aldrich (St. Louis, MO, US) 7>HH§A L7z, DL-lactide, L-lactide, 54tV 7 A (LiBr), 2-
TFNAFH A X (1) (Sn (Oct) 2) T EH LA TEEMRA S (Tokyo, Japan) 7 HiEA L
72, D-lactide |% Leap Labchem (Hangzhou, China) 2>5 A L7, Tamoxifen (TAM) (£ MP
Biomedicals (Santa Ana, CA, US) mHl§A LTz, Y7 mrBrAZY (DCM), YTF/LxT—7
oo Ry UAFIOANEFT R (DMSO), HifE, N, N-V A F LR/ AT I K (DMF,
HPLC grade) (3E 17 A /L 2FDEHIEEKR . (Tokyo, Japan) HEEA L7z, 7E h=1
YL (MeCN, HPLC grade) 3B bR E4E (Tokyo, Japan) 22 HREA L7,  N-(9-
fluorenylmethoxycarbonyloxy) succinimide (Fmoc-OSu) X701t T3k & 4 (Hiroshima,
Japan) 75 A L7z, Diethylenetriamine-N, N, N |N” * N’ / -pentaacetic acid (DTPA) &
KNI FEN 2 bR NS4 (Kyoto, Japan) 2> S0 A L7z, Soluene 350 & Perkin—Elmer
(Kumamoto, Japan) 2>HH§A L7z, Clear-Sol 1 X7 7 A 7 A7 %k (Kyoto, Japan) 7>
HEEA L7, '"C-TAM [N-methyl-"*C] % American Radiolabeled Chemicals Inc. (St. Louis, MO,
US) 7B iEA L7z, "Indium chloride (['"In] InCly) 1ZH AR A 7 ¢ ¥ v 7 AR ES4: (Tokyo,
Japan) OG- SN b DR LT-, T OMOREITHOWTIL, TR O FREK A v
7

Exp.1.2. PLA-PEG 7 v v 7 EAIK (PLA-PEG) DAk

PLA-PEG (X mPEG 5kDa # Bi#a#l & L C, BAREGIEICL VAL, mPEGlg Z#F A~
T AL, A A /I AT 110 °CITMEE, JE L7z, 1 RFfEliK L 72# 12 DL-lactide,
L-lactide ¥ 721X D-lactide % 1 g (5 kDa PLA ©%;5) & L <% 2.5 g (12.5 kDa PLA O&E) %
FAT7TATHERL, il s LT Sn(Oct)2Z 10mg IR 72, A A L/3 AT 160 °C (ZHIE,
WAL 12 BSOS Sz, ROSIC 4 mL @ DCM #N2 CIsfR S E7-%ic, YoF o —
T R L, BR L7z, K% 0% PLA-PEG [ZJBERE L, -20°C THRE L=,

PLA D437\ 5kDa £/ @ PLA-PEG (DWW T, DL-A7 S #ER% & 15 PLA-PEG 1% DL-
PEG 5k-5k, D-A7 Sk &5 PLA-PEG (% D-PEG 5k-5k, L-1&7> 545 &5 PLA-PEG 1%
L-PEG5k-5k & 72 L. PLA ®%r1-&7)Y 12kDa 31D PLA-PEG (22T, DL-AD & &K,
S 415 PLA-PEG % DL-PEG 12k-5k, D-1&7>HA#Ak 415 PLA-PEG (X D-PEG 12k-5k, L-fA&7>
SR &5 PLA-PEG I3 L-PEG 12k-5k & it L7,

Exp.1.3. PLA-PEG O fFIEfRHT
DL-lactide 7> H AR =415 PLA-PEG NP |% DL-PEG NP, L-lactide 7> 555k =415 PLA-PEG
NP (% L-PEG NP, stereocomplex % %3 % PLA-PEG 7> b4k X415 PLA-PEG NP (% SC-PEG
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NP LG9 5, 1ERUCH 2 PLA-PEG D4y T EIZ DWW TIX, KREIZ 5k-5k F 7213 12k-5k &
Fit L7,
Exp 1.3.1 PLA-PEG D)0 18 (My) & S B E (Pdluw) O R H
JETE N BRI A2 L ('H-NMR) (2 X0 B L7z, 4 FE PLA-PEG 10 mg %

R 7a L rFa—7IHER L, EAKELZ madk/lA 0.6 mL TEEME L, NMR (Bruker,
AVANCE III 400 MHz, US) |ZCAXZ ML EEHF L=, PLA OEAE. FE0 =T,
mPEG D=F L A X% A KO I BN 7 K (3.6ppm) (ZxT 5D PLA DA FAVEED I T
L7k (1.5ppm) DOFE L BEFRE L7z,

Pdluwi 1X. VA XPER7 v~ 7T 7 ¢ —mBJEHT MM (SEC-RI) L0 R L7z, @K
k7w~ K757 ¢— (HPLC) O AT LADORERY % Table 12 I27R77,

Table 12 Analytical method of SEC-RI

HOH RE

System Agilent 1100

RI detector Wyatt Opti-lab 658 nm, cell temperature 25°C
Column TSKgel a5000 7.8 x 300 mm
Column oven temperature 40°C

Mobile phase 20 mM LiBr DMF

Gradient Isocratic flow

Flow rate 1.0 mL/min.

Injection volume 100 pL

Sample temperature 25°C

Needle wash solvent MeCN

ARELOFART, A PLA-PEG % 10 mg FFEL L. 1 mL OBEMECHEM LT, o1 EBKIE
HAORY =F Lo AFH A K (Agilent, US) & RIFRICFREIZ 1TV, HPLC TH#r 1T - 72,
Pdly OHEHIX, n7 Y7 7 =7 (System instruments, Japan) % VT, FRtatBHE UL 0 HH
L7z,

Pdlyi = My ret/ My rer * * * Equation 1

Z 2T Myra (A E S 53 F B Mo (ZAHE S 7B 2R,

Exp.1.3.2 PLA-PEG O 2 ki & it A O s
2 A EORERIZIE, FRYE A7 KL (CD, JASCO, J-805, Japan) ZlIE+ %5 = &
Tl L7z, %% PLA-PEG3 mg 2= v F 22— TR L, 1 mL ® MeCN TIAfiE L
Too A UPRIF190~250nm & L, A ¥ 3T 300 nm/min & L7z, HIEIZIE 2 mm
& DA B LA V-,
fEm S OMERIT. MR X #RIEHT (XRD, Bruker, D8, US) % 7=, HIEEITMHA (20) 1%
50~350 % L7z,
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Exp.1.4. PLA-PEG NP o7

PLA-PEG NP DU I T EEAT VL% o, &FE PLA-PEG 30 mg % /7 7 A/NA T )L
(ZFEEL L, DMF 0.15 mL Ti&fi# L7z, Stereocomplex D% % 5\ L 7= NP OFEIZ I, L-
PEG & D-PEG %% 8JEA L7-, Tamoxifen (TAM) 14 mg % THF 1 mL (Z¥&f# L7, DMF IZI&
fi#: L7= PLA-PEG #% 0.15mL & THF (2% L 72 TAM %% 0.15 mL Z 85 L. 50°C (ZHn#EL
L7z, (AR ; REELD) 788K 1.8 mL (KAH ; BIEEL) 227 U 22— A1 TIVIZHFELL .
1000 rpm THEE L7-, AHAH 0.2 mL % /KAHIZ 60 mL/min OEE TR T L7z, 1ERL L 721K
1.5 mL %434y - 10 kDa (Repligen, Float-a-lyzer, US) DiZBATIEIZ AfL, =i T 300 mL @
PR CHENT LT2, BT L72 NP IR 0.45 um @ PVDF 7 ¢ /L% — (Merck, Germany) T5
WL, AT 25 ET2-8°C THRE L7z, TAM £ A L7\ Blank NP (2B L CTix, TAM %
I RO HIETER LT,

Exp.1.5. BlankPLA-PEG NP, TAM #f A PLA-PEG NP DORFEAEAT
Exp.15.1 IR (D) & ZorttEfask (Pdlne) OFEH

Dy & Pdlne IXENAYSEEGELYE (DLS, Malvern, Zetasizer Nano ZS, UK) KW HEH L7-, SR L7-
NP 10 uL & v~ F o —FIZEE L, 490 uL @ 10 mM 0 AFEAEER pH7.4 % 7 RIALE
ELTINA, BE Lo, MIERET 25°C, HARREZIX 0.889 mPa s & L7z, MIERHIHEE
DIERF G 7~9 LR ORWGEE, AREARTHR U7z, #03R LHGERSIT B ERRE &
L. 10~15 [ 0# 0 IR LRIE A Fhi L7z, Dy & Pl IZIEF = 57 2 MEFHE TR L2 Z
SERIRL TR & Sy BRSO E RV EVE R LT,

Exp.1.5.2 B— % EALLOHIE

B —ZEML L —%— K> 77—k (Malvern, Zetasizer Nano ZS, UK) I[Z LW EH L7z,
117~ NP % PLA-PEG ¥ & LT 2 mg/mL |2 10 mM ¥ ABEREE# pH7.4 THIRLT-, 7
REARDEEFHEESIX 7.8 uS/em & L7z, FERERMANERIEITR K 100 Bl & LTz,

Exp.15.3 VIR BE (Naw) &HEEE (Ry) DR

Nuss & Rgl3 3 A XHbk2 o~ 275 7 4 —— AR (SEC-MALS) 12 &V B L7z,
FHELL 7= NP % PLA-PEG 2 & LT 5 mg/mL ([Z7&E/K TR L7, HPLC OHEIESRM%
Table 13 (277,
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Table 13 Analytical method of SEC-MALS

HOH RE

System Agilent 1100

Multi-angle scattering detector ~ Wyatt Dawn/Helos

RI detector Wyatt Opti-lab 658 nm, cell temperature 25°C
Column Shodex SB-807 35 um, 8.0 x 300 mm
Column oven temperature 25°C

Mobile Phase Phosphate buffered saline pH7.4
Gradient Isocratic flow

Flow rate 1.0 mL/min.

Injection volume 30 uL

Sample temperature 25°C

Needle wash solvent MeCN

ZAWMELUIZ L D> 7 AORITIZIL, Astra Y 7 b7 =7 (Wyatt, US) ZH\ 7=, NP D%y
Fi & Reld Berry’s plot Z1Ef 75 2 & CHH L7-, EHIZIZUTOXE Huviz,

Kxc _ 16m%ngy®
R(6)  3Mypig

7 (Ry%) sin? (g) + MLNP + + + Equation 2

. Zn.znoz (d_n)Z
- AO4NA dc

+ + Equation 3

ZIT KIBEREEHTHY . Equation3 ICL V525N 5, 0 1XRELAZ R L, RO) 1
BELAIE T 2mEIL A U —TH D, ol RIMHEENSEH L7- PLA-PEG O E & 4
AU, nlIBEMHOEITE (1.331) Th D, NIZABERHZERO L —F—DEETHY |
658nm & L7z, MnplE NP OEEVE) S FETHDH, NalX7 A H Kl (6.03x10%) Th
%o do/de [T RBIREITROIREYE /3 TH Y . 0.108 mL/g & L7z, (122)

Nus (FEATFOX L W EH L7z,
Ngss = Myp/My, pra-pec,,,; * * * Equation 4

Mo pearec 1E NMR 225 5B H L 7= PLA-PEG O ¥y &% 7R,

Ry/Ry FLITFIR I & FRIXAL, NP O EZHEE T D TH D, (43, 123) Ry X Dy DO HfEE L
THEH L,

Exp.1.5.4 TAM ¥ HIE

TAM REITEHERE 7 v~ N7 7 7 4 — 558 JetiiE (HPLC-UV) IZX DAL
7o MIESMEZ TSR, R L7Z NP % 0.1 mL L, MeCN Z/1x2C1mL & L7,
ERE A OMERERK & LT, TAM %2 MeCN T 1mg/mL & L7z A b v 7R iE &R L. 0.5~100
ng/mL ORI ZFHE L, HPLC THIE L7z,
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Table 14 Analytical method of HPLC-UV

HOH RE

System Shimazu Prominence

UV detector 240 nm

Column Waters Xbridge 2.5 um, 4.6 X 50 mm
Column oven temperature 50 °C

Mobile Phase 20 mM phosphate buffer pH3.0,”MeCN =11
Gradient Isocratic flow

Flow rate 1.0 mL/min.

Injection volume 20 pL

Sample temperature 25°C

Needle wash solvent MeCN

Exp.1.5.5 PLA-PEG &I E

PLA-PEG D2 1%, SEC-RIICEVIE L7z, WESMIX, Table 12 IZFLHDOSFMAIZT
HIE L7z, 8L 72 NP % 0.1 mL FFH( L, DMF % 02mL iz CIRA Lz, BERED:-
¥, 47E PLA-PEG % DMF TIEfE L., 10mg/mL DA by 7KL Li-, A b v 7Rk %E
DMF TA7fR L. 0.5~8 mg/mL OAFRF|ZFHEE L, HPLC THIE L7z

Exp.1.5.6 A (EE %) &HEWHEHE (DLCeon) DHH
NP OFHRTFRIZEIT D TAM ORI & s &I L F o L BHH Lz,

EE(%) = SramtoadedVrec 9 . + « Equation 5
Cram fed*Ved
DLC ony(Wt%) = % x 100 + + + Equation 6

ZZ -’G\, CTAM loaded 6i3§*ﬁ?&@ NP EF‘@ TAM /)%EVG% D N Vrec &ié*ﬁ&zi D IEIHX éﬂf:
NP B DORETH D, Crameed ITBHTEIO NP F O TAMEETHY . Vi ITBHTICHEL -
NP /A DR ETH D, Crrarec 1TBHTHR D NP O PLA-PEG ODEERE TH 5,

Exp.1.5.7 [EFEFMHIEIC X 2 3EW#sfk & (DLCspr) DORIE

BEFRFHIC > T, TAM OREZF I L7z, EAfE 2 2 A (Inertsep HLB, GL science,
Japan) % MeCN 1 mL TIEMAL L7412, ZAR/K 2 mL TF#i{b L7z, 0.1 mL OFH L 7= NP
W2 N L7221, 20%MeCN 2 mL TW& L7z NP Z 1% L7, MeCN 1 mL C TAM % %
HL7z, EB&EHOD TAM & LT, DMF T&fi#E L, 1 mgmL & L7z A b v 7 %k % Blank PLA-
PEG NP &R CAR L. 5~100 pg/mL OAFRINZVERL Lo, VERR U 72 AR HERS IR 2 [F)AR 2[4
FFh G, /ERL U7, TAM BRI, 2.3.4.4 (2 #H O HETHIE Lz, DLCs TR T
B L7,
DLCspg(Wt%) = ~25PE x 100 .« « Equation 7

PLA-PEG
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Z 2T, CruseeZEAIH CTERE L7 TAM OEETH D,

Surface adsorbed TAM( %) = 100 — :LLCCi x 100 « + « Equation 8
Conv.

FHWAE LT TAM OE &% Lt KXV EH LT,

Exp.1.5.8 Zifi PEG & &, i PEG % & OHE

M PEG &, 7 PEG %%, 'H-NMR (Bruker, ADVANCE III 400 MHz, US) (2 X ¥ 3F
fli 7=, Sephadex G25 column (Cytiva, PD-10 miditrap, US) % A\ Tl L 7= NP Ok % &
AKIZEH L7, 50 ppm D MeCN ZNHEEHE L LTI X 72, PEG B EAERET H72DIC,
mPEG 5 kDa % 0.1~1.0 mM OAFRSITIHHE L, FEROFETHE L, BIBEIZOWT
T, EAKCTEBR LY VAR L, 50 ppm D MeCN % & e E/KH#(L 7 1 1R/l A
THIAMT 52 L THIE L, ALY 7 1% THINMR THIE L, FNEHETH S MeCN
DA77 N OFESE CERIE L7 E% VT, mPEG 5 kDa FEYERRIE D & 1B L 7=
B CIREAZRE LTz, &M PEG & & & KM PEG HEICOWT, WALV EH LK,

Cmo e expose 0
Surface PEG contents(%) = # x 100 « + « Equation 9
molePLA-PEG

NgssxSurfacePEGcontents (%)
4m(Rp)?

Ir= x 100 * * * Equation 10

:. :. -’G\ CmalePEGexposed iiﬁﬂ(qjvc 1H-Nl\/[l{ cl: D %Hj Lf::E_/I/ PEG {%&f?% D N
Conoterrarec \THEKFLZ 1 o AR/ 29 T IH-NMR X 0 B H L7-#E/L PLA-PEG JE% Th
5, T 1Z NP EHD PEG 47 F® 100 nm*> H7- 0 OfEETH V. £E PEGEETH D,

Exp.1.5.9 NP 7>5 D TAM O i HPEZEAT

NP 725 D TAM O BUHMEITEIT A TR L7z, FH8 L 72 NP %k 2 TAM JREEDS 0.2
mg/mL & 72 % KO IZARKTHER U, AR LK 0.5 mL & 57 57 & 100 kDa DT
fi5% (Repligen, SpectraPor Dialysis, US) (Z ANVEEf LTz, BE L@y 7 % 12mL D 50
mM Y AUFERERER pHT7.4/0.5% AR Y V_— 1 80 & L <X, 50 mM FEEEFEME X pHS5.5/
0.5% RY I N_— | 80 (ZIZIE LTz, BU Y I_"— 1801k, o7 &MEL 357D
L7z, AR L7ZF 2—7 % 37°C, 200 min [ TKIBTIRE 95 L=, EE HBAtAE. 05,1,2,
4,7,24 WifEIR ICHVKAEZ 0.5 mL B o7 U 7 L, i ICREER A 0.5 mL i L7z, %o
U > 7 UT=Ah KA 2 8644 RIfR A e 6 T (Hitachi high-tech U-3900, Japan) ~C 280 nm (233
JEWHEERE LIz, TAM OERD-HIZ, KF Ny 7 7 — TR L7z TAM % IR
& LT 1~10 pg/mL OFAFRINZAER L FERICHIE L7z, #8 TAM IREEIZ, SATIRICELA
T2 HTOWH 2 MeCN THAE ST, FRRICHIE L7z, Bt a kAL HH L,
Released TAM (%) = SreteasexVout 4 4 -« « Equation 11

Cintact XVin

Z 2T\ Crtease 1E 7V 7 LTSI D TAMIRBETH Y | Cinaer 1350 TAM JRJE
THD, Vour 1IAKIMOEIETHY . Vi lINKFHOEFETH A,

70



Exp.1.5.10 HUAE LA NP O S MR

TAM % £} A L 7= DL-PEG NP (12k-5k). L-PEG NP (12k-5k), SC-PEG NP (12-5k) 0.1 mL % %
7V a—"AT T TA L, BRETEE CHAETE Lo, AR L7-miEE XRD THIE L
77 WEITHEIT Exp.1.3.2 [ZHEL 7=,

Exp.1.5.11 Blank PLA-PEG NP D iERE A (CAC) HIE

Blank PLA-PEG NP % 400 pg/mL 75/ 2 (I2BWT, 10 BEFEICAIR Lz, AR LA
% 0.2 mL % 54 96 well plate (Z#s/1 L. 40 mM 1,6-Diphenyl-1,3,5-hexatriene A % / — /WIRI&
Z2uL Pshntg, L, 1004 v Fa—va v Lz, @7 L— kY —%— (DS Pharma
Biomedical, Powerscan HT, Japan) {ZC. Jih# & 360 nm, @t E 460 nm & U CHIEL
7o PO IEIRE 2 XHORE ISR LTy b U, ARERERL, SRER O B R o
% CAC & LT,

Exp.1.6. EERENY
ddY REEME~ 7 2 (6 M) (TEKEBMERAS NS A LTz, BT X ToEmE
BRI3 TR R B R I AR 2 Al o 7

Exp.1.7. K2R A DTPA #5457 PLA-PEG (PDLLA-PEG-DTPA 72 & TNZ PLLA-PEG-DTPA)
DE L

Figure 38 (2 PDLLA-PEG-DTPA 7 5 TNZ PLLA-PEG-DTPA D&% A ¥ — A% 7~"$, NHo-
PEG-OH 100 mg % FfHL L. Fmoc-OSu 0.1 mg % & H 3 % DMF ik & Iz, iR T 6 WRffE#g
B, MISESEe, KIS, YoFo—7 L TR L gEL S W7, Ak L7 Fmoc-
PEG-OH 80 mg %} A7 7 A 2{Z AL, DL-lactide & 721%, L-lactide % 200 mg iz 7=, Sn
(Oct)2 0.0l mg & A9 % b UK %AZ 10 mL iZ T, 140 °C T 24 BFEG L=, =R
FTHHAIL, 20% E_Y DU a4, H|iE T30 00h S, MNEORRE Y =F LT
— 7 LV CRERLL, BoMRE L 872, (PDLLA-PEG-NH, 72 & TNZ PLLA-PEG- NH,) PDLLA-
PEG-NH, 72 5 TNZ PLLA-PEG- NH; 200 mg Z#FHt L, DMSO 2 mL (2 fi# S 72, DTPA fE
K¥) 11.4mg ZHAN L, 25°C T4 KIS ST, RISHEIZAREKZ 18 mL 2 721412,
BHTEATVN, DMSO & KRG DTPA Mok 2Bk Uiz, BHTSE T, BUERERIZ I Y
{t. L7z, (PDLLA-PEG-DTPA 72 5 (ONZ PLLA-PEG-DTPA)
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Figure 38 Synthesis of PLA-PEG-DTPA
DL-lactide or L-lactide

HENJF/\ %\/OH Fmoc-OSu EIL/\ ,}\/OH Sn(Oct),
(0] . ————®»  Fmoc” O o =

DMF Toluene
NH,-PEG-OH 25'C6hr Fmoc-PEG-OH Reflux 24 hr
H CHs 20% piperidine CHs
N 0] H H>N O H
Fmoc ~ o7 o] . > of . o]
112 0 173 25°C 05 h.l' 112 0 173
PDLLA-PEG-Fmoc or PDLLA-PEG-NH, or
PLLA-PEG-Fmoc HO PLLA-PEG-NH,

8:0
DTPA anhydride

H CH;
HO N N O H
DMSO \T(\I\ N/T ol i Ol

. ) (0]
25°C 4 028 0:2

OH OH

PDLLA-PEG-DTPA or PLLA-PEG-DTPA
(Ogawa et. al., Int. J. Pharm., 2021, 608, 121120, Synthetic Scheme S1)

Exp.1.8. PLA-PEG-DTPA-'""In /“C-TAM #%£i#% PLA-PEG NP D7

PDLLA-PEG-DTPA % 721% PLLA-PEG-DTPA 2 mg % 0.02 mL ® DMF (Z{&fi# L. 0.18 mL &
FKEEK % 1000 min! TR LN O FL7Z, 02mL @ "InCl; & 0.02mL @ 100 mM 27 = >/
fg/X 77— (pH5.5) 12T, 25°C T30 5 A > F=2_— b L7z, "n THEGE L7
PLA-PEG-DTPANP % PD-10 77 7 & L 8RR ZHEH L TR L, £D%, =XKL — LT
@t L7=, #5547z PDLLA-PEG-DTPA-"In (""In-PDLLA-PEG) 35 & U DLLA-PEG-DTPA-
"n ("In-DLLA-PEG) % DMF Tiafif L7z, SR LR OBEHEEE T o~ o o 2 —
\ZCHIE L7z, (Perkin-Elmer, 1480 Wizard 3", US)

PLA-PEG 30 mg % DMF 0.15 mL (Z¥fi# L. 10 uL "'In-PDLLA-PEG & 7-1% "'In-DLLA-
PEG Z¥/ML7=, TAM l4mg % THF 0.15 mL [Z¥&f# L. 10 uL @ “C-TAM Z ¥ L 7= 7
L7 2 DO ZEEIRA L 50 °CITE L7, ZK87K 2.7mL % 1000 min' THEEL |
A% 60 mL/min T F L, AR L2k 2B L1z, BT, 9% A7 m— A& x T%
sRfb L7z, R L7 NP 1385 £ T 2-8°C TIRIF LT,

Exp.1.9. HiHE#E L 7= PLA-PEG NP O {KPNERERE{ff

JHHERR L 72 PLA-PEG NP % 6 # i D ddY ~ 7 AZRBEHEIC L 0 # 5 L7-. (80 mg PLA-
PEG / kg, 370 kBq '"'In/kg, 4 mg TAM / kg, 320 kBq '“C / kg) TAM HL{A$ 5. U7z xflafE & L
T, 1% AR Y YV _— |k 80 TRIEHML L7c & Gl & RFEIC K W 5 LTz, %5 0.083, 1,3,
6, 24 FifIC B W T & FREIR HEIfL U7z, [RIFRC, B A BRE L 72, $RE L 72 i
Z 2,000 g 5 oz OorBE L. AR Ao, PN & R A RIRF IS BRI U, AR B /K Tl
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L, EEEHE LT,

BRE U7 AP0, M. BEREZR & ONC 100 uL o i 2 1E  F = — 71 A L. "Mn D f
ez ~Hh o 2 —CHIE L=, (Perkin-Elmer, 1480 Wizard 3", US) “C ftdtEintt%
BIET D720, 100 pL OIHEZR & NN, MigZ Z i 21 &K 30 mg FREICUIFRL, ¥
YFL—a UL TIVITHEL LT, g R AR S A 72 DI 0.3mL @ Soluene 350 % N
Z. 50°C THIET 8 BfEILL EisHE L1z, Z D%, 100 uL @ 30%#Ee /K3 % % T 50 °C
T30 S SR Lz, Bt L7oMiiR% 50 uL @ 35% HEEECHFIL7z, 5mL @ Clear-
Sol I 24/ A T /IR L, “C OBEINTEMNZ RIS F L—a 17 % — (Aloka,
LSC-6100, Japan) % f# A L CHIE L7-.

155 T TR E 2 MAEATE (mL) 72 5 NS EE () CTEBMEL L, BH% ORI
% LT a v kL7, PLA-PEG-DTPA-"""In 72 5 ONC “C-TAM DI R LIRS - W h
M EA (AUC) IXBEIEICCTHEI Lz, WARESREORE 7 V7 T A ]

(Tin). SRR, ZHEET 2 7D EFU LR E-REH 7 1 7 7 A V& IR/ 5
~7'v 77 5 MULTI (124) Z 4 U CEdT L7z,

Exp.1.10.  #FHHIFENT
FATH A EMIX. Student t FEIZ K - THT L7z, AEKIEIL p<0.05 & L7z,
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5 2 B EROE
Exp.2 #K, @, FEBJ5E

Exp.2.1. k3K
ARIEIZHOWTIEH, B 1E (Exp.1.1) ITHETTZ, ZOMORIKIZHOWNTIE, RO FrfkeAZE
Rz,

Exp.2.2. PLA-PEG DA
BRTIEITE 1 3 (Exp.1.2) ICHEL 7=, %2 3 TlE. L-PEG 12k-5k 72 5 ONZ D-PEG 12k-
5k &A% U CRHmIC A Lz,

Exp.2.3. PLA-PEG D fFIEfRHT
Exp.2.3.1PLA-PEG ® M, & Pdl. DM
M, i ONE Pl OFHIEES 1 5 (Exp.1.3.1) IZHEL T2,

Exp.2.3.2L-PEG 72 & NZ D-PEG D R EEESHT (DSC)

L-PEG 72 5 ONZ D-PEG Img % 7 /L X =7 A%, (TA instruments, Hermetic Pan, US) (Z
FRELUJERE Lz, A% L 729> 7L % DSC (TA instruments, Q2000, US) (2 CLL FOIEE 7 1
77 NThHHT LT,

FHREF : SEHE 0 10 °C 2min, FHRIEEE : +2 °C/min, A% ¥ IR @ 10-160 °C

B RE Pk : 160 °C 2min, SR : -2 °C/min, A ¥ ¥ R : 160-10 °C

RIBMNZEH N D WA — 7 % PEG KA A > OFFERE (Tn). B —2 % PEG KA A
v OfERLIRE (T & LTRHE L7, ®IRANCEN 2 WEE —2 % PLA RAA D Ta,
I — 2 % PEG KAA DT, & LTHELK,

Exp.2.3.3 Stereocomplex 2% PLA-PEG unimer (SC-PEG) & RIA#FCoa 74 A—2 g
FEA
SC-PEG ® > 7 # A —3 3 VEALIZ DWW TIE, SEC-RIIZ LV #Fffi L7, BEhFHIZ DOV
T, 0-300mM @ LiBr # %% DMF Z W5 Z L7225 NT, BT AREZE 65°C & Lizmilh
FME, 1 E (Bxp.1.3.1) (CHEL T, ©—72 by 7 OMX &% RelM, & LTHEH LT,

Exp.2.4. SC-PEG NP O

L-PEG 50 mg. D-PEG 50 mg 72 5 TNZ TAM 10 mg ZFEHt L. 0-300 mM @ LiBr % &4
$ % DMF | mL [ZZ N EIVEME LT, (RIBBIR) WARRFIZIE, 35°C £721E. 65°C 2
BLU72, BRI 1 mL & 758 7K 9 mL % T-junction mixer (YMC, ID ® 0.5 mm, Japan) T
G L7z, IRAFFORFHIL 1-8 mL/min & L7z, £/, IREGREOEEIT 35°C £721%, 65°C
& LT, DIBROKRERL A, RS TRICHOWTIE, 61 TEICHE T, (Exp.1.4)
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Exp.2.5. TAM % #t A L 7= SC-PEG NP O R5Ef#sT
Exp.2.5.1 Dy & PdIne D% H
Dy & Pdlne DR HITH 1 32 (Exp.1.5.1) ([2HET 7=,

Exp.2.5.2 £ A= & DLCcon, DLCspr DHiH
#F AR & DLCeonv., DLCspr DFLHITH | TICHE U 7=, (Exp.1.5.6, Exp.1.5.7) B HICME R
TAM DIEHIE (Exp.1.5.4). SC-PEG DIEHIE (Exp.1.5.5) IZOWTHH 1 HICHEL 72,
Exp.2.5.3 FEHIEEE (Naw) & B R (Ry). KM PEG %5 & & 2R PEG % OF H
Nuss & Rg DR HITH 1 32 (Exp.1.5.3) (WU 7=, i PEG HBEE & L £ PEG BEDH
HIZE 1 % (Exp.1.5.8) ICHEU T,

Exp.2.5.48 545 SC-PEG NP DI fef s

HURG LM L 72 SC-PEG NP D HE@I%21X. Field-emmision scanning electron microscopy (FE-
SEM, JEOL, JSM-IT500HR LV, Japan) % HV\\TITo7z, WM L7 SCPEGNP &4 A I ¥
2 — & — (Meiwafosis, Neoc, Japan) Z{HH L CREEZ A AI VLA TANNyZ Y 7 LT,
RTALER L7 > 7V 2 IHEEE 10 kV, BLE3M53E 100,000 {512 CTRIZ 21T 72,

Exp.2.6. PEG K% & & KL B D H 72 5 it 155#% SC-PEG NP (PEG Sparse-Dy Small NP; NPgparse.
smai 7% 5 NI PEG Dense-Dy, Large NP; NPpense-rare) 2 {FHY

"n-PLLA-PEG DAZ# 715135 1 % (Exp.1.8) [ZH#E LU 7=, "“C-TAM & ""In-PLLA-PEG %
DMF (Zifi#E L, FRS Ui O &2 o~ Hh o o 2 —I2CHIE L7z, (Perkin-Elmer,
1480 Wizard 3", US)

PLLA-PEG & PDLA-PEG % Z#1%%1 50 mg #FH L. 20 mM LiBr DMF (NPsparse.sman ) £ 72
I%. 100 mM LiBr DMF (NPpense-Large) 0.15 mL {2 E 1V AUIAEME S 72, "'In-PLLA-PEG 200 kBg/
10 pL Z /1% 72, TAM 10 mg % 20 mM LiBr DMF (NPspuse-smat ) & 7=1%. 100 mM LiBr DMF
(NPpense-Large) 0.15 mL I\ Z N E VAT S H 7, [RIEEIC “C-TAM 200 kBq/ 10 pL 2 A1z 72, PLA-
PEG IAiK & TAM ISR &5 BEiRG L. RINBIAR & L7z, SC-PEGNP OFHHIE Exp.2.4 ICHEL
776 NPsparse-smat D FHHELZ IV TIE, TFR % 8 mL/min & L. NPpense-Large D AR UV Ti, TFR
% 3mL/min & L7,

Exp.2.7. %i/a % HKIRE A £ SC-PEG @ PK 7’12 7 7 A )b, {KINEREMRHT

NPsparse-small & NPpense-Large O AL FHIEE G- B X, (370 kBq "'In-SC-PEG NPs /kg, 320 kBq '*C-
TAM /kg) & L. 6 HiinD ddY ~ v ATfeH- L=, # 5% 0.083,0.5, 1,3, 6,24 KW
T, vUREBEREL, M, . PlsA B U7, BEHEYEORE 5, MR kX, 5
1 BIZHE U 7, (Exp.1.9) MAEFIERLIRE 7 0 7 7 A )L OfEHTI 2-compartment &7 /L A £
ML,
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Exp.2.8. #EHAEMT

FEEHIA EMEIX, Student t FREIZ L o THAAT L7z, A EKAEIX p<0.05 & L7z, Dn & Pdlwe
[Z2UT, TFR & LiBr R 2 02 dhi Ot ZEHEERIZ IV TlE, Design-Expert
software (Stat-Ease, US) (2L Y, two-way ANOVA %t L, A EKAE p<0.05 & L7z,
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B 3 E EZROH

Exp.3 #3K, @4, FEBRGIE
Exp.3.1. k3K

01 ESET AR ONTIL, B EICHET T,

Maleimide-PEG2-NHS ester . D-FLEE, L-FLE&IE HR bRk T3NS FE (Tokyo, Japan) L ¥
AL, ~vAMiE, ¥k vV 74 (NaCl), /A Kaxo 7 3% 4 (HAP) I8 -7
A IV LFYEREERE S (Tokyo, Japan) L VA L7=, RV 74 ofEfg (TFA, HPLC
grade) LB LKA SHE (Tokyo, Japan) L Y A L7, Disodium
ethylenediaminetetraacetate (EDTA, 0.5M, pH8.0). Pierce BCA protein assay kit, NuPAGE LDS
sample buffer 4x (LDS sample buffer), NuPAGE MES SDS running buffer (running buffer).
SYPRO Ruby protein gel stain, NuPAGE 4 12%72 & NI Bis-Tris, 1.0 mm, mini protein gel %
Thermo Fisher Scientific (MA, US) &£ WA L7z, 1-Thioglycerol i 57 A 7 A 7 &4k
(Kyoto, Japan) J Y A L7=, 1,6-Diphenyl-1,3,5-hexatriene (DPH) (& Sigma Aldlich (St. Louis,
MO, US) L VHEA L7z, BHEAFREMERTF ROMMEA 4 358K (Zwi. pep., DSK8C) &
7 =7 VFFE{K (Ani. pep., and D8G8C) (3 Smart Bioscience (Saint Egréve, France) (2 CHAk L
72o 2-[4-(2-hydroxyethyl)-1-piperazinyl] ethanesulfonic acid (HEPES) IZ[F{ b @ikt
(Kyoto, Japan) L D iEA L7,

Exp.3.2. PDLA-PEG-Maleimide (PDLA-PEG-Mal)/ PLLA-PEG-Maleimide (PLLA-PEG-Mal) 73
TNZ PDLA/ PLLA RER Y = —D AR

Figure 39 (2 PDLA-PEG-Mal & PLLA-PEG-Mal O & A % — A %779, HO-PEG-NH, 500
mg & Fmoc-OSu 67.5mg & A7 U o — /A TV L, THF 4 mL %% T 2 WOt
Wiz, KEWE=—7 /L TR L, HO-PEG-Fmoc #4357, ¥5# L7 HO-PEG-Fmoc 200 mg
vA 70y 2—TRISHADOH T AF 2—7 1L, 110°CIZTRIEL., BT K%
Y BTz, [ 7 AF 2—7|Z D-lactide & 72 1% L-lactide 500 mg ZFFHL L. Sn (Oct)> 1 mg
ZIOSIEE L LTz Tz, W AF a—T7 ZEFREE T, HAL, 120°C T 2 KRG
SH, RIS E DCM TIEfR L, Y= F o —7 L CRERL L 72, k5L L7~ PDLA-PEG-
Fmoc F£7-1%. PLLA-PEG-Fmoc % 20% piperidine/DMF % W Clifga# L=, Ry =F v
T—7 LK L, PDLA-PEG-NH, ¥ 721%. PLLA-PEG-NH, #1%7-, Maleimide-PEG2-NHS
ester 34 mg & PDLA-PEG-NH, % 72i% PLLA-PEG-NH, 500 mg ##FH L, THF 5 mL C¥afiE
L. 2 BpOS S E 7, ARkl =F L= —7 L CREHR L, PDLA-PEG-Mal %£72i% PLLA-
PEG-Mal % 537=,

PDLA/PLLA AEARY v —IBAtaAZ D-FLE £ 7213, L-ALEEE L, BIBRESIEICK D ARk
L7-, D-Afe F721F L-AF 10mg & D-lactide Z7-(% L-lactide 1380 mg % 4T A F = —
TUZFFEL L, Sn(Oct), 10 mg ZfiflEE LTz 7=, [FARIC, ZHEERE FCHEMA L, 120°C
T2 B &8, v F Lo —T L CTRRILT,
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Figure 39 Synthesis of PLA-PEG-Maleimide

D-lactide or L-lactide

Fmoc-OSu Sn(Oct), CHs
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Mal-PEG-PLLA or Mal-PEG-PDLA

(Ogawa et. al., J. Pharm. Sci., 2022, 111, 2888-2897, Scheme S1)

Exp.3.3. PLA HRER U ~—%EH /IS H PLA-PEG NP DFER

PDLA-PEG-Mal 72 & TNZ PLLA-PEG-Mal % 7.5 mg 9 2>fF Bt L7=, TAM 1.0 mg ZFFH L |
THF 0.6 mL TR S W7z, (BRISEAKR) BT %2 60 mL/min O E T, 1,200 min™ &
WE TR L 7= 10 mM HEPES-NaOH/ 1mM EDTA pH7.5 (prep. buffer) 2.4 mL (23 F L7-, fE
L 72 PLA RERY ~—% 54 L7 PLA-PEG-Mal NP (NPppapeG), 2.5 mL % Sephadex G-25
column (Cytiva, PD-10 miditrap, US) ZfEVVERI L7z, PLA ARER Y ~—% & H T 5 PLA-
PEG NP (NPpraprarec) Cld, BIEBEOFHRI S LT, PDLA-PEG-Mal 72 5 NI PLLA-PEG-
Mal % 4.5mg 3 OFffHt L, PDLA 725 ONZ PLLA % 3.0 mg D& FREL L 7= A LIS,
NPprarec & RIBRICFHHE L7,

Exp.3.4. NP R ~D~X7F KO & RANL RS L EMERER

2.5 mg/mL @ NPprapra-pec (0.83 mM maleimide 7%35124HY) 72 HTNT 1.2, 0.58, 0.35, 0.23,
0.12,0.083 mM @ Ani. pep. % 721%, Zwi. pep & MUGHEER (150 mM NaCl % & 43 % prep.
buffer) FCEA L, =IRT1 FFEBHE L, SJOSKO—EZEMEOREITHEMN Lz, K
& DWRIZ 1.77 mM 1-thioglycerol %27 = F ¥ —& L TIRIML, RSO~ LA I RiEE
T LI, JEUTFHROBKEBIT L. REUGDORXTF N7 2o F ¥ —%2H0 R
7=, BT D NP 1%, 0.45 um ® PVDF 7 ¢ /L% — (Merck, Germany) TA# L., #1795 %
T 2-8°C O L7z, RIRFICORE ZEMRETIC, BIKZ T T AL TR TAL, 2-
8°C T 1 M HARERKIM L7,

Exp.3.5. 7' F FOEAiE (MC) DOFE &

RXTF RO MC ORI, RKISEDO 5% BEsiEis” v~ 777 ¢— (UPLC) -UV T
GHT L. RGO TTF Raeft, €& L7z, UPLC-UV OHIESM:1X Table 15 ([ZFEHE DS
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Uiz, ~X7F FEREROPEFHIIL, 5~100 pg/mL & L=, MCIZLLTFOX L EHL
776

MC (mole% residue) = (Cp feed — Cpreaxt)/ CrEG—Mal X 100 + + + Equation 12
22T, Coraaee 1 KISHEDWEF DORTF RENRETHY | Cprea (X, SIRITHE L 728

TF ROFNEETH D, Cprgma 1L PLA-PEG-Mal OFRRENEETH D,

Table 15 Analytical method of peptide quantified by UPLC-UV

HOH RE

System Waters Acuity H-class Bio

UVdetector 215 nm

Column Waters ACQUITY UPLC Peptide BEH C18 Column,

300 A, 1.7 um, 2.1 x 50 mm

Column oven temperature 40 °C

Mobile Phase A 0.1% TFA/MeCN=97/3

Mobile Phase B MeCN

Gradient 0 to 1 min: B 0%, 1 to 2.5 min: B 0—50%, 2.51to 5
min: B 100%

Flow rate 0.35 mL/min.

Injection volume 5uL

Sample temperature 25°C

Needle wash solvent 50% MeCN

Exp.3.6. FA%L L 7= NP D RMEAMEAT
Exp.3.6.1 Dy & Pdlxe OFFAM
FRIEAR % Prep. buffer & L7-LIAME, Exp.1.5.1 ICHEL T,

Exp.3.6.2 ¥ —XEAL DaFf
FRUEAAZ Prep. buffer & L, #RAR U ~—REZ 1 mg/mL & L72LISME, Exp.1.5.2 ITHET
7=

Exp.3.6.3 TAM /&, #A U ~—REDHH & DLC ORH

TAM BEEOBE X, Yo 7 VORI & R ORERFE X Exp.1.5.4 ([T U2,
UPLC DOHIESAEIT Table 16 (27 L7z,
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Table 16 Analytical method of TAM concentration quantified by UPLC-UV

HOH RE

System Waters Acuity H-class

UVdetector 240 nm

Column Waters ACQUITY UPLC BEH C18 Column, 130 A, 1.7

pm, 2.1 X 50 mm

Column oven temperature 40 °C

Mobile Phase A 0.1% TFA/MeCN=40/60
Gradient Isocratic

Flow rate 0.35 mL/min.

Injection volume 2 uL

Sample temperature 25°C

Needle wash solvent 50% MeCN

AR Y < —IR I RRIESTHE (RD) IZXVIRE LT, R~BJEHT35E (Anton Paar, Abbemat
MW, Austria) OHIER 1L, 658 nm, I, 25°C & L7z, EEHEEHRIL, PDLA-PEG-Mal
725 ONZ PLLA-PEG-Mal % 1.5 mg 3 OfFH (NPprarec). F7-1% PDLA-PEG-Mal 72 5 ONC
PLLA-PEG-Mal 0.9 mg 92, 72 5TNZ PDLA 72 5 (NI PLLA homopolymer % 0.6 mg 3 -OFf
EU (NPpLapia-pec) L. THF TEf#Ef4, #28EE L <72, Prep. buffer % 0.5 mL @A L,

70 °C THE RN T TH oS, il U IEERK A BEICA AT T 23|I
0. IEBEEE SmgmL & L72, NPeapiaree OEITROEEHSY (dn/de) 1 0.126 mL/g,
NPpra-peg @ dn/de 13 0.109 mL/g T& - 7z. (Figure 40A)

AR Y v —REOERIZOWVWT, RIFEDER FIRZ FHE2 RIS EEEERH L
TER LT=, 1,6-Diphenyl-1,3,5-hexatriene (DPH) LA RE (CAC) OB HIZHEH S
LHIBFETHY . BKHREREICB W TEFIGERR L L, CAC L ETIFat&E s NP O
BRI ERRA 2 BERMEZ R T, (125) AR Y ~—JREICEIL T, SC-PEGNP ® CAC %l
HEEICRWT, EBEFEM L7, Y7L 200 pL % 96 well plate ([Z#$M L, 0.4 mM DPH
AH ) —VIRIR 2uL 2L, ~4 7 a7 L— K U —4%— (Thermofisher Scientific,
Varioscan Lux, US) (ZC, BhC# & 360 nm, =R 460 nm & LT, HIEZE1T>7, NPpa-
pec & NPpLapLa-pec 2DV T, BEHEYRIE DR FE % 50~400 pg/mL & L, @~ NV v 7 A&7
AULR L LT, B Z R L7z, (Figure 40B)

DLCiZ2W T, U TFTORIZHE-> TR LT,

DLC (Wt%) = Cram toaded/ Crotymer X 100 « + ¢+ Equation 13
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Figure 40 Quantification of NP concentration.

Figure 40A shows the refractive index as a function of standard particle concentration. The slope of the
fitted curve is defined as dn/dc. Figure 40B shows the fluorescence signal of DPH as a function of
particle concentration. The matrix of the standard solutions was an ultracentrifuged serum medium.
Closed circles indicate PLA-PEG NP with PLA homopolymers (NPpraprapec). Open
circles indicate PLA-PEG NP without PLA homopolymers (NPpLa-pEG).

Quantification of NP concentration

(Ogawa et. al., J. Pharm. Sci., 2022, 111, 2888-2897, Figure S1)

Exp.3.6.4 NP DiE/T A —& DEH
NP DO/ T A —% DREHIZOW T, SEC-MALS #HIiE & "H-NMR O#IE S 1%,
Exp.1.5.3 72 5 ONZ Exp.1.5.8 IZ#E U 7=, PLA-PEG-Mal DEA/HIZ W TiE, L FoRIHE
R L,

NpgG-mat =N Myp/(M MpappG—mar + (1 —n)Mpp,) * * * Equation 14

Z 2T, n [FPLA-PEG-Mal ® NP HDENLF3HETH Y . NPprapeg (ZBWTIE, n=1 TH
V. NPprapLares (ICBWTIX, n=0.5 THDH, Mae 1. NP DENT DO FETH D,
Mprapemal 15 PDLA-PEG-Mal & PLLA-PEG-Mal O #5378 T&H Y . Mprarecma 1 PDLA
HRERY~—& PLLA RERY ~—DYHE 51+ ETH 5.

NP O#EE/RT A —F DBEHIZHOWTIL, L TFOR D SM4T L7=, (88)

Sur.Cont.pgg-mar = CpeG exp./ MCpolymer X 100 + + < Equation 15
Tpec = Npgg—mar X Sur. Cont.pge_par/4mR% X 100 - + + Equation 16
Lpep = Tppe X MC + ¢+ ¢+ Equation 17
Ry pgg = 0.350m3/5 - + « Equation 18
Rf pep = 0.365p3/5 » + + Equation 19
Dpgc = Zm * + * Equation 20
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Dyep =2 /1/1‘[I‘pep + + + Equation 21

Z ZC, Sur.Cont.pec-mal & Creg exp /X ZALE AL TH-NMR 22 B HH L72 PEG ORE S & & &
T 5 PEG OFNRETH D, RyILDLS X0 HH LR TH D, T 1 100
nm? &7 0 OFE PEGHEETH Y | Tpepld 100 nm?> H7- 0 DERNTF REETHD, Rerrg
725 ONT Repep (FZNZEHLPEG & X7 F KD Flory 2 THh 5, 0.350 (nm) (F=F L A%
PA F1la=y hOEETHD, (126)0.365(mm) 17 2 /R 1 REOEEITHD, (127)m
ETITENENPEG EXTF ROESGHTHY . m=113,p=17 TH 5, Dpec & Dpep 1LE4L
ZhBEY A D PEG#H, X7 F KR LOHEETH 5,

Exp.3.7. NP O i i it 27 A
Exp.3.7.1 FuT A anaFDEhk s 4

FHELL 72 NP DR U ~—JBE % 2 mg/mL [ZHHRL L. 1 mL & 10%~ 7 A& L IRA
L. 37°CTI1 W] /1o Fa—F L7, TuarAfravtopiit, A7e—27 vy
a EEHWL, A vFa_X—T g U LEEK 1 mL 2.0 F 2 —7 (Beckman coulter,
Polycarbonate open tube, US) (ZHSIIL7=, T D%, 0.7M A7 10— AIEIKR 0.2 mL % .0
Fa—TOEHIC Y Vo TIRIMLTZ, F=2—7% 5°C, 100,000 g T 45 il L
Too LB EHBEEFEEL, Ny b EFRE—Om LSS CTlEL L, PBS T2 RBIEEE Lz,
Peirt%. 0.1 mL @ PBS THERE L, AU ~—REZHE L7,

Exp.3.72 # XU EREERV T 7 VAT I R IVERKVKE) (SDS-PAGE)

2 URTEEIX, B a=riE (BCA) BICK W ERE LT, FiEIX, Pierce BCA
protein assay kit D 7'm 23—/ /LICHEC 7o, L L7z T2 AR L, 96 well plate
(Thermofisher, Microwell, US) {Z 0.1 mL 2N L7z, (@3 22FMiE7 /L7 2 > (BSA) #E#E
i (2mg/mL) Z#A R L, 25~500 pg/mL DR EFHZEIZ T L. 0.1 mL % 96 well plate (T
WA L7z, BCA % & &> Working solution % 0.1 mL s/ L, 37°C T45%5A »FaX— kL
foo ¥4 70T L— Y —&—T562nm OWIEEZRE L, FELIIHT D2 37 B
FE A RE LT,

SDS-PAGE (X, RO FINECTHEM L7z, AR ~—EE% 1mgmL (CHRE LY 7L
VA% 13 uL. 2% SDS/ 4% Triton-X 2 pL, LDS sample buffer 5 uL Z{& & L7z, 90°C TS5 7%
A FaX—varl, Fo_\UEEERESE, NP ZRREIEZ, 7 1% 5000g Tl
il L, EWE 10 uL % SDS-PAGE 17 vice —7 4 7 Lz, ~ U AMIEIX 10,000 {42
ARLTZbOERRE L THW, BXUKENL, EME 200V 45 5312 T3 Lz, KEigO7
L DYetaX, SYPRO Ruby protein gel stain 2 L, Y FiEIIf RO~ a2 b a— I |Z#EL
7o fRts & fiEHTIE LAS3000 (Fujifilm, Japan) Z {8 L7=,

Exp.3.7.3 [EFEf0H 12 X A Mg TAM s &0 E &
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R Y <~ —J2E 2 mg/mL IZFHE L2 NP30uL &~ 7 21 270 uL 284 L., 37°C T
DA FaN— b Lz, TAM OfiE, BRI X v e Uz, BRI 2 A

(GL science, Monospin C18, Japan) %z MeCN 0.1 mL TiEM L L7=, T Dk, REE/K 0.2mL %
BIERL, P L7, A FaX— LT Az 02mLiNL, Z20%, 7 ALK
FHLTWD NP 2T 5729, 30% MeCN % 0.2mL Zi8iE L7z, &#%IZ. MeCN 0.1 mL
T L. Exp.3.6.3 2508 L CTWAH HIETTAM ZER L7z, EHEREIZ. 1 mg/mL (2R
L72 TAM @ 90%~ 7 A MG & 7R L. 5~50 pg/mL OIRE L Ui, FEEOBRIEEZTTV,
MR ZFR LT,

Exp.3.8. "A R X 7/3% A  (HAP) #E& kA

Wn 2 L7z NP OFERFIEIL, B A THF & L2 s, TAM & BUNERR L7200 R
LIAME. Exp.1.8 ICHEL 7=,

AR Y ~—1 50 ug IZFIS 9% NP % PBS 7213 10%~ 7 AIfiE & & PBS IZIRIN L
7oo TAUH % 8,32,80mg O HAP LiRA L, 37°C CT1 K] #EE 5 Lz, WERIOT = —
T A~ H o #—  (Perkin-Elmer, 1480 Wizard 3", US) (2 CHIE L7=, 5,000 g3 57 =L
BIZ BB EEIL L, RIS >~ 7 Z—THIE L7z, HAP ~OfEGEIAIT, RITRT
X CTHEH L,
HAP bind (%) = 100 — (RAsyp X Viorat)/(RAtotat X Vsup) X 100+« - Equation 22

Z 2T, RAwp BHWNT RAwa 1F. TNEN EE L REROBEHEETH YD . Vap, 726
WIZ Vi FZENEN B E2EOERETH 5,

Exp.3.9. HEaHiEHT

FAHEOA E 2L, Student t FREIZ K - THENT L7, ZEIET 555121, Tukey’s REIC
X o THNT L7, AEKUEL p<0.05 & LT,
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MO DICE I, RIFFEICER LT, RIREZERE 22 DFEE, BHHEL 05 Y £ Lot a R
FoOBHIRSE IR B BHRICRLDEIVIRERDHEERLET,

£o. BMFEROZTICOLEZ R TH I Z2BY . ARG 28BS L EfsE 2B Y £
L7 BB3ER Ry AP0 BR O RIE HERICGEAL TEIEROBERLET,

S o1z, ABFEROEMIIEL T, EHACRBIREORTONT 2 52 TOREE, RCH
FORMUAVEE S & L, MR BRI AT AT &
Fal g MR, R OAGBERS R #5 N6 ST, Phamin XA B
R REWNSITR O HOTIRIR AN S5 LSS EILEE L LT T

HxDFEGICE L T4 OEEREB S 2B £ Lo, XY EHPE0E KT
T BhBICTRIE L 4, =61, 7 ry 7 HEAEKROAGHITIEIZE L T, ZR22MEES
SRR Y . ERRICHEE ) - HBIE AR Y £ Lo, RIS A
Al iz L AR 2 O REBRR ORELICER L T RN ) - WEEE A
V. EBROBPTOEERFHEmEZBL T, T/ 3—=T 1 7 VORI E OERIZIRITHRY
MATE, BRI S M AEARE BAISERT  AEIBINTSE 1 v —27" 77
—7Kk B KRB Bt ETEBEBILSICE LT, SRR ) LEEY - HilsEL
WELER PN BRE EL HxOXEBOPT, ERREmZE LT < OBSER LB
g2 By E LR sAr—Tk R #&e &L W Wy HE B F
K% P et FEERKRE EAFESE sk TE RCLILEHOBEEZRLE
R

A« OFFFEEBIO T CALR MBS, WA, WA Y & Ui, AR
DRSS, RREDERICD L Y BIL L LT E T

%I, Az OBOHEL, MHEICHETE 2RELZGATHS, ROWEFEZz - T, #
ICXATWERWEE, RS B BEROWHIS O LV IEHEL £,

84



e Z P

@)
2

®)

(4)

()

(6)

()

(8)

)

(10)

AARBSE T WS, T3 & 585 RSKPES2020-2021.

Mulligan, M. J.; Lyke, K. E.; Kitchin, N.; Absalon, J.; Gurtman, A.; Lockhart, S.; Neuzil, K,;
Raabe, V.; Bailey, R.; Swanson, K. A.; Li, P.; Koury, K.; Kalina, W.; Cooper, D.; Fontes-
Garfias, C.; Shi, P. Y.; Tureci, O.; Tompkins, K. R.; Walsh, E. E.; Frenck, R.; Falsey, A. R.;
Dormitzer, P. R.; Gruber, W. C.; Sahin, U.; Jansen, K. U. Phase I/Il Study of COVID-19 RNA
Vaccine BNT162b1 in Adults. Nature 2020, 586 (7830), 589-593.

Anderson, E. J.; Rouphael, N. G.; Widge, A. T.; Jackson, L. A.; Roberts, P. C.; Makhene, M.;
Chappell, J. D.; Denison, M. R.; Stevens, L. J.; Pruijssers, A. J.; McDermott, A. B.; Flach, B.;
Lin, B. C.; Doria-Rose, N. A.; O’Dell, S.; Schmidt, S. D.; Corbett, K. S.; Swanson, P. A.;
Padilla, M.; Neuzil, K. M.; Bennett, H.; Leav, B.; Makowski, M.; Albert, J.; Cross, K.; Edara,
V. V.; Floyd, K.; Suthar, M. S.; Martinez, D. R.; Baric, R.; Buchanan, W.; Luke, C. J.; Phadke,
V. K.; Rostad, C. A.; Ledgerwood, J. E.; Graham, B. S.; Beigel, J. H. Safety and
Immunogenicity of SARS-CoV-2 MRNA-1273 Vaccine in Older Adults. N. Engl. J. Med.
2020, 383 (25), 2427-2438.

Bangaru, S.; Ozorowski, G.; Turner, H. L.; Antanasijevic, A.; Huang, D.; Wang, X.; Torres, J. L.;
Diedrich, J. K.; Tian, J. H.; Portnoff, A. D.; Patel, N.; Massare, M. J.; Yates, J. R.; Nemazee, D.;
Paulson, J. C.; Glenn, G.; Smith, G.; Ward, A. B. Structural Analysis of Full-Length SARS-CoV-2
Spike Protein from an Advanced Vaccine Candidate. Science, 2020, 370 (6520), 1089—1094.
Kikuchi, H. Future Perspective of DDS Technologies from the Viewpoint of Pharmaceutical
Companies. Drug Deliv. Syst. 2014, 29 (1), 51-63.

Tamura, K.; Takahashi, S.; Mukohara, T.; Tanioka, M.; Yasojima, H.; Ono, M.; Naito, Y.;
Shimoi, T.; Otani, Y.; Kobayashi, K.; Kogawa, T.; Suzuki, T.; Takase, T.; Matsunaga, R.;
Masuda, N. 346P Phase | Study of the Liposomal Formulation of Eribulin (E7389-LF): Results
from the HER2-Negative Breast Cancer Expansion. Ann. Oncol. 2020, 31, S385.

Matsumoto, T.; Komori, T.; Yoshino, Y.; loroi, T.; Kitahashi, T.; Kitahara, H.; Ono, K;
Higuchi, T.; Sakabe, M.; Kori, H.; Kano, M.; Hori, R.; Kato, Y.; Hagiwara, S. A Liposomal
Gemcitabine, FF-10832, Improves Plasma Stability, Tumor Targeting, and Antitumor Efficacy
of Gemcitabine in Pancreatic Cancer Xenograft Models. Pharm. Res. 2021, 38(6), 1093-1106.
Voak, A. A.; Harris, A.; Coteron-Lopez, J. M.; Angulo-Barturen, I.; Ferrer-Bazaga, S.; Croft,
S. L.; Seifert, K. Pharmacokinetic / Pharmacodynamic Relationships of Liposomal
Amphotericin b and Miltefosine in Experimental Visceral Leishmaniasis. PLoS Negl. Trop.
Dis. 2021, 15 (3), 1-16.

Bertrand, N.; Wu, J.; Xu, X.; Kamaly, N.; Farokhzad, O. C. Cancer Nanotechnology: The
Impact of Passive and Active Targeting in the Era of Modern Cancer Biology. Adv. Drug
Deliv. Rev. 2014, 66, 2-25.

Attia, M. F.; Anton, N.; Wallyn, J.; Omran, Z.; Vandamme, T. F. An Overview of Active and

85



(11)

(12)

(13)

(14)

(15)

(16)

A7)

(18)

(19)

(20)

(21)

(22)

Passive Targeting Strategies to Improve the Nanocarriers Efficiency to Tumour Sites. J.
Pharm. Pharmacol. 2019, 71 (8), 1185-1198.

Muhamad, N.; Plengsuriyakarn, T.; Na-Bangchang, K. Application of Active Targeting
Nanoparticle Delivery System for Chemotherapeutic Drugs and Traditional/Herbal Medicines
in Cancer Therapy: A Systematic Review. Int. J. Nanomedicine 2018, 13, 3921-3935.
SLEAMG; G IUARZE—; i . HAAET A~ T ADO% E L Drug Deliv.
Syst. 2017, 32-5, 402-410.

Petersen, G. H.; Alzghari, S. K.; Chee, W.; Sankari, S. S.; La-Beck, N. M. Meta-Analysis of
Clinical and Preclinical Studies Comparing the Anticancer Efficacy of Liposomal versus
Conventional Non-Liposomal Doxorubicin. J. Control. Release 2016, 232, 255-264.
International Council for Harmonisation of Technical Requirements for Pharmaceuticals for
Human Use. ICH Harmonised Tripartite Guideline Pharmaceutical Development Q8. 2010.
https://www.pmda.go.jp/files/000156605.pdf

Committee for Medicinal Products for Human Use; European Medicine Agency. Joint
MHLW/EMA Reflection Paper on the Development of Block Copolymer Micelle Medicinal
Products. 2013. https://www.ema.europa.eu/documents/scientific-guideline/draft-joint-
ministry-health-labour-welfare/european-medicines-agency-reflection-paper-development-
block-copolymer-micelle-medicinal-products_en.pdf

MHLW. Guideline for the Development of Liposome Drug Products. 2016.
https://www.nihs.go.jp/drug/section4/160328 MHLW _liposome_guideline.pdf

U.S. Department of Health and Human Services Food and Drug Administration. Guidance for
Industry on Drug Products, Including Biological Products, That Contain Nanomaterials. 2022.
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/drug-products-
including-biological-products-contain-nanomaterials-guidance-industry

Pillai, G., Nanomedicines for Cancer Therapy: An Update of FDA Approved and Those under
Various Stages of Development. SOJ Pharm Pharm Sci, 2014 1(2), 13.

Van Eerden, R. A. G.; Mathijssen, R. H. J.; Koolen, S. L. W. Recent Clinical Developments of
Nanomediated Drug Delivery Systems of Taxanes for the Treatment of Cancer. Int. J.
Nanomedicine 2020, 15, 8151-8166.

Von Hoff, D. D.; Mita, M. M.; Ramanathan, R. K.; Weiss, G. J.; Mita, A. C.; Lorusso, P. M.;
Burris, H. A.; Hart, L. L.; Low, S. C.; Parsons, D. M.; Zale, S. E.; Summa, J. M.; Youssoufian,
H.; Sachdev, J. C. Phase | Study of PSMA-Targeted Docetaxel-Containing Nanoparticle
BIND-014 in Patients with Advanced Solid Tumors. Clin. Cancer Res. 2016, 22 (13), 3157—
3163.

Kataoka, K.; Harada, A.; Nagasaki, Y. Block Copolymer Micelles for Drug Delivery: Design,
Characterization and Biological Significance. Adv. Drug Deliv. Rev. 2012, 64, 37-48.
Soleymani Abyaneh, H.; Vakili, M. R.; Shafaati, A.; Lavasanifar, A. Block Copolymer
Stereoregularity and Its Impact on Polymeric Micellar Nanodrug Delivery. Mol. Pharm. 2017,

86



(23)

(24)

(25)

(26)

(@7)

(28)

(29)

(30)

(31

(32)

(33)

(34)

14 (8), 2487-2502.

Anselmo, A. C.; Mitragotri, S. Nanoparticles in the Clinic. Bioeng. Transl. Med. 2016, 1 (1),
10-29.

Matsumura, Y.; Maeda, H. A New Concept for Macromolecular Therapeutics in Cancer
Chemotherapy: Mechanism of Tumoritropic Accumulation of Proteins and the Antitumor Agent
Smancs. Cancer Res. 1986, 46 (8), 6387-6392.

Sim, T.; Kim, J. E.; Hoang, N. H.; Kang, J. K.; Lim, C.; Kim, D. S.; Lee, E. S.; Youn, Y. S.;
Choi, H. G.; Han, H. K.; Weon, K. Y.; Oh, K. T. Development of a Docetaxel Micellar
Formulation Using Poly(Ethylene Glycol)-Polylactide—Poly(Ethylene Glycol) (PEG-PLA-
PEG) with Successful Reconstitution for Tumor Targeted Drug Delivery. Drug Deliv. 2018, 25
(1), 1371-1380.

Sunogrot, S.; Bugno, J.; Lantvit, D.; Burdette, J. E.; Hong, S. Prolonged Blood Circulation and
Enhanced Tumor Accumulation of Folate-Targeted Dendrimer-Polymer Hybrid Nanoparticles.
J. Control. Release 2014, 191, 115-122.

Sasatsu, M.; Onishi, H.; Machida, Y. Preparation and Biodisposition of Methoxypolyethylene
Glycol Amine-Poly(DI-Lactic Acid) Copolymer Nanoparticles Loaded with Pyrene-Ended
Poly(DI-Lactic Acid). Int. J. Pharm. 2008, 358 (1-2), 271-277.

Makino, A.; Hara, E.; Hara, |.; Yamahara, R.; Kurihara, K.; Ozeki, E.; Yamamoto, F.; Kimura,
S. Control of in Vivo Blood Clearance Time of Polymeric Micelle by Stereochemistry of
Amphiphilic Polydepsipeptides. J. Control. Release 2012, 161 (3), 821-825.

Chen, L.; Xie, Z.; Hu, J.; Chen, X.; Jing, X. Enantiomeric PLA-PEG Block Copolymers and
Their Stereocomplex Micelles Used as Rifampin Delivery. J. Nanoparticle Res. 2007, 9 (5),
777-785.

Kang, N.; Perron, M. E.; Prud’Homme, R. E.; Zhang, Y .; Gaucher, G.; Leroux, J. C.
Stereocomplex Block Copolymer Micelles: Core-Shell Nanostructures with Enhanced
Stability. Nano Lett. 2005, 5 (2), 315-319.

Ma, C.; Pan, P.; Shan, G.; Bao, Y.; Fujita, M.; Maeda, M. Core-Shell Structure,
Biodegradation, and Drug Release Behavior of Poly(Lactic Acid)/Poly(Ethylene Glycol) Block
Copolymer Micelles Tuned by Macromolecular Stereostructure. Langmuir 2015, 31 (4), 1527—
1536.

Levchenko, T. S.; Rammohan, R.; Lukyanov, A. N.; Whiteman, K. R.; Torchilin, V. P.
Liposome Clearance in Mice: The Effect of a Separate and Combined Presence of Surface
Charge and Polymer Coating. Int. J. Pharm. 2002, 240 (1-2), 95-102.

Zhao, Z.; Ukidve, A.; Krishnan, V.; Mitragotri, S. Effect of Physicochemical and Surface
Properties on in Vivo Fate of Drug Nanocarriers. Adv. Drug Deliv. Rev. 2019, 143, 3-21.
Shalgunov, V.; Zaytseva-Zotova, D.; Zintchenko, A.; Levada, T.; Shilov, Y.; Andreyev, D.;
Dzhumashev, D.; Metelkin, E.; Urusova, A.; Demin, O.; McDonnell, K.; Troiano, G.; Zale, S.;
Safarova, E. Comprehensive Study of the Drug Delivery Properties of Poly(L-Lactide)-

87



(35)

(36)

@37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)

(45)

Poly(Ethylene Glycol) Nanoparticles in Rats and Tumor-Bearing Mice. J. Control. Release
2017, 261 , 31-42.

Yang, Q.; Jones, S. W.; Parker, C. L.; Zamboni, W. C.; Bear, J. E.; Lai, S. K. Evading Immune Cell
Uptake and Clearance Requires PEG Grafting at Densities Substantially Exceeding the Minimum
for Brush Conformation. Mol. Pharm. 2014, 11 (4), 1250-1258.

Xu, Q.; Ensign, L. M.; Boylan, N. J.; Schon, A.; Gong, X.; Yang, J. C.; Lamb, N. W.; Cai, S;
Yu, T.; Freire, E.; Hanes, J. Impact of Surface Polyethylene Glycol (PEG) Density on
Biodegradable Nanoparticle Transport in Mucus Ex Vivo and Distribution in Vivo. ACS Nano
2015, 9 (9), 9217-9227.

Sakai-Kato, K.; Nanjo, K.; Kawanishi, T.; Okuda, H.; Goda, Y. Size Exclusion
Chromatography Coupled with Multi-Angle Light Scattering Analysis of Physicochemical
Properties of Block Copolymer Micelles. Chromatography 2015, 36 (1), 29-32.

Zhou, Y.; Qu, Y.; Yu, Q.; Chen, H.; Zhang, Z.; Zhu, X. Controlled Synthesis of Diverse
Single-Chain Polymeric Nanoparticles Using Polymers Bearing Furan-Protected Maleimide
Moieties. Polym. Chem. 2018, 9 (23), 3238-3247.

Ohnishi, N.; Yamamoto, E.; Tomida, H.; Hyodo, K.; Ishihara, H.; Kikuchi, H.; Tahara, K.;
Takeuchi, H. Rapid Determination of the Encapsulation Efficiency of a Liposome Formulation
Using Column-Switching HPLC. Int. J. Pharm. 2013, 441 (1-2), 67-74.

Ran, C.; Chen, D.; Xu, M.; Du, C.; Li, Q.; Jiang, Y. A Study on Characteristic of Different
Sample Pretreatment Methods to Evaluate the Entrapment Efficiency of Liposomes. J.
Chromatogr. B Anal. Technol. Biomed. Life Sci. 2016, 1028, 56-62.

Song, W.; Tweed, J. A.; Visswanathan, R.; Saunders, J. P.; Gu, Z.; Holliman, C. L. Bioanalysis
of Targeted Nanoparticles in Monkey Plasma via LC-MS/MS. Anal. Chem. 2019, 91 (21),
13874-13882.

Varache, M.; Ciancone, M.; Couffin, A. C. Optimization of a Solid-Phase Extraction Procedure
for the Analysis of Drug-Loaded Lipid Nanoparticles and Its Application to the Determination
of Leakage and Release Profiles. J. Pharm. Sci. 2020, 109 (8), 2527-2535.

Some, D.; Johann, C. Introduction WP2611: Characterization of Nanopharmaceuticals with
Field-Flow Fractionation and Light Scattering (FFF-MALS-DLS), 2021.
https://www.wyatt.com/library/application-notes/nanoparticle-drug-delivery-characterization-
by-fff-mals-dls.html

Diou, O.; Greco, S.; Beltran, T.; Lairez, D.; Authelin, J. R.; Bazile, D. A Method to Quantify
the Affinity of Cabazitaxel for PLA-PEG Nanoparticles and Investigate the Influence of the
Nano-Assembly Structure on the Drug/Particle Association. Pharm. Res. 2015, 32 (10), 3188—
3200.

Karnik, R.; Gu, F.; Basto, P.; Cannizzaro, C.; Dean, L.; Kyei-Manu, W.; Langer, R.;
Farokhzad, O. C. Microfluidic Platform for Controlled Synthesis of Polymeric Nanoparticles.
Nano Lett. 2008, 8 (9), 2906-2912.

88



(46)

(47)

(48)

(49)

(50)

(51)

(52)

(83)

(54)

(55)

(56)

(57)

(58)

(59)

Thorat, A. A.; Dalvi, S. V. Liquid Antisolvent Precipitation and Stabilization of Nanoparticles
of Poorly Water Soluble Drugs in Aqueous Suspensions: Recent Developments and Future
Perspective. Chem. Eng. J., 2012, 181-182, 1-34.

Zhang, Y.; Jin, T.; Zhuo, R. X. Methotrexate-Loaded Biodegradable Polymeric Micelles:
Preparation, Physicochemical Properties and in Vitro Drug Release. Colloids Surfaces B
Biointerfaces 2005, 44 (2-3), 104-109.

Silva DF; Reis LES; Machado MGC; Dophine DD; de Andrade VR; de Lima WG; Andrade
MS; Vilela IMC; Reis AB; Pound-Lana G; Rezende SA; Mosqueira VCF. Repositioning of
Tamoxifen in Surface-Modified Nanocapsules as a Promising Oral Treatment for Visceral
Leishmaniasis. Pharmaceutics. 2021, 13(7), 1061.

Jelonek K; Li S; Kasperczyk J; Wu X; Orchel A. Effect of polymer degradation on prolonged
release of paclitaxel from filomicelles of polylactide/poly(ethylene glycol) block copolymers.
Mater Sci Eng C Mater Biol Appl., 2017, 75, 918-925.

Ohnishi, N.; Tanaka, S.; Tahara, K.; Takeuchi, H. Characterization of Insulin-Loaded
Liposome Using Column-Switching HPLC. Int. J. Pharm. 2015, 479 (2), 302-305.

Li, H.; Diao, M.; Zhang, S.; Wang, K.; Xue, C. Novel Polymeric Micelles of AB 2 Type a-
Methoxy- Poly(Ethyleneglycol)-b-Poly(y-Benzyl-L-Glutamate) 2 Copolymers as Tamoxifen
Carriers. J. Nanosci. Nanotechnol. 2009, 9 (8), 4805-4811.

Webb, B. A.; Chimenti, M.; Jacobson, M. P.; Barber, D. L. Dysregulated PH: A Perfect Storm
for Cancer Progression. Nat. Rev. Cancer 2011, 11 (9), 671-677.

He, X.; Li, J.; An, S.; Jiang, C. PH-Sensitive Drug-Delivery Systems for Tumor Targeting.

Ther. Deliv. 2013, 4 (12), 1499-1510.

Abouelmagd SA; Sun B; Chang AC; Ku YJ; Yeo Y. Release kinetics study of poorly water-
soluble drugs from nanoparticles: are we doing it right? Mol Pharm. 2015, 12(3), 997-1003
Takeda, K. M.; Yamasaki, Y.; Dirisala, A.; Ikeda, S.; Tockary, T. A.; Toh, K.; Osada, K_;
Kataoka, K. Effect of Shear Stress on Structure and Function of Polyplex Micelles from
Poly(Ethylene Glycol)-Poly(L-Lysine) Block Copolymers as Systemic Gene Delivery Carrier.
Biomaterials 2017, 126, 31-38.

Bresseleers, J.; Bagheri, M.; Lebleu, C.; Lecommandoux, S.; Sandre, O.; Pijpers, I. A. B.;
Mason, A. F.; Meeuwissen, S.; van Nostrum, C. F.; Hennink, W. E.; van Hest, J. C. M. Tuning

Size and Morphology of Mpeg-b-p(Hpma-Bz) Copolymer Self-Assemblies Using
Microfluidics. Polymers. 2020, 12 (11), 1-18.

O’Reilly Beringhs, A.; Ndaya, D.; Bosire, R.; Kasi, R. M.; Lu, X. Stabilization and X-Ray
Attenuation of PEGylated Cholesterol/Polycaprolactone-Based Perfluorooctyl Bromide
Nanocapsules for CT Imaging. AAPS PharmSciTech. 2021, 22 (3), 1-13.

Rawal, M.; Singh, A.; Amiji, M. M. Quality-by-Design Concepts to Improve Nanotechnology-
Based Drug Development. Pharm. Res. 2019, 36 (11), 153.
Troiano, G.; Nolan, J.; Parsons, D.; Van Geen Hoven, C.; Zale, S. A Quality by Design

89



(60)

(61)

(62)

(63)

(64)

(65)

(66)

(67)

(68)

(69)

(70)

(71)

Approach to Developing and Manufacturing Polymeric Nanoparticle Drug Products. AAPS J.
2016, 18 (6), 1354-1365.

Riewe, J.; Erfle, P.; Melzig, S.; Kwade, A.; Dietzel, A.; Bunjes, H. Antisolvent Precipitation of
Lipid Nanoparticles in Microfluidic Systems — A Comparative Study. Int. J. Pharm. 2020, 579,
119167.

Kulkarni, J. A.; Tam, Y. Y. C.; Chen, S.; Tam, Y. K.; Zaifman, J.; Cullis, P. R.; Biswas, S.
Rapid Synthesis of Lipid Nanoparticles Containing Hydrophobic Inorganic Nanoparticles.
Nanoscale 2017, 9 (36), 13600-136009.

Duanmu, Y.; Riche, C. T.; Gupta, M.; Malmstadt, N.; Huang, Q. Scale-up Modeling for
Manufacturing Nanoparticles Using Microfluidic T-Junction. IISE Trans. 2018, 50 (10), 892—
899.

Jeffs, L. B.; Palmer, L. R.; Ambegia, E. G.; Giesbrecht, C.; Ewanick, S.; MacLachlan, I. A
Scalable, Extrusion-Free Method for Efficient Liposomal Encapsulation of Plasmid DNA.
Pharm. Res. 2005, 22 (3), 362-372.

Matteucci, M. E.; Hotze, M. A.; Johnston, K. P.; Williams, R. O. Drug Nanoparticles by
Antisolvent Precipitation: Mixing Energy versus Surfactant Stabilization. Langmuir 2006, 22
(21), 8951-8959.

Mori, S. Calibration of Size Exclusion Chromatography Columns for Molecular Weight
Determination of Poly(Acrylonitrile) and Poly(Vinylpyrrolidone) in N,N-Dimethylformamide.
Anal. Chem. 1983, 55 (14), 2414-2416.

Krishnan, P. S. G.; Veeramani, S.; Vora, R. H.; Chung, T. S.; Uchimura, S. I.; Sugitani, H.
Molecular Mass Determination of Polyamic Acid lonic Salt by Size-Exclusion
Chromatography. J. Chromatogr. A 2002, 977 (2), 207-212.

Zhu, L.; Cheng, S. Z. D.; Calhoun, B. H.; Ge, Q.; Quirk, R. P.; Thomas, E. L.; Hsiao, B. S.;
Yeh, F.; Lotz, B. Crystallization Temperature-Dependent Crystal Orientations within
Nanoscale Confined Lamellae of a Self-Assembled Crystalline - Amorphous Diblock
Copolymer. J. Am. Chem. Soc. 2000, 122 (25), 5957-5967.

Hamley, I. W.; Fairclough, J. P. A.; Terrill, N. J.; Ryan, A. J.; Lipic, P. M.; Bates, F. S.;
Towns-Andrews, E. Crystallization in Oriented Semicrystalline Diblock Copolymers.
Macromolecules 1996, 29 (27), 8835-8843.

Hann, N. D. Effects of Lithium Bromide on the Gel-Permeation Chromatography of Polyester-
Based Polyurethanes in Dimethylformamide. J Polym Sci Polym Chem Ed 1977, 15 (6), 1331-
1339.

Yang, Z.; Peng, H.; Wang, W.; Liu, T. Crystallization Behavior of Poly(e-
Caprolactone)/Layered Double Hydroxide Nanocomposites. J. Appl. Polym. Sci. 2010, 116 (5),
2658-2667.

Wenwen Zhao, Blake Simmons, Seema Singh, Arthur Ragauskas, and G.; Cheng. From Lignin
Association to Nano-/Micro-Particle Preparation: Extracting Higher Value of Lignin. Green

90



(72)

(73)

(74)

(75)

(76)

(77)

(78)

(79)

(80)

(81)

(82)

(83)

(84)

Chem., 2016, 18 (21), 5693-5700.

Lim, J. M.; Swami, A.; Gilson, L. M.; Chopra, S.; Choi, S.; Wu, J.; Langer, R.; Karnik, R.;
Farokhzad, O. C. Ultra-High Throughput Synthesis of Nanoparticles with Homogeneous Size
Distribution Using a Coaxial Turbulent Jet Mixer. ACS Nano 2014, 8 (6), 6056—-6065.

Kim, Y.; Lee Chung, B.; Ma, M.; Mulder, W. J. M.; Fayad, Z. A.; Farokhzad, O. C.; Langer, R.
Mass Production and Size Control of Lipid-Polymer Hybrid Nanoparticles through Controlled
Microvortices. Nano Lett. 2012, 12 (7), 3587-3591.

Abstiens, K.; Goepferich, A. M. Microfluidic Manufacturing Improves Polydispersity of
Multicomponent Polymeric Nanoparticles. J. Drug Deliv. Sci. Technol. 2019, 49, 433-439.
Bertrand, N.; Grenier, P.; Mahmoudi, M.; Lima, E. M.; Appel, E. A.; Dormont, F.; Lim, J. M.;
Karnik, R.; Langer, R.; Farokhzad, O. C. Mechanistic Understanding of in Vivo Protein Corona
Formation on Polymeric Nanoparticles and Impact on Pharmacokinetics. Nat. Commun. 2017,
8 ().

Esnaashari, S. S.; Amani, A. Optimization of Noscapine-Loaded MPEG-PLGA Nanoparticles
and Release Study: A Response Surface Methodology Approach. J. Pharm. Innov. 2018, 13
(3), 1-10.

Zhou, H.; Fan, Z.; Li, P. Y.; Deng, J.; Arhontoulis, D. C.; Li, C. Y.; Bowne, W. B.; Cheng, H.
Dense and Dynamic Polyethylene Glycol Shells Cloak Nanoparticles from Uptake by Liver
Endothelial Cells for Long Blood Circulation. ACS Nano 2018, 12 (10), 10130-10141.
Mirkasymov, A. B.; Zelepukin, I. V.; Nikitin, P. I.; Nikitin, M. P.; Deyev, S. M. In Vivo
Blockade of Mononuclear Phagocyte System with Solid Nanoparticles: Efficiency and
Affecting Factors. J. Control. Release 2021, 330, 111-118.

Li, H.; Jin, K.; Luo, M.; Wang, X.; Zhu, X.; Liu, X.; Jiang, T.; Zhang, Q.; Wang, S.; Pang, Z.
Size Dependency of Circulation and Biodistribution of Biomimetic Nanoparticles: Red Blood
Cell Membrane-Coated Nanoparticles. Cells 2019, 8 (8), 881.

Caster, J. M.; Yu, S. K.; Patel, A. N.; Newman, N. J.; Lee, Z. J.; Warner, S. B.; Wagner, K. T;
Roche, K. C.; Tian, X.; Min, Y.; Wang, A. Z. Effect of Particle Size on the Biodistribution,
Toxicity, and Efficacy of Drug-Loaded Polymeric Nanoparticles in Chemoradiotherapy.
Nanomedicine Nanotechnology, Biol. Med. 2017, 13 (5), 1673-1683.

Gaumet, M.; Vargas, A.; Gurny, R.; Delie, F. Nanoparticles for Drug Delivery: The Need for
Precision in Reporting Particle Size Parameters. Eur. J. Pharm. Biopharm. 2008, 69 (1), 1-9.
Wang, J. L.; Du, X. J.; Yang, J. X.; Shen, S.; Li, H. J.; Luo, Y. L.; Igbal, S.; Xu, C. F.; Ye, X.
D.; Cao, J.; Wang, J. The Effect of Surface Poly(Ethylene Glycol) Length on in Vivo Drug
Delivery Behaviors of Polymeric Nanoparticles. Biomaterials 2018, 182, 104-113.

Ahmad, A.; Khan, F.; Mishra, R. K.; Khan, R. Precision Cancer Nanotherapy: Evolving Role
of Multifunctional Nanoparticles for Cancer Active Targeting. J. Med. Chem. 2019, 62 (23),
10475-10496.

Morales-Cruz, M.; Delgado, Y.; Castillo, B.; Figueroa, C. M.; Molina, A. M.; Torres, A.;

91



(85)

(86)

(87)

(88)

(89)

(90)

(91)

(92)

(93)

(94)

(95)

(96)

Milian, M.; Griebenow, K. Smart Targeting to Improve Cancer Therapeutics. Drug Des. Devel.
Ther. 2019, 13, 3753-3772.

Capriotti, A. L.; Cavaliere, C.; Piovesana, S. Liposome Protein Corona Characterization as a
New Approach in Nanomedicine. Anal. Bioanal. Chem. 2019, 411 (19), 4313-4326.

Semple, S. C.; Chonn, A.; Cullis, P. R. Influence of Cholesterol on the Association of Plasma
Proteins with Liposomes. Biochemistry 1996, 35 (8), 2521-2525.

Lazarovits, J.; Sindhwani, S.; Tavares, A. J.; Zhang, Y.; Song, F.; Audet, J.; Krieger, J. R.;
Syed, A. M.; Stordy, B.; Chan, W. C. W. Supervised Learning and Mass Spectrometry Predicts
the in Vivo Fate of Nanomaterials. ACS Nano 2019, 13 (7), 8023-8034.

Cao, Z. T.; Gan, L. Q.; Jiang, W.; Wang, J. L.; Zhang, H. B.; Zhang, Y.; Wang, Y.; Yang, X,;
Xiong, M.; Wang, J. Protein Binding Affinity of Polymeric Nanoparticles as a Direct Indicator
of Their Pharmacokinetics. ACS Nano 2020, 14 (3), 3563-3575.

Varnamkhasti, B. S.; Hosseinzadeh, H.; Azhdarzadeh, M.; Vafaei, S. Y.; Esfandyari-Manesh,
M.; Mirzaie, Z. H.; Amini, M.; Ostad, S. N.; Atyabi, F.; Dinarvand, R. Protein Corona
Hampers Targeting Potential of MUC1 Aptamer Functionalized SN-38 Core-Shell
Nanoparticles. Int. J. Pharm. 2015, 494 (1), 430-444.

Su, G.; Zhou, X.; Zhou, H.; Li, Y.; Zhang, X.; Liu, Y.; Cao, D.; Yan, B. Size-Dependent
Facilitation of Cancer Cell Targeting by Proteins Adsorbed on Nanoparticles. ACS Appl.
Mater. Interfaces 2016, 8 (44), 30037-30047.

Stefanick, J. F.; Omstead, D. T.; Ashley, J. D.; Deak, P. E.; Mustafaoglu, N.; Kiziltepe, T.;
Bilgicer, B. Optimizing Design Parameters of a Peptide Targeted Liposomal Nanoparticle in an
in Vivo Multiple Myeloma Disease Model after Initial Evaluation in Vitro. J. Control. Release
2019, 311-312, 190-200.

Tietjen, G. T.; Bracaglia, L. G.; Saltzman, W. M.; Pober, J. S. Focus on Fundamentals:
Achieving Effective Nanoparticle Targeting. Trends Mol. Med. 2018, 24 (7), 598-606.
Yamashita, S.; Katsumi, H.; Shimizu, E.; Nakao, Y.; Yoshioka, A.; Fukui, M.; Kimura, H.;
Sakane, T.; Yamamoto, A. Dendrimer-Based Micelles with Highly Potent Targeting to Sites of
Active Bone Turnover for the Treatment of Bone Metastasis. Eur. J. Pharm. Biopharm. 2020,
157, 85-96.

Yamashita, S.; Katsumi, H.; Hibino, N.; Isobe, Y.; Yagi, Y.; Tanaka, Y.; Yamada, S.; Naito,
C.; Yamamoto, A. Development of PEGylated Aspartic Acid-Modified Liposome as a Bone-
Targeting Carrier for the Delivery of Paclitaxel and Treatment of Bone Metastasis.
Biomaterials 2018, 154, 74-85.

Katsumi, H.; Yamashita, S.; Morishita, M.; Yamamoto, A. Bone-Targeted Drug Delivery
Systems and Strategies for Treatment of Bone Metastasis. Chem. Pharm. Bull. 2020, 68 (7),
560-566.

Erfani, A.; Seaberg, J.; Aichele, C. P.; Ramsey, J. D. Interactions between Biomolecules and
Zwitterionic Moieties: A Review. Biomacromolecules 2020, 21 (7), 2557-2573.

92



(97) Garcia, K. P.; Zarschler, K.; Barbaro, L.; Barreto, J. A.; O’Malley, W.; Spiccia, L.; Stephan,
H.; Graham, B. Zwitterionic-Coated “Stealth” Nanoparticles for Biomedical Applications:
Recent Advances in Countering Biomolecular Corona Formation and Uptake by the
Mononuclear Phagocyte System. Small 2014, 10 (13), 2516-2529.

(98) Low, S. A.; Yang, J.; Kopecek, J. Bone-Targeted Acid-Sensitive Doxorubicin Conjugate
Micelles as Potential Osteosarcoma Therapeutics. Bioconjug. Chem. 2014, 25 (11), 2012-2020.

(99) Jiang, T.; Yu, X.; Carbone, E. J.; Nelson, C.; Kan, H. M.; Lo, K. W. H. Poly Aspartic Acid
Peptide-Linked PLGA Based Nanoscale Particles: Potential for Bone-Targeting Drug Delivery
Applications. Int. J. Pharm. 2014, 475 (1), 547-557.

(100) Fu,Y.C.; Fu, T.F.; Wang, H. J.; Lin, C. W,; Lee, G. H.; Wu, S. C.; Wang, C. K. Aspartic
Acid-Based Modified PLGA-PEG Nanoparticles for Bone Targeting: In Vitro and in Vivo
Evaluation. Acta Biomater. 2014, 10 (11), 4583-4596.

(101) Samkange, T.; D’Souza, S.; Obikeze, K.; Dube, A. Influence of PEGylation on PLGA
Nanoparticle Properties, Hydrophobic Drug Release and Interactions with Human Serum
Albumin. J. Pharm. Pharmacol. 2019, 71 (10), 1497-1507.

(102) Perry, J. L.; Reuter, K. G.; Kai, M. P.; Herlihy, K. P.; Jones, S. W.; Luft, J. C.; Napier, M.;
Bear, J. E.; Desimone, J. M. PEGylated PRINT Nanoparticles: The Impact of PEG Density on
Protein Binding, Macrophage Association, Biodistribution, and Pharmacokinetics. Nano Lett.
2012, 12 (10), 5304-5310.

(103) Eliasof S; Lazarus D; Peters CG; Case RI; Cole RO; Hwang J; Schluep T; Chao J; Lin J; Yen Y
Han H; Wiley DT; Zuckerman JE; Davis ME. Correlating preclinical animal studies and
human clinical trials of a multifunctional, polymeric nanoparticle. Proc Natl Acad Sci U S A.
2013, 110(37), 15127-32.

(104) Panyam, J.; Dali, M. M.; Sahoo, S. K.; Ma, W. Polymer Degradation and in Vitro Release of a
Model Protein from Poly ( D, L -Lactide- Co -Glycolide ) Nano- and Microparticles. J.
Control. Release., 2003, 92, 173-187.

(105) Ameller, T.; Marsaud, V.; Legrand, P.; Gref, R.; Barratt, G.; Renoir, J. M. Polyester-
Poly(Ethylene Glycol) Nanoparticles Loaded with the Pure Antiestrogen RU 58668:
Physicochemical and Opsonization Properties. Pharm. Res. 2003, 20 (7), 1063-1070.

(106) Lin, W.; Ma, G.; Yuan, Z.; Qian, H.; Xu, L.; Sidransky, E.; Chen, S. Development of
Zwitterionic Polypeptide Nanoformulation with High Doxorubicin Loading Content for
Targeted Drug Delivery. Langmuir 2019, 35 (5), 1273-1283.

(107) Martinez-Jothar, L.; Doulkeridou, S.; Schiffelers, R. M.; Sastre Torano, J.; Oliveira, S.; van
Nostrum, C. F.; Hennink, W. E. Insights into Maleimide-Thiol Conjugation Chemistry:
Conditions for Efficient Surface Functionalization of Nanoparticles for Receptor Targeting. J.
Control. Release 2018, 282, 101-109.

(108) Liu, S.; Wang, X.; Yu, X.; Cheng, Q.; Johnson, L. T.; Chatterjee, S.; Zhang, D.; Lee, S. M;
Sun, Y.; Lin, T. C,; Liu, J. L.; Siegwart, D. J. Zwitterionic Phospholipidation of Cationic

93



(109)

(110)

(111)

(112)

(113)

(114)

(115)

(116)

(117)

(118)

(119)

(120)

(121)

Polymers Facilitates Systemic MRNA Delivery to Spleen and Lymph Nodes. J. Am. Chem.
Soc. 2021, 143 (50), 21321-21330.

Tsermentseli, S. K.; Kontogiannopoulos, K. N.; Papageorgiou, V. P.; Assimopoulou, A. N.
Comparative Study of PEGylated and Conventional Liposomes as Carriers for Shikonin. Fluids
2018, 3 (2), 1-16.

Dai, Q.; Walkey, C.; Chan, W. C. W. Polyethylene Glycol Backfilling Mitigates the Negative
Impact of the Protein Corona on Nanoparticle Cell Targeting. Angew. Chemie - Int. Ed. 2014,
53 (20), 5093-5096.

Wang, F.; Yang, J.; Zhao, J. Understanding Anti-Polyelectrolyte Behavior of a Well-Defined
Polyzwitterion at the Single-Chain Level. Polym. Int. 2015, 64 (8), 999-1005.

Kane, R. S.; Deschatelets, P.; Whitesides, G. M. Kosmotropes Form the Basis of Protein-
Resistant Surfaces. Langmuir 2003, 19 (6), 2388-2391.

Debayle, M.; Balloul, E.; Dembele, F.; Xu, X.; Hanafi, M.; Ribot, F.; Monzel, C.; Coppey, M.;
Fragola, A.; Dahan, M.; Pons, T.; Lequeux, N. Zwitterionic Polymer Ligands: An Ideal Surface
Coating to Totally Suppress Protein-Nanoparticle Corona Formation? Biomaterials 2019, 219,
119357.

Wang, H.; Shang, L.; Maffre, P.; Hohmann, S.; Kirschhéfer, F.; Brenner-Weil, G.; Nienhaus,
G. U. The Nature of a Hard Protein Corona Forming on Quantum Dots Exposed to Human
Blood Serum. Small 2016, 12 (42), 5836-5844.

Chen, D.; Parayath, N.; Ganesh, S.; Wang, W.; Amiji, M. The Role of Apolipoprotein- And
Vitronectin-Enriched Protein Corona on Lipid Nanoparticles forin  Vivo Targeted Delivery
and Transfection of Oligonucleotides in Murine Tumor Models. Nanoscale 2019, 11 (40),
18806-18824.

Abstiens K; Maslanka Figueroa S; Gregoritza M; Goepferich AM. Interaction of
functionalized nanoparticles with serum proteins and its impact on colloidal stability and cargo
leaching. Soft Matter. 2019, 15(4), 709-720.

Mostafa, N. Y.; Brown, P. W. Computer Simulation of Stoichiometric Hydroxyapatite:
Structure and Substitutions. J. Phys. Chem. Solids 2007, 68 (3), 431-437.

Mueller, E.; Sikes, C. S. Adsorption and Modification of Calcium Salt Crystal Growth by Anionic
Peptides and Spermine. Calcif. Tissue Int., 1993, 52 (1), 34-41.

Hideji, T.; Koichiro, M.; Masayuki, N.; Saburo, S. Interactions of Aspartic Acid, Alanine and
Lysine with Hydroxyapatite. Chem. Pharm. Bull. 1989, 37 (11), 2897-2901.

Gorbunoff, M. J. The Interaction of Proteins with Hydroxyapatite. I. Role of Protein Charge
and Structure. Anal. Biochem. 1984, 136 (2), 425-432.

Safavi-Sohi, R.; Maghari, S.; Raoufi, M.; Jalali, S. A.; Hajipour, M. J.; Ghassempour, A.;
Mahmoudi, M. Bypassing Protein Corona Issue on Active Targeting: Zwitterionic Coatings
Dictate Specific Interactions of Targeting Moieties and Cell Receptors. ACS Appl. Mater.
Interfaces 2016, 8 (35), 22808-22818.

94



(122) Riley, T.; Stolnik, S.; Heald, C. R.; Xiong, C. D.; Garnett, M. C.; lllum, L.; Davis, S. S.;
Purkiss, S. C.; Barlow, R. J.; Gellert, P. R. Physicochemical Evaluation of Nanoparticles
Assembled from Poly(Lactic Acid)-Poly(Ethylene Glycol) (PLA-PEG) Block Copolymers as
Drug Delivery Vehicles. Langmuir 2001, 17 (11), 3168-3174.

(123) Zhang, X.; Ai, C.; Ma, J.; Xu, J.; Yang, S. Synthesis of Zwitterionic Shell Cross-Linked
Micelles with PH-Dependent Hydrophilicity. J. Colloid Interface Sci. 2011, 356 (1), 24-30.

(124) Yamaoka, K., Tanigawara, Y., Nakagawa, and T., U. A Pharmacokinetic Analysis Program
(MULTI) for Microcomputer. J. Pharm. Dyn. 1981, 4, 879-885.

(125) Lai, P.L.; Hong, D. W.; Lin, C. T. Y.; Chen, L. H.; Chen, W. J.; Chu, I. M. Effect of Mixing
Ceramics with a Thermosensitive Biodegradable Hydrogel as Composite Graft. Compos. Part
B Eng. 2012, 43 (8), 3088-3095.

(126) Suk, J. S.; Xu, Q.; Kim, N.; Hanes, J.; Ensign, L. M. PEGylation as a Strategy for Improving
Nanoparticle-Based Drug and Gene Delivery. Adv. Drug Deliv. Rev. 2016, 99, 28-51.

(127) Dietz, H.; Rief, M. Protein Structure by Mechanical Triangulation. Proc. Natl. Acad. Sci. U. S.
A. 2006, 103 (5), 1244-1247.

95



