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MR A SN AT BEARANDOERE AL TH Y . ZOITHIMEZH D = &l

BB R D FICIERE L 9 2 IR EOBEZHHEOBRE N KD b TWD, THF, AR
B BIEO B ORI E R LA A=V > ZEIC X D EEZE AR ShTnd
Rl Seq A= v 7ikiE, #A A—3 2 (Fluorescence imaging, FI) 15 & AR TH A A
— Y 7'# (Photoacoustic imaging, PAI) (2 KB S35, FLIE, Y2 WU U 7= 56K H
ORAETHENEERET DA A=Y ZIETHY | BECTHAEREW— T, SEDWRIT -
BRI X » TIRIEES OB DN N EE 2 55013 5 5B, — 5, PALIE, 7OV ABRESEZ I L 7=
HEWIAR BT aRS 5 2 & TRAT HHE Ot & (Photoacoustic, PA)) ZHaH9 %
A A=V 7ETHVEE SEERE L, BEREZRET 5720, FIZHAS TR % &g
GEETRIZEL 5 D, PAlL IZIWNEMEOERIUE (NEZ7rE %) 2FHT5 2L HAHET
HOHN, MAEZKT H7-0ITIE, DANEREL PA BEEHT LA AV 7T u—7
(PAI 7 —7) OBIRENPMETH VO ZOBRHENED SN TWDR, ZNE TICH
7R 7 =73 G 6N TR, £ T TARUIETIE. BAD PALIZERNRA A=V T
1 —7 OB A LT,

FTHIDIT, TR EOWIEERS LY, R ERE AT gk (IONP) [ 8 &
WA Ry T =07 —2 (ICG) Bz PAl 77— 7 HEWRINIK E L CORREMNEN S D &
&z, IONP B XL OVICG B, X 5|2 IONP £721% ICG 56 L= PUEEHURIZ DV T,
YABE W RIERE T, WF D PAl 71— 7 HYERINR & LT DA% 2741 L 7=,

RSN — P —d6 L O B A1 2 /A5 o TERL L 72 In vitro PA 5 5-IE 2 E %
FANT, 1 mmEFXF=2y FNICEIA LY 7 L0 PAEEMEZRIE LT-, % DR R,
PFUE~DFEE OF I 5T, IONP (2T ICG DI D@ TR ERIEE I K 32
800 {5 L AR VT IHIZE B &2 R L, ICG 28 PAl 7 —7 ONWINIA L LTI ER T
HZ xR LT,

EREOBBHE RS, ICG ZYRIUA L L CEIR L, KIZ ICG ZhRAICEET S PAI
7'a—7 OB E L7,

b hfyE7 /L7 2 > (HSA) I enhanced permeability and retention (EPR) Zh&:Cos A~
ERETAHZENMONTEY, ZODIZ HSA 1Y 2B A~EEIEDLTZDODOF Y VT
ELTHEDTHD Z ERHESIN TV A 22 THSA % PAl 70— 7 ORHMA L L TR
L. HSA IZx9 % ICG DfE G N EIAZ 5 EE &~ v 2 KA Colon26 %~ v
A TOREZ~OEFENEIC G 2 5B E G 5729I12, ICG % 05, 2.9, 82 fHfEE w7
HSA (HSA-ICG) % #%&El - &Rk L7z, ICG HAMEINT 2 & N E IAE S B I3+ 25—
FT, EE~OEBEFIRT T2 2807, SHICER L HSAICG (2
p-SCN-Bn-DTPA %41 L C Mn Z3 A L, ~ U A KM Colon26 ¥~ 7 A2 # 5. LIE
BEREME 2 T ARG R, ICG BN 2 & IFlg~OERER I L, EEEEME T 5
ZEERBDIZ, WRIZ, Bgt L7z HSA-ICG BEDO W T, Wl IE 5 & IS ERE & OB S
O, b AR EFHE S L7z HSA-ICG (ICG fif %% 2.9 ) Z FV T in vivo PAI & & L 7=,
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ZOFER, HSA-ICG O 512 X 0 IEEEHRING o G- B FH 72 PA 55 O %589
Too AEORER IV | HSA-ICG 1Z. EPR #RIZ Ko TG~ LS A D PAl Z AIREIZ T
HZENRENT,

7a—7 OEEEMEIC EPR IR ZRHT 5 2 EoFMMEINREINTZZ E D, R EE
FIRLIEL AR 2RO PAl 7o —7 ORI ZGHE L7c, T72b6H, HSA & I[A UK
BT THY RN D, ALFEARMDAEET, AREAENEWR B WS BEEZHET LR
=F L7 ) a—) (PEG) IZOWT, £DICG v U7 & LTHREMZHm LT, =2
T, [ ZU®IZ PEG O4y 1L EPR #hRIC X D EEERME L OB Z R 572012, 4
11 5-40 kDa ® PEG |2 ICG % 1 4y 1-#5 A S 72 PEG (PEG-ICG) % &k L., Colon26 fHiE
~ U A CTOREBERL XM P HEEE -, TO/BE, o rEOBKICHES . EEE
FEMEDOHEINF KON AR R D IERE 258 7=, p-SCN-Bn-DTPA /- L C Mn ZE A L
72 PEG % W AANEN BRI AE R B . 7 o — 71X RICRPEI S TR Y . 2 OHEIE X,
PEG O3 fEBLION, 7T IR EOMPERE EDOHAEREKGT D Z ERARBE
Nz, 612, FEEERES L OWEEIMELE AT BHTH > 725717 20 kDa @ PEG-ICG
W= PAI T, SRR D& G &K GG 5O MERB Oz, L EORER X
0 KA RE S BHR L L= PEG-ICGIINADPAl 7o —7 L LTAITHDH Z &
DR ST,

X512, PEG-ICG XY EIEE RN A D PAl ZRA[HE L T 572012, PAl 7’0 —7 D ICG /%
A BRI ME A BT D2 L &R L, £ 2T, KA E SR X8> U
(POZ) 7 PEG IZHEARTE D ZL D ICG ZfEH TE, M oliiki» b RHNTTE LT 5 Araetk
N LMz LICEHL, PAIOZHDICG F+v 7 L LTDPOZDFEZBFI L=,
72bb, POZ & ICG & DOfEAIR (POZ-ICG) (22T, POZ D411, POZ DD K
SFEEIEG . BELU, POZIZHT 2 ICC DGR A Colon26 HfE~ 7 X TOEF~DEFENE
\ZH 2 DB AT LT, 1ZU®IT, 43+ 8-200 kDa ?® POZ-ICG {22\ T Colon26 HiE
~ U A TOREBERRS LM P HE M Z2 TR 0T EOMKITHE O S EREE O
nds LR R OIE R 25807 — 5 T, RFEE D8O PEG-ICG £V & B < ik
BIER LTz, RIZ, POZ OIEHZ Tl 2 OEFIE TR #E LTz POZ-ICG TiL, MK s fEEl
B OBINAEVIESEERIXE T L7z, £/, POZ ITHi4 2EI5 T ICG 258 S HA.
—EHLL LD ICG G T 5 &L IFIRER M UMBERIIIK T Lz, Z0O8E,. »1&E
50 kDa 7 OMIKfiEEIA 5% POZ-ICG (ICG/POZ=7.8) 73, BEIf/pREBEMER LW
PEG-ICG XV & EWIEE/MiktL 2R Lz, Z® POZ-ICG % v 7= PAl Tlif. FEEELEIR
HI7ME 5O EZRD, £7-F DOEFOEIMTER G &2 b NEEEREEIRTFHN TH - T,
PLEDOFER L D POZ-ICG 1£.PEG-ICG £ X TVHSA-ICG (2R TE < D ICG ZHEA TE,
DADERER PAl 7o —T7 L LTHTH D A[REMEN RS NT-,

PLE. AREFFRIL. DNADEEZ PAl DT8O DA A —2 0 77 a—7 ORI 72
R EWNDTZEDTH D, ZALDOHAIE, 5% ONADIEBERINIEE X O RE &S ZH
PZWr~D PAl OFHIZB W THRREHRE LTI LD EE LD,
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INHDOFRERIZOWT, LLTIZEERT 5,



BLE
WBEWHA AT T o —TOREBNEL LTO
BRLERRIF L AV R T =0 7 — D HERE

DD « B EESRIGIED720121%, BHIREA., FHRENEE LD, FFZ
ERARIER DSBS 2 LV ANCEEZ R L, B8Oy eimFE a2 iid 2 & IIXBE D
Quality of life (QOL) ®D\] LiZ & - TREREWZ RO, EGZErEdNL, AL
L CIREMTHY . EEZMOFEE L THKE TR R FEE 2> Tn D,

ZOHT, W, BV U TEIRORBICHE, RN RO AR LT
WA A=V U ZERER S TWALRL SIRIMNERERIT, ARNICEZEER LK, ~
TT/BEY, AT =V ORISR o RAEK & i U CAERN TS X 5t
TANAF—DETND NN o X —2 o ZO#FPIIEFT < OEEEIZIE S5,

—Ji, KA A=V TEO—DTHHHBE (PA) A A= 7 (PAD X, FMT
0 BE ST VRSB WI U T IR B IR T 5 2 & TRAT HBER 2R
HA A=V ZIETH S YD AR X OSSR OB O 5 A TIT O FI B L
T, PAlI [TEE CHRIEZITO 720, RERZEMREBECBET LI ENARETHLZ L
NHEEERESN TS, L, 2D PALICE > THRAZZWT 5 7-0121F, DA~
ELPAEBEZHRTHA A= T T —TORREPLETH S,

DA A= 7T —TORBICHTE > T, RPRORIITEE K - Tho,
BEAEL ORI RID IR L LCliE, ZNETIZ, =R ) Fa—T0&8) /R 172
EOMIENME SN TWBREW ULosL, h—RoF ) Fa—T708F hiF1d, REIC
Z DML A MR E S TR 0 2021 7 2 ) % Food and Drug Administration
(FDA) TOARIIHF LN TWRW, —F7 T, A URFIETdH > Thlefkgk) / ki+ (lron
oxide nanoparticle ; IONP) %, U Y E R helZfREFEEIND & 5 ICHHFEMRERK L L TOERMN
B wENMESUL ESRENRG D Z ERMEINTNDE22 X512, IONP (T 7RIk
HOWIREEZET D ENHESNTEVE ZhETlicv s~~~ A b (y-Fe03) M 572
% IONP % IV 7= invitro TOHFEAIE O PAI 3 #A ST 5124

—H T, ERIA L L COiTdotaBz b L mbnTng, REMNL LD L LT, TRsh
WMHOETHDILA L R T =7 U —2 (ICG) bV, ZiE, MR LS & AT
BREERAEIK L L CoOFEENH VB ZoR2ENEmN ERMEINTND, EHITICG
[XPAA A=V IRHEETH D Z ERHE SN TN D,

L2, IONP B ELOVICG IZOW T, ZIEND PA 555 & BEEEE L 7@ 1370,
ZITARETII, A A=V 77 —7DONRIKEROT7ZHIZ, IONP BLVICG, &6
IZ IONP £ 7213 ICG ZHES L7 PUEBHLIRIC W T, KR CTONEBE G 5 & iR
fiL7=, 728, PUESHUARE LCiX, €708 LTINEMN R 2 3O FDA TRAI SNt

NMLE ) 7 a—F AHEREMER Lz, —2i%, DNAOEME MRS, wm, I
G, B E O OB TERR L T\ D EEBGEIN 72 Rk 2 (HER2) RP&BI kA4 5
PUA Trastuzumab (Herceptin®) PIZ58IN L7z, & 95—l #MIEGE, B, SB-Cme
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FEICEE LA A OEME L BRI 008U | RN -2 5K (EGFR) ICHA T 2 Bk
Panitumumab % B&R L 7=, PUEEHUA & OFEEICEE L Tid, TENRo@E ) (25 Lz,
IONP X, BEHOINFRFVEEEFELEZ AT L L, HilkoT I 7 L LIFEHAE ST

(Figure 1-1-1A) . [RIEEIZ ICG 1%, — 7 D ALK Ul FE % VAR 2 O FE~[EHL L 7= 358K % |
RO T X ML HEREA X7 (Figure 1-1-1B, C),

\\ //
(;/N
Trastuzumab Glycme \4)
C\N~CH2 Lol
IONP-1gG
(B) () Q
ﬁ{ e ; sk é a¥ g \M@ [V
<% C%S{GNQ o 0;00 M} o ojo_ﬂ II
ICG ICG NHS ester ICG-IgG

Figure 1-1-1. Probe design. (A) Scheme of IONP conjugation with 1gG. (B) ICG. (C) Scheme of
ICG conjugation with IgG.



1.1 EBRFE

e S i
FEERIZIL, Sigma Aldrich ., BRENSHEFECALFIERT. 0 7 A4 7 2 7 B &4t Thermo

Fisher Scientific #E2> S EA U 7= Rk 2 72, b8k 1%, 27 7 e v MEait
235N L 7=, Trastuzumab 35 X OF Panitumumab 1%, =2 stk a4tk X Ot |
AL TEMRRSEN DAL, BEHTFL U a—L ) h—% N L TAZ A3
UNWVTEAT NIEFT D ICG T D ICG-EG4-Sulfo-OSu 13 RR A R ALZRFZERT O B
ALz, A Xebrr v~ b7 7 7 ¢ —35EI21L. GE Healthcare Japan #1:5 AKTA Explorer
ZHWT, 238Ed < 2 & LT GE Healthcare Japan %4 Superdex200 10/300GL %t L 7=,
bt A XB IO —F B OREICIT, KFEE RS DLS-8000 series 35 LT,
Marvern tH84 Zetasizer Nano ZS % EiEiUliH L7c, WOLEORIEIZIL, RS H S
TEFTHE UV-1800 UV-Vis NIR & 27 A& L7z, KEEHRF O PAFEHIEIZIL, Lotis TII
HHlF 2 YT 7 47 L—H— LV ZAHEFE 10 Hz, 73/L A 20 ns) . Panametric NDT £

A EEAl 7 (Model V303, 1 MHz FR.Ldilik) . AU X 28U H I AE S iEss  (Model
5682) . I L O Tektronix #8472 =2—>7" (DPO3034) #fEf L 7=,

PLkAE S IONP DA Rk

Trastuzumab % fii & S 72 IONP O G FEIFZUTO@EY TH S, 01 M D
2-(N-morpholino) ethanesulfonic acid (MES) #&fiik (pH 6.3) |Z¥%fi# < 7= Sigma-Aldrich £t
# N-Hydroxysuccinimide (6 mg/mL ., 04 mL ) ¥ X O Sigma-Aldrich &
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (5 mg/mL, 0.4 mL)%, FRmiZ7H
IVIRF VA F T HRIE 20nm O =27 7 v 2 R nanomag®-D-spio (5 mg/mL, 4 mL) &
BA L, =R T 1RMEIS S B0, RINERIZ. 0.1 M REEFEER (pH 8.0) ZREifHE L
7= GE Healthcare 1% PD-10 7 /V A1 71 7 M L > TR L 72, % ok (5 mg/mL,
4mL) &, Trastuzumab (16 mg/mL, 1 mL) &% 0.1 M REEFEMR (pH 8.0) " TIRA L.
SR C 3L S /T, Stk, 77U UK (IM, 3pl) Z8N Ukl -2 1H O AR K
JED AT = XV NVE A RIS ST eI B ENE & L CHE 0.5 mL/min @ PBS (pH 7.4)
% Fi\ 7= GE Healthcare #1:54 Superdex 200 10/300 GL (2 X B2 %A ZAPEprr v~ N 7T 7 1 —
IC X KR U=, 155 7= Trastuzumab &4 IONP % IONP-1gG & 5,

KL T2 G L72Ht HER2 20 T O80T, SUSKHIZIN A 729t HER2 53 F D& b KRG 57 &
ZLSIK ZETHEB L, BT, BMRUEHIE LN RME AP HER2 07 &, Biing
DOHLHER2 43 1% 7 U U VKT b Y 7 A=K U 727 VL7 I K7 VERIKE) (SDS-PAGE)
(2 &V 7B L. coomassie brilliant blue (CBB) ¥ufa L7z, Yefa Siiz N2 ROFREED b AR
APIHER2 T D EZ EE LEAEZH M L7, —7. IONP OE&IFE Lk H kORI T
&% 710 nm OWICEED B EH LTz,




PURSSE S ICG DAk

ICG &HifkE ZflifEm < AHEA TE S ICG-EG4-sulfo-OSu % FV TREH D SFIEICHEW
AR L7=BA, BARAIZ1E. Panitumumab (0.5 mg, 3.4 nmol) 35 X O ICG-EG4-Sulfo-OSu (32.3
ug, 27.4 nmol)% 0.1 M U »FgfEtEK (pH8.6) F TIRA L7z, =R T 1 RS S H 744,
PD-10 1 XHEBR A T AT Ko TR L 72, 15 54172 Panitumumab #%5& ICG % ICG-1gG &
FESS, ICG B L UHUERDIREIX, ZNENMRINEIEENLHEH L, ICG 1 53 FIZHEE
[BYAETIRZNOY & oY

KIEE T D PA 1S = HIIE

PA [ 5 HIEEEE X, IONP X OV IONP-IgG OHIEIZIE, 710 nm, ICG L OV ICG-1gG
OREIZIE, 797 nm B L 810nm O L—H—ZFH L7=, 1mmEeLVEDORY ZF 1 H
F oy MIWHEEEREE AL, KEHZ LA 2y b X OS5 %
KESHE, KESNE D L—Y—Z2 R L PAESFEZHRIE L7, 5017 PAGESIX, HIEY
VO EBIRE L R L — I — O TR LT,

e AT
T — ZILEEHE R A TR D L, A EZERE L Student’s t-test |2 & D 1T\, p<0.05
rHEEE LT,



12 EWRBLIUER

PAI 71— 7 DAY
20 nm @ IONP1 73 IZfEE L7=HiiR X, 46223 TH Y . ki Y1 X% 39.4+9.3nm
WZHEIN L=, — T, PR 1 IS L2 ICG O%E, 2.6+£0.2 HTH - 7=,

KR T D PAE SIlE

IONP 353 LV ICG & HWT/KIFIEF T PAFH 2 HIE L7z fE S % Figure 1-1-2A (Z/R L
oo fF6MT PAEHZRS L L—P —i8E B LOIEXTSR O PAl 71— 7 O HA; H i
THIFEAL L7255, IONP 12 L C ICG O NAHEIZ PAEERE L. £ DEITH) 3800
fECTHolz, FEEIC, IONP-1gG B LWV ICG-IgG % W TR TD PA{E 52T L1
fiti R % Figure 1-1-2B [Z7< L7z, IONP-1gG (ZH# L T ICG O WA EIZ PAE &L £
DAETHENEREH -V K 800 TH -7z,

EERNIZEE- Sz PAl 70 —7 b OE S 2 @ E IR 272012, &V PAfE
BENELNDZ ENEE LV, Figure 1-1-2 T/RL7Z XL 912 IgG DFEEOFEIZHF LT, W
TG ICC DI MNEREIZEWPARENELNT, ZOHEITKROD L S I12ELTX %5, IONP
ReTF /ay N, H—ARF ) Fa—T 0o EEM B ORI PAl 7 a — 72 gk
LT, ICG IZE N HAREL D/ N E Uy (ICG : ~2x10°em™* ML, &)/ 1 v K : 6x10% cm*M™,
H—RF ) Fa—7:10ecmMY), LoLaRns, kirRlo PAl 7' —7 1350+ A X
DRENWTZOFNRNAREE EETHRT S &, ICG b @ WA E 72 % (ICG : 260
cmMIDal, &7/ v v F:35ecm*MIDat, h—AR>F /) F =—7:0.029 cmM'Da?) B,
SEVEBEIRZAZES, KO PAl 7u—71X0 4 ICG Ol NRIHRE N EL 720 |
EMWPARENGONDZ L LD,

Figure 1-1-2 [Z3BW T ICG & ICG-IgG D PAE Z T/ 35D EN B H e b K E 7B,
HEWREDENZH D EHLEIN D, ARIOFEFRTIL, ICG 1% 797 nm, ICG-IgG I 810 nm
DL —H =L > TPAEZZHIE L7, ICGIL 790 nm (T IR K ZF L T\ DH72,
810 nm XV & 797 nm O L —H—DFNRININDE =RV —NEL D, TD=DH
ICG-1gG LV & ICG DA NEWPAEENGLNT-EEZ BN D,

LLEX D ICG 23 PAlI 7' —T7 DA L L THTh D AlREMED R S L7z,




(A) 7.0 -
6.0 1

5.0 A

PA signal intensity (x104V/J/(g/L))
N
o

Figure 1-1-2. Comparative
ICG-1gG.

P<0.0005 (B) 2.5 1 P<0.001
] = ]
2
520 A

>
<
o
—
X 1.5 A
2>
‘0
@
€ 1.0 A
©
c
=
2 0.5 A
a
0.0 -
IONP ICG IONP-IgG ICG-IgG

analysis of PA signals.

(A) IONP and ICG, and (B) IONP-1gG and



1.3 /ME

ARETEIZBUWT, IONP £721X ICG ZHW- PAl 7 u—7 %233t - &k L. PAl 72 —7 &
LC 2 fFED H 72 2 HWIA D PAE &R & bt L, LTI R AR 2157,

(1)  IONP B L WICG IZENENFUR LKA L 72 IONP-19G 35 KL OVICG-IgG # &Rk L 7=,

(2) WEAEL—V—BIOBEREM 21250 E 52 LT, IONP BLOVICG i
FOPAEHEZHIE LI CE 2EE A ERL L T-,

(3)  IONP |ZIt#E LT, ICGITHALEEDHT-V 3800 i7 PA G 53> 72,
(4)  IONP-IgG (T kt#E LT, ICG-1gG (FHALEHEH 7=V 800 5 PAEH N ilH - 7=,

PLEDORER LY . FUAESOHFEIZE ST ICG O FEN PAEENELILA 2 LR
AL, PAI 7 —T ONWIK L U B EE2 BT ENHLNE ST,

10



-
AV R T2 T )=V EXRIME L THIHBEFEA A -V T o —T DORF

DAD PAl DI=ODA A= 77 a—TONRINKRE LT, ICG [TV IR/MEIL T D &
WYERINEE 3RV BB E E 2R T2 L 2F 1 B TR L, PALIZE > TRAE
WAL T 5 7201201F,. 2D ICGC ZREL NANEESELILER DD, LU b
HATO ICG HARDKRNEIRE L LC, AR ENZ & (Twe=4 53) BB JHERD
LHR SN D Z o nN TV AR 2070, ICG 8RB DNA~NEESEL KT v
J7FIVNY =27 L5 (DDS) v VT 2/FT 5 ENEELRD,

A A=V T Ta—T kN~ EESE D HEO—>E LT, Enhanced Permeability
and Retention (EPR) ZhEIZXK % DDS #2175 Z E Nk D, EPRZEIFZKRDO LS A S
SALPRBINTWD, Thbb, BEIG TITHAEME KA ARTERETHY | MEEE
WERZRIREETH D Z LTI Z T, U 31k s RINd 2 WITRIEE TH 5 72 Ok o 5
MEPRTE 2V ENMEINTWD, 2ok ) REBLE Tk, B FEOWEIL,
MR L THHENE~NRDZOEBLRNDS, &0 FE0WEIXNE ) oIS
Bé L WEBOEEDN/ NS W DI ~RD Z L2 L ERET A L2 AT i R R
AIZ R BT D MR SRR D L D e~ — I —%fER) & L7- DDS Tl i~ —7
—DOFBLENZL T, PAIZEE MK 2 THE 2 feEEN H 5, — 7T EPR R
&5 DDS Tix, #EEOHWEICL>T, IVZ DA A=V T T —T 2 EEARETH
BHEEZT, KR TIE, PALICEDNAA A=V U TIZHE 72 ICG % EPR 2RI L - T
PEETAHX Y U TITOWTIERIZEE2{T - 7,

11



% 1 5
E MIBETNTIVERELE LEXBEEAA -7 v —T7 0%

b MIJET AT 2 (HSA) 1%, /X7 U Zxt/L s HSA XK FIRIETHRES LT 79
FHU®IREENDLHITDDS F¥ V7 ELTHEASNNTWDIMPERE THHEL ¥,
HSA 1%, 1K TL B OIEFI E E AR Z TR L, EPR Z2hRC L - CTHEGEERET 5 Z L 3
HENTNBE R F7- HSA I —HH7- 0 KK 2 glkg F THREAEERERM L LT
FDA TR SN TE Y AMEEMESCEEER RV 2 & 25 B0 EPR 2084 FH L 7= PAI
DI=ODA A—V 77 a—T7 OEGEBICBIT 2 ENMEFMEO Ty V7 & L TIHETH
HEZEZT,

PLEXUARHITIZ, EPRZIBIZEDDA~DA A=V T T u—T7OEEEIRFL T,
HSA & ICG L OfEARIR (HSA-ICG) #ERLL7-, HSA-ICG IZ, ICG D A/LK U EFE%E T
JUIR DB LTI, IEET AT LRI ER L 72 ICG FEIA L | HSA & 2 A RS
SHDHZLITE VG, HSA ~D ICG DFEAIIT OV T, R ED HSA Db+
DI TFRREINE LS SR TN M L HSAL 31124 < D ICG S S
DB ELVPALIZENTY ICGIEENEW TNV PAEENHIFFTCE5—F T,
WREED ICG DFERIL HSA DENERBIZEZ KT TRNDRHDH, £DIsH, HSA LIt
BEDSEDICC DEALEZT, DADPAl DIZODA A—V 7 Fu—7 L L TR
HSA-ICG @ ICG #5& % &M L 7=,

F 7. HSA-ICG D& etz BT D EME R Z EEMNIFHEIT 5 72D, RMEEW % Bz
LT, BARMICE, BAHERRICH WD EFE S LT, Indium-111 (Mn, HEEEER 2.8 H)
ZER L, & L— R diethylenetriamine pentaacetic acid (DTPA) %z 41 L T HSA (423 L .
55172 MIn-DTPA-HSA-ICG O#EfE~ 7 A TORNEIEEZ Tl L=, & 52, XA D PAI
DDA A=V T Ta—7L L TOEMEZ invivoB X Dexvivof A—Y 72k -
TEHm L 7=,

12



2.1.1 EBFHE

R - B

FEERIZIL, Sigma Aldrich ., BRENSHEFECALFIIERT, 0 7 A4 7 2 7 B4t Thermo
Fisher Scientific fE2>HHEA L7kl A W\ e, A7 VA I VNV AT VAR T D
ICG T % ICG-Sulfo-OSu (IR SR ALFEIIEIT 0 BREA LTz, B3 A XOREIC
%, Marvern tL:8! Zetasizer Nano ZS Z i L7z, WHEOREITIT, BHREAS 5
UV-Vis-NIR system UV-1800 z v 7z, a#t#RM 121, Perkin Elmer 4 VIS Imaging System
200 Z MV, iR 745 nm, #OEIE R 840 nm. HRIGIFR 1 B CERE L=, [*n]InCls
IZEARRA YT 4Py 7 ARASHE L VM2 2 7=, BEEEDORIE 2T, PerkinEImer;@«*\'
F— bt =B~ X —Wallac 1470WIZARD % Mz, KIS O PA 15 BHIE
1L, FB—E RO HEEZHWTIT> 72, Invivo PAI (21, Endra #L:%4 Nexus128 %ﬁ%ﬁﬁ
VT, 100 pulse/angle, 120angle/#ljiE, L —%—i& : 797 nm, JEHEEL : 20 Hz D544 THl
EZATV, BB EZET, 15672 OMATIZIE Osirix Software 2 ffi H L7, PA EfH D
PA FEEHREIIRY 2 — AL XU TRA L NOEERE Lz L — W —58 & CTHKT
HZEIZEVEB L,

HSA-ICG D g fil

Sigma Aldrich # HSA (10 mg/1 mL REEHEEH#R (pH 8.5)) Zxf L T, Z4LZE 4L HSAIICG

(mol:mol) ®EIEMS 1:1, 1.7, B LUV 1:21 L7825 X 512 ICG-Sulfo-OSu  (DMSO ' 10.8 mM
(ZFHEY) ZINZ 7o, =R T 3 RIS S ¥ 7%, PBS & VT Millipore #1454 Amicon ultra

(UrfE5EY A X 2 30 kDa) 12X > THEL L7, Kk o HSA-ICG D4y 1-&lL, Life
Technologies % Novex® Tris-Glycine 4-20% gel % 1\ 7= SDS-PAGE (Z & ¥ 47 Bf1% . Coomassie
Brilliant Blue (CBB) 12XV ¥fa4 2 Z LIz L VB Lz, K% D HSA-ICG D ILHEA
L7z ICG OHFIEIX, RO XS IZEM L=, £3. HSA-ICG @ ICG R IX, 5%D SDS {#1E
T CTOWINEE LY %Hﬂ L7z, WIZ, HSA-ICG (10 pmol ICG) & ICG-sulfo- OSu (0-40 pmol)
% SDS-PAGE (Z L v /7Bff% . az‘n G & We Ui, ek OB E O ICG-sulfo-OSu
D LR 2 LT L’C\ HSA-ICG IZ3 £AL TWIZIEILAHKE B D ICC DHEOLIREE D & IR %
HH L EAEREAS L2 ICG 0BG A2 HEH Lz, — 5 HSA-ICG O HE 2 E X Thermo Fisher
Scientific #$> BCA Assay kit (Z X W HEH L7z, ARG LI ICGIRE L, & E’%f?&%fﬁﬁ) )
HSA-ICG DA #EG L7 ICC 0FIG ZRH I L7z, %D HSA-ICG O i 122 & 4
HSA-ICG &~ 7 AMAEZ(KFEL 1:9 L7225 X HIZIRE L, 37°C T 24 i1 /ﬂe;~~ %
L7-%. SDS-PAGE |Z X » CTHER L7,

KIEHE T T D PA 15 SHIE

HSA-ICG @ ICG JRE % 0-55 uM £ TR~ IZARFHE L, 2 1 Bt oW E FIECEN
PAEZZHIE LT, 5617 PA 1%% I, BE L ——5RE L L, EDITICG
TERE. HSA JEFE, £7213 797 nm IC BT W EEE TH L L=,
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AIAEEE 38
~ U ARIGFEANL Colon26 1%, BRBFANA AV VY —RE Z— DAL, K5#I2IX Life
Technologies #1:# 10% Fetal Bovine Serum (FBS) 7 Dulbecco’s modified Eagle’s medium
(DMEM) % H\\ 7z, Bz, ~=J > (100 U/mL) A ~ L7 k<A > (100 pg/mL)

ZIREG L. 37°C, 5% COBifE Flo T L7T-,

7 LB OAER

BALB/c-nu/nu ~ 7 A (MM, 58 FAARAT AT AL —ASH I VEA L, B9
1% 12 R0 BAR YA 7 VT CE L, fik, KIZE #2452 72, Colon26 #ifuiX PBS
(W L (1% 10% cells/50 pul) . BALB/c-nu/nu < 7 ZIZR F#He5- L, 7 B&ICERICHEA L
oo B FEBRIIFHRFEYERE B S OAKRE 2T TTo 7,

Invivo #8564 A—V U 7B L OREE - g+ 7' e —7 &JE

HSA-ICG 5 L TVICG %, ICG ##/% T 13 nmol/100 pL PBS 33 & O 104 nmol/100 uL PBS &
725 X HICFHB L | Colon26 I~ 7 A~BEIRE D %5 L7, %5 1, 6, 24 FF#TZ 12 IVIS
Imaging System 200 % T~ U A & H a0k 2 g Ui, $jfett . IS 4§ L 1% Triton-X
IRVEIR % N 2 CH A3 1Tt U7, RIS REIRIE 4°C. 16,000 g, 5 43 D5 T B L Lk
Ha2FEL L7-, HSA-ICG K& 5 OIEBEMMHE T 0.0625-4 uM & 725 X HIZHNL 7=
HSA-ICG., B LW L7= EiEDS %2 ul (2 DMSO 18 plL % Iz CHOEHERE 2 HE LT,
B HN T8RN B IEETICE £5 HSA-ICG D&EARH Uiz, #6580 E OIS
OIS B DR GEEAZ B ORI 2 3 LR L7 s R EE K 0 B L7,

RPN BUH RE 55 AR Al

HSA-ICG DU EEFRIZIR O FNATEE L 7=, 0.1 M U U EEFEER (pH8.6) |ZIRfif Xt 7=
Macrocyclics H 2-(4-Isothiocyanatobenzyl)-DTPA (p-SCN-Bn-DTPA) % HSA-ICG (Zxf L T,
HSA:DTPA=1:0.7-2.0 £ 72 5 X 9 ITIEA L7, 37°C T 6 KL F eSS E72, 0.1 M
U iR (pH8.6) % VT Amicon ultra (437 &7 W1 X : 30 kDa) 12 & - THEH
L7-t&. HSA 7= 0.5 737 ® DTPA »f& L7z HSA-ICG (DTPA-HSA-ICG) %7%&7=, &
Hiu7= DTPA-HSA-ICG &, 0.1 M FEfefkER (pH6.0) ICIEfE 72 MnCls & 214 L.
SR T 15 b S W5 2 & THEHERR S iz HSA-ICG 2157, M bFMIMiE X, GE
Healthcare ! PD-10 & 7 A3 X OV Amicon ultra (43 &7 E[Y 1 X : 30 kDa) (2 K-> THr
BETHZ LI IRE LT,

Wn =5 L 7= HSA-ICG (37 kBq. 13 nmol ICG/150 ul PBS) F7=1%. HSA (37 kBq, 26 nmol
HSA/150 pl PBS) % Colon26 i~ 7 A ~EFRE 0 &5 L7z (%8R n=3~4), &5 1,
6. 24 WFZIC~ U A ZEF S, FE il KOS OE I B L O RE 2 HIE L
oo T X IFEGER LOMBEEICST 525G (%IDlg) & LTHRHELEE DT,
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Invivo SEHEWHA A -V T

HSA-ICG2.9 % ICG & 13, 26, 52, L1104 nmol & 722 K HFHH L. Colon26 A%
~ U ANEEHIRE O EE Lz (n=3~4), #5818 L0524 K% ERO 54T PAI
ZEM L2, & 512, HSA-ICG0.5. HSA-ICG2.9, ¥ LN HSA-ICG8.2 #Fh FH HSA &
TO9nmol 72 A L 9B . Colon26 g~ 7 A~EHIREZ VS5 L, FiRkEFEU XS
PAI % 556 L 7=,

HHEWA A=V T s A A= T DR

TP = 2 —E Y SRR Intralipid fluid solution 20% % FVNC. BESROE Y
A hTVEy RFVEFR LA BRICIE, &R 05% & 725 X 912 TAgarose %
MAKIZHNZ T 90°C THIEL LIEME S W72, IREN 60°C £ TR T L7ztk, KB 1% & 725
LA TV Y REMATHRIRE CHEVSHERESE-, (LA FF7 U By
K7V CHE - T2IRBET, HSA-ICG % ¢ 45- L 7= Colon26 fHi#E~ 7 A7) B4 H L 7215 D PAI
BELOFI 235 L7, REOEEY A XITEHRTHE L, T OIS A X3 >
LR L,

st AT

T 2TV EEHREERE TR D Lz, AEEMRET Student’s t-test (2L V4TV, p<0.05
EHE L L,
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212 ERBIUERE

HSA-ICG Dl

HSA (Zx3 % ICG-Sulfo-OSu OUSINEIG 3N 5129 -> T, HSA IZHEAFEA L 72 ICG
O LM L7 (Table 2-1-1), /EHL L 7= HSA-ICG Z LI TIL, ICG #&% (DIP) (&L
T. HSA-ICG0.5, HSA-ICG2.9, ¥ LT} HSA-ICG8.2 & IE5, HSA-ICG Dk &%, ICG
FEABOHEIfE> TN L7 (HSA: 6.0+1.2 nm, HSA-ICGO0.5: 7.7+0.7 nm. HSA-1CG2.9:
8.7+1.7 nm, HSA-ICG 8.2: 10.4+1.3 nm), SDS-PAGE (Z X 2 3#rdfE . HSA-ICG I ICG
DFEEIAE D DT D2y FEOBIINZ R L7=hS, HSA [R+oREE T4 U~ 7= (Figure
2-1-1A), —Ji. SDS-PAGE D EBIEZEDFER ., W 4LdD HSA-ICG & 90%FE AL 0D i W il L
Tdho7= (Figure 2-1-1B), ~ 7 AMiEH TOLENES in vitro TRHE L7=FEHR, Wihd
MWL ITARLIARD T EFEL TEBVRETHD Z EWRBINT,

Table 2-1-1. Properties of HSA-ICG.

Mixed rate of ICG-Sulfo-OSu to HSA D/PS Purity'(%)
HSA-ICGO0.5 1 0.5 89
HSA-ICG2.9 7 2.9 93
HSA-ICG8.2 21 8.2 89

8D/P = (ICG concentration covalently bound to HSA) / (HSA concentration).
TPurity = (Number of ICG covalently bound to HSA) / (Total ICG)

A M 1 2 3 4 (B1 2 3 4 5 6 7 8
kDa AR
60- s

50- - - —

40-

0

20-

15-we &
10- e

L N

Figure 2-1-1. Electrophoretic analysis of HSA-ICG. (A) The gel stained by CBB to detect HSA.
Lane M, molecular-weight marker; 1, HSA-ICGO0.5; 2, HSA-ICG2.9; 3, HSA-ICG8.2; 4, HSA. (B)
Fluorescence images of ICG-Sulfo-OSu and HSA-ICG after electrophoresis. 1, ICG-Sulfo-OSu 40
pmol; 2, ICG-Sulfo-OSu 20 pmol; 3, ICG-Sulfo-OSu 10 pmol; 4, ICG-Sulfo-OSu 5 pmol; 5,
ICG-Sulfo-OSu 2.5 pmol; 6, HSA-ICGO0.5; 7, HSA-1CG2.9; 8, HSA-ICG8.2.
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HSA-ICG @ in vitro PA { =2l

ICG 5 L IVHSA-ICG @ PA{E S FEIFHEIZ DUV TRl L 725 R % Figure 2-1-2 12 % & 972,
ICG % HSA Z#EA L72BRIZ, 30~40 nm FEEIR G L 7= RN % 7~ L7z (Figure
2-1-2A), WT LD HSA-ICG &, ICG @ H BRI 5 F R H KOV AT |
NER L, ZOMEMAIT ICG AN LW NEE TH 7=, HSA-ICG ® PA {E51%. ICG
B OGA &R X 912 ICG REEIZIS U CHEARAIICHEIN L= (Figure 2-1-2B), HSA &7-
DD PAEEIE. ICG FEAEIZHE > T, HSA-ICG8.2 > HSA-ICG2.9 > HSA-ICG0.5 > HSA @
JIE\Z K& < 72> 7= (Figure 2-1-2C), fHx} PA {5 AL, HSA-ICG05 % 1 L35 &,
HSA-ICG2.9 1% 5.6, HSA-ICG8.2 1% 13.7 L 72 ~7=, X HIZ, 797 nm ([ZEBI1F 5 ICG B LW
HSA-ICG O IEEEIZ x5 PA(EBIREE 2 R D 7455, HSA-ICG8.2 IFW LMK TH il
WPABEBR/LNTL, ZOZ &G, PAGEHFRER, AROWINEIZE > TORRED
DOTIERL, HSAITHA LIZICGIRE S T H L TWVWDH Z BRI,

A B
( ) 0.6 \[—HSA-ICG0.5 ( )180 i
o5 ||~ HSAICG2.9 =)
< %% 7|--HsA-IcGs.2 S 160 1 e
g 0.4 {LICG 2 1407 A
- @ 120 -
_‘503 % 100 A
. = 801 *HSAICGO.5
3 c 60 mHSA-ICG2.9
0.1 o 40 AHSA-ICG8.2
< 20 ®ICG
0 T T “”““-i l O T T 1
600 700 800 900 0.0E+00  2.0E-05 4.0E-05 6.0E-05
Wavelength (nm) ICG Concentration (M)
(C) (D)
— 160 - — 160 -
2 = ®
S 140 1 , . = 140 .
2 120 A 2 120 -
c 100 - c 100 -
[ Q
£ 80 A o £ 80 -
T=u 60 * HSA-ICG0 5 E 60 - ¢ HSA-ICGO0.5
D 40 s BHSA-ICG2.9 D 40 BHSA-ICG2.9
(7] 20 AHSA-ICGS8.2 77} 20 A HSA-ICG8.2
& : @ HSA < ®ICG
0 —— . . 0 . . . .
0.0E+00 2.0E-05 4.0E-05 6.0E-05 8.0E-05 0 0.1 0.2 0.3 0.4
HSA Concentration (M) Absorbance (mm-)

Figure 2-1-2. Absorption spectra and PA signals of HSA-ICG. (A) NIR absorption spectra of ICG
and HSA-ICG. The ICG concentration of each sample was approximately 4 uM. (B), (C), (D) PA
signal plotted against ICG concentration, HSA concentration, and absorbance value, respectively.
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HOEHITEIZ & D HSA-ICG D fE B f e T A

ISR 2 BTl 9~ 5 726D, HSA-ICG % Colon26 i~ 7 A~¥&5. L, 1, 6. 24 IFfE#%
(B EO g 2% L= (Figure 2-1-3A), W40 HSA-ICG TH &5 6. 24 FEf# &
TEOM T S, BB Sy O YR EE X IR T > 7= (HSA-ICGO.5: 1.0x108, HSA-ICG2.9 :
1.2x108, HSA-ICGS.2 : 1.5x108 photons/s/cm?/steradian) ,

—J7C, i U ISR OB OEIRE N DR L& 5 24 BRI O fEEER I,
HSA ~® ICG #&E& B D EE I E L 7= (Figure 2-1-3B, HSA-ICG0.5:17.4, HSA-ICG2.9:
10.6, HSA-ICGS8.2 : 2.1% ID/g), st E LT, HSAIZHAHRES L T2 ICG DfEE
£, #5510 3, 24 FE%IcEE 4, 0.12+0.02, 0.06+0.01, 0.02+0.004% ID/g T >
7co F7o. HSA-ICG O HGEAHMLZGETYH, &5 24 FFR%ZOEEEFEITIZL L
727 (Figure 2-1-3B),, in vivo B4 o oDa Y90 EE O fES/ I Ebi%, HSA-ICGO0.5 36 L Y
HSA-ICG2.9 DA I RRIFAIIA < ITHEIN L 7= D2 L, HSA-ICG8.2 1E 24 Wifi#% £ TIxIE
—ETH 7= (Figure 2-1-3C),

A B 30 -
( ) Time after administration (hours) ( )A mHSA-ICGO.5
2 25 -1 OHSA-ICG2.9
! 6 24 < OHSA-ICGS.2
: < 20 A
! ' Signal I
intensity £ 15 -
2
HSA-ICG 2.52x108 S 4 |
0.5 (photons/s/ g
cm?/steradian) = 5
I
0 - | 1]
13 nmol 104 nmol
HSA-ICG §; (C) .
2.9 3 =
>_.5 1
=0
=
8 % 3 1
g e —a
~ gé 21 <+HSA-ICG0 5
HSA-ICG o7 s 1- #-HSA-ICG2.9
82 1.54x107 - -+-HSA-ICG8.2
D “ o . . .
0 10 20 30

;Li Time after administration (hours)
Figure 2-1-3. In vivo fluorescence imaging of tumor-bearing mice injected with HSA-ICG. (A)
The whole-body near-infrared fluorescence images of mice were acquired at 1, 6, and 24 hours after
intravenous injection of probes. (B) Tumor accumulation of HSA-ICGs (13 and 104 nmol ICG) at
24 hours. (C) Time course of fluorescence intensity ratios (Tumor/Muscle) calculated based on

whole-body near-infrared fluorescence images of mice.
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SRR HSA-ICG DA PN 4547 2 A

Colon26 3y~ v AZ81F 5. Mn THEFK L 72 HSA-ICG (ICG/HSA=0, 0.5, 2.9, 82 ®
AFEFE) D1, 6, 24 R OERN AR 270 L7z (Table 2-1-2), &5 24 Wefil 14 o 54
BEIXTZTN . 168 (MIn-DTPA-HSA) . 159 (™In-DTPA-HSA-ICG0.5) . 9.5

(*In-DTPA-HSA-ICG2.9), 2.9 (*In-DTPA-HSA-ICG8.2) % ID/g & 72V . #IEHIEIZ L D
HSA-ICG DIESEFETHMOAER L —% L7 (Figure 2-1-3), HSA IZ#EG L72 ICG DA
T DI20E, g~ OER ML, Kk L OBE~OER-IIET Lz, Zhids T+
P A XBLIOEMOEETH D EHE 2 LD, BENIMK I X OMES/GHREIEN T bk
FEROICHEIN L7z, 2o T8 MIn-DTPA-HSA-ICG8.2 %, EFWIMHF 7 V7 7 v AIZER
THRLEWERE/MELZ R LT, L Laens, BEERENMIWZ &, BRI, EE
JIER AR (FFieE, B g, AhEE) bRV 2 &5 PAI O ERITIIREY Th 5
EEZ BT, — . MIn-DTPA-HSA-ICGO0.5 & MIn-DTPA-HSA-ICG2.9 O JEE/ ik thiZ i
BEZTIA LN -T2, MiIn TR L 7= HSA-ICG @ 9 b, HSA-ICGO0.5 73 b &\ 5
H£H %R L2 (15.9%ID/g, Table 2-1-2) 7%, HSA IZf5A LT\ 5 ICG FadMit & bhig L </
2N, PALDT=OIZE D %< DO HSA B BET 208N H 5, EFEIZ, HSA H7=0 D
FEXF PA{E 590 (Figure 2-1-2C) L IEBHAERMEOEIL, £ 15.9 (HSA-ICG0.5) ., 53.0

(HSA-ICG2.9). 39.3 (HSA-ICG8.2) &t7a-7=, fit-> T, HSA EZHix THRE LI-HE.
HSA-ICG2.9 13 5 24 M ITIESE DR BV PAEERGONLERE L b2, L
B TIL Z AU DUV TEEREZR invivo PAI 21T - 7,

Table 2-1-2. Biodistribution results for ' In-DTPA-HSA-ICG or *'In-DTPA-HSA in colon26
tumor bearing mouse. Results are expressed as means (% ID/g) £ SD (n = 3-4).

HSA-1CG0.5

Organ 1 hours 6 hours 24 hours

Blood 31.37 = 47 1958 + 141 851 + 1.67
Heart 491 £+ 154 441 + 0.68 365 + 0.65
Lungs 712 £ 1.19 6.05 + 0.82 3.77 £ 057
Liver 838 + 1.23 10.29 £+ 0.66 886 + 0.61
Kidneys 1726 + 1.12 18.78 £+ 2.22 1390 + 1.06
Stomach 124 + 022 155 + 0.27 140 = 0.04
Intestine 208 = 0.24 266 + 048 196 = 0.12
Pancreas 154 + 0.29 175 + 0.34 207 += 0.35
Spleen 542 + 0.72 6.16 + 0.41 857 + 134
Muscle 1.00 + 0.09 1.39 + 0.21 153 = 0.2
Tumor 384 + 053 1059 £+ 091 1588 + 2.84
Tumor/Blood ratio 0.12 £+ 0.00 054 £ 0.08 188 + 0.15
Tumor/Muscle ratio 3.87 £ 0.59 7.67 = 0.65 10.35 + 1.17

19



HSA-1CG2.9

Organ 1 hours 6 hours 24 hours

Blood 29.22 + 3.38 1581 + 258 445 + 0.78
Heart 552 = 0.97 447 + 0.65 340 = 0.35
Lungs 720 + 1.55 494 + 04 299 + 04
Liver 1484 = 1.79 2484 + 1.09 2265 + 521
Kidneys 9.16 = 0.77 6.73 = 0.3 476 + 043
Stomach 1.29 £+ 0.19 148 + 031 0.85 = 0.53
Intestine 186 = 0.24 259 = 0.25 214 £ 0.9
Pancreas 1.37 = 0.19 1.33 = 0.08 1.32 = 0.09
Spleen 6.78 = 0.62 8.63 = 0.78 946 =+ 0.97
Muscle 088 + 0.2 096 *= 0.27 091 + 0.09
Tumor 420 = 0.14 8.15 £ 047 952 £+ 1.58
Tumor/Blood ratio 0.14 £+ 0.01 053 + 0.09 215 + 0.17
Tumor/Muscle ratio 495 + 1.09 893 = 207 10.63 + 245

HSA-1CG8.2

Organ 1 hours 6 hours 24 hours

Blood 7.62 = 1.46 210 = 0.04 039 = 0.05
Heart 3.07 = 0.65 209 + 0.16 144 % 0.1
Lungs 325 = 0.58 1.68 + 0.06 1.07 + 0.14
Liver 5233 + 8.48 63.57 + 1.39 49.86 + 3.83
Kidneys 550 = 1.34 3.72 £+ 0.03 348 + 0.34
Stomach 079 = 0.33 056 + 0.14 048 * 0.12
Intestine 124 £+ 0.37 143 + 0.16 1.07 = 0.12
Pancreas 047 = 0.05 043 £ 0.01 049 + 0.11
Spleen 1542 + 3.24 15.03 £+ 0.89 1256 + 1.31
Muscle 051 + 0.02 054 + 0.28 055 = 0.29
Tumor 237 = 0.63 347 = 0.64 287 = 0.62
Tumor/Blood ratio 031 £+ 0.04 165 = 0.28 741 + 221
Tumor/Muscle ratio 465 = 104 832 = 555 6.48 + 3.25
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HSA

Organ 1 hours 6 hours 24 hours

Blood 32.63 + 3.89 1899 + 2.26 840 = 0.11
Heart 481 + 0.33 415 + 0.67 344 + 0.28
Lungs 739 = 024 6.27 + 1.32 413 = 0.07
Liver 10.74 = 0.71 1164 £+ 1.89 1042 = 0.95
Kidneys 27.24 + 3.09 27.00 + 3.62 2182 + 0.67
Stomach 1.24 + 0.59 165 £+ 0.62 1.02 + 0.25
Intestine 195 + 0.25 271 £+ 0.49 185 + 0.11
Pancreas 144 + 0.17 167 += 0.27 183 + 0.14
Spleen 535 = 042 6.76 = 0.97 8.04 = 0.23
Muscle 091 £ 0.5 124 + 011 1.17 += 0.04
Tumor 447 = 1.19 944 + 1.86 16.79 = 1.42
Tumor/Blood ratio 0.14 + 0.02 050 + 0.11 200 = 0.18
Tumor/Muscle ratio 500 + 1.48 762 £ 14 1443 + 1.67

Invivo SEEEEHA A - T

Colon26 fij#~ 7 2 % v T Figure 2-1-4 (A) 127779 X 912 PAI 2 525 L 72, HSA-ICG2.9
Feh 24 B O~ 7 2 OEEIIEE & 26 nmol LI EIZR W THBRICHIH S v7- (Figure
2-1-4 (C) (D) (B)) —JiT. FEEEH TITLT 0/ PAEEZOHEMMAHR I NT-OATH
-7 (Figure 2-1-4 (F)), Invivo PA B> b RO - EEFF AT, HGE&ODRNTND
IR 6.0£2.4, 10.2+2.8, 7.442.2, 8.9+0.7 & 721 | Stk L 7= HSA-ICG2.9 DK /3 4ii 7
fli (Table2-1-2) & k< —% U7z, BEEERSY O PAE 558X, ICG OFEEDIIIHE -
THEIN L7z (Figure 2-1-5) , ¥EN&EITZ 41241, 3048 (13 nmol) . 124+42 (26 nmol) . 196+30

(52 nmol), 287+37 (104 nmol) % TH-7=, S HIT, HSA Ex IR G EE2 R 27215
A (HSA L LT 9 nmol #&5). EEE4 D PA E55RE DO INL, T 41+28

(HSA-ICG0.5) . 124+42 (HSA-ICG2.9). 6045 (HSA-ICG8.2) % ThH o7z, ZD I LM,
HSA-ICG2.9 2 HIE R < IS A/ TEX 2 Z L3RR TX 72, S 51T invivo PA HEI{& )
SEH U= 5 24 B OEE/7 A LEIL, 14.445.4 (HSA-ICGO.5) | 10.2+2.8 (HSA-ICG2.9) .
14.2+1.9 (HSA-ICG8.2) &7 WTFNOHE THLAREITIR LN -T2,

CHETICHOMIZE 7 L — 735 L- PAl 7 —7 & LCiL, &8 T R0l —R
VI ) Fa—TRENL LW, 21X RGD XTF RSB —R T ) Fa—T %
WTZBFFECIE, TS~ 14%ID/g S658 L PA {5 /5480 (100%H500) 95 Z & s S Tn
HO6 4 X B, By ERES LisdeT ) — U BIEEE T 40% 0 PA 1 54 %
WENDH DM —F T, Fox D HSA-ICG2.9 1%, MEEEME 9.5%ID/g. PA 13 5Kk K
380% % ERK L, BE#® PAl 7'm—7 LRI 2 IXE N EOMREEZ R LTz, 612, &/
F RO =R T ) T a— T I LA RE G TEICEREN R ST 520 2R
ICG B LUHSA [T HICAERNKENRBO LN TE D LZEEREH WA Y v b HET 5,
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Signal
intensity

500

24 hours after
administration

Figure 2-1-4. In vivo PA tumor imaging with HSA-ICG2.9 in colon26 tumor-bearing mice. (A)
Mouse placement in bowl. The square drawn by the dashed line was the measurement region.
(B)-(F) PA images constructed with a volumetric rendering were acquired before (top) and 24 hours
after (bottom) tail-vein injection of 100 uL of HSA-ICG. ICG amount of injected HSA-ICG was 13
nmol (B), 26 nmol (C), 52 nmol (D), and 104 nmol (E). The circles drawn by the dashed line were
the tumor regions. Panels (F) are non-tumor regions (leg).

R2=10.877

Signal intensity ratio
(24 hours/pre)

1 T T )
0 40 80 120
Injected ICG of HSA-ICG2.9 (hmol)

Figure 2-1-5. The PA signal intensity ratios (24 h post-injection/pre-injection) are plotted relative
to the injected dose of HSA-ICG2.9. Error bars represent the standard error of measurement for the
population of mice.
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HHEWA A=V T s A A= T DR

WIZ, HERNERIZSH D HSA-ICG 2MERE L7252 48E L C, PAl & FI b L=, 4
KOPLBIARE LT, 1lemD 1% A 2 VY ROV EHLE, 17Uy RS
NVELOSGE., i LIEESEOFE A X (0.7720.14cm) (X, EHELDEX VT 418D
HETHIZIER UV A X TH-o7- (0.7840.15 mm (PAI), 0.77£0.13 mm (FI)), FliZHW
T, AV M7 Uy RFVEMER LGS, Ml LIRS D OEF 5T 86%iE L.
FONT OREEY A X1 1.7 58 L 7= (Figure. 2-1-6 (A). (C)), —JFT. PAILIZBWT,
{E0REIL 63%J L7 b DD, AT OIEET A X133 e A EEDL L) -7 (Figure.
2-1-6 (B)., (C)), PAI & FI Zlbi4 2% L, PAl O FNHEEICEWEFHRE (P<0.05), ¥
LN EEY A X (P<0.01) 2fERFESN Tz (Figure. 2-1-6 (C)), LLEX b, #BEFH%
BT D88 E A9 25 PALIL, FHIZHES U TR O E E CRESS 2 M H T & 2 alREtE AR &
iz,

FLIZ, 8 CRIRERIFRENA A=V 7 HIETHD, LLARRG, ICG DE L,
EHEICHA L7254, hetero-fluorescence resonance energy transfer  (FRET) (2 & - T4t
ENDZEDNMBENTNWADAA X5z ICG DH i IXEHOBRE (BECH D
OOERE) 2L THET DR H D | Il ZITAMFFEIZIB VTS HSA ~D ICG D
FEAEDEINT 21206 > THE IR IXE T L7z (Figure 2-1-1 (B)), —J5C. PAI X Figure
2-1-4 B X OVFigure 2-1-5 lIZ/RENDH L HICFI L0 HEEMICENLTWD Z ENXGho Tz,

Intralipid  (—) (+) Intralipid ~ (—) (+)
(C) 257 P<0.01
5 B Intralipid(-)
0 1.5 1 F 0 Intralipid(+)
w P<0.05 PA imaging
x 1
’—‘ Intralipid(+)
0.5 1 O Fluorescence
0. . ' imaging
Signal intensity Tumor size

Figure 2-1-6.  Fluorescent and PA imaging of the excised tumor injected with HSA-1CG2.9.
Fluorescence images (A) and PA images (B) of the tumor (left; without intralipid, right; with
intralipid). (C) The change ratios of signal intensity and tumor size in the PA imaging (white) and
fluorescence imaging (gray) with/without intralipid.
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2.1.3 /NE

AHI T, HSA-ICG Z#/ERL L | i~ 7 A & AW 240 E S K 2 IEBERT R L O
AR L 72 HSA-ICG & W T ARNENRERET 21T o 72, S BT, ZAD PAI DT2b DA A
— T Ta—7 L LTORMEE invivo BN exvivo £ A—T 0 72 K> TRHME L, LL
TIZIR AR D R Z 15T,

(1

(2)

(3)

(4)

(5)

IFEIHD ICG B D 72 5 HSA-ICG (HSA-ICG0.5, HSA-ICG2.9, HSA-ICGS8.2)
RHNNT, FNLEND HSA-ICG % Wn ik LA A—T v 7 T —T 2&Ket - &
LT,

HSAL %y 1872 0 ~D ICG FEA TN T D106V IRIR T O PAE 53880 L 7=,

ICG FEAEDEEIMNT DIZHEV, #5524 BRI o i PR EE 3 X OVESERE &3
L7,

I b A 72 E 2 75 HSA-ICG2.9 % $¢5- L 7= in vivo PAl Tl fEE 2 BARRICHE
L. BB O 1345 5 BRI PAE 538N L 7=,

eX Vivo A A — 0 7 Tld. FLIZHE LT PAL 23, WG RS CRE B < 1B A4
HCT&x 5 aREM 2R LT,

PLEDOFER- XV . HSA-ICG 1% EPR I L » THEE~ER L 2N A O PAlI ZA[REICT 5
Z IR E N,

24



% 0 15
RIzF VLo 7Y a—nNefEl LEXABEFEA A -V 7 u—T7 0%

ATEICEPR VR ZFIHT 2 Z L OBEMMEN RSN Z LD, S BICHER 72N A PAL
0—7 OB EFE L-, T72b5, HSA LR UKEMEE DT TH Y e s, ALFREN
AIRETC, AAREAENE N E WS RFREEAATHR I = F L7 U a—/b (PEG) 2OV T,
FDICCGF¥ U7 & LTHEEMEZRET LT,

PEGIZX > TH /YA X FOREEE DR FOBUKEEZM EEELZ LT, VKRV —
LT v AR EDT A R OERNERELZ SE L, RN TOREMEE T T
D2 ERMBNTNDHES X5 2R -LIAMNC b ABEMEE AE & PEG L&A RAG S H
% Z & TIRINENEE 2 feii il L 72 BRRIESR G b Bl & Cn a2z Bl = o X 512 PEG 2YA <
Ao nsoix, RICETFTLIREZ2ATH-DTHIEEZOND, Thbb, OKk~D
ORI, ORWENE & EmOAERE SR @R Y v —KimIEE ~ 22 BRERE AR HET
o HIEfEE, @OLESEHEON TFRZFH T 2FEENIcH L, oL RMHEE2 R
PEG TH LN, TNHHZDDS F ¥ V7T & LTHIH LENAA A= T OEME, BX
W EPR VR EZFIH LIcA A=V TITHB T D il B EE IOV TITEE#HE S Tn
W,

ZDI=HARE TIE, PEG & ICG L OfEAIR (PEG-ICG) Z#{ERIL, i~ A% HW\T
R EIZ L DEBERE AT CTICG v U T & LTORMEEFHE L7, 3725 EPR
IhERIC X D IEEERIC BT DIl /) T B&ZR57-9DI2, 5 7-& 5,10, 20, 3 L 1" 40 kDa
® PEG (LI, 4y F&I2J& U T PEG5, PEG10. PEG20., B L8, PEG40 L FES) Z iR
L. ICGIZANK I AE VR VR~ EH Lo ZIIEE = AT VR E# LT ICG 76
BKEHWT, 018D PEG LHGAHE SE (TR L7 PEG-ICG %/ &2 U T
PEG5-ICG. PEG10-ICG. PEG20-ICG. PEG40-ICG & FE5Y), F 7=, /EHLL 72 PEG-ICG (20
kDa) OFEAM7ANEIREFAMIZ I TIE, BT & [FARIZ DTPA Z % L— Fil3E e LTRSS
S8 W 1 L0 B ERER L2 (MIn-DTPA-PEG-ICG), & 512, ZhH D PEG-ICG IO\
T, WADPAIDTZDDA A= 77 a—7L LTOREMMEE invivo £ A—2 0 72 &
o TR L 72,
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2.2.1 EBFHE

e S i

FEHRIZ1X, Macrocyclics tt, #RSHEFEALTFIGERT. T4 74 7 X 7 ket Fodeil
TS SN U= Rpilal 3k %2 H 7=, a-aminoethyl-o-methoxy poly(oxyethylene)
(monoamino PEG, SUNBRIGHT ME-EA series, molecular weight: 5, 10, 20, and 40 kDa), ¥ & O,
a-aminopropyl-o-aminopropyl poly(oxyethylene) (diamino PEG, SUNBRIGHT DE-PA series,
molecular weight: 20 kDa)i%. HH#k=N=4E22 HHEA L7z, ICG-Sulfo-OSu i3k #t[F{=Ak
SRR BREAN L=, Rif-H A AOMIEIZIL. Marvern #:4 Zetasizer Nano ZS % 1{# H L
oo WOLEE DML, BRI B EERTR UV-1800 UV-Vis NIR + 27 135 K O Tecan
Japan #1:5¢ Infinite® 200 PRO plate reader Z i L7, A A M v~ N 77 7 4 —ITIE,
GE healthcare f+-# AKTA purifier 10 27 L %Al L7z, SDS-PAGE %2 D7 NDA— kT
F7 77 4 —wRBIE. BLT 0V LRASHE BAS-5000 M L7z, KiEET O PAE S
B, F—RICRHE L8 OFIETITo7-, Invivo PAIIEE, 5 2 5 —Hilciisk
L7zl OFETIT- 12,

PEG-ICG DR

PEG-ICG X Figure 2-2-1.A |[ZFR#EDOSG AT — D> TAA LTz, BRI, %
monoamino PEG (0.54 umol/ 1 mL chloroform) & ICG-sulfo-OSu (1.08 umol/ 100 uL dimethyl
sulfoxide (DMSO)) & ZIEEG L., #E T CERICTRIS S ¥z, 24 KR It A 5 L
Tote. RIS¥E 2 mL DA KX ) — ) VIZPAfE S, Spectrum Laboratories f-5 AL v — 2
FEHTHE Spectra/Por® 7 (MWCO: 35 kDa) IZE AL, A ¥/ —/Lxz@BHrsbkE L THWTR
FOGD ICG ZBRET D72 DBHTHEERL L 72, PEG IZBEHR D LISV E & L720BL% Bikf
(2. 96 R L— MEEAIIREE D PEG /KA (1-20 pg/mL, 200 pl) 35 X OVERIEL D
PEG-ICG A& (200 uL) . 35 LT, 5% LN U 7 A-1M KRR (100 pL) . 38 LT, 1.66%
SV T A-12T%3 U FRKEERKR (5 ul) ZINA T 5 4rfiE L7, 535 nm ORI %
HE LTz, BEAIREE D PEG KR OWILEZFRICx v ) 7 L—a ViR A ER L, &
XI5 D PEG WK DIREZFHR L=, PEG &f5H L72 ICG DT, #IEE 5%SDS KK &
725 5 912 PEG-ICG /AKIRIEAAR L., 795 nm OWINEAME TS Z & THE L, 1ER
L7z PEG-ICG D#fif£1E SDS-PAGE (T LV K& D ICG & PEG-ICG % pff L7214, IVIS
imaging System 200 % FI\WCHEHE 2 HIE L=, BEMRED ICC #H W iax v U 7 L —
g RIS RS < HEOETREE D) B PEG-ICG DRI A B Lz, HW\ T, BRIk 7L
Z 100 mL O#fAKIZ AFL, 5% LN U 7 A-IM SRR KGR (50 mL) . B LN, 1.66%3 ¥
BV 7 5-1.27T%3 7 FKER (2.5 mL) 21 2 CT5-10 0kE4 5 Z & TPEG &4 L7,
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n n N

PEG-ICG
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O @) TS O o
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I n

1 n.DTPA-PEG-ICG

Figure 2-2-1. Reaction scheme of probe synthesis. (A) ICG-PEG, (B) !In-DTPA-PEG-ICG.

iR s K OMHE £ T LB O 1ERL
2 mE 1 i O HIEICE, Mg ER L O EE T i) A ERL L 7=,

Invivo # YA A=V 7B L ONEE - ikt 7' e —7 &HE

PEG-ICG B LTV ICG %, ICG ##FE T 13 nmol/100 puL PBS & 72 % X 5 ICFH%L L. Colon26
g~ U ZA~BRIRE 0 &5 Uiz, %5 3, 6, 24, 48, 72, 168 FFfij# 12 IVIS Imaging System
200 # HN T~ U AR a0t 2Rty Ui, itk Rl LS 2 B —scalo ik
& RIREICHEE I & £5 PEG-ICG BLONICG mEAFHI L=, BIHRO in vivoFl & AT
LT, MHPIcEEN5 PEG-IICG BLWICG mEAHIHT A=z, %55, 15, 30 4y, 1.
3. 6. 24, 48, 72, 168 I (2 ul) L. 1% triton-X /KK (9 ub) 3 L X DMSO
(9 pL) EEA LEERELZME LT, BEFRE D PEG-ICG 3 LTV ICG @ 1% triton-X 7K
BR (9 pub) B RUSRRE~ T 21K (2 pb) 3L TUYDMSO (9 pb) DIRA K O TR
FEnD, ¥x V7 b—va Ui aEER L, mMHIicE £ s PEG-ICG BL W ICG &%
HH LT,
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Wn 15k PEG-ICG D afHl

W jE=5% PEG-ICG 1% Figure 2-2-1.B (ZFL#iDO G A F— AIZHE > TR L=, BiRmI
IZ. 471 20 kDa @ diamino PEG (1.08 pmol in 1 mL chloroform) & 1CG-Sulfo-OSu (1.08 pmol/
100 uL DMSO) & ZEA L, e T CRIEIC TS S8z, 24 R ICA B A B 5 LT,
S 2 mL O A X — )VIZEfR S H, Spectrum Laboratories #1847 /L & — A AT iR
Spectra/Por® 7 (MWCO: 3.5kDa) (ZE AL, A%/ —/L&ZFBHIMEE L THWTRELD
ICG #BRET H-DBHTER Lz, WHEEE L=, MES #&EiR (20 mM, pH4.0) %R
L T ICG fi&4 diamino PEG % I&f# <. GE healthcare % Resource® S 1 ml 7 & A % H
WA oA v~ T T 4 =2 KD RKIED PEG ZBRERR Uz, WHIEEEEE L
TiE. MES #&i% (20 mM, pH4.0) & 4 mL/min 2 VT, HbT b U o A X B iREE
2 (0-16 47:0-1 M) 1Z X - T ICG #&& diamino PEG % & H & 7=, Amicon Ultra centrifugal
unit (MWCO: 10 kDa) % N TIHEE % AR U FefzEriE (50 mM, pH 8.5) IZEHL L 7-1%.
DTPA:PEG=10:1 £ 72 % X 912, DTPA anhydride & ICG 54 diamino PEG Z#iEA LY T
37°C C 24 W[ i~ 7=, Amicon Ultra centrifugal unit (MWCO: 10 kDa) % F 7= [RAME
T XK o TSR D B RKAE S O DTPA & BrERGH U 7o, T8I % Tris-HCI 3% fEi#K (20 mM,
pH9.0) (ZEH#a L7-%% . GE healthcare 15 Resource® Q 1 ml 4 7 L& W= [ A 4 AHa
0~ h77 74—k D DTPAREEA LTV ICG i A diamino PEG Z BB L 7=,
WS & LCiE, Tris-HCI #2#H% (20 mM, pH9.0) it 4 mL/min & HWC., HikF b
U AZEDREAR (0-16 4r5:0-1 M) 2L - T DTPA L ICG M#EA L7 PEG

(DTPA-PEG-ICG) Z¥&H & 7=, DTPA-PEG-ICG DAL, Ak D PEG EEER LN 795
nm OWL S EERIEVEIC L0 #ERE LT,

35472 DTPA-PEG-ICG &, 0.1 M FEREFEMTR (pH6.0) |2V S 7= MnCls & Z 1R

A LLVEI T30 Kt S/ 5 2 & TRk S 4172 DTPA-PEG-ICG (*In-DTPA-PEG-ICG)
AR, BRI X, SDS-PAGE I £ U KA @ Min & MIn-DTPA-PEG-ICG % 47 Bt
L7-%%. BAS-5000 Z W\ CA— s T UA4 777 ¢ —H#xfE L Multi Gauge V3.0 V7 h T =7
LV EE LT,

RPN SO RE 53 A A
Wn-DTPA-PEG-ICG (37 kBg. 13 nmol ICG/150 ul PBS) % Colon26 fHj#~ 7 A~k
FOFEE L (£ n=83~4), &5 1, 3, 6, 24, 48, T2 R~ U A 2 ZHIL S,
FEpEAR S L OV OB S 3 KOO RE 2 IE L7z, #ds L OURITHR G- 24 K2 £ TD
i M LB RE 2 E Lz, Sl O aelL, &5 EB LOMEMERICHT 525G
(%ID/g) & LC. #B X WIROBHNEITEGEICRT 2EHE (WD) L LTEHLEED
7

KRR T PAE SHIE
% PEG-ICG B LTV ICG ™ ICG 24 30 uM [ZFHHL U 45 1 B o MIE HFEICHEV PA
BEzHlE L,
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Invivo JEHERFEA A= 7

PEG20-ICG % ICG 5T 13, 26, 52. 35 X081 104 nmol & 725 X 934 L. Colon26 i
<~ ANEREIREL 0 EH Lz (n=3), #5018 L OG- 24 B2 12 R o514 T PAl 23
ML, 51 EICRLE D B X0 T L=,

st AT

T — XA HEER A= TR D Lo, AEZEREIL Student’s t-test (2L D 1T\, p<0.05
HEL LR,
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222 ERBIUER

PEG-ICG DRl

monoamino PEG DAk /24 #4841, PEG5: 4.4 +0.03, PEG10: 6.3 + 0.05, PEG20: 9.3 +
0.04, PEG40:13.6 £+0.2nm Toh~7=, % PEG-ICG ® PEG1 7y 1 & 7- 9 @ ICG fEAEITH
1 Th-o7- (PEG5-ICG:1.03 + 0.01, PEG10-ICG: 0.93 + 0.02, PEG20-ICG: 0.99 + 0.02,
PEG40-ICG: 1.03+0.01), & 5|24 PEG-ICG IZH:AHEA L= ICG DEIA % SDS-PAGE (2 &
VRO 7-FER. PEG5-ICG: 98.3 + 0.2%, PEG10-ICG: 99.0+ 0.4%. PEG20-ICG: 99.4 + 0.1%.
PEG40-ICG: 99.4 £ 0.1% & 72V | W bEME TH D Z & 2l L= (Figure 2-2-2.),

Figure 2-2-2.  Electrophoretic analysis of PEG-ICG. Fluorescent images of PEG-ICG after
electrophoresis (left panel) and after iodine staining to detect PEG (right panel). Lane content: 1,
ICG-sulfo-OSu; 2, PEG5-ICG; 3, PEG10-ICG; 4, PEG20-ICG; 5, PEG40-ICG.

IKEEHE H T D PAE BIE
% PEG-ICG ™ PA 13 53&{ZHE% in vitro (2 Cre#k L7~ (Figure 2-2-3), ICG EE #Hiz C
HIE L, BB UREE., W o PEG-ICG b ICG L [RIfFRE D PAE 5iRE 2R LT,

PEG5-ICG
—PEG10-ICG
—PEG20-ICG
—PEG40-ICG
—ICG

1.8E-05
Time (sec)

PA signal intensity (a.u.)

-3 A

Figure 2-2-3. PA signal intensity of PEG-ICG and ICG. Yellow: PEG5-ICG, blue: PEG10-ICG,
red: PEG20-1CG, green: PEG40-ICG, purple: ICG.
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Invivo #6A A —2 7B L ONEIESOGRIE

PEG-ICG B LWV ICG %5 L=~ U ADEH LW 2 BRI R L, Figure 2-2-4
2% & 7z, PEG10-ICG, PEG20-ICG, 35 & U}, PEG40-ICG &2 5- 24 i £ LAREIZ 3T
JEPAC Hele LTRSS (GJE) OHOEMED FRENHERESNT-, 7o, BESOOLRE
I% PEG 73 F B2 DHINIFENGFRS 72 0 | 230, I EZR RIS L 721% iRV AR HERF S
LTz, KV T, PEG-ICG 38 LN ICG DfIEEM ER L ML HIRE % ICG D IR 4
HICHEH L7 (Figure 2-2-5), T Of%., PEG20-ICG ¥ L ) PEG40-ICG %, PEG5-ICG,
PEG10-ICG, 3L WNICG (Tt L T ESEEREM: (Figure 2-2-5A) 36 K OVR W Il A
IRefH] (Figure 2-2-5B) %/~ L7-, §720 5, MH EREEFHIZZH 4, ICG : 0.098 FEfH,
PEG5-ICG : 0.57 [Ffi], PEG10-ICG : 1.24 [FFfi], PEG20-ICG : 9.5 FFfi], PEG40-ICG : 22.5
e & 72 o7z, F 7=, PEG20-ICG 1%, $&5 24 FFRiIf%1Z 14.9 + 1.2 %ID/g, PEG40-ICG (%,
Be b 48 FfEI74 12, 20.6 £ 1.7 %ID/g & & b W B ERE R 2R LT,

PEG D4y 1IN ) FISEBEOEIMIKROBR N ELG L TWNWDL I ENREXLND,
DOF Y MmPEERNEET S Z I Lo TEPR I L o TiiH S IEE~BITT 5
Ta—TOENEMTHIETHDH, 2D PEG Oy & & MR oOBRIZ, 3 v
-125 (1%1) =5k PEG CTHE SN TV D ER S —E L 720, PEG-ICG o i H -z
I% PEG5-ICG 3 X U PEG10-ICG (T kb L TRIFICIER Lz, ZAUiE, PEG OI/KFIEEED IR
KThorEBEZBND, —EKMICPEGIE, FILOTEOEHE LY b RERKFEETH
HZENMmENTWAB Fee & Van Alstine 1L » THE SN TV A EHEAPN 5%
PEG DKFIEAZHET S5 L. ZHhFh, PEG5: 4.5nm, PEG10: 6.6 nm, PEG20 : 9.7 nm,
PEG40: 14.3nm & 725, Z OfEIZEFRIC DLS THIE LZfEE B —F Lz, —fi%AYIC 6~8
nm O A ADOEHECT AL 1E, BIEOREKEKABIC L - TCERLIIRZ VT T AE
L2 ENMBENTNAESS PEGS 8L NPEGL0 1%, Z DY A XLV /NS Wiz H
DR 7 V7 Z UV ASHEG~HEVERB L o7 FE 2 55 (Figure 2-2-6)
— 5T, PEG20 33 L OVPEG40 [T A D LY A XL W KE WS, BRI A NS 27 U T F
VAINT, TOZ X, ROy & B 0 BEEROKEMED R Y < —(13 snake-like 72 &)
B Lo THEZBRL BB LR THDHEEZLND,

PEG5-ICG ¥ X OV PEG10-ICG DfEEEM =X, PAI OJE % A5 —JF, PEG20-ICG ¥
J Y PEG40-ICG 13y 72 ESEME A/~ Lz, JEE/MEIX, PEG20-ICG : 1.2 + 0.1,
PEG40-ICG : 0.7 £ 0.1 £ 72V | PEG20-ICG O inmnar T A R EbND L& X T,
4y ¥ 20 kDa @ PEG % k3% LU 7= MIn-DTPA-PEG-ICG % U 7= 1R PN e RE 45 A 3 Al 2
1T-7,
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24 48 72
!1 !1 Ei OII‘
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8.70x 108
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Figure 2-2-4. In vivo Fluorescence images of colon26 tumor-bearing mice at 3, 6, 24, 48, 72, and
168 hours after administration with ICG or PEG-ICG. White dash lines indicate tumors.
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Figure 2-2-5. Measurement of the in vivo fluorescence of colon26 tumor-bearing mice injected
with PEG-ICG and ICG alone. The graph presents the time course for the accumulation of
PEG-ICG or ICG (%ID/g) in the tumor (A) and blood (B). Yellow: PEG5-ICG, blue: PEG10-ICG,
red: PEG20-1CG, green: PEG40-ICG, purple: ICG.
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Wn 5% PEG-ICG Dl

DTPA-PEG-ICG FfilRF DA A a7 v~ N7 v~ ~7'F L% Figure 2-2-6 |2~ L7=, b5
AF Ry v~ 87T 7 4 —TlX, ICG fE#H diamino PEG 13 7 AMZHEAET H 2 &7 <
WH &= —J7C, diamino PEG i34 7 AZHiife Sz (Figure 2-2-6A), RIZHE N L 7= &
A AW a~ 7T 7 4 —TiL, DTPA-PEG-ICG T4 7 AR SN /=—J57 T, ICG
4 diamino PEG 14 7 AMZHEET 5 Z & 72 < faH & iz (Figure 2-2-6B) . DTPA-PEG-ICG
ZateR Sy (R HARE 10 mL £937.  (Figure 2-2-6B)) Z [EIY L *n A =342 17 - 7=
FEH. 95.2 + 1.5% D L A9 T MIn-DTPA-PEG-ICG % 457= (Figure 2-2-7),

A =¢-diamino PEG B =¢=diamino PEG conjugated with ICG
( ) <#-diamino PEG conjugated with ICG ( ) “#DTPA-PEG-ICG
NaCl concentration NaCl concentration
3000 -1 3000 1 r 1
—~ g i g
5 2500 L 08 & = 2500 - 08 F
) S @ 8
o 2000 = = 2000 g
Q - 06 = 3 - 06 =
8 1500 g 8 1500 - 3
— 8 o] c
2 1000 043 S L 0.4 8
3 5 2 1000 - G
500 022 500 4 - 02 8
- OO -~
0 0 0 | h— | 0
0 _20 40 60 0 20 40 60
Elution volume (ml) Elution volume (ml)

Figure 2-2-6. lon exchange chromatography with DTPA-PEG-ICG. (A) Cation exchange
chromatography with diamino PEG (blue) and diamino PEG conjugated with ICG (red). (B) Anion
exchange chromatography with diamino PEG conjugated with ICG (blue) and DTPA-PEG-ICG
(red).

Figure 2-2-7.  Electrophoretic analysis of *'In-DTPA-PEG-ICG. Autoradiographic images (left
panel) and fluorescence images (center panel) and iodine staining to detect PEG (right panel) of
Un-DTPA-PEG-ICG after electrophoresis.
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RN B BE 59 A A

Wn-DTPA-PEG-ICG # 5- 1. 3. 6. 24, 48, 72 KFRit%IZ351) 5 colon26 i@~ 7 A DIk
N4y AR % Table 2-2-1 I F & 7=, MIn-DTPA-PEG-ICG DIEEER L, &5 24 BRI
RAREZRD (111 £ 0.5 %ID/g) . #YEHIE TR D 7= PEG20-ICG D EEEME & —E L
7= (14.9 £ 1.2 %ID/g. Figure 2-2-6), %5 24 F¢[j# @ MIn-DTPA-PEG-ICG DI i ¢, |
HEHE TR O PEG20-ICG Efra—#K L7z (MMIn-DTPA-PEG-ICG : 9.0 + 0.5%ID/g.
PEG20-ICG : 12.8 £ 2.3%ID/g), IEF#MMEE L CTiE, FIRSCBIRIZ DT NCEREN A LT
M~ ADKRE, 178172 I RERBILTIR O hoT, £, HED O KB e % 7~
7o, MIn-DTPA-PEG-ICG [ EICRHFICHEM S 4172 (24.6%ID) Z & 2B LIz, 2D
FERIX. PEG DY A X LEENRIZ TAIRE T DR ERIKDO LY A XL OFfRE FFL T D
EEZLND,
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Table 2-2-1
In vivo biodistribution of ***In-DTPA-PEG-ICG in colon26 tumor-bearing mice.®

Organs (%I1D/g) Wn-DTPA-PEG-ICG

and excreta (%ID) 1hours  3hours  6hours 24 hours 48 hours 72 hours
Blood 356+ 47 282+ 20219+ 25090 + 0554 + 04 1.6 + 04
Heart 49 + 0643 + 1134 + 0326 + 0126 = 0217 = 0.2
Lungs 77 + 16 76 £ 1550 + 0531 +£ 0327 + 0318 + 0.2
Liver 83 + 0987 +£ 0182 + 0787 + 0481 = 0785 = 04
Kidneys 103+ 0490 + 0882 =+ 0371 + 0658 =+ 0541 + 05
Stomach 13 £+ 0219 + 0109 + 0311 + 0618 + 0409 + 0.2
Intestine 24 + 0222 + 0316 + 0216 + 0217 + 0111 + 0.1
Pancreas 39 + 0127 + 0128 + 0223 +£ 0323 = 0320 = 0.2
Spleen 44 + 0149 + 0938 + 0446 + 0652 + 0545 + 04
Muscle 10 + 0112 + 0210 + 0212 + 0115 + 0014 + 04
Skin 21 + 0323 £ 0329 + 0541 +£ 0554 + 0751 £ 0.2
Tumor 29 + 0255 + 1551 + 01111+ 05102+ 307.2 + 0.6
Tumor/blood ratio 0.1 + 0002 + 0002 + 0012 *= 0119 £+ 0747 £ 0.6
Feces 35 = 22

Urine 246 £ 3.2

8 Results are expressed as mean + SD %ID/g (n=3-4).

Invivo WHEEEA A—T T

Colon26 #HJEE~ 7 A & FREECIR 58, Figure 2-2-8A (2R X 9 ICHIEEEEICHEE LT,
7a— 7 EGRIORE T, BB LOFEEEH (FH) HoliEfo~EZmernb
AT b 555\ PAE 52822 L7 (Figure 2-2-8B-F), PEG20-ICG #5- 24 B[ 142
BWTIE, WTNoEGEICEWTH IR 2 PREICHIH L7e (Figure 2-2-8B-E), — 7 T,
PEG20-ICG (26 nmol) #x5- 24 ¢l O IENELHH T D PAE 5 OHINIL, HFG-RITHEZ L T
30% L 2800 L7g > 72 (Figure 2-2-8F), MEEEERA S @ PA [551%. PEG20-ICG D h-&
O U CEBIACHEIN L= (Figure 2-2-9), PA{E SN &E X2, 14 +48% (13
nmol). 152 +72% (26 nmol). 359 +81% (52 nmol). 715+ 205% (104 nmol) TH-~7-, =
DZEIXPAIDEERDEH S EXRTHHLDOEEZEZLND,

PLEDRKRFHZ BT, PEG20-ICG (& FI 3 X O PAI O J5 CRESH 2 IR I35 2 &
NT&ET=, F£72. PEG20-ICG IZ X A IEIGH D PA [E 5 0#NEIL, BERDOET /i h
— R F ) Fa—T%EH PAl 70— OREEERO PA E50ME (Wb 3
%) &l U CRSELL ECTH - 720058 X512 PEG B L OV ICG X DAMKEATEN D |
WY FDA TES (IETe) & L TEKREIN TV AR08 R o BRI BT
L b WG (104 nmol) IZB W T H RG-S~ T RO L B Lo T2,
F 72, MIn-DTPA-PEG-ICG |2 L 2 RN RE A M B W T H . IEFMEM~D E L~ 72
HE£/EIT 2o 72 (Table 2-2-1),
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Figure 2-2-8.  In vivo PA imaging within colon26 tumor-bearing mice injected with PEG20-1CG.
(A) Setting of the mouse in the instrument. The square indicates the measurement region. (B-F) PA
images before and 24 hours after injection of PEG20-ICG. The injected dose of ICG for
PEG20-ICG was (B) 13 nmol, (C) 26 nmol, (D) 52 nmol, and (E) 104 nmol. The dashed line circles
indicate the tumor regions. (F) PA images of non-tumor regions of the back.
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Figure 2-2-9. The PA signal intensity ratios (24 hours post-injection/pre-injection) plotted relative
to the ICG content of injected PEG20-ICG. Data are presented as the mean + SD.
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2.2.3 /NE

AHITIL.PEG-ICG Z /B LU 4y~ 7 2 & W =8 6l E 12 L 5 ISR L O,
R RER, U 7= PEG-ICG % W IRNBNREFHT 21T > 72, S BT, PAI DT DA A—
7 7ra—7L L TOREMMEL invivo 4 A— 0 12k > TEM L. UL TFISR R AR 415

7"»’
—o

(1

(2)

(3)

(4)

(5)

A FEFE Dy B D F 72 5 PEG-ICG (PEG5-ICG. PEG10-ICG. PEG20-ICG. PEG40-ICG)
2 HNT, & 20 kDa @ PEG-ICG # WMIn i L 7- A A—T v VT a—T 2
it ARk L7,

PA Z BBREEITVNT LD Y B — 7 ICG L RIFLETS -7~

T ENEINT HICHE, BIEEEESEML, Mg RFMMER Lz, &5
24 BRI IC BT A EEERBE R L ORISR L O & 25 PEG20-1CG 235 & PAI
ST P Y R S P NP/ VAN R Y d Wt

Wn-DTPA-PEG-ICG % HW\ /= ANEHREFEA CiX. PEG-ICG & [RIEED I AR X
WEBEERBERELELEZ R LI-—F T, BRI AL > - EBII b e o T,

PEG20-ICG % #5- L 7= in vivo PAl CTIXAES 2 AR ICHEH U RS ClI& 5 &K (7
B PAE 23N L 7=,

PLEORER L0 KA E D2 RHR L L7- PEG-ICG IX EPR 2h 3 TS~ L .
DADPAlDT-ODA A= T Fua—T L L THENTHDL I ENREINT,
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5 3 Hi
RYZXHV Y 2Bl LIEKBERA A=V 77 —T O3

ATER CIE, KRS+ Th D PEG 28 EPR BRI K » THEBERE L., EEDO PAI D7z
DDA A= T Tu—7L LTHENTHDHZ &R LT, 20 PEG-ICG LV Ei&E 7273
AD PALIZIE, PAl 7’0 —7 @D ICG fEE & EEE I E FiF D Z EnEEN D, PEGIZ
%, BEEIRORGEREZNM L TICG & 145 LES TERWNWI &R0, JEE/MK A &
KW EHIMEIZE £ILD PAl 70 —T N DEFN ) A Xb720) 55 L5 -T2 BENFE
S TW5D, £ 2 TAHITIE, PEG ORBESDUEZ KD T, PEG (T 2 KBNS AE 4y
ORIV AXH U (POZ) IZEFH LT,

POZ i N-acyl ethyleneimine Dt V) iR LI§iEAH 3 2 /KEME S+ TH Y | invitro I8 L O
invivo ([Z8\\ T PEG & RIFEEHMENMEW 2 E 03l ST a8 X5z POZ X1k
HPLRFLS 7 VT T ASND 2 ENMER SN TR Y k162 81078 (g s 6
EE YL v U T OBMiFIE LTHRIH SR TS, 20X 9 2EE %2> POZ T
HON, ENBHFDOEREA A —T 7B IF5DDS ¥+ U7 & LTOAERME, LU EPR
NFEE IR D OREEEIC OV TEEERESI N TRy, — T, ZnETIT£L
DOKRBEME D FIEHH OS5 FBRPEMIC L » TERNERESCIRIGER N LD S Z LA &
ﬂ(b\é[ﬁﬁlo

PLEX 0 ARETIL, POZ & ICG & DOfEEIR (POZ-ICG) Z{ERIL., #HfE~ T A& H\=
FEREC L D BEBERETEN 2 2, ICG v U 7 & L TD POZ-ICG D i 7oAl & BESR
L. EEDPAl DDA A=V 7 Ta—TL L TOAEMEZTHE LT,
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231 Fun—7 &3t

POZ XV B T hFAVHBRESICL > TEEDOG T EEZAKRT 52 LN T 507 8
ATEl (55 2 5 2 ) 128V T, PEG O4r T 2O EPR ZhHIC X 2 FEEERE O HENIC
ODIRMWD T ENRENTZZ END, POZIZEBWTE EPR R ICHRE Ry FEEZ AR DN
DD, Flo. POZ IO T S NEEENKGIEST HZ L T2/H{T7T I ) EEBEATHZ &
WHE I TNB00 ZD 7= DI IRIZ LV EAS = 28,7 X / % LT PEG X
DHZLDICG EFEGSIEDZ N D, — T, EICHE LIRHiE, ERNIC
BOWCHAHERERNELS 25 2 ERdfE S TR L 20 2 87 2 HAmEIE A
L2870 —T OERNBIBEICHE L RWEELZ 5258015 5,

PLEZERLE LT, KEHTIH. DADPAI DI-ODA A= 7 Fa—7 L L CRER
POZ-ICG D& 2595 7= 12, Figure 2-3-1 (/"9 3 B¢ D 7 o — 7 3% - A ATV
FEAM L 7=, #1812, EPR ZhRIC K A IEBERM O - DIkl 7e POZ Oy T BEMIDHZ L %
HEJE LT, %1 8~200 kDa @ 7 fifi?d POZ-ICG %##%st L7= (Figure 2-3-1A), &KIZ.
POZ DMK i S VT EAL DTG A IEIFEMEIZ G- 2 5 B OWTCRH 2 72012, TN
Koy fEEI G % 25, 5, 10, 15, 20% & L7z 5 F¥H D POZ-ICG % #5t L7z (Figure 2-3-1B),
RBIZ POZ 1y FICHEG LT\ 5 ICG DS, TIGEREIZ 52 2 B DWW TR % 72
DI, ICG FEAE A~ IZE 2 1-% 5 ICG K& POZ %5t L= (Figure 2-3-1C),

A B C
e
= POZ
) ﬁ ﬁ @ icc
(+) Hydrolyzed
+ ) it
o N
®H ® ®

Figure 2-3-1. Drug design of POZ-ICG derivatives for sensitive PA tumor imaging in this study.
We evaluated the influence of (A) molecular weight of POZ-ICG, (B) hydrolysis ratio in POZ-ICG,
and (C) number of ICG molecules conjugated with POZ on probe accumulation in the tumor.
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2.3.2 EBFHE

e T

LB, bk T2k Nttt NS LR AL M2 i, T T A4 7 A 7 Rt
FERISE TS, V7<= T N RY o F Vv Ut DA U7 Frfkal3i s vz,
1H-Benz[e]indolium,2-[7-[3-(5-carboxypentyl)-1,3-dihydro-1,1-dimethyl-2H-benz[e]indol-2-yliden
e]-1,3,5-heptatrien-1-yl]-1,1-dimethyl-3-(4-sulfobutyl), inner salt (ICCA) X, Bt B » 7Y >
JHFEC I ER LT, EAKERO~A 7 vy = —7BEHNZIX, CEM #:%! Discover
system Z i f L7z, R IE A <7 R L (tH NMR) ORIEIZIL, EZ v v kL A& R,
T RIAFNT T e NEEREE L CTHW, B L L TIE JEOL A5 INM-LM400 % fi H]
Lice FNVREZ v~ 7T 74— (GPC) 1F, MRASHEHEEITA 7 LC-20AD,
¥ LN AU SR PT84 Hi4s RID-10, 38 L OY, W Lk =48 GPC 7 7 . KD 804
ERlAE DY THEA L, GPC 0)%’@]1‘5 & LT N,N-dimethylformamide (DMF) % fv>, ¥
0.5 mL/min & U7z, EEVHS X. Agilent Technologies #EBAZ%E PEG % H\ o &
RN DR Uiz, WO ORIE i 52 EE 2 MICFE LB Y O FETITo T, BRE
EEORANEIC I, RS RERT R LAQUAtwin COND %1 L7z, pKa & HIZH1T
% pH ORIEIIE., RS R EAT S 9618S-10D pH meter 2 L 7=, #2650 O]
ENZ i RS SR ERT L 8 R EE B RF-6000 265 L 7=, In vivo PAI X, % 2
EE—EICEE L@ O JETITo 7,

MIAEE R 36 K OEE € 7 VB D /ER
55 2 T —HRLE O TR, MilaiE s SO HEE T VB 2 ER LT,

POZ-ICG DA

%48 POZ-ICG (% Figure 2-3-2 (ZFE#i O FNETIT o 72, £9°. /0 F& 7.7-31 kDa ® POZ i
PERO~A 7 v o —7 BEHEIZ L > THE L7218 (Figure 2-3-2A) , BAKAYIZIL, methyl
p-toluenesulfonate (5 mg. 1 eq.) ¥ X OF 2-ethyl-2-oxazoline (1.1 g. 400 eq.) % i /K acetonitrile
(05-3mL)IZIEfE S, ROSEITEI A LT-1%, 140°C, 14 S OFRMTHIEL 2R b~ A 7
nyx—7 %2 L7, glEHE. RIS ethylenediamine (16 mg, 10 eq.) Z#sAIL
140°C, 7 D&M THIB LN b~ 70y =2 — 7 2 RE U, IBHREE L%, /&
W% 2 mL O AKX ) —VIZPEfE S, Spectrum Laboratories fE#FRAE L v — R FEHT R
Spectra/Por® 7 (MWCO: 35kDa) IZH AL, A%/ — /L ZFENIMNEE L THWCETRER
Lz, BonizARY ~—IZHNMR BELRGPCIZL > THHT LT,

'H NMR: & [ppm] =3.3-3.6 (br, 4nH, NCH,CH:N). 2.2-2.5 (br, 2nH, C=0OCH,), 1.0-1.2

(br, 3nH, CHs)

4y 7.7-31 kDa @ POZ (50-200 mg. 1 eq.). 3L TVICCA (10 mg, 2 eq.). BLW
1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (WSC) (2.5mg. 2eq.). B8 L W
4-Dimethylaminopyridine (DMAP) (1.6 mg. 2 eq.) &7 nuzk/L A (2 mL) (ZIEfR S,
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WL CERIR 24 R LG S ¥ 70, ISR OWIEAREE L, KIS E 2mL DA %
— VRS E, EROBEE L —ABITEIZEI AL, A% ) — Vv EZEHNEE L TH
WTRKIGD ICCA ZFRET 512 DITEHTR R Lz, 554172 POZ-ICG @ ICG %, #
IR 5% SDS KIEEHIZI51T 5D 795 nm OWRIEFED B R H L, #liE 1L PD-10 77 7 A2 X 5
T BEE LT,

HWNT, v =T v KU » F 8 poly(2-ethyl-2-oxazoline) (47 : 25, 50, 200 kDa)
Z BRSO G IETIAS i LI 287 X/ FeAE A L7z (Figure 2-3-2B), BARAGIZIE, #i
HKIZER R S E 7= poly(2-ethyl-2-oxazoline) (250 mg. 25 mg/mL) (2 2 M #fg (0.1-0.8 mL) %
WML, A NNAT 24 RRIER S 7o, KT MY U A Ko THRAL, HisizES
WKRERE L, KISWE 7 aa RV ACERSEE 74 NABIC X0 550K fE
7= POZ #1572, 15417 POZ OHIKREIGTE 'H NMR 35 X OVERREEHIEIC £
DR LT,

'H NMR: & [ppm] = 3.3-3.6 (br, 4nH, CH2N(C=0)CH,). 2.6-2.9 (br, 4nH, CHNHCH,) .
2.2-25 (br, 2nH, C=0OCHz). 1.0-1.2 (br, 3nH, CHz3)

KSR S 7= POZ OEBESARERE L, 0.01 M /KA S o POZ (60 uM) % FHEL L
E LTz, E2, KRS 7= POZ @ pKa lZRESR O Fni &35 2 AW TR L7204, Bk
FIZIE, POZ % #li/KICEAfE S (0.6 pmol (7 2/ HHAFIEIE) in1 mLH0), /KER{LT b
U o LRI (0.01M, 60 ul) Z2HsmLeTo7 2 2 HEEBi~7 e b L=, Hil T, 0.001
M 553 2 -2 BRI EIZ L 5 pH 2 b2 0E L, e i) 5 pKa 2 5HH L7z,

K45 fR & iz POZ (25, 50, 200 kDa (10 mg, 1eq.)) 1%, ICCA (1-300eq.). &L TX,
1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (WSC. 1-300 eq.). I X8,
4-Dimethylaminopyridine (DMAP, 1-150 eq.) #iE& L 2 mL D7 1 vmk/L A TEIE T 24
RFFETEEYE P TR L 223 B S S8 7, ROSEEIRIZ, Bk POZ-ICG &R U L 9 ITHEH
L. & 5727k 0 POZ-ICG @ ICG I, $IREE 5% SDS /KIFEHIZEIT % 795 nm
OWSEEN SR L, FEILPD-10 7 7 MM X 20 bEH LT,

POZ-ICG L IfiET V7 R v & OFEABFNEL, BEH O FIEICHE > TIT- 720, BRI
I, POZ-ICG (0-100 uM) &, FIRIRMIET V7 2 > (BSA, 4uM) & #IBA L. =ET
30 b &7z, VT, BSA HIZEEND MU T R 7 7 RO E IR (ex/lem =
279/342 nm) ZPE L. BHHEEHEEEAICES Hill oX (TR (1) 2 ofEa s
R LT,

Fo—F
lo (Fo — F) = logKy, + nlog[ICG]
8 F 8 g

(1)
2T, Ko TR TES. n TSN O, FRB XUV R IXEN T POZ-ICG F TR &
DIEHEFETFICBIT A BSAHT DO Y 7 b7 7 VRO CHRIE 2 £,
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A @%OCHa o o
Nj/\ H;C Y\ \/L Y\

NH H
N © SN2 (N\/s} N ® @
o —(CHI0Ts) H3C< \/}N ©0 ots 2N _ HaC NN NH,0Ts
\ Micirowave n\ / Micirowave n
(140°C, 14 min) (140°C, 7 min) o
CH3CN CHACN
O NI ‘
48 1)
HOM €038 A~
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WSC, DMAP, CHCI3

B O 4 .0
Qe el )

N N
HOM/\/\) ©0s8
w/(N\/)\«%N\/%AN HCI '\NM(N\/>\\M<N\/>\WV ° (ICCA)

_— >
HoO m 20-25°C, 24 h

Reflux WSC, DMAP, CHCl3

Figure 2-3-2. The synthesis scheme of POZ-ICG. (A) ICG was introduced into the terminal end
of POZ derivatives synthesized via microwave irradiation. (B) Multiple ICG molecules were
introduced into POZ derivatives whose acyl groups were partially hydrolyzed using hydrochloric
acid.

FOLHEDEIZ £ 2 In vivo RNEIRERTAI 36 J OV - ik 7 v — 7 &l

POZ-ICG DEEERE I L O FIRERIE X, 565 2 75 2 Hitdi O FiEICiE > 7o, BARH
121, POZ-ICG (13 nmol /100 uL PBS) % Colon26 fHjE~ 7 A~&H L, 1. 24 B lc~
A ENGERGE LT, 5 24 RIS AR L, EEICE £ POZ-ICG
ER LT, £72, POZ-ICG #1455, 15, 304y, 1, 3. 6, 24 FFfHj#ZlC~ v A MK 2 £
L. MEHFIZEEND POZ-ICG A ER L, MR AZE T L, 610, &5 24 FF
M IR & OV g 2 i H L. IVIS Imaging System 200 (ex: 745 nm, em: 840 nm, exposure
time: 1sec) Z M THOGIRIG LA Nfas O aOLim A 2 JIE Lz,

KESHE T TOHOEHE R L O PA (5 5 HIIE

i 15 uM (ICG #A8) & 725 X 512 50 mg/mL BSA i & 181 L7-%%. Infinite® 200
PRO plate reader |Z X ¥ 8z 6oRE 2 HIE L7z (ex: 785 nm, em: 815 nm), [FIERICFHEL L 7=
POZ-ICG #KIZ DWW T, 25 1 FERLHEOHIE HIEICHEW PAE 52 ]E L7z,
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Invivo MEEREA A - T

POZ-ICG % ICG & T 13, 26, 52, 78. L 10104 nmol & 725 L 9% L. Colon26 1
JE~ T ANEEIRE D E Lz (n=4), BERTB XS 24 BRI Bk o &4:T PAI
ZEfE L, PA{E S IRE XS 1 850 H8 O B L0 T L,

st AT

T I VEEHRE R TR D Lo, AEZEBREIL Student’s t-test (2 X V1TV, p<0.05
AR E LT,
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233 BRBIVEL

EPR Zh T L D IEFHERE D 7= D fciii 72 POZ D4y f- B D ffigt

ST ROBRFICBNTAR LT POZ-ICG 04y 783 L8 POZ 1A L= ICG 0¥%
Table 2-3-1 IZF LT, WIHD POZ-ICG b A ZPfrr v~ b 7T 7 4 =2 LD 0H D
HERL 9596LL LRI TR BV Z & AR LT,

Table 2-3-1. Physicochemical properties of POZ-ICG derivatives having different molecular
weights.

Sample Molecular weight® (kDa) ~ Number of ICG conjugated to POZ
P1-1CG1.1 1.7 11
P2-1CG1.1 12.4 11
P3-1CG0.9 15.8 0.9
P4-1CGO0.7 26 0.7
P5-1CG0.8 31 0.8
P6-ICG1.0 50 1.0
P7-ICG1.1 200 1.1

$Molecular weight was determined by gel permeation chromatography (GPC) and expressed as
weight-average molecular weight.

A L 72 POZ-ICG @ Colon26 i~ 7 A 21T D EEEMER L OMF 7 V77 2D
fi G % Figure 2-3-3 IZ/R L7z, POZ D4y T &M T DI LW EBERREN ML, /51
& 15.8 kDa LA =T 11-13%ID/g L WO mVMEZ R LT, 2D Z &b, EPRZFIZE D HE
BEMRIZIT Z OFPAO S FENE LTV D Z EDVURBR I N T, —J7 T, M i & POZ
Doy FBEDHENMNZAENIN U7z 53 & LT &5 24 RE 1% O i/ i ik kb i X | 47 - & 50 kDa
UTFT3LLEEARD, H23EE 28 THHN L PEG-ICG LY b AFICEVVEEZ R L (&
.24 WEIt: ORESNMIE L PEG20-ICG : 1.2, PEG40-ICG : 0.7), LA EDOFEEN 5, POZ-ICG
DA A=V 7T a—T7L LCORENRBRINTZTO, UBORETTIEL, 0 FE 258
J V50 kDa @ POZ Z &R L, MIKSEEIS & POZ1 515720 O ICG FEEEIZ OV TR
L7,
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Figure 2-3-3. In vivo fluorescent measurement of POZ-ICG derivatives with different molecular
weights. (A) In vivo fluorescence images of tumor-bearing mice administered with POZ-ICG (left
to right; P1-ICG1.1, P2-ICG1.1, P3-1CG0.9, P4-ICGO0.7, P5-ICG0.8, P6-ICG1.0, and P7-1CG1.1).
Dotted circles indicated the tumor regions. (B) Tumor accumulation (%I1D/g) (blue) and half-life in
the blood (hours) (red) of POZ-ICG.

% 15 ICG fEA IR fi# POZ DREAf
%2 1 ICG A D72 IZ, POZ Z AWK RE LI=fEF. K fREE QT 2/
FHEAEIE) 78, 25, 5, 10, 15, 20%D POZ 735 5 4v7= (Figure 2-3-4),
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Figure 2-3-4. NMR spectrum of hydrolyzed POZ. Hydrolysis percentage of POZ was 2.5, 5, 10,
15, and 20% for blue, red, green, orange, and purple lines, respectively.

3D TMKSE POZ @ pKa flids L OVEXUSEE 4 Table 2-3-2 IZF &7z, WThoD
POZ @ pKa fEH K 10 L 7poTc, —F, BRI, MK REIE O EVE T L
7o ZAUIA A MBI H ZER L2 R R THDHEEZLND, T NHDFERN
. MK E POZ 1X, FMESRMET TH HEERNIZEBW T, IEIZHE L. ZOEMITINKS
B DN 5 Z EARIB ST,

BT, ICG 2% A SE DN, POZ DMK EEIE 2N in vivo TOD POZ-ICG ()
REIZ -2 5 BT OW TR L 7=, K3 L7= POZ 12 ICG %3 A L 7= POZ-ICG Id &l
Ecibn7- (Figure 2-3-5), Ak L7= POZ-ICG % Colon26 fBja—~ w7 A |2#& 5 L, fE5EE
B n LAl L 7=/ % Figure 2-3-6 (I2F &L ®7z, POZ Dy F&EIZE BT MKGIEEE D
BN 5120t > THEEEREITED L7z (Figure 2-3-6C), & 512, MK EEIS OB
PRI R R D L7z (Table 2-3-2) . ZAuid, KN TIEIZHE L7 POZ-ICG 23 il
BNORBLS TV T T UAINTEZEDRERTHDL EEZ 2 bVD, FEBRIC, ITIKSHEIE
20%® P12-1CG1.9 36 L N P17-ICG1.9 1, Ik o fiEl & 2.5% 7 P8-ICGL.5 35 X TN P13-ICGL.7
([ZHEZ LT, R~ U X G% 1 R OB RS TR D FIRICE D A 7 2 & 2R
L7- (Figure 2-3-7), Z OfERIE, IEICHEE L7z KiA-2ME O L HP R 2 7R3 &
%_ﬁ L/f:[71,72]O
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Figure 2-3-5. Size exclusion chromatography of POZ-ICG with PD-10 column. POZ-ICG was
detected by absorbance at 795 nm. Representative charts of P8-ICG1.5 and P14-ICG1.9 were
shown. The absorbance of ICG was detected only in high molecular weight fraction (3-4 mL).

Table 2-3-2. Physicochemical properties and half-life in the blood of hydrolyzed POZ-ICG with
different hydrolysis ratios.

Molecular
Hydrolysis Electric conductivity! Number of ICG molecules Half-life in the
Sample weight§ pKal
ratio (%) (mS/cm) conjugated to POZ blood" (h)
(kDa)
P8-ICG1.5 25 25 10.1 3.9 15 4912
P9-1CG0.6 25 5 10.2 3.8 0.6 4606
P10-1CG0.6 25 10 10.2 3.4 0.6 3.8+05
P11-1CG0.7 25 15 10.3 31 0.7 21+04
P12-1CG1.9 25 20 10.2 29 1.9 1.1+£0.0
P13-ICG1.7 50 25 10.3 3.7 1.7 48+12
P14-1CG0.5 50 5 10.2 34 0.5 45+0.1
P15-ICG1.0 50 10 10.4 2.7 1.0 34+04
P16-ICG1.1 50 15 10.3 24 11 20+04
P17-1CG1.9 50 20 104 1.7 1.9 1.1+£02

$Molecular weight was determined by gel permeation chromatography (GPC) and expressed as
weight-average molecular weight. 'pKa and electric conductivity were determined before ICG
conjugation. tHalf-life of POZ-ICG in the blood was calculated based on probe concentration in
blood collected from tumor-bearing mice.
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Figure 2-3-6. Influence of POZ hydrolysis ratios on in vivo biodistribution. (A) In vivo
fluorescence imaging of tumor-bearing mice administered with POZ-ICG (25 kDa) (left to right;
P8-ICG1.5, P9-ICGO0.6, P10-ICGO0.6, P11-ICGO0.7, and P12-ICGL1.9, as shown in Table 2-3-2). (B)
In vivo fluorescence imaging of tumor-bearing mice administered with POZ-1CG (50 kDa) (left to
right; P13-ICG1.7, P14-1CGO0.5, P15-ICG1.0, P16-ICG1.1 and P17-ICG1.9, as shown in Table
2-3-2). Dotted circles indicated tumor regions. (C) Tumor accumulation of POZ-ICG (%ID/qg)
(Blue; 25 kDa, Red; 50 kDa).
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Figure 2-3-7. In vivo fluorescent images of tumor-bearing mice at 1 hours after administration
with POZ-ICG (A; 25 kDa, B; 50 kDa). (A) Left: P8-ICGL.5, right: P12-1CG1.9. (B) Left:
P13-ICGL1.7, right: P17-1CG1.9 as shown in Table 2-3-2.

Figure 2-3-6 |27k L7= X 912, MKMFEEIE 2.5-10% D i JHIZ 35\ T LRI A i\ I S
BORINTT2O, ZORAONKSFEEIE 2B 3 5518 25 3 L V50 kDa D POZ |Z %}
LT ICG DfEE# %% %2 T POZ-ICG Z &Rk L7~ (Table 2-3-3),

EfLL7= POZ-ICG % Colon26 @~ 7 AZf 5 LIRNENRE & 314l L 7=, /Ko fRElIE
25%DAE. EHLDFEIZBWTH POZ H7-0 O ICG fEEHMNHE 2 5 L IEEERE
(XTI L7z (Figure 2-3-8A F L (25 kDa, 2.5%II/k0fi#) 35 X OFRAL (50 kDa,
25%INKFR) ) o LA L72iN B MK FREIG DR E 02 6 RUSFE DD D 72Tz ICG
D HELBATH I EBHRR>T-, 4318 50 kDa DNIKEEIE 5% D86, 1CG
FEOEH 7.8 HE THIM L THIEBEEMEITE WD L2390 o7 (Figure 2-3-8A JRIUA),
L2 LiaRIED ICG M EA SN D (ICG#H#103) &, HE~OBITEIFME T Lz, 7%
D @ POZ-ICG iX. ICG FEEE DU L~ THGERM &) L7 (Figure 2-3-8A U

(25 kDa., 5%N/AK43fi#E) . H —f (25kDa., 10%00/K50 %) . BL O, ==/ (50 kDa, 10%
IKG3#) ) o In vivo ~ U ARHHOLEBR ORI RN G | WEIEO ICG DEANIL, FHINL
POZ-ICG % ATFlHL ¥ A ~FFE L T\ 5 ATREME2NV R &7z (Figure 2-3-8B).

DT o#ETS T g | i 7 L7 I v &k e OMABERITEDEEL B LsEb 2 &
MHIHATWS, &2 T, POZIICG DIENENEZALDJRIK % i3 5 721z, RER72
POZ-ICG (50 kDa, 5%k i) &G 7 /v 7 2 > & OFEABAMEZRE Uiz, T OfRER,
POZ IZAEA L7= ICG DA 1.9, 4.7, 7.8, 103 LHMIT HI2HEV, MiET VT 2 Txd
HFEAEFE (Ke) 1%, 3.0+0.1, 35+02, 87+11, BXO, 13.0+04 M LN L 7=,
ZDOZENG, BV Ky ZEO POZ-ICG 1. ICG #N B HDOMEIC k- TAFlE~$EET 5
Z LT A T, POZ-ICG EIIET VT R v & DREGIRE 72> THFIBICEIRE S BRI 5 =
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ENRE X T, — 7T, 418 50 kDa, 5%0I/KfROGAIEL. ICG FEE$ 1.9 005 7.8
AN DI PE OIS ERE SN L2, ZHUE, ICG fEAE ML= L2tk 2 #&
T EOBOWIOIN—KRTHLEEZOND, Flo, ZNETORTFNG., MK fEE]
AR ICG fEAHIE., POZ Doy EN/NS WS (25kDa) (ZH\W\ CElEIZEEEMEICR
WA G252 ERENT,

WIZ, e biFE LW ESERME 27~ L7z 50 kDa, 5%k 453 fi#0 POZ-1CG o 1E# #Hik~
DA & F~<T=, ICG fEA%%x 1.9, 47, 7.8, 103 L&A %7 POZ-ICG 5 L=~ v A)
OG- 24 IR T X OV A it L, Bdes O st 2 e Lz, IFlsic sV T
WTID POZ-ICG HiF & A CRIREDHIEMEZ R L7 —FH T, &b ICC FEEEDL
P14-1CG10.3 I%, BBV THLE il LA EIZE W WVEOERE 27~ L7z (Figure 2-3-8C).
5 24 IEfE1% O POZ-ICG D 7' m — 7 EIE, ICG FEAEOHEM WA 3 DI &
S 7272, ICG £ 545G POZ-ICG 139 1 h 2 LA LD EE/ Mk bk % 7~ L 7= (Table 2-3-3),
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Table 2-3-3.  Physicochemical properties and in vivo biodistribution data of POZ conjugated with
multiple ICG molecules.

Molecular Number of ICG Probe concentration
Hydrolysis Tumor accumulation Tumor-to-
Sample weight® conjugated to in the blood
ratio (%) (%1D/g) blood ratio
(kDa) POZ (%ID/g))
P8-1CGO0.7 25 2.5 0.7 7.7x0.2 2.1+0.5 3.9+0.9
P8-ICG1.5 25 2.5 1.5 8.7x1.2 0.9+0.1 9.2+2.0
P9-1CGO0.6 25 5 0.6 7.9+0.5 1.4+0.2 5.5+0.3
P9-1CG2.6 25 5 2.6 5.8+0.9 0.4+0.1 15.4+2.4
P9-ICG5.4 25 5 5.4 3.740.2 0.3+0.0 11.3+0.8
P10-ICGO0.6 25 10 0.6 7.5%£0.3 0.5+0.1 141421
P10-1CG4.4 25 10 4.4 2.840.2 0.1+0.0 22.7£3.9
P10-ICGS8.6 25 10 8.6 1.6+0.1 0.2+£0.0 11.0£3.1
P13-ICG1.7 50 2.5 1.7 7.2+0.5 3.6+0.3 2.8+0.3
P13-ICG2.8 50 2.5 2.8 8.2+1.8 2.910.5 2.9+0.7
P14-ICGO0.5 50 5 0.5 7.6x1.1 2.6£0.2 2.9+0.5
P14-ICG1.9 50 5 1.9 6.6+1.9 1.8+0.3 3.6+0.5
P14-ICG4.7 50 5 4.7 9.5+1.4 2.0+0.3 4.8+1.2
P14-ICG7.8 50 5 7.8 9.4+0.6 1.5+0.1 6.3+1.0
P14-1CG10.3 50 5 10.3 4.1+0.5 0.6+0.1 7.620.9
P15-ICG1.0 50 10 1.0 7.4£1.2 1.6+0.1 4.7+0.6
P15-ICG3.6 50 10 3.6 4.7+£0.7 0.5+0.1 8.7£0.4
P15-1CG9.0 50 10 9.0 3.0+0.3 0.1+0.1 23.4+2.2
P15-1CG10.7 50 10 10.7 3.5+0.6 0.2+0.1 23.5+7.8

$Molecular weight was determined by gel permeation chromatography (GPC) and expressed as
weight-average molecular weight.
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Figure 2-3-8. Influence of numbers of ICG molecules on in vivo biodistribution. (A) Tumor
accumulation of POZ-ICG with molecular weight of 25 kDa (blue) and 50 kDa (red). Circles,
squares, and triangles indicate hydrolysis ratios of 2.5, 5, and 10%, respectively. (B) In vivo
fluorescence images of tumor bearing mice at 24 hours (upper) and 1 hour (lower) after
administration of POZ-1CG. Left to right; P14-1CG1.9, P14-1CG4.7, P14-1CG7.8, P14-1CG10.3,
and P10-1CG8.6. Dotted circles and white arrows indicate the tumor and liver regions, respectively.
(C) Fluorescence intensity of liver and kidneys isolated from the mice at 24 hours after
administration of POZ-1CG (*P<0.05).
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KA HC o LRI E FS KON PA (B BlllE

In vivo RNENRERFIC T, mVVVEBERME A MR T 5 Z L R &7z 4y & 50 kDa, I
K EEIA 5%D 3 Fi¥ED POZ (P14-ICG1.9, P14-ICGA.7. P14-ICG7.8) % W CatfiZedy
WA L, £, ZRENO T 0 —7 OROEMmEIL, FEEO ICG LV 1K<, POZ
BTV ITHEA LT ICG O HICHEV g L7z (Figure 2-3-9 %), v, BEHRO
o % L o ic, BEBETRHA LT ICG ORI EAERIC X - THA RN 86 AN M
HLTWDHLEDTHDLEEZEZLND, —FH T, PAEFIREIL, ICG 2kl L TRKE <, POZ
HT= D ITHEA LT ICG OEDMEINT DIHEWEIIN L7~ (Figure 2-3-9 7%), PA 1555811,
P14-ICG7.8 Tl AL 720 ICG (2 LT 39% M L7z, ZDOEDDERLE LT, ICGD
WO L2 DTV X—N PA GEOREIHEHEINZZENEZLND, BiD
FR & LT, ICG 23 POZ IZEEEITHE ST D & B RV X —D AT IN L R L%
— N D HEE(F B ~DOEMN RN EE D A REMENE 2 5 51980

1.5 -

B Fluorescence mPA

Signal intensity ratio

ICG P14-ICG1.9 P14-ICG4.7 P14-ICG7.8

Figure 2-3-9. Signal intensity ratio of POZ-ICG (P14-1CGL1.9, P14-1CG4.7, and P14-1CG7.8) and
ICG. Blue: fluorescence intensity ratio, red: PA signal intensity ratio. Data were normalized by the
signal intensity of ICG.

Invivo SEEE WA A—V 7

ZZETOREND, ICG £84EE POZ-ICG D7/ Tl b IEEHER & & 5/ ikt )
& < (Table 2-3-3) . 7>, &V PA 15538 (Figure 2-3-9) % 7~ L 7= P14-1CG7.8 % in vivo PAI
ICHWA A=V 77 a—7 L LToOMREFM LT, e —7RERTTIE, EDOHN
fitH &7z (Figure 2-3-10A), P14-1CG7.8 (13 nmol LA E) $& 5 24 BEft% Cid, &N 5
D PA EEHEIXIZEAEBIL Lo T-— 05T, EEER & MR ICH L7 (Figure
2-3-10B), ICG #% T 52 nmol ™ P14-ICG7.8 45 L =AW T, FEREEH I bl L
THEBIIAZIC PAE S RENE - 72 (4.7 £2.5x10° vs 1.2 + 0.6x10° (a.u.) ) , P14-ICG7.8
B Gk O S REEE T PA (E 5 HRE ORI, FEHEHEICB W TR L FIBEERA A
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bivle (&GENZT 5 PARESHEIIEIGIL. Z4Z4. 13 nmol : 124 + 28%, 26 nmol :

181 + 99%. 52 nmol: 279 + 300%. 78 nmol : 731 + 351%. 104 nmol : 830 + 387%) (Figure 2-3-10C),

I 6T, PA EHREOHEMEIGIT, BEFICEEND ICG EE & b BRGNS Ao
(Figure 2-3-10D)
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Figure 2-3-10. In vivo PA imaging of tumor-bearing mice administered with P14-1CG7.8.
Photographs of tumor-bearing mice placed in the PA imaging device (A). The square region
indicates the measurement area. (B, C) PA images (view from the bottom) before (B) and at 24 h
after (C) probe administration (Left to right: tumor regions injected with 13, 26, 52, 78, and 104
nmol ICG and non-tumor regions (thighs) injected with 52 nmol ICG). Dotted circles and arrows
indicated the tumor regions and blood vessels, respectively. Scale bar units: arbitrary unit. (D) Plot
of PA signal intensity ratio (24 hours/pre) vs. injected dose of P14-ICG7.8. (E) Plot of PA signal
intensity ratio (24 hours/pre) vs. P14-1CG7.8 concentration in isolated tumors.
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ZZETHELN P14-ICGT.8 DfER %A, 5 2 B 1 fillCiL# D HSA-ICG B LUV 2 &
% 2 EilCECH D PEG-ICG & H# L7-, HSA-ICG IZ ICG iA%< b &, MEERE
DA L7z (2.1%ID/g (65 24 K5fiflf%)) — 5T, P14-1ICG7.8 I% ICG #5& %k 7.8 fEIZF 1>
Th, BEEEBENEHRESH TV (9.4%ID/g (5 24 Ff#))., RIZ PEG20-ICG
Ll L7 A . Pl14-ICG7.8 DEBEMEIT DT M b /e ~7- (P14-ICG7.8 : 9.4 +
0.6%ID/g. PEG20-ICG : 149+ 12 %ID/g), L/ L72n5, [M L&D ICG Z#& 5 LIzH4 .,
invivo PAlI T L7z PA G BIRELL (7 e — 7 R ERNIRT 2% 5 24 FEf# OEIE) 13,
IFIXFRIBECH -7 (P14-1ICG7.8 : 8.3 + 3.9, PEG20-ICG : 7.2 £ 2.1), Z #ui Figure 2-3-9
2R L7 & 912 POZ-ICG IZH5E L7 ICGL 43 & 720 @ PAGE 5 OEMMNERTH S &5
2D, Fiz, ICG BAR Y ~—1 2% L 1 fEfEAS L T2 PEG20-ICG (Zkkiz L T,
P14-ICG7.8 1% ICG MK A L TV A=, FEFEE LT 110 BEDOKRY ~—& T in vivo
ARV TRABRIZIR D, 2O &iE, Bt a X NOMGOBAENBIFE L, K
BCEM L7 o —7HEBOHANICE N T~ RIX AL > =RTERIZR SN0
72 Einn, POZ-ICG (F MK < BIGARRBRICE T 2B Z2A L TWD Z L3RR T
7o &5 IZ. Pl4-ICG7.8 O JEE/ Mgtk i PEG20-ICG (ZLth# L THEICEm > 7=

(P14-1CG7.8 : 6.3£t1.0, PEG20-ICG : 1.2+0.1), Z D7z, P14-ICG7.8 &G-S/~
U ADMEND O PA FEEMREITIZE A BT, BEHEkEL =2 7 X MR
%HZ e T&E - (Figure 2-3-10AB) .,

56



2.3.4 /NE

ARHEITIL.POZ-ICG Z/ERL L~ v A & W28 G HIE IS X 2 SRR 3 X 0%,
AP EFmIZ L V. POZ 7 f-&. POZ MK fREIS . ICG fEA%ko 3 THH % FlZ it 72
ST REERRER LT, ZTOMBEELNIZT o —T7 22\ T, in vivo PAIIZ X > THMMZ
R L. LTSRN 5 R 2,

(1

(2)

(3)

(4)

(5)

(6)

7 BEOSTFEDOR D POZIICG, 725 WNI, 5 FEO MK EEIS DR %
POZ-ICG, 725 NZ, 19 FHEED ICG FE A DR/ D POZ-ICG #i%iEt - Ak L7,

S TBNEINT AV, EEEREER X OUm A B I L=, &5 24 B
W43 D g ik b OfE N & . 4y & 25 kDa, 50 kDa @ 2 FE¥EAS PAI (24
B AT H I EDREBI N,

RGBS A3EE N4 21206 BEGEERE T & ON i R 3 b L7, AR
WICTIEIZHET 2 2 EN—RTH D LR Sz,

MoK EEIS 25% TIEZ < D ICG A TE R ole, —JH . MK REIE 10%
TlX, Z<DICG it S H D L BEERMENMET L, 21 50 kDa DII/KSy
fREI S 5%IC BV T ICG A Z M S B2 HA 128 W T b G ERE B & < HERr
i, o, mEW R/ mME I E R LT,

in vitro #YEHIER L OV PAE 5 HIE TIX, POZ IZH5EG L7 ICG O HEINT 5
FEVVE G B IREDME T L. PAE B98N L 7=,

P14-ICG7.8 Z 5 L 7= in vivo PAI TIZILE 7> 5 OIE SR IX 2 L7 W— )5 T, &
B 2 BB IR U IEBEER 0 S 1338 5- BB L OERE ERIFEIIC PAE 53 M L7,

L EOFES LY POZ-ICGIZHSA-ICG B L UPEG-ICGIZHE R TEZ L DICG ZFEA T,
MO, BWIEE/MERL 2 RT 2 NS00 . DADOEKEZ PAl 7o —7L L THEZTH
HAREMEDS R ST,
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=111

0

AWFFETIZ, DADEBELRCGBEEA A - 72 A0E LT, EERETZRET
2 SRR D ELiRES, BE O, Z < OHPIUEZ S RICHA~NEKESE LA A =T
770 —7 OiEHE KO Ol 21TV LT OMAZ ST,

1. 2 FEEOHEINIA, IONP B3 L OVICG, & HICEFNTNICHUAEFES L7z IONP-IgG £
L OVICG-IgG A LTz, WEAE L — —8 X OS2 572 % PAEHHlE%E
BEZER L, PUAHE S OAEICE ST ICG ORIV PAEERNE6N5Z & aR LTI,
PLEDOFER LV ICG 25 PAI 7'u — 7 ONWIE & U Tl e E a2 B35 2 L 25
Iz L7,

2. EPR ZRICE > TICG R A~EETHF v U7 & LTHSA Z@®RL, 3D ICG
FEAEDOEI: D HSA-ICG, 725 WNT, ZNE4d HSA-ICG % MIn ik L7z A A —
Jra—7%ER U=, Invitro 21T 5 PAE SR IL, HSA ~D ICG fEA 3 AN
DIHENEEINT 25 Z L 2R LT-, F72. invivolZHBW T, HSA ~D ICG FEAE A 4
DITHEV, $ b 24 FEfEI#Z O MR E 3 L OMIGER SRRV T2 2 L 2R LTz, &b PAI
I 7 B 29 D HSA-ICG2.9 ##% 5 L 7= in vivo PAI Cl3fEE 2 AMRICHIE L, fE
B DT G BRI PAEENEMNT 52 L2 Lz, DLEORERLI Y. EPR 2%
ZFIH L7z HSA-ICG 128 A D PAI Z# R[HEICT D Z L 2 5T LTz,

3. HSA-ICG LV =l F%h7e PAI e —7 %2 HE L., KEttEEs+Thbd PEG %
BIRL 4 HHEO S FEORR S PEG-ICG, 72 6 NI, 40 & 20 kDa @ PEG-ICG % 111In
LT A A=V 7 — T &G A Lo, Invitro \Z8 T 5 PAE B IL, \WT
LD PEGICG & ICG LRfRETHDH Z xR LT, £, In vivolZBW T, PEGICG
DOy BENHEINT DRV, EEEREE I Ui P RS & 45 2 & Bk
(CHN S TZERRITI A ONRNWZ L 2R LT, b PAL ICAfi#E 72 E 269 %5 PEG20-ICG
Z G- LTz in vivo PAT CIIEE 4 WIRRICHE N U, RS Clik 5 &K AFIC PAE 5751
462 xErmLic, LEORRI O, KEMEKE D 28K L L7z PEGICG iX EPR
R THEBA~EEL, DADPAIOTDDA A=V 7 Ta—T L LTHNTHH L%
oL,

4. PEG-ICG LY mEZ PAI 7o — 7B ZHIE L, LV EZDICG A TE, 2D
& 7> 6 FHNZTE R T 2 ATRetE D & 2 Kt m 0+ POZ # &R L7-, POZ /1%, POZ
KRG, ICG fAE o 3 THE 2 R n FHEE 2 RR T 5720, THEOSF
BORLD POZICG, 725 NI, 5 FEHONMAKDREG DRI D POZICG, 725N,

19 fEFH D ICG f &2 D 70 5 POZICG ksl - Ak L7, In vivolZBWT, &0
N 212060, IEEERE R L O - R 38N~ 2 2 & DK fEEIE 23884
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DIZHE, TSR R L O R 23 32 2 &L — @8 B ICG AT 5
CIEEEREIIIR T T2 2R LTz, £, invitro|7E TliX, POZIZHA L7= ICG D¥#k
DIEEINT DIV AT B IRE DMK T L, PAE 558 3N+ 5 = & 2/~ L7, PEGICG
F 0 b mWERE/ MKk R L, EEEEED &V P14-1CGT7.8 %% 5- L7z in vivo PAI T
XIME 2> 6 OfE FIREEIIZE L LpnW—4 T, BEEZARICHIT L, BER» o135 88
JOERBEEKAMIC PAEENENM LTz, YL EORER LY, POZICG (X HSAICG B LW
PEG-ICG (2R TEZL D ICG /56 TE, o, @mWIER/ MR 23 2 &R 000 |
DADEEER PAl 7 —7 L LTANTH D AREMEZB BT LT,

PLE. ARBFEIE. DSADEKE R PAl D72 DA A — //&7u~7@%%:g*m@

REEWNDTZHDTH D, ZIHDHAIL, 5%ONAOIEBERINFITI L O K Hi5
W~ PAl OFHIZBWTHSRIEREZIRET 2D EEZ LD,
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