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Figure 2. Plot of Dy, of PMMA-SiP as M,
of the PMMA grafts. The diameter of SiP
core is 130 nm. The broken and dotted lines
represent the diameters of the fully
stretched and compact core-shell models,
respectively (see text). The open circles
show the calculated values of
nearest-neighbor center-to-center distance
Dgis between particles at the melting
concentration of the crystal, and the open
squares show values of s.Dp, where s is the
space parameter of hard crystals (sc = 1.11;
see text).

Figure 3. Schematic representation of the
radius 7o of core particle, the radius » of
hybrid particle, the thickness 4 of brush
layer, and the concentrated-to-semidilute
crossover radius 7.
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Figure 4. Double logarithmic plot of A[1 +
(h/2ro)] against Lc,wob*”z, where L, is the
weight-average contour length (full length)
of the graft chain. The solid straight line
shows the theory for concentrated brushes
(eq 2 with a = 1.15), and the dotted curve is
the one for brushes with a
concentrated-to-semidilute cross-over (eq 3
with a = 1.15 and v* = 0.3).
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Figure 5. Double logarithmic plot of A[1 +
(h/2r)] against Lc,wao*l/z. The solid straight
lines show the theory for concentrated
brushes (eq 2 with @ = 1.11 and 1.51): (e):
PMMA-SiP hybrid particles (this work);
(m): PS-SiP hybrid particles (ref 8); (o):
PMMA concentrated brushes on a flat
surface (ref 6); (o): PMMA concentrated
brushes on a flat surface (ref 7). Note that
h/ro = 0 for flat surfaces.

L. ZOEBFREZREREOBSRENZENEN0 %B L1000 %IIHMETHZ EI2XD,
FTNENRERILEE KR B XOESMAERE BlR) mEARETDHILNTE

Figure 6. Photographs of suspensions of PMMA-SiP (P5) in the mixed solvent
(1,2-dichloroethane/chlorobenzene = 31/69 volume ratio) illuminated from behind by white
light; 2 weeks after sample preparation. The PMMA-SiP volume fractions (#) were (a)
0.0375, (b) 0.0405, and (c) 0.0511. In sample (a), the suspension remained slightly turbid
without causing particle sedimentation. In sample (b), crystalline and (random) fluid phases
coexist. In sample (c), strip-shaped colors gradually developed epitaxially from the top to

the bottom of the suspension.
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(b)

(c) (d)

Figure 8. Confocal laser scanning microscopy (CLMS) images of the colloidal crystal
formed by PMMA-RhSIP (R4). The diameter of RhSiP core is 590 nm, and the M, of the
PMMA grafts is 620,000. Figure 8a shows a three-dimensional image for a part of a micro
crystallite. Figures 8b, ¢, and d show the images of the (001), (100), and (110) planes,

respectively, extracted from Figure 8a by the image analysis software Imaris.
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3 um

Figure 9. CLMS images of the (001) plane (two-dimensional close-packed plane) of the
colloidal crystals formed by PMMA-RhSiP hybrid particles. The Mys of the PMMA grafts
are (a) 159,000, (b) 620,000, and (c) 1,099,000.

(@) — (110) plane (b)

hep-type
stacking

fce-type
stacking

L (001) plane

Figure 10. CLSM images of the (001) and (110) crystalline planes of a colloidal crystal
(R4). Figure 10a shows the spatial relation between the (001) and (110) planes, and Figure
10b demonstrates the difference of hep and fee stackings appearing in the (110) plane.
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2 Chemical structures of cyclic S-peptides having six-membered-
rings at the side chains.
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X6 TEM images of molecular assemblies of 2 (left, Bar = 500 nm), 3 (center, Bar
=500 nm) and 4 (right, Bar = 1 um) with negative staining (2% uranyl acetate).

X7 Electron diffraction patterns obtained with an incident electron beam
perpendicular to the long axis of the molecular columns of 2 (left), 3 (center)
and 4 (right).

—44— {eisiiis R r64%E



5. BRBARTIFFZRAVEESFIORTLOBE
AR LIEZRBKRBRXTF FE2HW&ES
FURTLADOEEEZRF LIz, |BIKR BT
F R 5 3=y FOKEENE THR
EINTEBY o=y hTa—rZhi
Fa—TREGKREZHEBETEZ D, Z0{LE
Y5 PEHOCESLES TN T L LFERMK
s R (L 3“\\‘/\\) e ‘/ﬂF:L:\“_. " 8 Asoition of~ I;ITC-J
ﬁéngiDJ57”77ﬂy7u—J labeled WGA with 5 : optical
DHEERAABT Y, RBITRT L ﬂﬁ microscope image  under
AWM b hoDHNT ARG TFESEKIZ cross nicol (left) and
YiEHZ L~ NTEFALIT Ly /ﬁ@;ga fluorescence image (right).
Lo F . WGA OWIk%E A v % 2 ~—  Scale Bar =100 um.
LS D% #NHE
METHBET D &,
Vo F U NERE
DHAKREICHKEET
5T EBbhol,
IZTRLNERE
BIX NN - Tt [ WL
FrxhbEd— 2R 9 Cross-polarized optical (left) and fluorescence
DEMIZ & » T (right) microscopic images of 1’ + FITC-WGA + N,
E#xn(K9, a). F N’-diacetylchitobiose (a) and 5 + FITC-RCA 120 (b).

5y h— 2L The double-headed arrow shows the orientation of z’
7 Y axis of a sensitive tint plate. Scale bar = 100 um.
J F v T »H 5

RCA120 Z AW/ A TIiX, BAEBRBEIN 1o L2 6(” 9, b), 3#
BRENRLOTERVWI LBERAINE, V7 2RO TFEEGEOHNKRETIZ
ZEOME2=y "RBFEET IO, 7 TRAZ—HFE uctofl/77’“/7b>§‘a‘a:<
mAaLlEEEZOND,

SO, FTITNT vy T —%2 K LIEKRET, EmOLVvIF U270
5W7WTEFT%%L‘%®&\WW HDHEMLRDIT LIRS TES
2K THEERETDIEVIFEICLIV . NILEZATHLIZIF L OFa—7
%%%%%Lto%Bnt%;—f%ﬁ%ﬁ@ﬁQW%ﬁALtﬁ%fﬁ%
TH5E. OFERMOEBRFHICESSVE—T—Ta VEBRRLNRP- T
TENL, fEAEY b REERICEREIN TS Z ERnb2s (K 10, a), Z

DEEFEZHELBEMBECHET S L., SAKRMmIT FITC-WGA BFEELTWVD
NHEREN, AR LE-F 2 —THEIIWGADENLH > TWVWAHZ LAHAL

20074£ 3 A —45—



MERoT, ZDOX o=y VAT IRRXTF FoFEEGEITZ
NRIBrERBBIETEAT V7L —hFELTHRIATEARIEBENSTRI N
77,

10 Observations of the FITC-WGA assemblies after the treatments
of the double-assembly system with the crosslinking reagent and
buffer washing by (a) optical microscopy under cross nicol with a tint
plate and (b) fluorescence microscopy. Scale bar = 50 um.
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BUINDORNI/1BIEE T AV VEBROAY TV EREL. £O Vo
3/1MBIEE 7 A FOEARBEBILTE2DOICHLERE/NIBORS (BRER)
PEHLOBMMEERE D LICELS, TOoRAILERICEID L, EER LT
BENRLOBREFOEENRQ) CRTBERBE wIZE LR & X ITHERE
BHRICLW TS Y berys-X~F vz (I -N) BBzEIT,

vk = 4.19 / (bL?) (1)

BOIZ. BOFFORBIEEE 7 AV IIEREvERQ OXI>ICEL ZLIZLY,
BRltBHRrESFOBRITEELH IR T 3 ETEREMCICISA L[],

v=pN / [(L/ 1) Ml (2)
ZIZTyp N Ly Iy BEOGL M1, MO FOEE, TART Fufk, ¥

DIBIEE 7 AV PRI E/ = ORI ZBESMIIKEELLES BIT,
T)v—GHFEEET, RO, BLY®, @256 (I -N) &EBLZEZTE
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ROBHEEZAVIFELBARB)DOLIITENIN D,
L, = 4.19M, / (bI,pN,) (3)

FAIVEIF I R)Fa b L rDOBE, My by I,s BEG, plZd ¥+ 2R
EESBE L. 42 g/mol, 6.65 R, 2.17 A, BEX U, 0.85 g/em® & 72%, TH
SOEEZRG)ICRATAZLICEY, BROBEEI AV IR LOEEL
T.23.88 %83, Z0EEL AV MREEZERT HE /v — DOEIT, 10. 96,
+hbb. HIUILETHY., TNBBRUINDORNT AV E I F v 7 BHREE
BT AE) v —¥n,,, & LTRNIBLERETSH D,

I RO NTA Y EIFy 7EBICEETNDE ) v —BOFEYE
pp, b TAVEIF v 7 EROMEpIIE. RN@ DK RBEMARBERY D
% [2],

<, = (1 - p™ (4)

K (4)12<n,,, L LT10.96BEMRAT DL pDELLTO0.98B3/LND
R IHRAVHEBRICLERRY Fub L7 AV EI7F v 7 EEDE
RIE pkChH B, AYRVEZy FELTOBEMME (mmmmx) & L TIiX, 0.680
LB, BB IDOL D RILFH—KEEOEM R LT iPP Z7EM
RN BRIEENAEVEEEZE L ZRE<ARBR TS LT A Y
fbE®pZ ENAREE 2D [2],

3. PAVEIFoI7RYFur L oAV EMLOKREIL
3.1 AYVHORW, () BEMH

Harlt, 2. 4THEREEIIC, AVHIAR I THREHEZHETE
WD/ IEEBER G- L THREEDR L2 FITREABICEVEET D LD
REEETHRTA LOLEEZI TS, iPPOXYVBAKREEFEROSE L
K& BRDAT, BECHEEY CRIETERALSKRDORT v 7 Th 5 fdh
b7 A PFLTWEDIZR L TLiPP @ # Y T EfTERRAIAT LA (D
R L LEERTIE) BaLZHAELTVWSZI L THD, iPPOHAETH-T
Hh, MALUTOREICBWIKEEBE XM THL D0 L5 BT LT,
RIFY L] THEHVIOREZTHHLEZLNDIOT, EMEEZR
DRERLEEERICESRVONE VI RBNAEL D, iIPPORHEDO /Ny X
VIR, /1 EIERBFVEET AT TR, BY Ao IBEOHENRYR
VERBIZMZ T EBEO L TOMEOHMMBEME CLRAMWRE IR TIT
FHILCELR D, LVEFOEVEBERRICIIATFLVEDEEIHLIET
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LAMBEERD, TOR, BENREEOERETEITIRLIX, BIRERR
HEIEITAL FOFEOHM (BIEOMERLAFLEDEXHLEY) 2 EHR
LT BEORIREELTINFHEWEEITRWVWI LiZh b, BIERKIC
X, BE~OBHRIYLETHY, TOBHABERTCEEILOZHEIH D
N, EROBEOCHMMBERFICELTIZTI VLA THY, LAKMEIELLS
HBWHREBTEILLTLES ZLiIZhd, T2, iPP O X VI, BIEFR
RIZKH L THAEDRWAKRE, ZORERTORBAEREREREDKIIZLV 1B
RIZBERITEIART 4 v I RRAZEIVERLELOTHDE EEZLN
2o

=D | OEMKE &&=
GBRAVIE?)
ATHESBTIRBRID/ X BRI SDERILD/ R
}ﬁﬁm¢mﬁ%§
() BEBRIRAE
v
? BRERE @
S ".::i‘ ($5&) “ ;?.(u'_f'-?i}f‘:”h
' - R~ > g
§ ®EILDONRIZLY
SR AE(RUABRME

2. AVHERABATA2EHEOERXK

THOLT,—BEHEENR oAV HEMNLREEIET 221X, BiED ETKER,
BEEL, DOV, YEBBERILAL RS, WTHLOHEICELIKRER
RT vy VEELRLIEERKRE (M2 282 R Thidkblne
Exbohd, TR, iPPOAYVHORE (¥) REMOHEBLEZLND,
EBR, iPP 2 EEBEMREL O EREEE R VREFK (80—90°C) TH
miESEI2RFEAFHERMECEHET 2L IVEECHABL2ERKETH>®
DL EINBHDIZRH LT, Afib o> TAV{LEE 7 iPP 7 4 L A % [F R EKIC
SHOLTHHRBEEREDENMZBETHZ LN TERY, £ T, KHiT
. AT > TA VLI E R iPPEZEENPOHRAICNBATIEBTA VHEID
EDOX TR TI2ON, £/, AVHENTETCHMBETIO0EILA XK
Bl TRz, 2B, BREICE 2. 2ICREBLEDDOERICA YRV EZ v R
& (mmmm) 75 0.982 DT A VY Z 7 F v 7K Fav L (iPP-HT) Z AW,
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3.2 mBUZE LS AVHEEREHEDOEA

X3k, ARARENODAKICEVET Lo TA VLI ETBWE iPP 2 =X
ENDLIEKR. FHEBRET 10 58T XBOEARTTZITVRE LEERIR
CREBLEBICELN-FELE, BRE, A VHOZESERERLEZLOTH
% [31,

70 ¢

amerphons
- mesomorphic phase
60 CO eyl

Fraction (%)

20 40 60 80 100 120 140 160 180

Temperature / °C

K3. A/HEHLIC (F1C/nin) MBALEZEDOAVHEEREBOZTED
Ak

TORBEBEIZRBNT, AVHEBIEY BD., EEESHEMN LD D IREDR
$ 45 CTHHAIERDMND, ZORBILATEE R DIBEN A Y HEOBMME
BETCHLION, HIRAERBEETHIOPEIERDOIND LIATHD,
ZO#% FEEBIIEIETANZEOEMIT 120 CHETLXIALFTTTDHI L
WAy ND, —FH., AVHOKEIT, 120 CHEETICHEINT, £DOTIE
EEHHA~B T EZONAMN, 120 CERBXLTHLETORPDMBEMZRL T
BY. AVHMZITELI R EXHBEIX 160 CHIETH D, 120 CTLL
FTORXAYVHOBLBSIIERHEA~B > TWVWHII LD, 20V REELE
DAVHOBMELEZXF>Thb, 2B, FARENCEEKERILSIERLS
S, M1 @TRLELEIZCaBIZMEITyBBBALGVWE, TOX
ARAVENPLORBBECELNZERII. vEZEERVHEOE WV
BChHom[3], 2O LiE, AVHERBTAIR/RELZEIVMOL2OERK
BEOLEPEIVZDIEETRBLTWVD,

3.3 AVHERBHTATAVEZIF v 7R Frb L Ok
TR LUEBEROBEEBARBETER 120 CEBXTHLEHETFTO AV H

RESTVWAEENL L AYVHED (H) REEOEIZ I NPAVEAD T LB

TX5%, 2T, 120 C2B22BEETRHRMEPED LV ESIFETNH
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. mETHIVRELEVAVHSROBEVVRELZERB L OERTE30
TR AH I, RA4IZBTD T, 1%, RIS TEL RSEE (8 45C)
Thd, e, Ty, FELEOAYVHOBALEZXZONDEEN EORE
H2RBBRELZRLTVD, bbAA, TOLIRBBAREOEMIIEL &
KV BFHZBEMT2EE2xbh%, 22C, I@BEXVH] *BEALEDER
MIBRZR2N) BICHBILERESEIBEE T ~HHATH LWV DON, AV
ZRETOMEEDOTTIATHE, R2EM»DE DX 5 2@ %2R T
ESELZZ LIV HEOCEVW e EOMESRT, AR V—MICH K
mEld, E<ERIHRL2VUIIECEROEEM4INELRL TS (X
2TOEBHEBEESZR) Lo bbb NBEAXVH] OFEICHFELED
725, HOEDOANVIAEY —HRELEZDDbLARWVAE, — I
ANVBIAEV—HREFONDILDE, TR AY TR ERTHY . An
TERMB LI CORRBOER» O BREELELTIL0THY, KPILTE 2~
VY,

-----------------

AT § At,
e ;

B4. AVHEOBERE (T,,) 2&ET 54800 EERBRE

X m
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NRAXBRNZRED-HDKBER S FEHIS—LVDERK
HMEE 3 /A%

Yasuhiko Tabata, Jian Liu, and Masaya Yamamoto

FERKFEEER RS AR5

1. [EE&HIC

., FINARINS DBEEREIEH OREZRRT 28 L WRABEEDO—DEL
T, KA O EYER 2RI LN A DNART1#%1E (Photodynamic therapy: PDT)
ICDWTOMERENMTONTNS 2, PDTIX. AWICE G U7 IEEA 2N AR
BAERI %, 2RI 2 ZEICk> T, BRI AMBO A ZET 515
FETH 5, DL NAMBICB WY TRCHEBA ZET 5 Z LITXko T,
HERNOBEERRE Coy N6—HEMA (10*) REDEMBBENEELEIN, A
HEE2MET 5, ZOLDIZ, PDT IAAMBICHT S HIMEETH D, SAEHAE,
TREHRRIERE. RS NTHNAANRR/REEHAS &, BER B D72 <, NDERED
BEETH S,

INETIREBKRGAINTVYS PDT HEEANL. EFELT AR T 2 U >
BEDORY T4 ) HERTHD, LMALARNS, 5 DIEFNT, ETEES 5 A RE
MEL, ERHBRICH L TIRA—DEEZ5BENRSLE LRI F—DILF T
— A LY —RENKBETH DY, 512, IN5OHEANL, NARB~NDS
—FF 4 OTREBIKL . BB OREESREDRWERNEETHS Y, £, BRD
PDT 3N RET S EDTEALREHDONVABEIESNTNS I EBHEED—
DTH B, CNHOREEZFRL. PDT DIEEDRZ M EIEB5-0I1213. EWiEHE
Fe E AR S TR AMBEANY —7 7 ¢ > THE%E b DI HBEH O LR FE N
TH5, MAT. ROFEERICETREET S ENTES, HBHBEANTTT 2H L WD
OB B E LIRS,

AHZETIX. BWIETERE EREAEREE S DS & U T, RN X 0I1FITE
BB TINRTHRHEIN., DOABRE T CHERKZRERET D ERHSNT
W375—L 2 ERWE O, 75—V ERREITRAY—DRHTHD., DR
FRZHBDIT CoMHSNTND D, LLENS, 7T —L V3K RBETH D,
75— 2 ERERCEREGTB5HE. TOKABIENBERIRTH S, ZNETIT,
RUEZVEOU ROREOREEERZRAWZKICEERT T—L o HRY. &
HZVEEAMOEBREZEALEZYS— L O FEALREOKTEILZS— L2
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WT, SEIEREMERANREINTNS Y, LHLANRS, BNAMBANDSY —
T4 T BEMORFIAANEETHS I ENWEIND, 75 —-L &K
IR LB TKAIAE T 57210 Tid, AN ROLINWY —F 5 ¢ > Tk
HDis\n, T I TAMFE T, fx OKBERED FE2EMT 5 2 LKk DAAHERS
S5NCRERERNDY —F T 4 > THe% DKL Ce ZER L 7z, Fo, RO
WETHETEDHLVEEE LT BEFRBFICEKFRNE (VNI Xy ' X)
ZRIA L/ PDT IZDWTKERR Lz, —7F . NHEAIOARNERBIIRERIAICELT S
728, JHARAI RN AT EBE L Th S RESRIBESY 1 X OV TARNZ1TO BE
NHD, AAETI, BRI I DT EREIT 57012, UTINEIA LA A—T
Tk & LT, Magnetic Resonance Imaging (MRI)IZ & % RIfRALANRIRETR Cqp 5844 %
FNTH L PDT ORI DWW THRE L7z,

2. RYTFLF)a—ILE C, DIHMAEM

KARBYETH B Co KRBT D201, MBS T+ THB IRYTFL Y
Ja—)l (PEG) ZHWT. Cg D/KABELEZD PDT ENRICDNWTERE L 7=,

Table 1. Characterization of Cg~PEG conjugates prepared by different types of PEG

Weight-average Weight-average Apparent molecular
Agent Chemical structure molecular weight of  molecular weight of g?ame ter (nm) ®
PEG Ceo-PEG *
Ce-MEPA20  C,-NH-(CH,CH,0),-CH, 2,000 11,000 163 £ 2.6
Ce-MEPAS0  C,-NH-(CH,CH,0),-CH, 5,000 24,000 304 £ 4.2
Ce-MEPA120  C-NH-(CH,CH,0),-CH, 12,000 53,000 387 %32
Ce-AMPAS0  C,-NH-(CH,CH,0),-NH, 5,000 23,000 283 £ 49
Cg-HOPAS0  C,-NH-(CH,CH,0),-OH 5,000 22,000 29.8 = 4.5
Cg-CAPASO Cg-NH-(CH,CH,0),-COOH 5,000 22,000 312+53

a) Measured by HPLC based on the calibration curve of standard PEG samples.
b) Measured by DLS.

RisHERmEEDTFREEZ DD PEG & Coo EENEUEKRPITT, BiR. YRS
T (B, 60W) TRINIE/Z (Table 1). RIGETHE, REBRICKEKE
AT KA U 7z Coo-PEG Z /KA~ U\ fl & DK R[5 — L > (Ce-PEG)
ZER LTz, 1§57z Co-PEG O PEG SHEARB I UNE DN THY A1 X% Y1 XHEFR
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7ax bT 57 4 =5 NCERNEBELBIEICEDERL, Ths0HEICEZA S
PEG A RS DEMB L PEG D T-B75 5 NI KRITE REFR D ZEIZTDOWTHRE L
72 (Table 1)o TDFEER, Coo D PEG DEA KNI L 2B BITOAETL.
BRSBTS Coo D/KAIELERIX, AWz PEG OFEEICITEKFET T, HAAER
BEDOHITHKFF LT (Figure 1),

b

100 1=

: | &, " 3 3 2

fwpe bo@ o

RN ¢ £

260 A §08

5 5 H

240t 306 |

Z 40 =

g O Q Q04 |

& 20 % ] 02 |

H i . . i— 00
0 20 40 60 80 O I R &
Reaction time (hr) § & s¥ vs§ QQQ pvs ;9\0
¢ s § s ¢

Figure 1. Time course of MEPA50 coupling reaction to Ceo Figure 2. The cell survival rate 3 days after culturing in the
under the light (white marks) and dark conditions (closed presence of different Cg-PEG conjugates in dark (black
marks) . The concentration of Cg is 1 mM and the bars), or with light irradiation for 20 (gray bars), and 40 min
concentration of MEPAS0 is 5 (O and @),10(A and A), (white bars). The Cgo concentration is 3.44 ug/ml. *, p<0.05:
20 (0] and M), and SO mM (O and @), respectively. significance against the number ratio of cells cultured in dark

at the same conjugate.

5 5377 Ceo-PEG D in vitro ZSMIFEZN R % . Meth AR1 MfLIZ 5 2 5 HFEHNHID S 5F
fliL7z, Cs-PEG ZE&THEHHIZ Meth AR M2 fE S &, KRR, 3 HEgE
TBHZEITED, MRBEENHIRZEHR LU, WTNO Ck-PEG IZBWTH., LG
I2& B in vitro BHIRIENE SN, TOL RN DOWTIEIY > IIVETOER
ZiIFRDsNnho = (Figure 2),.

KIT, B FIC Meth AR1 28095 Z EICK DER L 2B AT T A DRBEIRD S
Ceo-PEG /KA 2 ¥ 5 U Tz, 5 6 FFfE. DA U THA D SRS (R E -
400~505nm. 7 1 72.5mW/em®) U7z, HREE. DAMBEO Y1 X %2 REE)ICHIE
TBHIZEIWTED T, Ceo-PEG DHINAEEZFFML 2. /2. BHFHFTXIELL
Ceo-PEG ZHDRAR I ANRBERIRET 5 2 &I1CX 2T, Ce-PEG DB AHBE~ND S
—F 54 DTREERRNT, T OFER. PEG O T8 & RIFHEIED Ce-PEG DN AR
NOERBRICKEI ZE R 5 2 /- (Figure 3) . & 51T, Figure 4 IZ/R9 K 1T, Ce-PEG
DN DEM R, PDT ICKBHNAEMRICH LTS PEG O FRER
MEBENEEZBRIIETIENDN o, TROLE, KEENANFIHTH S
Ceo-PEG Z W= IE. D TFRODEH K E 1 Ce-MEPA120 D& H B WD AR R ZR
L. —4. BICHTED PEG ZRWEEHEITIE. REEENY I/ ED Ceop-AMPAS0
DOFIN AR, DRI D Ce-PEG EHELU TR T L7z, PAED X SIZ. Cg-PEG
D in vitro ZHAKEN I PEG OFEEEICIKEL W &, LA LARA S, invivo HidtA
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BNRIE PEG OFEFHICKZ < EEIN., DA\ DEBRDE Ce-PEG EEEHWN
PRAIRERT ZENDho ., Tihbb, KEENFECAMFIHTHBEA.
DTRDEDREN Ce-PEG M OLEEMENE<. £/, EPR %)% (Enhanced
Permeability and Retention Effect) 'k > T, KD PAMBEANEBLOTNEEZ S
Nsd, —H. 2TFENFEL PEG OHE. 73 JEHEKEHD Ce-AMPASO (i D4 >
INIBEMEERTSZEICE > THTFYA AN (F—F AR . DA
BELIZKSRBEEZIOND, TOZEIE. DARBANDY —F 5 0 > THenN
Cs0-PEG D in vivo IZ51F % PDT R OERICHBEARIRTH B EERLTNS,

7 25 -
T (A

()
(=]

Tumor volume ratio

10 *t
*t

Percent dose (per g tissue)

Rl

Period after injection (hr)

(B8) A
20}

Figure 3. Time course of radioactivity accumulation in the
tumor tissue of tumor-bearing mice after intravenous
injection of I-labeled Csp-PEG conjugates: Cs-MEPA20
([ ) Coo-MEPAS0 ( [[] ), Ceo-MEPA120 ([l ), st
Cs0-AMPAS0 ( 4 ), Coo-HOPASO ( [Z] ), and
Ceo-CAPAS0 conjuigates (Y ).  *, p<0.05: significance
against the percent dose of mice injected with Cs-MEPA20
at the corresponding time period. ¥, p<0.05: significance

]
* ¥
£

Tumor volume ratio

0 2 4 8 10
Period after injection (day)

Figure 4. Photodynamic effect on the Meth AR1 tumor-bearing
against the percent dose mice injected with Co-AMPAS0 at mice after intravenous injection of different Csp-PEG conjugates:
the corresponding time period. Ce-MEPA20 (O), C-MEPAS0 (@), Ce-MEPA120 (A),
Coso-AMPA50 (A), Csp-HOPAS0 ([J), and Csp-CAPAS0
conjugates (M) or absence of every conjugate ().  *, p<0.05:
significance against the tumor size ratio of mice injected with
saline at the corresponding time period. ¥, p<0.05: significance
against the tumor size ratio of mice injected with Cs-MEPA20 at
the corresponding time period. %, p<0.05: significance against
the tumor size ratio of mice injected with Cg-AMPAS0 at the
corresponding time period.

3. KB EREMIS—LY

WD PDT PR EEO D =DITIE. BTFIEROE WA ZRFET S Z LT
AT JHEBERNONAMBEANDY —7 T 4 2 TERDBBERARTH 5, PEG DL
BRI K DAKRABIL L Tz Coolds EDH T XITHEKEL /2 EPRFIRIC K - T, 28
HICRARENY — T T4 73Nz, LOLENS, K0#RIL, BRMICHA
HRBANEE ST 2201203, RBBNRY —7 T 4 > TEMBRETH 5, FZ T, Co
ZREEINCY =T T4 2T IEBDDEMD—DE LT, FHE~NDY —7 514 27
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B2 B Co BEMKRITDNTORNRZLUTICERNS, ZREBRTIL. Co ZEMT S @7
T U FEEMRERREICEET D77 ay NV EL 75— LT B
RIS —4 T 4 > T NARe KB ZRTH D IV T 2Nz, TV >
LR A U S BHEM Co BB ZMERL., FFAMILE AW IVS U ER Ch
FEAROTINAEEZFM Lz, MA T, AOEHOREESITHT 2HRHEEL T,
BEHREFALEY VI 2y A2FALUE PDT IZDWTHRE L7z,

BETHHFEINK 6,000 D7)V T % 01M KEEEKR (pH9.7) HT. > 7 /K
FRUEF NI AOEFEET., BEEBOIFL >V I &3 HE, BRTRIES
BB EICES T, LHEOBRITKRIICTY 2 ) EEEA L. /5N RIBKZREK
I U OB, BRI HZEICED, T VEBATIS P2/, /foNk
TI)HBATINT L& Cp &R E R, iR T 24 RS, KATEHED Ceo
FEAEKEKTHE TS ZEICE 2T, TIVT Efi Co FBHRZR/Z. /THNIZ
IS ANEM Coo BEBRIIKAAENETH O KBUELHEEZILEBEAT S I EITED T,
Coo Z/KAIBILT HZENTE

#
120
1 *

60 |

Figure 5. The viability of cells grown 3 days after culturing
in the presence of Cso—pullulan ( [] ), Ceo-PEG ([] ),
and PBS ( [l ) with light irradiation for 10 min.

* p < 0.05; significant against the percent viability of
cells cultured with PBS (control)
#, p <0.05;significant against the percent viability of
HepG2 cells cultured with Ce-PEG.

40 |

Cell viability (%)

20 |

HepG2 Cells Hela Cells

KITBSNIZT IV T AEHM Coo hEARDBFH ST X D in vitro B2 R 2 5F
L7, AL, SIS 2RENCRRT T Ty NV EL TS
—%bDOb MNFRAHROIFHII (HepG2 M) ThH5, £k, HEEIITY T O
WY NV BL T —DOHEFRIDO—DTHB7 707 VA E2RMT3 L
Ik D, PIVT B Coo DI 5 X 5 HepG2 MIBLDOFE R DZEITONT
BatL7z. a2 ha—)LE LT, L7y —&i#EaEE b > TWERW Co-PEG ZHINT,
FEOEBRET I, 77Oy NV EL Ty —& bz hFEERBA
W (HeLa MIED) 1TH L TiE. 7IVT AEM Coo BZIRIL. Coo-PEG & [RIFREE DEH
FashEER U (Figure 5)o &AM, TV T AEH Coo FHEAR D HepG2 MIRITHT
RSN RIL. Ceo-PEG ICHBL T, ARICEWVI E0DM - 7z (Figure 5). X7,
ZOBMERIL. T ra T oYM CORMCKDET L (Figure6). ZH5D
HBRIX LTI =20 LT R RHIC Co AEARNREEIND I EITKD T,
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Coo B8R DR RN RIS R I NI E2RLTNWS, T2, KR
NUN DA EE LU TEERERHNWZEEICS., KRS EFRRIC. D CqpifEik
IZHERT, TV T AEH Coo iAEARD HepG2 MBI B A RICE WM R 2R
FZENOMN Tz, (Figure 7). ZHNUIBFHRBEFITED LDV NI Xy BRI
Ko T CoBBHRMEI N, EUBENEELEZZEEZRLTNS, THHDE
W REMBERNDY —T T ¢ > THEh S BT K YRR E 2lAatbEs 2 &
XKD, BBRAREDERNAICH LTS, PDTRENTH S L2 RBL TNS,

HepG2 Cells HeLa Cells
100 * #
3 100 | .
gn " R ’ I
2 S |
2" Z w0 *
Tw |
8 = 60 |
© 3 60
° 40
Cgo-pullul CeyPEG . .
6o-pullulan 60 Cgo-pullulan Cgo-PEG Cg-pullulan C,-PEG Saline
Figure 6. The viability of HepG2 and HeLa cells cultured in the Figure 7. The viability of HepG?2 cells cultured in the
presence of different Ce conjugates 3 days after light irradiation for presence of different Ce conjugates 3 days after
20 min. (white bar: with the treatment of asialofetuin; black bar: ultrasound exposure in the presence (black bar) and the
without the treatment of asialofetuin) *, p <0.05; significant absence (white bar) of asialofetuin. *, p < 0.05;
against the percent viability of cells treated with asialofetuin, significant against the cell survival ratio of HepG2 cells

treated with saline. #, p < 0.05; significant against the
cell survival ratio of HepG2 cells in the absence of the
inhibitor.

4. DHEBREEMA G ORI BREFI DR F

INETIT, HHERBRANZNAMBANY —T T4 7%, KBHTBZEIZED, K
HRRAINER U =B ARBEICKTT % PDT IENRTE S22 RLTER, Th
5 DOFERIE. MAMBIC BT 2 BB OBENLDENZE, T PDT HENE
NWZEZRLTNDS, £ T, PDTHRZEDB=01T. DAMBRIC BT 2 A
DRENROEVIEESY 1 2 27T, BAMBICH U OB 5 2 ENRERAR
THD, ZOBKRNS, PDT A & IR L2 Wi & OflA S bR 2 A, K
HRAIDREZAIHETE 58 U WRERI 2845 L. TNEER TI TSI N
TWSZHENEHAEDEDLZEICKD, BEY 1 I 27 ORELER S HiERIC
DNWTHRE Lz, AEBRTIE, BEHENE LT, BWERSMEEZ DL, DU 7L
FALTDA A= TN TH DK ILBHEGRIE  (MRD Z2FH L7z, al#fk
DTES PDT JHHEEAE LT, MRIBEEEZ DB DT RO ALA Y (Gd*Y) 2E
AUTz Coo BBk E T A1 2 Uiz,

MARGICKEBEEEY X JHEZ2HD PEG (EEFHH TR 50000 & Co & 2K
N HEERPITT, B, BRET (BEYE. 60W). 24 B, KIS E7/=, /K
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A U7 Co-PEG 27V 5B/ ax 8757 4 — (GFC) THER., BEEOD
diethylenetriaminepentaacetic acid (DTPA)ME/K#H) & fi/K dimethyl sulfoxide H. 40C, 12
B[ (D4 EC DTPA DB A K %175 720 1554172 DTPA E A Ce-PEG % GFC FiH
L7, BEEEH KU = A EKBIKT T, 6 B, ##p. BA L7k, BRASBEICK
D WEEED Gd*EBRFET D 2 E T, Gd-DTPA HA Ce-PEG (Ce-PEG-Gd) ZfF/z, T
AR MRI %2510 Magnevist®% I > b 0—)L & LT, G REZ G HEZIREE T, MRI
2 (7T, VARIAN, Inc.) 12& 5 R1BAREEZRIE Lz, RTFEOEEICEL D, DTPA
WA Cg-PEG ICF L — L7 Gd*2ER LI E T 5. DTPA H A Ce-PEG & Gd™* &1
1:3DENHTHEALTVS Z ENbM oz, £/, Co-PEG-Gd & Magnevist® & i
FIFRED R1BEREE R L. BRTHMEATEEREED MRIEZEZ DD I END
Nolz,

KIZ. Meth A fibrosarcoma Dz FHAA T ZIZH LT, Ce-PEG-Gd % B 5
U715, BESICBIT 5 T1 8FH MRI BEifR 2 #%. Ceo-PEG-Gd D MRIEF )R 25
L7z, & 512, MRIIBEH, DSAMRRICR U THR D SRS (& : 400~505nm.
HA 2 72.5mW/em?) T % Z EIZEK D Ce-PEG-Gd DHINATEMEZFHN7Z. Coo-PEG-Gd
EHNAITANEE L E T 5, Magnevist® & FLER L T, DSAMBIC BT 5 &5
B3, X 0EL MO ERRERSE L (Figure8). S 512, NAMBTE W MRIESZ
BH U & S HRBEITD EZEDH, Ce-PEG-Gd iZEWIINAEEZRLZ (Figure
9). MRI T Cg-PEG-Gd DD AKAREADERRIZ Y 7IVE 1 L TEHL., RS Z
FORERIAIVITERDIBIENRTHD I EERLZ. BLEDZENS,
JHRRHC MRI GEERER 5T 5 28T, MRI 2R L7z, BAMRBRICHT S —
BT DY TIVIALDA A—T 7 & PDT K BHINATRE ENFERHCHES
TEBHZENbMo T
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Figure 9. The photodynamic effect of Ce-PEG-Gd on the
in vivo tumor growth after intravenous injection plus light

Figure 8. The MRI signal intensity in the tumor tissue

against muscle tissue after the intravenous injection of

contrast medium: (@) Cs-PEG-Gd , (O) Magnevist® exposure at different time points: ([]) saline, (m)
Ceo-PEG-Gd without light exposure, or ((1,A .E ,

and § ), Ceo-PEG-Gd plus light exposure 1, 3, 6, and 12 hr
after injection, respectively. * p<0.05: significant against
the tumor size ratio of saline-injected group at the
corresponding time point.
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5. BHYIC

NAKHREICKT T 5D PDT 13, MONABREEICE BRI EERPCEBREANDRES
KT D ENTELH LD AEREEREEL THEAINTWS, AHETIE. PDTD
BEOYREED DT, BTFNROBNH U WHERAITH B Cq 2 Rin D KIE
HEDTFTEHNTKIBEETSZEICED . DAMBANDY =7 54 > TR H DN
WA E TG Uiz, 51T, B Z AW IRIES. MRI 2 H WL 72 Bk
DUTINEFA LA A= THEMIRE, PDT DIEENREZEDD-DDHLNR T v
TTUNY =2 AT L (DDS) HEMOEBERICONWTRARZ, 4%, KD @EVEIRHE
EHDI =TT 4 O TEMEH UK, HD0NIEA A—D T E2 S
BHE 7z DDS FEMBRE XN, DNAMEEICKTT S PDT 28k 0 BRI it FH rlRE 7 5
ElrBZEEMFELTNS,

2% Xk
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SUNTOTAIEIEAS 0.01 LT THIVTREHBEMREFACTH L Z L 2R L. FEE
THABEE o REEZRIE LT,

LRI ES DT 4 A 7 RREHIBEBRETEA L, =y V22D 2 mm OALEZ Y]
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LAOS # D @ 1. BIEL7-E o O T orios PHEMELITETT 5, G K
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G IHETT 5%, —HREOEEI T oc(T) 2HEE L THE L, T/20D5, oLaos
<oc TIEHERIFE G BMMET L. onsos > oc(D) TIHERIEE G METT D,
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MTBEM THHDT, FBEAELRNIW, T AT OEMBIREIZ, TEM IZX Y edge
BlXWend B oa— (MWERGERFMMNLD through E=2—1%) ZBE LT,

200nm 100nm
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